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THU NGHIEM PONG HOA SO LIEU BANG WRF 4D-Var
TRONG DU BAO MUA O KHU VUC NAM BQ

Vii Vin Thing', Tran Duy Thirc!, Nguyén Quang Trung'

Tém tit: Pong héa s6 liéu bién phin bon chiéu (4D-Var) la kj thudt dong héa tién tién dwoc iing
dung & nhiéu noi trén thé giéi, nho wu diém t0i wu triecong phdn tich khéng nhing vé mat thong ké
toan hoc ma con phu hop vé mat dong luc. Nghién ciru nay, lan dau tién, gioi thiéu viéc thir nghiém
ap dung phwong phap 4D-Var thong qua mé hinh WRF (Weather Research and Forecasting model)
trong dw bao mua ¢ Viét Nam, cu thé 1a khu viee Nam Bé. Cac thi nghiém déng héa s6 liéu mua tw
dong va 6 liéu radar trong du bao dot mwa ngay 25 va 26/11/2018 dwoc tién hanh. Bén canh do,
hai thi nghiém ve do nhay voi quan trdac don ciing dwoc thuc hién, voi sy thay doi lwong mua d‘éng
héa tai mot diém tram. Két qua cho thcfy phuwong phap 4D-Var da diéu chinh cdc bién co ban cia
truong ban dau (Vi du nhw nhiét do, do dm) du chi co sy thay déi nhé cia lwong muwa duoc do”‘ng hoa.
MG phong thuec té cho thdy, so véi truong hop khéng dong héa, phwong phdp dong héa 4D-Var ¢é
tdac dong cai thién dy bao o ca han dw bao 12h va 24h. Cac phuwong an déng hoa nhin chung cho
sai s6 nhé hon so véi trieong hop khéng dong héa, ¢ cac ngudng mwea nhé duwdi 30 mm va muea lén

trén 70mm. Bén canh do, nghién ciru ciing chi ra yéu cau vé mat tai nguyén tinh toan cua phuwong

phap 4D-Var lon hon dang ké so véi phuwong phap bién phdn ba chiéu.
Tw khéa: WRFDA, 4DVar, Déng héa s6 lieu, Radar, Mwa lon, Khu viec Nam Bo.
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1. Mé dau

Ddng hoa sb liéu bién phan bon chiéu (Four-
Dimensional Variational hay 4D-Var) 1a phuong
phap ddng hoa tién tién trong do6 truong ban dau
dugc diéu chinh, gin hon véi trudng quan tric,
thong qua sy didu chinh t6i vu ca vé mat vat Iy
va toan hoc ctia mé hinh, trong cira s6 dong hoa
[6]. Phuong phap nay, nhu dugc xay dung trong
mo-dun dong hoéa ctia md hinh WRF (Weather
Research and Forecasting model data assimila-
tion system - WRFDA), dua trén cac chu trinh lap
dé cyc tiéu hoa ham gia [1]. Vi mot tap hop cac
vong lap 16ng nhau, 13p lai tién va lui theo thoi
gian, trudng phan tich dwoc diéu chinh dong thoi
theo s6 liéu quan tric va su phu hop véi cac bién
khac cia md hinh [3].

So v6i phuong phap 3D-Var, phuong phép
4D-Var xu ly s6 liéu trén ca chiéu thoi gian giap
truong phén tich khong nhimng tdi uu theo nghia

théng ké ma con phu hop vé mit dong lyc. Tur
d6, truong nén c6 thé thay doi theo thoi gian va
phtt hop hon véi ting hinh thé thoi tiét. Hon thé
nita, 4D-Var c6 thé dong hoa duoc nhiéu loai sb
liéu ma 3D-Var khong déng hoéa duogc (vi du
luong mua) [1]. Tuy nhién, nhugc diém cta 4D-
Var 1a khéi luong tinh toan 16n, doi hoi hé thong
may tinh phai du manh.

Sau khi k¥ thuat 4D-Var dugc ap dung thanh
cong cho mo hinh toan cAu tai Trung tam Dy bao
han vira Chau Au (ECMWF), cac hé théng 4D-
Var khac nhau da dugc phat trién ¢ nhiéu trung
tam du bao trén thé gidi nhur Co quan Khi tugng
cua Nhat (JMA), Co quan Khi tugng cua Phap
(MétéoFrance) [2, 13]. Riéng d6i voi bai toan du
bao mua, da c6 nhiéu nghién ciru thr nghiém
phuong phap 4D-Var. Mazzarella Vincenzo ccs.,
(2017) da so sanh hai phuong phap 3D-Var va
4D-Var, trong m6 phong mot truong hop mua
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16n & mién trung nuéc Y, thong qua viéc dong
hoa d6 phan hoi va toc do gid xuyén tam tir
radar. Véi chin thi nghiém duoc thuc hi¢n, két
qua cho thiy phuong phap 4D-Var gitip cai thién
du bao mua dinh lugng tot hon so véi 3D-Var,
dac biét ¢ cac ngudng lugng mua 16n [11].

Pan Xiaoduo cs., (2017) da st dung WRF
4D-Var dé dong hoéa san pham mua tir vé tinh
TRMM 3B42 va FY-2D cho luu vuc song Heihe
(tdy bic Trung Qudc), noi ¢6 dia hinh rat phirc
tap. Két qua cho thay viéc dong hoa luong mua
cai thién cac truong do am va nhiét do trong
WREF tai truong ban dau, tir d6 cai thién du bao
luong mua va giam thoi gian spinup [12].

Lopez va Bauer (2007) da st dung phuong
phap “1D + 4D-Var” dé dong hoa luong mua tai
ECMWF. Pau tién, thong qua cach tiép can 1D-
Var, nhiét do va d6 am duoc ude luong tur tdc do
mua bé mit. Sau do, tong luong hoi nude trong
cot khi quyén, thu dugc tir bude thir nhét, duoc
dong hoa trong 4D-Var. O ddy, thong tin vé
luong mua da dugc chuyén doi thanh thong tin
dd am trude khi dugce st dung trong 4D-Var [9-
10].

Junmei Ban ccs., (2017) d3 dong héa truc tiép
dir liéu luvong mua bang phuong phap 4D-Var.
Céc thi nghi¢m trong mot tuan da duoc thuc hién
nham kiém tra anh huong cua dong hoa lugng
mua dén cic mo phong. Két qua danh gia véi
mot quan tric don cho thiy, ddng héa lvong mua
c6 tac dong tich cuc dén cac truong mo hinh, dac
biét 1a do 4m & muc thép. Ddi voi tac dong dén
du bao luong mua, két qua chi ra rang sy dong
hoa lam giam thoi gian spinup hiéu qua va tao ra
luong mua dy bao mo hinh gan hon véi cac quan
trac thong qua su thay doi nhiét do, do am va gio
va tac dong tur sy déng héa lugng mua tdn tai
trung binh dén khoang ba gio' sau khi mo hinh
khoi chay [5] .

O Viét Nam, trong khi cac nghién ciru véi
phuong phap 3D-Var da dugc quan tdm va ap
dung thi chua c6 tmg dung nao ddi v6i phuong
phap 4D-Var [7-8]. Huynh Thi Hong Ngu va La
Thi Cang (2008) da gici thiéu vé 4D-Var va chi
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dimg lai & nhimng bién luan vé kha ning ap dung
4D-Var trong du bao thoi tiét bang cac mo hinh
s tri va hudng phat trién trong twong lai cua ky
thudt nay ¢ Viét Nam [4]. Tt do6, nghién ctru nay
s& lan dau tién thir nghiém ddng hoa s lidu bang
phuong phap 4D-Var sit dung m6 hinh WREF.
Muc 2 s& 1am rd vé phuong phap nghién ctru va
céc ngudn sd lidu. Muc 3 sé trinh bay céac két qua
v6i hai loai thi nghiém, vé d6 nhay voi quan tric
don va du bao thir nghiém mot dot mua thuc té.
Mot sb két luan s& duoc dic két trong Muc 4.

2. Phwong phap nghién ciru va ngudn sb
liéu

2.1 So lwoc vé WRF 4D-Var

V& mit toan hoc, muc tiéu cia WRF 4D-Var
1a tim ra wdc tinh t6i uu cua trang thai khi quyén
thuc tai thoi diém phan tich, bang cach t6i thiéu
hoa ham gia:

J=J+ 1o+ (1)

Trong d6, J» 1a ham gia clia trang thai nén cta
md hinh, J, 1a ham gia cta truong quan tric va J.
1a thanh phan can bang trong ham gia [3]. Hinh
1 minh hoa vé phuong thuc hoat dong cua 4D-
Var trong mot cira s dong héa. Trong d6, Obs la
s6 lidu quan tric, X, 1a trudng phan tich (sau
ddng hoa), X, 1a trang thai moé hinh ban dau. J,
thé hién cho sy diéu chinh trong cira s6 dong
hoa, J 1a dai dién cho su diéu chinh & trang thai
ban dau. Pudng mau xanh 1a du bao ban dau cua
mo hinh va duong mau do 1a du bao ctia mo hinh
d4 qua diéu chinh véi s6 liéu quan tric trong ctra
s6 dong hoa 12h.

D6i v6i mot tham sé X» ban dau, tat cd cac
quan tric c6 trong ctra s6 dong hoa (¢ day 1a 12h)
duoc so sanh vai cac du bao han ngén tr truong
phan tich trude do6. Trang thai mo hinh X tai thoi
diém ban dau duoc diéu chinh sao cho c6 duoc
moi lién hé t6t nhat véi sd liéu quan tric bang
viéc cuc tiéu hoa ham gia. Két qua 1a mo hinh
duoc chay tich phan tién va lui theo thoi gian,
trich xuét thong tin tir tat ca cac diém quan tric
va 1ap lai mét s6 1an, nhiam cuc tiéu ham gia va
thay ddi trang thai mo hinh phu hop vdi nhiing
quan tric d6 [3].
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diéu chinh

Jutc GBUTC QUIC

12UTC 15 UTC

Cira s6 ddng hoa

Hinh 1. M6 td cira s6 dong héa ciia WRF 4D-Var, theo [3]

2.2 Ciu hinh mé hinh WRF

Mo hinh WREF ciling cac mo-dun WRF-DA va
WRF-PLUS phién ban V3.9.1 dugc sir dung
trong nghién ctru nay [14]. Cu hinh cac thi
nghiém dugc thuc hién véi ba ludi 16ng, tuong
tac hai chiéu, c6 d6 phan giai twong Gmg la: 54
km, 18km va 6km (Hinh 2). S6 diém luéi cta ba
mién tinh 1, 2, 3 1an luot la 100x65, 151x91,
157x109 diém ludi, véi toa do tam tai 10,66°N;
106,73°E. S6 muc thang dimg 12 38 va budc thoi
gian tich phan 1a 120s. Bang 1 trinh bay cac so
dd tham s hoa vat Iy cuia m6 hinh WRF duoc
sir dung trong nghién ctru nay. P6i v6i mién tinh
trong cung (d0 phan giai 6km), khong stir dung so
dd tham s6 hoa ddi luu. Trong céu hinh cua
WRF-DA, ma tran sai s6 truong nén CV7 duoc
sir dung [3, 14]. Trudng nén CV7 sir dung cac
bién diéu khién chinh 1a gi6 kinh - vi hudng,
nhiét d9, d6 am twong ddi gia (pseudo) va khi ap
bé mat. Ma tran sai ) duogc tinh toan riéng cho
timg mién tinh bang phuong phap NMC, sir

Hinh 2. Cac mién tinh ciia mé hinh WRF
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dung su khac biét gitra du bao 24h va 12h. Ma
tran truong nén thuong duoc tinh toan trong mot
thang, tir 01/10/2018 dén 31/10/2018.

2.3 Thiét ké thi nghi¢m

Hai loat thi nghiém dugc thuc hién trong
nghién ctru nay bao gdm:

2.3.1 Bdnh gid dg nhay véi quan trac don

Mot budc co ban dé kiém nghi¢ém sy anh
hudng ctia dong hoa 4D-Var dén truong ban dau
1a thi nghiém v&i quan tric don. Tai diém c6 toa
d6 11.17°N; 106.49°E, gia tri lwong muwa ban dau
khoang 2 mm (Hinh 3). Pé thir nghiém d6 nhay
v6i quan tric don (single observation test), hai
thi nghiém dugc thyc hién, bao gém:

« TNI: ting gi4 tri lvong mua tai diém nay
lén 40mm (tang 15mm)

« TN2: giam gié tri luong mua tai diém nay
xudng 15mm (giam 10mm)

Trong hai thir nghiém nay, cira s6 dong hoa
dugc dat mot phia, tir 0 dén 1h, va mé hinh duoc
tich phan tir thoi diém 12Z ngay 25/11/2018.

AcCumulated precipitation (mm)

12N

11N

Single obs
10N - R 18

aN 28

105€ 106E 107€  108E =
Hinh 3. Piém quan trdc dwoc thay doi gid tri
lwong muwa trong thi nghiém do nhay voi

quan trac don
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2.3.2 Thwr nghiém dwy bdo dot mwa 25-
26/11/2018

Dot mua trong hai ngay 25 va 26/11/2018
duoc Iya chon dé tién hanh thu nghiém déng hoa
dir li¢u lugng mua va d¢ phan hoi radar. Béang 2
md ta so luge vé 05 thi nghiém duoc tién hanh.
bay la dot mua 16n gay nén bdi bao Usagi, mot
con bio manh, d6 bo tryc tiép vao Can Gio (TP.
Ho6 Chi Minh) vao ngay 25/11/2018.

Trong thi nghiém chay 3D-Var, do sb liéu
radar thay d6i rat nhanh theo thoi gian, ctra s6
ddng hoa duoc dit 1a 15 phat. Tong sb luong
diém quan tric c6 d6 phan hdi va gioé xuyén tim
dugce dong hoa 1a 25.018. Trong khi & truong
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hop chay 4D-Var, véi cira s6 dong hoa 3 tiéng,
téng sb lwong quan tric dua vao 1a 72.370 (ting
2,8 lan).

Déi vai s6 lidu do mua ty dong, WRF-4D-
Var ¢6 kha ning dong hoa luong mua tich liy
tung gio, 3h, 6h hoac lau hon. Trong nghién ctru
nay, s liéu mua tich liy 3h va 6h cta 219 tram
quan tric mua duoc st dung dé dong hoa. Mot
sd nghién ctru cho thdy dong hoa lugng mua tich
lity 6h cho két qua t6t hon so véi viée dong hoa
s6 liéu timg gid [6]. M6 hinh WRF dugc khoi
chay vao thoi diém 12Z cua ngdy 24 va
25/11/2018 dé dy bao cho hai ngay 25 va
26/11/2018.

Bdng 1. So d6 vdt Iy ciia mé hinh WRF trong cdc thi nghiém

Loai so' d6

Tén so d6 dwge sir dung

Lép bién hanh tinh

Yonsei University (YSU)

Tham s6 héa dbi luu  Betts-Miller-Janjic (BMJ)

So d6 vi vat Iy may
Biic xa song ngan
Burc xa song dai

So d6 dat

So d6 Thompson
So d6 Dudhia
So d6 RRTMG
Mb hinh dt Noah

2.4 Nguén sé li¢u va chi sé dinh gid

S6 ligu diéu kién ban dau va diéu kién bién
dé chay mo hinh WRF duoc khai thac tir s6 lidu
du bao ctia mé hinh toan cau GFS (Global Fore-
cast System) cta Trung tdm Qubc Gia Dy béo
Méi trudng, My & do phan giai 0.5° x 0.5°. S&
liéu d6 phan hdi va toc do gi6 xuyén tam cua
Radar Nha B¢ ciing dugc ldy trong thoi gian
tuong ung, voi ban kinh 120km va 5-8 goc nang.
Trudc khi déng héa cho WRF, sd liéu radar da
dugc loc nhidu (Hinh 4) [15]. S6 liéu mua tich
lity theo gior ding dé dong hoa bao gdm sb lidu
3h va 6h tai 219 tram do mua ty dong ¢ khu vuc
Nam B9, trong hai ngay 25 va 26/11/2018 (Hinh
5).

Dé danh gia cac thir nghiém, bén canh so sanh
tryc quan trén ban do, hai chi sb FBI (BS hay
FBI — Bias score) va CSI (Critical Success Index

hay TS) sé dugc str dung. Cac chi s6 dugc tinh tir
bang ngau nhién 2 chiéu (contingency table), cho
phép so sanh khach quan gitra lwvgng mua quan
tric va du bao véi cac ngudng: 1, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190 va 200mm. Gia tri FBI bién
d6i trong khoang [0,+o0). FBI cang nhé hon 1,
két qua du bao ctia mo6 hinh cang bé sét nhidu
truong hop quan tric. FBI cang 16n hon 1, cac
du bao khéng cang nhiéu. CSI phan anh mbi
quan hé giita s6 1an mé hinh cho két qua hién
tuong co xuét hién va sb 1an quan tric duoc hién
tuong co xuét hién. Pham vi bién thién cta CSI
tir 0 dén 1. CSI bang 0 nghia 1a m6 hinh khong
¢6 k¥ ning, CSI bang 1 cho thdy mé hinh hoan
hdo. Véi viée danh gid cho hai ngay mua 16n va
219 tram, dung lwong mau sé& 1a 438. Do dé, cac
chi s tinh toan ¢ ddy mang y nghia vé mait
khong gian hon 1a mét thoi gian.
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Hinh 4. Minh hoa vé dé phan hoi ciia Radar Nha Bé truée (bén phdi) va sau (bén trdi)
loc nhiéu, theo [15]

V| TRi TRAM DO MUA
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Hinh 5. Vi tri céc diém tram (chd'm do) dwoc khai thac s6 lidu dé déng hoa

Bang 2. Cac truong hop thw nghiém cho dot mwa ngay 25-26/11/2018

Tén thi nghiém

M0 ta so lwge

CTL
4D _RAIN6h
4D RADAR

Khong dong hoa so licu
4D-Var, dong hoa so li¢u mua, c"a s6 6 gio

4D-Var, dong hoa so li¢u radar, ¢"a so 3 gio

4D RAINRADAR 4D-Var, dong héa s6 liéu mua vTradar, ¢”a s6 3 gio

3D RADAR

3D-Var, déng hoéa sb liéu radar

2.5 Thoi gian mé phong

Mot diém luu ¥ khi 4p dung phuong phap
ddng hoa 4D-Var 13 viéc doi hoi tai nguyén tinh
toan 16n. Viéc danh gia thoi gian mo phong, so
sanh gitra phuong phap 3D-Var va 4D-Var, voi
cac cira b déng hoa khac nhau, s€ duogc trinh
bay trong muc nay (Hinh 6). Thoi gian mo
phong khong chi phu thudc vao cira s6 dong hoa
(3h hay 6h) ma con phu thudc vao sb lan lap dé
cuc tiéu hoa.

Céu hinh cta hé thong may ding dé thyc hién
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cac thi nghiém nay nhu sau: (1) mét may chu
Dell PowerEdge R720, 02 Intel Xeon E5-2690
2.9GHz, 8Core; 192GB RAM; 2 x 146GB 15k
SAS 2.5 va (2) 16 may tram tinh toan Dell Pow-
erEdge M620, 02 Intel Xeon E5-2680 2.7GHz,
8Corre; 32GB RAM; 2 x 146GB 15k SAS 2.5.
TAt ca céc may st dung hé diéu hanh CentOS.
Hinh 6 cho thdy téc d6 m6 phong trung binh
khi dung 3D-Var chi mt vai phut. Trong khi d,
khi sir dung 4D-Var phai mat gan 8 tiéng mo
phong trén 1 nodes tinh toan (16 tién trinh). Két
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qua nay cho thiy can can nhic vé tai nguyén tinh
toan trudce khi ap dung 4D-Var (ddc bi¢t 1a trong
du béo nghi¢p vu).

" m3DVAR ®m4DVAR3H
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Hinh 6 So sanh thoi gian mo pi‘zong cua WRF
khi dong hoa 4D-Var (cwa so6 dong hoa 3h,6h)

va 3D-Var

3. Két qua va thio luin

3.1 Pj nhay véi quan tric don

Hinh 7 biéu dién hiéu mat cit thang dung cua
truong phan tich trir di truong ban dau (first
guess) cua bién nhiét 46 va do 4m trong thi
nghiém TN1. C6 thé thdy, khi lugng mua dong
hoa vao WRF dugc gia dinh tang 1én, truong ban
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déau c6 sy diéu chinh béng su tang nhiét do, ¢ vi
tri quan tric don, tir muc 900 hPa dén 600 hPa,
twong Gmg voi an nhiét duoc giai phong trong
qua trinh ngung tu. Trong khi d6, am tang lén
o trén muc 400 hPa (Hinh 7.b). Xu hudng hdi tu
clia trudng gié & muc thip ~850 hPa (Hinh 8.a)
va xu thé phan ky & muc cao ~300 hPa (Hinh
8.b) gan vi tri diém quan tric di chi ra sy ting
cudng cua dbi lvu. Mic du cac thay ddi 1a rat nho
(chi khoang 0.001 - 0.003 oC vé&i nhiét do va
0.001 - 0.015 m/s vdi truong gid), nhung co thé
thy, khi dong hoa mot lugng mua 16n hon (so
v&i du bao), mo hinh s€ tu diéu chinh cac bién dé
tao ra truong ban dau véi nhiing diéu kién thuan
loi dé hinh thanh mua. Tir d6, néu dong hoa mot
sb lugng diém quan tric nhit dinh, sé tao ra su
thay d6i dang ké o truong ban dau. Mic du chi
¢6 s6 lidu luong mua duge ddng héa, phuong
phéap 4D-Var c6 thé lan truyén thong tin quan
trac don theo khong gian va c6 thé diéu chinh
nhiét do, 46 4m va truong gio, dua trén cac mbi
quan hé rang budc trong mo hinh.

by @ ol Lad=1 17,3716 R +18mm g kgl
L 1

H‘-—T—‘jﬂ

@:
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W2E

HO4E 106E IDHE

NEEEE B

D003 DOD1E @ G0ME 0003
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Hinh 7. Hiéu mdt cdt thang dimg ciia truong phan tich triv @i truong ban dau ciia bién nhiét d¢
(a) va do am (b) trong thi nghiém TN1

Hinh 9 biéu dién hiéu mit cat thang dung
twong tu hinh 7 nhung cho thi nghiém TN2, khi
gia tri lugng mua tai diém quan tric bi giam di.
C6 thé thay, nhiét do ¢ ca cot khi quyén bi giam
di so v6i ban dau, dong thoi truong d6 am ciing
¢ xu hudng thap hon (Hinh 9.b). O muc thip
~850 hPa (Hinh 10.a) cho thiy gi6 c6 xu huéng

phan ky, trong khi gié 6 myc trén cao ~300 hPa
(Hinh 10.b) c6 su hoi tu yéu, cho thdy su suy
giam ddi luu. Két qua nay c6 xu thé nguogc lai so
v6i TN1. Co thé thiy, khi dong hoa mét lugng
mua nho hon so voi gia tri dg bdo, mo hinh s¢€
diéu chinh dé tao ra truong ban dau voi cac didu
kién thuén loi cho viéc han ché tao ra mua.
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Wind Lev= 867.933 hPa R +15mm ms-1 Wind Lev= 298.657 hPa R +15mm
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Hinh 8. Hiéu truong gi6 cua trieong phan tich trie di truong ban dau 6 muwce ~850 hPa (a) va
muc ~300 hPa (b) trong thi nghiém TN1
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Hinh 9. Hiéu mdt cdt thang ding cia trieong phan tich trir di truong ban dau ciia bién nhiét dg
(a) va do am (b) trong thi nghiém TN2

Wind Lev= 867.933 hPa R -10mm E Wind Lev= 298.657 hPa R -10mm m s-1
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Hinh 10. Hiéu truong gié ciia truong phan tich trir di truong ban dau ¢ myc ~850 hPa (a) va
muyc ~300 hPa (b) trong thi nghiém TN2
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3.2 Dw bao dot mwa 25-26/11/2018

Hinh 11 so sanh két qua mé phong luong mua
tich Ity 24h ngay 25/11/2018 tir cac thi nghi¢m,
so sanh v6i sb liéu quan trac. S6 liéu quan tric
cho thiy céc tinh Bén Tre, Tra Vinh, Vinh Long,
Long An, Tay Ninh, Binh Duong xdy ra mua lon

Observation Rainfall Acc 25.11.2018[mm_

[CONTROL] Acc Rain At 12Z25NOV
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v6i lwong mua phd bién trong khoang 20-
100mm (Hinh 11.a). Tai khu vuc TP. Ho Chi
Minh, xut hién mot tim mua 16n véi lugng mua
200-300mm va tai Ba Ria Viing Tau, xay ra mua
rat 16n (trén 500mm).

[4D_RAINGH] Acc Rain At 12Z25NOV
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Hinh 11. Lirgng mua tich liiy 24h ngay 25/11/2018 ciia quan tric (a
3D RADAR (d), 4D_RAINRADAR (e), 4D _RADAR (f)

Vi céac thi nghiém cua WRF, truong hop
CTL (Hinh 11.b) cho thdy mé hinh ndm bt chua
tot tim mua tai TP.H6 Chi Minh. TAm mua bi
léch vé phia dong, lugng mua tai cac khu vuc
thip hon kha nhiéu so vdi quan trac. Trong khi
do, truong hop dong hoa 3D-Var st dung s6 liéu
radar di giup mo hinh mo phong kha tot tim
mua tai TP.HO6 Chi Minh, tuy lugng mua ciing
thap hon so véi thuc té (Hinh 11.d). O cac truong
hop ddng hoa 4D-Var, c6 thé thiy mé hinh van
chua mo phong dung tim mua & TP. HO Chi
Minh. Trong d6, trudng hop dong hoa 4D-Var
v6i b liéu mua va ctra s6 dong hoa 6h (Hinh

106F

107€ 105€ T
), CTL (b), 4D_RAINGH (c),

O6E 07
JoL e

11.¢) va véi s6 liéu radar (Hinh 11.f) mo phong
lwong mua cao hon nhiéu so véi thyuc té ¢ phia
béc tinh Binh Duong. Trudong hop dong hoa 4D-
Var str dung ca s6 liéu mua va radar (Hinh 11.¢)
mé phong dién mua khd gidng CTL nhung
lwong mua c6 phan tot hon, khi so vi quan tric.
TAt ca céc thi nghiém déu khong bat duoc tdm
mua rat 16n tai Ba Ria Viing Tau.

Ngay 26/11/2018, sau khi bao da tan, s6 liéu
quan tric cho thy luong mua giam di dang ké va
chi xay ra mua 16n cyc by & mot vai noi trong
tinh Tay Ninh, TP. Hb Chi Minh, Long An, voi
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luong mua khoang 300mm (Hinh 12a). Cac két
qua md phong chi bat duoc dién mua & khu vy,

Observation Rainfall Acc 26.11.2018[mm] [CONTROL] Acc Rain At 12Z26NOV

w,
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con doi voi cac diem mua 16n cyc b gan nhu
khong nam bat dugc.

[4D_RAINGH] Acc Rain At 12Z26NOV
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Hinh 12. Lwong mua tich lity 24h ngay 26/11/2018 ciia quan trdic (a), CTL (b), 4D _RAIN6H
(¢), 3D_RADAR (d), 4D _RAINRADAR (e), 4D_RADAR (f)

Két qua danh gia k¥ nang du bao & han 12h
cho thdy, & cdc ngudng mua nho (1 - 30mm)
phuong 4an 3D RADAR, 4D RADAR,
4D RAINGH cho két qua c6 cai thién so véi
CTL (Hinh 13). Tuy nhién, véi ngudng mua viura
dén mua 16n (40 - 70mm), gid tri ciia cac chi s6
ctia phuong an CTL lai t6t hon s6 Vi cac truong
hop khac. O cac ngudng cao hon thi cac phuong
an dong hoa cho két qua t6t hon so voi CTL. So
sanh giita cac phuwong an dong hoa, ¢ han 12h,
cho thdy 3D_RADAR c6 sai s6 nho hon ca. Bén
canh d6, 4D RADAR cho két qua chi sb tot hon
4D RAINGH va 4D _RAINRADAR. O han dy
bao 24h (Hinh 14), cac thi nghiém 3D RADAR,
4D RAIN6H, 4D RAINRADAR cai thi¢n kha
t6t chi s6 FBI ¢ cic ngudng mua. Riéng thi

TAP CHI KHI TUQNG THUY VAN

nghiém 4D_RADAR cho két qua kém hon CTL
6 nguong mua 20 - 50mm.

4. Két luin

Céc két qua thir nghiém budc dau vé viée tmg
dung phuong phap dong héa sé liéu bién phan
b6n chiéu (4D-Var) trong md hinh WRF da duoc
trinh bay trong nghién ciru nay. S6 liéu dugc
ddng hoa bao gom sb liéu radar va s lidu quan
tric mua tu dong. Hai loat thi nghiém da dugc
tién hanh bao gém (1) thir nghiém véi mot quan
trac don nham danh gia d6 nhay va tac dong cua
dong hoa 4D-Var va (2) thir nghiém ddng hoa s6
liéu trong mot trudng hop thuc t& voi 5 thi
nghi¢m dugc xdy dung (CTL, 4D RAING6H,
4D RADAR,4D-RAINRADAR, 3D RADAR).
Két qua cua thir nghiém vdi quan trac don cho

S6 phuc vu Hi thao chuyén dé



thdy phuong phap 4D-Var di diéu chinh cac bién
co ban cta truong ban dau nhu bién nhiét 4o, do
am hay truong gi6 kinh vi huéng khi lugng mua
dugc dong hoa thay doi. Phuong phap 4D-Var
cho thiy do nhay véi cac truong nay du chi co sy
thay doi nho tir s6 liéu quan tric duge dong hoa.
Két qua mo phong thuc té cho dot mua ngay 25
va 26/11/2018 cho thiy, so v&i trudng hop
khong dong hoa (CTL), phuong phap dong hoa
4D-Var da co tac dong cai thién du bao ¢ ca han
du béo 12h va 24h. O han du bao 12h, céc
phuong 4n dong héa nhin chung c6 sai s6 nho

BAI BAO KHOA HQC

hon so véi CTL, & cac ngudng mua nho va mua
16n (1 - 30mm va trén 70mm). O han du béo 24h,
ddng hoa sb liéu gitp cai thién dbi véi chi sb
FBI. Tuy nhién, nghién ciru ciing chi ra yéu cau
vé mit tai nguyén tinh toan cua phwong phap
4D-Var 16n hon dang ké so v6i phuong phap
3D-Var. Day 1a nhimng két qua dau tién cua viéc
ung dung phuong phap 4D-Var tai Viét Nam
(theo tim hiéu ctia nhém nghién ciru) va da mo ra
nhing trién vong ciing nhu luu ¥ cho viée khai
thac phuong phdp nay trong tuong lai ¢ Viét

Nam.

Hinh 13. Chi s6 FBI (a) va CSI (b) & han dy bdo 12h véi cdc nguong mua tu 1 dén 200mm ciia
cac truong hop thu nghiém

5

Hinh 14. Chi s6 FBI (a) va CSI (b) & han dir bdo 24h véi cdc nguéng mua tie 1 dén 200mm ciia
cac truong hop thu nghiém
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Léi cim on: Bai bdo la mét phan két qud nghién ciru ciia Dé tai “Nghién citu xdy dung hé thong
nghiép vu dy bdo dinh lwong muwa khu viee Nam Bo va canh bao mwa lon han cuc ngcfn cho thanh
phd Ho Chi Minh”, md sé KC.08.14/16-20.
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DATA ASSIMILATION WITH WRF 4D-VAR FOR RAINFALL FORECASTING
OVER THE SOUTH OF VIETNAM

Thang Vu Van!, Thuc Tran Duy’', Trung Nguyen Quang!
Vietnam Institute of Meteorology, Hydrology and Climate Change

Abstract: Four-Dimensional Variational data assimilation (4D-Var) is an innovative technique
applying in many weather forecasting centers over the world, due to its advantages of using obser-
vations at the time of their measurement or in predetermined time bins and using a forecast model
to enhance the dynamic balance of the final analysis. This study, for the first time in Vietnam, pres-
ents an attempt to apply Weather Research and Forecasting model (WRF) with 4D-Var for rainfall
forecasting over the South of Vietnam. Data from 219 rain gauges and a weather radar are used to
assimilated for the heavy rainfall event of 25 and 26 November 2018. In addition, single observa-
tion tests are also carried out to evaluate the sensitivity of WRF 4D-Var to the variation of observed
rainfall. The results show that WRF 4D-Var modified meteorological variables of the first guess
(e.g. temperature, humidity) even with a small change of assimilated rainfall amount. Experiments
in the realistic case highlight that WRF 4D-Var can slightly improve rainfall forecast results, in com-
parison with non-data assimilated case, at lead-times of 12 hours and 24 hours. In general, data as-
similation contributes to the decrease of forecast bias at rainfall threshold below 30 mm and above
70 mm. This study also emphasizes the significant requirement of computing resource when apply-
ing the 4D-Var technique.

Keywords: WRFDA, 4DVar, Data assimilation, Radar, Heavy rainfall, The South of Vietnam.
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