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Thir nghiém tmg dung hé thong WRF-VAR két hop voi
so d6 ban dau hoa xoay vao du bao qui dao bao
trén Bién Dong

Phan Vian Tan', Nguyén Lé Diing’

12 Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Qudc gia Ha Noi

Nhén ngdy thing nam

Tém tit. Trong bai nay, mé hinh WRF két hop hé thong dong hoa so liéu ba chiéu (3DVar), goi la
hé théng WRF-VAR, da dugc tng dung du bao thtr nghiém cho mot sb truong hop bao hoat dong
trén bién Pong c6 qui dao twong ddi phirc tap va co cuong do khac nhau. Ngoai cac tap sb liéu
toan cau va s liéu dia hinh can thiét cho viéc chay mé hinh WRF, viéc dong héa s liéu da duoc
thuc hién v6i ngudn sb lidu quan tric “gia” dugc tao ra nhd mot module ban déu hoa xody.
Module nay cho phep xay dung modt xody nhan tao, ma ¢ day la mot xoay ly thuyet d01 xung. Viéc
thir nghiém dugc tién hanh theo hai phuong an 1) C6 ddng hoa sb liéu voi ngudn s6 lidu “gia” bd
sung (WRF-VAR); va 2) Khong dong hoa sb licu (WRF) vai thoi han du bao 1a 48h. Mudi con
bdo hoat dong trén khu vuc bién Pong trong khoang thoi gian 2006 — 2008 da dugc chon thu
nghiém. Bao duoc chia thanh hai nhom: nhém I gdm céc con bdo manh (cap TY) Va nhom IT gdm
céc con bio yéu (cap TD va TS). Két qua nhan duoc cho thiy, viéc st dung ngudn sb lidu “gia” da
cai thién dang ké chat luorng du bao qui dao béo, nhét la d6i v6i bao thudc nhom I. Tinh trung binh
cho tat ca cac han dyu bao dén 48h, sai s6 vi tri (PE) cua WRF-VAR vao khoang 120km, trong khi
cua WREF gié tri nay vao khoang 170km. Mac du so0 truong hop thir nghiém con twong dbi it, song
nhiing két qua nhan dugc dd md ra mot kha nang phat trién hé théng WRF-VAR thanh mot phién
ban du bao bao khi thém vao né mdt module tao xoay nhéan tao.

Tir khéa: Du bao, Bao, WRF, 3DVAR.1. Mé dau

Theo truyén thong, bai toan ban dau hoa xody bao gom hai budc: 1) Loai bé xoay phan tich
(thudng yéu hon thuc té va sai 1éch vé vi tri) ra khoi trudng ban dau dé nhan dugc trudng méi truong;
va 2) Xay dung mot xody nhan tao dya trén mot s6 thong tin quan tric bd sung vé bdo nhu vi tri tim,
qui dao, cuong d9,... (cac chi thi bdo), sau do cai vao truong moi truong. Phuong phap nay thuong
dugc goi mot cach don gian 1a phuong phap cai xody. Xody nhan tao c6 thé chi 1a mot xody dbi xing
ly thuyét, ciing c6 thé két hop gitra xoay dbi xtng 1y thuyét voi thanh phan xody ddi xtimg phan tich
[5,6,7]. Tuy nhién, trong nhitng nim gin day, v6i su phat trién cua k¥ thudt tinh toan, ngoa1 phu’ong
phap cai xoay trén day, nguoi ta con thyc hién bai toan ban dau héa xody nho ky thuat dong hoa sb
lidu. Vi phuong phap nay, budc loai bé xody phan tich trén ddy khong can thuc hién, con khai niém
cai xody duoc tién hanh bang cach dua vao tap sé liéu “gia” nho ki thuat dong hoa sb liéu ba chiéu
(3DVar). Tép sb liéu “gia” duoc tao ra thong qua viéc xdy dung mot xody déi xtimg 1y thuyét hodc két
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hop xody dbi ximg 1y thuyét v6i xody dbi ximg phén tich. So véi phuong phap cai xody, phuong phap
ddng hoéa s6 liéu phai trai qua cac budc tinh toan phirc tap hon, doi hoi ning luc may tinh manh hon.

Trén thé gidi, bai toan ban dau hoa xody bang phuong phap dong héa sé liéu cho cac mé hinh sb
da duoc tién hanh nghién ciru va thir nghiém kha nhiéu. Chang han, Zou X. va Q.Xiao (2000) da thir
nghiém ban dau héa xody bio véi tap sb lidu “gia” tir mot s6 so dd xoay 1y thuyét khac nhau [11,12];
D. Baker va cong su (2005,2006) sir dung hé théng dong hoa sb liéu ciia mé hinh MM5 (MM35-Var)
dé thir nghiém ban dau hoa xody véi con bao Rusa (2002) [7,8]; Y.R.Guo va cong su (2006) da nghién
ctru anh hudng cua tap thong ké sai sé nén (BES) trong hé thong dong hoéa s liéu ciia mé hinh WRF
(WRF-Var) d6i véi viéc phan tich va dy bao bao [11].

O Viét Nam, bai toan ban dau hoa xoay ciing da duoc nhiéu tac gia dé cap dén [1,2,3,4,5,6]. Tuy
nhién trong nhirng nghién ctru ndy, cic tac gia chu yéu st dung phuong phap cdi xody dé két hop xoay
nhan tao véi truong méi truong. Bang mot cach tiép can khac, trong bai bao nay chung t6i s& trinh bay
mot s6 két qua bude dau thir nghiém ban dau hoa xody bang phuong phap dong hoa sb liéu ba chiéu
(3DVar) cho mé hinh WRF dé du bao su chuyén dong cuia bio trén bién Pong. Muyc 2 dudi day s& gidi
thiéu vé mo hinh WRF, hé théng WRF-Var va cu hinh céc thi nghiém s6. Két qua thir nghiém duoc
trinh bay trong muc 3. Muc 4 13 mot sé nhan xét va két luan vé hiéu qua cia phuwong phap ciing nhu dé
cap dén nhitng huéng nghién ciru va phat trién tiép theo.

2. Co s6 Iy thuyét

2.1. So lwge vé mé WRF

WREF la m6 hinh khi quyén qui mo6 vua dugc thiét ké linh dong, c6 do tuy bién cao v&i muc dich
str dung trong ca nghién ciru ciing nhu du bao thoi tiét nghiép vu. WRF 13 két qua cua sy hop tac, phat
trién cta nhiéu truong dai hoc, trung tim nghién ctru va du bao khi twgng & Hoa Ky ciing nhu trén thé
gidi.

Hé phuong trinh co ban cia WRF 1a hé phuong trinh day du, phi thily tinh, viét cho chit long nén
dugc, c6 kha ning mé phong duoc cic qua trinh khi quyén trén nhiéu quy mé khac nhau. WRF st
dung hé toa do ap suat cho phuong thing dung va ludi ngang xen k& Arakawa-C véi so dd tich phan
thoi gian Runge — Kutta bac ba. M6 hinh c¢6 kha nang chay du bao hoac moé phong vai s6 liéu thuc
hodc mé phong 1y tudng voi diéu kién bién xung quanh 1 bién tudn hoan, mé, dbi xtimg; bién céu hinh
v6i didu kién bién trén 1a 16p hip thu song dai cua trai dat (suy giam hodc tan xa Rayleigh) va diéu
kién bién dudi la bién ciing hoac bé mit truot tu do.

V& co ban cac so dd tham sb hoa vat Iy cia WRF déu duya trén cdc mo hinh MM35, ETA, va mot sb
mé hinh khéc. Cac so dd tham s6 hoa vat ly trong WRF dugc chia thanh ndm loai: Cac qua trinh vi vt
ly, cac so d6 tham s hoa may va dbi luu, cac qua trinh bé mat dat, 16p bién khi quyén va tham sb hoa
birc xa.
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2.2. Hé thong dong héa soé liéu WRF-VAR

WRE-Var 14 hé théng dong hoa sb liéu tich hop cung mé hinh WRF véi muc dich co ban 13 dua ra
duge mot uwéce luong tdi wu trang thai khi quyén thuc & thoi diém phan tich thong qua bai toan cyc tiéu
héa ham chi phi (cost function) [7].

1 2 1 i

J(x)=5(x-xh)3 (x-xb)+5(y-yo)0 (y=») (1

Viéc 1am cuc tiéu hoa ham chi phi (1) dugc thyc hién thong qua mot thu tuc 1ap, két qua s€ nhan
dugc gia tri phan tich x, duoc coi la nghiém cia (1). Nghiém x dugc xem 1a xap xi t6t nht trang thai
khi quyén thyc khi cho trudc hai ngudn sb liéu: X, la gia tri nén (hay truong phong doan ban dau) va
Y, la gia tri quan tric (Lorenc, 1986). Trong cong thic (1), B va O theo th ty 14 cic ma trén twong
quan sai s6 nén va sai s6 quan tric, y=H(x) 1a gia tri cia X duogc bién ddi vé vi tri cac diém tram quan
trac thong qua toan tir quan tric H dé so sanh véi Vo -

Phuong phép thuc nghiém dé giai quyét bai toan cuc tiéu héa 1a dua ra trudc mot didu kién thong
qua phép bién déi véi bién diéu khién v dugc xéc dinh bing Ox = Uv trong d6 Ox = x — X, va bién
d6i U dugc Iya chon sao cho théa man xép xi B =UU" . Khi d6 c6 thé viét lai ham chi phi (1) du6i
dang:

1 T 1 12 T -1 r
J(v)=5(v v)+5(d—HUv) O (d-HUv) )

trong d6 d=d = y, — H(x,) va H " 1a tuyén tinh hoa cta toan tir quan tric phi tuyén

Sai s6 nén duoc tinh gan dung bang trung binh thong ké ciia chénh léch cac két qua dy bao (vi du,
v6i chudi s6 liéu theo thang cua du bao 24h - 12h) cung thoi diém ban dau [13]:

B — (xb _xt)(xb _xt)T — gng" ~ (xT+24 _xT+12)(xT+24 _xT+12)T (3)

trong d6 x' 1a trang thai khi quyén thuc va £, la sai s6 nén. D4u gach ngang biéu thi viéc iy trung

binh theo thoi gian hodc (va) khong gian.

2.3. Thiét ké thi nghiém

a) Mién tinh va cdu hinh mé hinh

Pé tién hanh thir nghiém, mé hinh WRF duoc chay voi d6 phan giai ngang 28x28 km (bude ludi
khoang 0.25 d6 kinh vi), mién tinh gdm 201x161 diém ludi ngang va 28 muc thang dimg, bao phi mot
ving rong tir 80E-130E va tir 5S-35N (Hinh 1) gém tron ven khu vuc Bién Dong va mot phan phia
Péng quan dao Philipine thudc khu vuc Tay Thai Dwong. Budc thoi gian tich phan 1a 90s va han dy
béo 1a 48h (2 ngay). Piéu kién bién dugc cdp nhdp ting 6 gio mot. Cac so d6 tham sd hoa duge st
dung trong mé hinh gdm: So d vi vat 1y Kessler, so d6 phat xa song dai RRTM, so d6 phat xa song
ngan Dudhia, so d6 cho 16p sat d4t Monin-Obukhov, so d6 khuéch tan nhiét ddi voi cac qua trinh bé
mat, so d6 Mellor-Yamada-Janjic (Eta) TKE cho 16p bién, so d6 16p bién hanh tinh MRF, so d6 tham
s6 hoa dbi luu Grell-Devenyi, v6i hiéu tng mdy va thong luong nhiét am di 1én tir bé mat véi 5 16p
dat.
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b) Cac nguon so liéu

Cac nguon so li€u duoc st dung gom: 1) Picu kién [+ Toom guan i |
ban dau va diéu kién bién phu thudc thoi gian 1a s6 liéu - , '
phan tich va du bao cia md hinh toan cau GFS; 2) Cac
thong tin chi thi bdo cho so do ban dau hoa xody duoc

liy tir website agora.ex.nii.ac.jp/digital-typhoon; 3) Céc
tap sb lidu vé& do cao dia hinh, 16p phu bé mat,... voi do

T T

phan giai 30s kinh vi duoc cung cdp boi Trung tim dy

béo mdi truong qudc gia Hoa Ky (NCEP); 4) Sai s nén

(BES) cho trudong toan cdu duogc cung cip tir sd licu

thong ké ctia NCEP; va 5) S6 lidu quan tric “gia” dugc . , . ; . .
tao ra nho mot chuong trinh (modul) xdy dung xody  Hinh 1. Mién tinh va vi tri cic tram quan tric
nhan tao dua trén 1y thuyét xody can bang ba chiéu do gia. Trong hinh la truong hop bao Durian
Smith (2005) d& xuat [10].

Phuong phap xdy dung xody 1y thuyét ciia Smith c¢6 wu diém 1a don gian nhung van c6 thé kiém
soat dugc cdu triic cua xody kha d& dang thong qua phan bd trudng gio. Theo d6, khi cho trudec mot
phan bd gi6 1y thuyét va phan bd cua cac yéu td méi trudng, co thé tinh duge phan b theo ban kinh va
dd cao cua khi ap, mat do va nhiét d6. Theo nghién ctru hién nay, b tham sb thich hop nhét cho so dd
ban dau hoa xody nay ddi véi khu vuc bién Pong nhu sau: Ban kinh gi6 cuc dai (Rm) = 60km, ban
kinh gi6 15m/s (R15) = 250km, ham trong s6 c6 dang tuyén tinh tirng phan theo ap suét [6]:

1 khi p > 600hPa
W.(p)= % khi 100hPa = p = 600hPa @)
17 2

0 khi p <100hPa

Trong bai ndy, xoay nhan tao chi co thanh phan xoay d6i xing 1y thuyét, khéng bao gom thanh
phan xody d6i ximg phan tich. Tap s lidu quan tric "gia" dugc tao ra cho qua trinh dong héa sé liéu
duoc trich tir cac yéu t6 cdu thanh cua xody nhén tao. Mang ludi tram quan tric "gia" phan b theo
phuong ban kinh, v6i tdm 1 vi tri tim quan tric ciia xody bdo ¢ thoi diém phan tich (hinh 1). Cac yéu
t6 quan tric “gia” duoc sir dung bao gdm 4p suat muc bién, gi6 (toc dd va hudéng), do cao dia thé vi,
nhiét d6 va d6 4m trén sé myc ding ap tuy thudc vao do manh cia con bao. Ddi véi trudng hop céac
con bio manh (cap Typhoon theo thang Saffir-Simpson), sb liéu “gia” duoc lay trén ba muc 1000mb,
850mb va 700mb cua xody nhén tao; d6i véi cac trudng hop bio yéu hon (Tropical Storm), sb liéu
“gid” chi dugc cho trén hai myc 1000mb va 850mb. Xoay nhan tao dugc hoa hgp vao trudong moi
truong nhu 13 cac quan tric bd sung théng qua ki thuat dong hoa sb liéu ba chiéu 3DVar.

¢) Cac truong hop thir nghiém

Nhim danh gia kha nang du bio dudng di ciia bio trong nhirng tinh hudng phirc tap, budc dau
chung t6i chon mudi con bdo kha dién hinh hoat dong trong cic nim 2006-2008 (bang 1). Thoi diém
du bao dugc chon sao cho sau mot khoang thoi gian nho hon 48h (han du bao) tinh tir thoi diém nay
bdo ¢6 su chuyén hudng hodc thay dbi cuong d6. Do vay, ddi v6i mudi con bdo dugc thir nghiém
chung t6i chi thuc hién 10 1an du bao (10 trudng hop). Ngoai ra, dé xem xét anh huong cua viée ban
dau hoa ddi vai cac con bao co cudng d6 khac nhau, cc thi nghiém duoc chia thanh hai nhém cép béo



Tap chi Khi twong Thuy van, Ha Noi, 7(583), tr. 1-9

(theo thang chia Saffir-Simpson): 1) Nhém I, gdm céc con bio manh c6 cap TY (Typhoon); va 2)
Nhom 11, gdm cac trudng hop bio hodc ap thip nhiét déi co cdp TS (Tropical Storm) va TD (Tropical
Depression). Vi cach phan chia do, nhom I c6 6 truong hop dy bao va nhom II ¢é 4 truong hop (bang
1).

Dbi v6i mdi truong hop du bao mé hinh duoc chay theo hai phuwong an: 1) C6 thyc hién dong hoa
sb lidu voéi sb lidu bd sung la tap s6 lieu “gid” dugc trich tir xoay nhan tao, ky hiéu la WRF-VAR; va
2) Khong thyc hién dong hoa sé licu, ky hiéu 1a WRF.

Bdang 1. Céc truong hop thu nghiém

Nhom | STT Thoi dfém Tén bio VT do Kirlh do Chp biio N,[uc kAhi.eitp dugc
du bao tam tam trich so li¢u “gia”
1 00z 14/05/06 Chanchu 13.7 117.5 TY - 4
2 00z 12/11/06 Chebi 14.9 117.5 TY - 4
| 3 00z 03/12/2006 Durian 13.8 1139 | TY-4 IOOOI;I)b(;le)Omb,
4 00z 07/11/07 Peipah 18.2 117.0 TY - 1
5 12z 15/04/2008 Neoguri 11.2 114.7 TY -2
6 00z 02/10/2007 Lekima 16.8 111.6 TY - 1
1 00z 27/06/06 Jelawat 16.7 115.2 TS
2 00z 04/08/07 06W 13.7 112.0 TS
11 1000mb, 850mb
3 00z 29/09/08 Mekkhala 16.4 111.6 TS
4 00z 02/10/08 Higos 15.2 118.3 TS

d) Phuong phép ddnh gid sai s6 dw béo

Sai s6 du bao duoc xac dinh thong qua mot sb dai lugng biéu thi sy sai léch gitra vi tri tam bao dy
bao va tam bdo quan tric. Tam bado du béo 1 vi tri tai d6 khi ap muc bién dat cuc tiéu, duge xac dinh
bang phuong phap downhill sau timg khoang 6h mt tinh tir thoi diém dy bao. TAm bdo quan tric 13 vi
tri tdm phan tich (best track).

Sai sb vi tri (PE) ctia quy dao du bao dugc tinh bang khoang cach dia 1y gitra vi tri tim bdo dy bao
va vi tri tim bdo quan tric, va duoc xac dinh cho timg con bo. Sai s vi tri trung binh (MPE) 12 gia tri
trung binh cua cac sai s6 PE tai ting han dy bao (6, 12,..., 48h). Hon nita, dé danh gia kha nang du
béo su d6i huéng va téc do chuyén dong cua bio, cac sai sé 1éch hudng (CT) va sai sd tbe do (AT)
cling dugc xac dinh (hinh 2).

Céc sai s6 AT va CT sau d6 dugc tinh trung binh (ME) va trung binh tuyét d6i (MAE) trén mudi
truong hop bao khao sat theo cong thic:

ME=1§xl. (5)

n

MAE = %EI)@I (6)

Trong d6 x; 1a cac AT; va CT; cho ting trudng hop bio, n 13 sb truong hop du bao (=6 ddi v6i nhom I
va n=4 d6i véi nhom 1II).
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3. Két qua va nhan xét
Hinh chifu tim bio du béo
. x - . 1&n huéng chuyén déng cla
Hinh 3 dan ra quy dao quan trac (best-track) bio quan tric (PC)
va du béo cua cac con bao dugce thir nghiém trong

hai phuong an dbi véi nhom 1. C6 thé nhan thay

Huwéng chuyén 0, ’:’-";T \

A ° ddng cua bio - N CT
rang, ca hai phuong an WRF-VAR va WRF déu quan tric Tsal N\
da ndm bat duogc sy doi hudng di chuyén cua bio PE S s
N Ey

Neoguri va bdo Chanchu. Mac du vay, qui dao du ISR
bao cia WRF-VAR (c6 thuc hién déng hoa s§ © ~_Vi tri thm bio
lidu) duong nhu hop 1y hon va bam sat qui dao quan tréc
quan trac hon so véi truong hop WRE (khong  inh 2. So dé mo ta céch xéc dinh sai s6 toc do (AT)
thuc hién dong hoa). Trong 6 trudng hop bao, cod
18 két qua du bao qui dao bao Chebi la kém nhét,
ca voi WRF-VAR va WRF, mac du WRF-VAR
cho du bao kha hon.

Vitri tAm bio
dw bao

va huéng (CT) cua qui dao du bao. PE 1 sai sd vi tri;
014, Oy, O3 1a cac vi tri tdm bao quan tric; Fy 12 vi tri
tdm bao dy bao tng vai vi tri tAm quan tric O,

s

16°N %
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a) Bao Chanchu b) Bao Chebi c¢) Bao Durian
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d) Béo Lekima e) Bao Neoguri f) Bao Peipah

Hinh 3. Qu¥ dao bao cac truong hop nhom 1.
Ky hiéu: - Best track, &= - Y-VAR, 8- - N-VAR

Bang 2 dan ra két qua tinh cac dac trung trung binh MPE, ME, MAE cua sai sb vi tri, sai sb tdc do
va sai sb 1éch hudng cua hai phuong an ddi v6i nhom 1. C6 thé nhan thiy rang, so véi WRE, sai s6 vi
tri trung binh (MPE) ctia WRF-VAR da duoc giam di mot cach dang ké. MPE cia WRF-VAR kha 6n
dinh theo han du bao, dao dong trong khoang 60-96km, trung binh 1a 80.5km. Trong khi d6 MPE cua
WREF bién dong kha manh, tir 63-250km, va tang dan theo han du béo, trung binh 1a 160km. Nhin
chung, so véi WRE, trung binh cia MPE trong phuong 4an WRF-VAR giam khoang 80km, it nhat
giam 3km (han 6h), nhiéu nhat giam 150km (han 48h).
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Vé tdc d6 di chuyén, néu ME cia sai s AT trong trudng hop WRF ludn duong thi trong truong
hop WRF-VAR lai luén am & tat ca cac han dy bdo. Nhu vay viéc bd sung thong tin cua xoay nhan tao
thong qua tap sb lieu “gia” da lam cho bao di chuyén cham lai, va con cham hon so véi qui dao thyc.
Tuy nhién, xét vé tri s6 tuyét déi (MAE), viéc ddng hoa sir dung sb liéu “gia” da 1am giam sai sb toc
d6 khoang 45% (52.7km so véi 92.8km).

Vé hudng chuyén dong, trong truong hop khong ddng hoa sé liéu (WRF), qui dao dy bao ludn bi
léch trai ¢ tt ca cac han dy bao (ME cua CT luén 4m) va dao dong khong 16n, trung binh 1a 44.4km,
16n nhat khoang 67km (han 48h), nho nhét khoang 27km (han 6h). Gia tri MAE cta CT bién thién
trong khoang tir 50-137km. Khi sir dung so d6 dong héa (WRF-VAR) sai sé ME cua CT di giam di
mot cach dang ké vé tri sb tuyét ddi, trung binh chi con khoang 9.6km, 16n nhét khoang 39km (han
24h) va nhé nhat Okm (han 48h). Tri s6 MAE cua CT ciing di giam nhiéu so véi truong hop WRE.
Tuy nhién, trong truong hop nay, qui dao van léch trai trong cac han du bao 6-30h sau d6 chuyén sang
1&ch phai & cac han dy bao 36-48h.

Qui dao quan tric (best-track) va du bao ciia cac con bio trong nhom II dugc biéu dién trén hinh 4.
R& rang khé c6 thé néi truong hop nao cho két qua dy bao tot hon. Ca hai phuong an néi chung déu
cho qui dao du bdo sai 1éch dang ké so véi qui dao quan tric. Trong 4 truong hop dugc xét dudng nhu
chi c6 qui dao du bao ctia con bao Mekkhala la phu hop nhét so véi qui dao thyc.

Bdng 2. Sai s6 quy dao du bao ctia nhom I (km)

WRF-VAR WRF
Han du X —Z X P
X Sai s0 AT Sai so CT Sai s0 AT Sai s0 CT
bao (h) MPE MPE
ME MAE ME MAE ME MAE ME MAE
06 59.2 -41.8 42.0 -12.2 37.8 62.6 10.6 35.8 -26.9 50.0
12 81.2 -51.3 56.3 -14.6 42.7 132.2 10.0 95.9 -63.6 91.9
18 82.7 -50.1 63.7 -15.8 38.1 118.0 44.5 79.2 -61.2 79.7
24 82.2 -44 4 63.5 -39.3 494 153.0 73.2 89.1 -77.7 96.7
30 79.4 -44.7 459 -15.3 69.3 158.2 20.2 67.7 -90.6 94.4
36 95.6 -30.6 40.9 18.1 84.9 184.2 394 100.3 -73.8 129.5
42 72.2 -28.1 42.1 2.0 56.7 221.0 55.0 116.7 -86.3 133.9
48 91.6 -3.7 67.0 0.1 61.8 251.3 47.1 157.8 -111.6 137.0
T. binh 80.5 -36.8 52.7 -9.6 55.1 160.1 37.5 92.8 -73.9 101.6

Cac dac trung sai sb6 du bao cta cac con bdo nhom II duge dan ra trong bang 3. Viéc so sanh cac
gia tri MPE, ME va MAE cua AT va CT giita hai phuong 4n WRF-VAR va WRF cho thiy d6i véi
nhém nay viéc bd sung thong tin xoay tur tap s6 lieu “gig” hau nhu khong céi thién chét lugng du bao
qui dao cta md hinh. Sai sb vi tri, sai s6 téc do va sai s6 1éch hudng cua hai phwong an twong dwong
nhau. Pidu d6 ciing da dugc ching minh trong qué trinh thi nghiém cua ching t6i khi sir dung sé liéu
“gia” trén tap cac muc dang ap khac nhau (khong trinh bay & ddy), trong d6 c¢6 ca trudng hop dua vao
cac myc nhu d6i voi nhém 1. Nhu vay 6 thé noi, dbi voi nhitng con bao yéu (cip TD va TS) su cai
thién trudong ban dau hdu nhu khéng lam ting d6 chinh xac cua qui dao du bao.
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Bdng 3. Sai s cia quy dao du béo cuia nhém II (km)

110°E

112°E

Han WREF-VAR WRF
dy bao Sai s6 AT Sai s6 CT Sai s6 AT Sai s6 CT
MPE MPE
(h) ME MAE ME MAE ME MAE ME | MAE
06 117.2 -93.2 93.2 53 36.1 1249 | -523 | 102.6 | 189 41.8
12 156.0 | -131.9 131.9 70.7 70.7 1534 | -118.7 | 1419 | 26.1 45.9
18 193.6 | -148.9 148.9 97.0 97.0 158.0 | -104.3 | 1043 | 94.8 | 1152
24 2104 | -1123 112.3 157.0 | 157.0 | 173.1 -79.2 79.2 134.4 | 149.7
30 222.0 | -1264 126.4 172.6 | 172.6 | 209.3 -99.9 99.9 154.6 | 154.6
36 2633 | -179.1 179.1 1298 | 1298 | 2637 | 2032 | 2032 | 993 99.3
42 185.5 14.0 100.1 95.0 1139 | 2290 | -157 | 1557 | 562 | 1263
48 160.4 -16.5 80.4 28.8 126.6 | 187.3 16.7 1258 | 25.6 | 1264
Trung
binh 188.5 -99.3 121.5 94.5 113.0 | 187.3 -82.1 1266 | 762 | 107.4

Trong bang 4 din ra két qua tinh cac dic trung sai s6 trung binh cta tit ca cac truong hop thir
nghiém ctia nhom I va nhém II. Nhin chung, sai sb vi tri trung binh qua tirng han dy bao trong trudng
hop stt dung WRF-VAR cho théy, két qua du bao da duogc cai thién mot cach dang ké (hinh 5), han du
bao cang dai mirc d¢ cai thién cang 16n. Sai sb vi tri trung binh cua WRF-VAR 16n nhét khoang
160km, trung binh khoang trén 120km, trong khi d6i véi WRF sai s nay bién dong kha manh va ting
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déan theo han du bdo, tir khoang 90km-230km, trung binh 1én t¢i hon 170km. Sai sb toc do va sai sd
léch hudng cia WRF-VAR ciing nho hon va 6n dinh hon so vi WRE.

4. Két luan

Tir két qua thir nghiém chay du biao mo hinh WRF theo hai phuong an c6 dong héa sb liéu vai
ngudn sé lidu “gia” (WRF-VAR) va khong dong hoa sé liéu (WRF) cho muoi trudng hop du bao ung
v6i mudi con bo duge lya chon, bude ddu co thé rat ra mot sé nhan dinh sau:

1) Viéc tao ra tap sé liéu “gia” dua trén mot xoay ly thuyét dbi ximg két hop véi ki thuat dong hoa
sb liéu ba chiéu (3DVar) da cai thién duogc chét lwong dy bao qui dao bao, nhét 13 véi truong hop cac
con bao manh. Diéu d6 néi 1én rang viéc sir dung ngudn sd liéu “gia” bd sung da gbp phan mo ta chinh
Xac cu trac cta bdo, dic biét 1a cac con bdo manh khi ma truong ban dau tir mo hinh toan ciu véi do
phan giai trong dbi tho da khong thé hién dwoc day di.

2) Béi véi truong hop cac con bio yéu, viéc dong hoa sb liéu str dung thong tin tir xody nhan tao
van chua cai thién duoc chat lugng dyu bao. Piéu nay cé thé lién quan dén nhiéu vén dé phtc tap, can
dugc nghién ctru ky hon, trong d6 khong loai trir viéc ban dau hoa xody c6 thé 1am sai léch cuong do
bédo so véi thyc té. Mit khac, tap sai s nén (BES) dugc st dung trong nghién ctru nay 1a sé liéu cua
NCEDP, thich hop hon cho khu vuc Ty Pai Ty Duong va vinh Méhico, nhung chua han da phu hop
vi bao hoat ddng trén bién Pong. Vi vay, viéc tao ra tap sai s6 nén riéng phu hop cho khu vuc bién
Pong co thé ciing 1a mot bai toan can dugc quan tim nghién ciru.

3) Chi can thém mot module tao x04ay nhan tao da co thé dua hé théng WRF-VAR thanh mot
phién ban du béo bdo ma khong can phai thuc hién qua trinh cai xoay phuc tap. Hon nira, ngoai ngudn
s6 lidu “gia”, hé thing WRF-VAR c6 thé st dung thém cac ngudn sb liéu phi truyén thong dé cai thién
t6t hon truong ban dau, ma diéu d6 hau nhu kho thyc hién duoc dbi véi phuong phap cai xody.

4) S6 truong hop thir nghiém con tuong ddi it nén chua bao quat hét dwogc tit ca cac trudng hop
bao hoat dong trén Bién Dong, vi vay cac két luan trén mai chi dung ¢ nhitng nhan xét ban dau. bé ¢o
thé rit ra dugc nhirng két luan ddy du hon, can thiét phai thir nghiém trén mot tdp mau du dai.

Bdng 4. Sai s6 cia quy dao dy béo cua tit ca cac truong hop thir nghiém

WRF-VAR WRF
Han du X —Z X Y
, Sais6 AT Sai s6 CT Sai s AT Sai s6 CT
bao (h) MPE MPE
ME MAE ME MAE ME MAE ME MAE
06 82.4 -62.3 62.5 -5.2 37.1 87.5 -14.5 62.5 -8.6 46.7
12 111.1 -83.5 86.5 19.6 53.9 140.7 -41.4 114.3 -27.7 73.5
18 127.1 -89.6 97.8 293 61.7 134.0 -15.0 89.3 1.2 93.9
24 133.4 -71.6 83.0 39.2 92.4 161.1 12.3 85.1 7.1 117.9
30 136.5 -77.4 78.1 59.8 110.6 178.7 -27.9 80.6 7.4 118.5
36 162.7 -90.0 96.2 62.8 102.9 216.0 -57.6 141.5 -4.5 117.4
42 117.5 -11.3 65.3 39.2 79.5 224.2 26.7 132.3 -29.3 130.8
48 119.1 -8.8 72.4 11.6 87.8 225.7 34.9 145.0 -56.7 132.8
Trung
binh 123.7 -61.8 80.2 32.0 78.2 171.0 -10.3 106.3 -13.9 103.9
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The combination of WRF-VAR and a vortex initialization
scheme for typhoon track prediction over South China Sea

Phan Van Tan', Nguyen Le Dzung?
"2 Hanoi University of Science, VNU

Abstract. In this study, the WRF model with 3DV AR data assimilation scheme (WRF-VAR) were
used for predicting typhoon tracks over South China Sea. The GFS global data used as initial and time
dependent boundary conditions for the 48h forecast. The initial condition field is corrected by using
3DVAR technique with “bogus” data obtained from vortex bogus scheme. Two experiments was
carried out with 10 typhoons over South China Sea during the period of 2006-2008: 1) WRF-VAR
runs with bogus data; and 2) WRF runs without 3DVAR (Control run). Typhoons was divided into 2
groups: 1) Intense typhoons (TY — Group I); and 2) Moderate and weak typhoons (TD and TS — Group
I0).

The results showed that, the forecasting typhoon tracks are improved significantly in WRF-VAR
with bogus data obtained from a vortex initialization scheme, especially in the case of intense typhoon
tracks (group I). In averaged, position error (PE) of WRF-VAR are about 120km, while the PE of
WRF (Control run) is about 170km. The experiments demonstrated that, the WRF-VAR can be
developed to a new operational version for the typhoon track forecasting by combining with a bogus
vortex initialization scheme to correct the initial condition field.

Keywords: Typhoon, Prediction, WRF, 3DVAR.



