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NGHIEN CUU DU BAO CON BAO MEGI NAM 2010 ANH
HUONG DEN VIET NAM BANG HE THONG DU’ BAO
TO HQP WRF-LETKF HAN 1 -5 NGAY

Pham Thi Minh!, Tran Tan Tién?

Tém tit: Bai bdo ndy trinh biy mot s6 két qua danh gid kha ning ciia hé thong dir bdo t6 hop
WRF-LETKF trong dw bao bdao han 5 ngay dwa trén 9 thir nghiém duw bao con bdao Megi 2010. Trong
dé, ngodi viéc sir dung chi so thong ké MAE (sai s6 trung binh tuyét doi), tdc gia con dwa trén mot
tiéu chudn danh gid khdc, 6 la ty sé gitta dé tan t6 hop va sai so tuyét doi. Két qua cho thdy, hé thong
WRF-LETKF ¢6 nhitng wu diém nhat dinh trong di bdo quy dao va cwong dd bio han 5 ngay. Cu
thé, sai s6 quy dao bdo giam tir 25% dén 50% o han 5 ngay tuwong vng véi 6 trieong hop du béo hiéu
qud, chiém khodng 66%, con cuwong dd bao (PMIN va VMAX), sai sé giam tir 3% dén 8% & han dir
bdo 5 ngay twong img véi 3-4 triong hop dw bdo hiéu qua, chiém khodng 36,6%. Ngoai ra, két qud
thong ké cho thdy, hé thong WRF-LETKF khi dong héa s6 liéu hon hop (vé tinh - cao khdng), cdi
thién ddng ké chdt heong diw bdo bdo so véi thir nghiém chi dong héa sé liéu gié vé tinh. Tuy nhién,
sai $6 cwong dg bio trong 12 gio tich phdn dau tién khong dwoc cdi thién nhiéu. Tir két qua trén, ¢é
thé nhan dinh rang dong héa s6 liéu gitip cdi thién chdt lwong dy bdo dai hon 1 ngay, song khéng
tae dong nhiéu dén triong xody ban dau. Vi vdy, trong hé thong dy bdo t6 hop WRF-LETKF, can
chinh xdc héa truong xody ban ddau dé két qud diw bdo han 1 ngay va dwdi 1 ngay duwoc cdi thién hon.

Tir khoa: Béng héa sé liéu, Loc Kalman, M6 hinh WRE, Béio, Du bdo 16 hop.

Ban Bién tdp nhan bai: 10/11/2017  Ngay phan bién xong: 15/12/2017 Ngay dang bai: 25/01/2017

1. Gioi thiéu

Hé thong WRF-LETKEF 14 hé théng du bao t6
hop ting dung so d6 dong hoa s liéu loc Kalman
t6 hop dia phuong hoa chuyén ddi trong mé hinh
WRF. Hé thong nay duoc phat trién tai Phong thi
nghiém nghién ciru du bao thoi tiét va khi hau-
Khoa Khi twong Thuiy van va Hai Duong -
Truong Pai hoc Khoa hoc Ty nhién boi tac gia
Kiéu Qubc Chanh [1]. Trong nghién ciru ndy tac
gia thir nghiém 9 truong hop du bao con bao Megi
v6i hé théng WRF-LETKF nham xem xét chat
lwong du bao bdo ciia hé thong WRE-LETKE.

Thong thuong, cic nghién ctru danh gia
thuong sir dung mbi quan hé gitta mot chudi gia
tri du bao va mot chudi cac gid tri quan tric tuong
ung [11]. Con trong bai toan du bao t6 hop dinh
luong co ban nhat sit dung dé danh gia 13 k¥ ning
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du bao trung binh t6 hop [2].K¥ ning du béo
trung binh t6 hop c6 thé dua vao cac chi sb thong
ké, vi du nhu sai sb trung binh tuyét d6i (MAE).
Mit khac theo Wilks [11], MAE 1a thudc do sai s6
du bao ctia cac bién khi quyén lién tuc, va MAE
da duoc sir dung dé kiém dinh cac dy bao nhiét do
0 Hoa Ky.

Ngoai ra, theo Eric P. Grimit va Clifford F.
Mass [5] cho rang mdt trong nhiing cach dé xac
dinh kha ning thyc hién cua hé théng du bao t6
hop la mbi quan h¢ gitra d) tan t6 hop va d6 chinh
xac cua dy bao. Con tac gia Kiéu va cong su [7]
lai dénh gia kha nang thyc hién ctia hé thong du
bao t6 hop dua theo ty s6 gitta do tan t hop va sai
s6 tuyét d6i (ky hiéu ty s6 1a 1). Néu n>1 tuong
ung voi hé théng td hop du bao hi¢u qua, nguoc
lai néun<1, tuong tmg véi hé thong t6 hop du bao
chwa hidu qua. Cach danh gia hé thong du béo to
hop clia tac gia Kiéu & trén phi hop voi cach xéc
dinh “t6 hop tot” va “t6 hop xau” cua tic gia
Kalnay [4]. Trong do, “td hop t6t” 1a mot to hop
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bao phu duoc gia tri that (1>1) con “td hop xau”
13 d6 tan t6 hop khong pha duogc gid tri that (n<1)
nhu duoc minh hoa ¢ hinh 1.

Vi vay trong nghién ctru nay, tac gia st dung
sai s6 trung binh tuyét d6i va ty sb gitra do tan to

Nhidu duong

TS hop tot
_— Du bao tét dinh

—
—— =S "
~
\

LS

\ T+ Gia tri that

(a) \ Nhiéu &m

Trung binh t& hop
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Hinh 1. So @6 cdc thanh phan ciia mét “t6 hop duw bdo tot” (a) va ” té hop dir bdo xdu” (b) trong
hé théng du béo t6 hop [4]

2. Loc Kalman t6 hop va cac phwong phap
danh gia.

2.1. Loc Kalman t6 hop

Y tudng chinh cua thuat toan LETKF 1a sir
dung ma tran t6 hgp nén nhu mot toan tir chuyén
ddi tir khong gian mé hinh dya trén cac diém
ludi trong khu vuc dia phuong da chon sang
khong gian t6 hop dua trén cac thanh phan t6
hop, va thuc hién phan tich trong khong gian t6
hop nay ¢ mdi diém ludi. Tham khao chi tiét
thuat toan Kalman t6 hop trong tai liéu ctia Hunt
va cong su, 2007 [10].

T6 hop phan tich xa cudi cung duge thuc
hién nhu sau:
x‘O =X+ X" (W +[(k-1)P]"?} M

Trong d6:X’ ma tran trung binh t6 hop;X'ma
tran nhiéu td hop; P“ma trdn twong quan sai s6
phan tich va W*1a ma tran trong sb trong khong
gian t6 hop.

2.2. Phwong phap danh gia dwa vao MAE.

Theo Wilks (1995) [11], sai sé trung binh
tuyét d6i (MAE) duoc sir dung dé danh gia cac
du bao cua bién khi quyén lién tuc. Do vay,
MAE duoc ap dung nhu mét chi sé dé danh gia
sai s6 cuong do bdo (ap suat muc bién cuc tiéu
tai tim - PMIN va tc do gi6 cuc dai gén tam -
VMAX). Vi MAE - sai s6 trung binh tuyét dbi
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duogc tinh bang cong thirc (2):

1
MAE = SiLily;—oil

Trong d6: MAE 1a sai s6 trung binh tuyét dbi;
yi la gié tri du bao; O; 1a gid tri quan trac; n 1a do
dai chudi s lidu.

2.3. Phwong phdp dinh gid dwa vao ty sé
giiva d¢ tdn t6 hop va sai so trung binh tuyét
doi

Theo Simon C. Scherrer [9], khong c6 mdt
dinh nghia chinh x4c nao vé do tan to hop. Co
nhiéu tic gia da dua ra cac dinh nghia khac nhau
vé do tan to hop, nhung mot dinh nghia d& hiéu
nhit vé do tan t6 hop chinh 1a d¢ léch chuan so
v6i dy bao trung binh t6 hop [7]. Vi vy, trong
nghién ctru nay tac gia cling xem do tan t6 hop
1a d6 léch chudn so v&i trung binh t6 hop. Do
1éch chuén xac dinh theo biéu thirc (3) [11]:

. 1 = €)
D¢ tin = RMSE = /;Z?(yi —y)?

Trong d6: RMSE la d¢ 1éch can quan phuong
trung binh - do léch chuén; yi la gia tri cua cac
thanh phan t6 hop; ¥ 1a gia tri trung binh t6 hop;
n 1a s6 thanh phan t6 hop.

Ky hiéu 1 1a ty s6 gitra d6 tan to hop va sai s6
trung binh tuyét d6i, khi d6 ta c6 biéu thirc (4):

__ RMSE
"~ MAE )
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Néu n>1, hé théng du bao td hop hi¢u qua,
trong ung véi do tan to hop phu dwoc “gia tri
that”. Pay 1a truong hop mong doi cua tat ca cac
hé théng t6 hop.

Néu n<1, hé théng du bao t6 hop kém hiéu

PE =R, * arccos[sin(al) * sin(a,) + cos(ay) * cos(ayy * cos(B; — Bz)]

Trong d6: Re 1a ban kinh trai dat (6378.16
km); au, a2 1a vi d§ cua tam bao thuc té va thm
bao do md hinh dy bao (dv radian); B1, B2 la kinh
dd cuia tAm bdo thuc té va tam bio du béo (dv ra-
dian). Sai s6 trung binh khoang cach dugc tinh
nhu sau:

_ Z?=1P E;j

MPE; (©)

Trong d6: PE 1a sai s6 khoang cach cua ting
truong hop du bédo; n 1a sb truong hop thu
nghiém; j 1a han du bao.

3. M6 ta thi nghiém

3.1. Céu trisc mién lwéi thiv nghiém

Mién ludi thiét ké cho thir nghiém dy bao con
bdo Megi 1a lu6i 16ng gdm 2 mién tinh v6i do
phan giai ngang twong tng 36/12 km, mién ludi
1 gom 203x203 diém ludi va mién ludi 2 1a
181x181 vé&i tam mién tinh ¢6 dinh & 120°E va
18°N sur dung trong m6 hinh WRF phién ban
3.3.1. Diéu kién bién dugc cap nhat 6 gid mot
1an tir md hinh du bao toan cau GFS. Ngoai ra,
s lidu cao khong va s6 liéu vé tinh duoc lay trén
cac trang website [12], trong d6 s liéu cao
khong duogc bo sung thém mot s6 tram trén khu
vuc Viét Nam.

3.2. Ciu tric té hop

Pé danh gia kha nang du bao bio cua hé
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qua, ing v6i do tan to hop khong phu dugc “gia
trj that”. Truong hop nay xay ra & hau hét cac hé
thong t6 hop.

Sai s6 quy dao tinh theo cong thuc (5):

()
thong WRF-LETKF, tac gia tién hanh thir
nghiém dy bao con bao Megi 2010 v6i han 5
ngay (12Z15 - 00Z19) theo 3 truong hop: a) du
bao tat dinh véi diéu kién ban dau va diéu kién
bién tir md hinh toan cau GFS (CTL); b) du bao
t0 hop v&i diéu kién ban dau dugc tao ra tir
LETKF dong héa sb liéu vé tinh (CIMSS); ¢) va
du bdo t6 hop véi diéu kién ban dau dugc tao ra
tir LETKF dong hoa sb liéu hdn hop vé tinh va
cao khong ( MIX) véi 21 thanh phan té hop.

Trong d6 du bao tat dinh voi diéu kién ban
dau va diéu kién bién tir m6 hinh toan cau GFS
(CTL) vdi so dd vi vat Iy 3 16p don, so dd tham
s6 hoa birc xa song ngan va song dai rrtmg, so
dd tham s héa 16p bién YSU va so db tham sb
héa d6i luu Betts Miller Janjic; Du bao to hop
v6i diéu kién ban dau duoc tao ra tir Kalman to
hop ddng hoa sb gi6 vé tinh (CIMSS), va s6 lidu
hdn hop (MIX) cho 21 thanh phan t6 hop so d6
vat Iy khac nhau twong tng véi 21 1an dy bao.
Vi hién tai trong m6 hinh WRF V3.3.1 c6 cac
so' dd tham s6 hoa vi vat ly, tham s6 hoa buc xa
song dai va song ngin, tham sb hoa d6i luu;
tuong ung vai cac lya chon nhu trong bang 1, do
d6 co thé két hop gilta céc so dd vat 1y khac
nhau d6 dé tao ra thanh phan t6 hop twong tng
v6i 1 du bao (bang 2).

Bdng 1. So d@o tham sé héa trong mé hinh WRF iing véi cdc lywa chon cu thé

So do Ki hi¢u Cic option
=1, Kessler scheme
=2, Lin et al. scheme
=3, WSM 3-class simple ice
Vi vat ly mp_physies  scheme

Burc xa song ngan

Dbi luu cu_physics

ra_sw_physics

=4, WSM 5-class scheme

=5, Ferrier (new Eta) microphysics
=6, WSM 6-class graupel scheme
=1, Dudhia scheme

=2, Goddard short wave

= 1, Kain-Fritsch (new Eta) scheme
= 2, Betts-Miller-Janjic scheme
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Bdng 2. Thanh phan t6 hop tuwong iing véi cdc lya chon so do vit 1y khéac nhau

Ra Iw_ Ra sw_ mp

To hep physics physics physi_cs cu_physics
001 1 2 1 1
002 1 1 1 2
003 1 2 1 2
004 1 1 2 1
005 1 2 2 1
006 1 1 2 2
007 1 2 2 2
008 1 1 3 1
021 1 2 6 1
3.3. Thir nghiém dw bdo con bao Megi 2010
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Hinh 2. Quj dao bdo trung binh t6 hop (mau tim), quan trdc (mau den), cac thanh phan té hop

(dwong manh tim), va truong hop CTL (xanh la cdy) cua con bdo Megi trong triecong hop CIMSS
(hinha) va trwong hop MIX ( hinh b), va bién trinh dp sudt muc bién cuc tiéu cia cdc thanh phan
16 hop (dwong manh tim), trung binh té hop (mau den), va quan trdc (xanh dwong) trong trurong
hop CIMSS (hinh a giita) va truong hop MIX (hinh b gitta). Hinh (a phai) twong tw hinh (a giita)

Véi gié bé mat 10 m cuee dai. Bdt dau di bdo liic 00 gio ngay 18/10/2010
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Hinh 3. Bién trinh dp sudt muwc bién cuc tiéu, quan trdc (d6) va dw bdo tat dinh (CTL- xanh
dirong) va dy bdo t6 hop (CIMSS-xanh ld cday; MIX-tim)(trdi); (phdi) trong tw hinh (trdi) véi bién
trinh gi6 bé mdt cyc dai. Thoi diém bat dau dy bdo 00 gio ngay 18/10/2010

Phan nay tic gia minh hoa mét trudng hop du
bao con Megi luc 00 gio UTC ngay 18/10/2010
trong cac thir nghiém CTL, CIMSS va MIX, véi
truong gié phan tich va quan tric dugc dua ra
trong hinh 4.

Hinh 2 chi ra két qua du bao qui dao con bio
Megi tir truong hop CIMSS va truong hop MIX
v6i thoi diém bat dau du bao lac 00 gio (UTC)
ngay 18/10/2010. Qua d6 cho thay trong ca 2
truong hop quy dao bio déu giam do léch dong
va c6 sai s6 nho hon so v6i thir nghiém CTL.
Trong do6 truong hop CIMSS sau han du bao 3

ngay, quy dao bao léch vé phia tiy so vdi quy dao
thuc va c6 sai s6 quy dao han du bao 5 ngay la
259 km. Con quy dao bao trong truong hop MIX
sau khi d6i huéng, quy dao bdo gan nhu song
song v6i quy dao thuc véi sai sé quy dao han 5
ngay la 179 km. Tuy nhién, ¢ han du bao 3 ngay
sai s6 quy dao trong trudng hgp CIMSS nho hon
s0 véi sai s6 quy dao trong truong hop MIX.

Con cudng d6 bao duoc thé hién trong hinh 3,
1a bién trinh khi ap cuc tiéu gan tim va téc do
gio bé mit cuc dai cua 3 thir nghiém CTL,
CIMSS va MIX.
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Hinh 4. Truong gi6 phan tich do LETKF dong héa so liéu cao khéng (a, b va ¢) va hén hén hop (cao
khéng+gié vé tinh) (d, e va f) (mau do) va gié quan tréic cao khéng (mau den) va gio vé tinh (mau
xanh) luc 00 gio UTC ngay 18/10/2010 o cac myc 750 hPa (a, d), 300 hPa (b, e) va 200 hPa (c, f)
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4. Kha ning du bio bido cia hé théng du
b4o t6 hop WRF-LETKF

Dé thdy duoc hiéu qua cia WRF-LETKF,
ngoai viéc st dung thir nghiém ddi chimg CTL
tac gia con tinh sai sé du bao quy dao va cudong
dd bdo ctia mo hinh toan cau GFS.

4.1. Dw bao quy dao bdo

Trung binh sai s6 quy dao cua 9 truong hop
thir nghiém duoc thé hién trong hinh 5. Nhin
chung, trong ca 2 thtr nghiém CIMSS va MIX,
cho sai s6 nho hon trong thir nghiém CTL va
GFS, v6i sai s6 quy dao han 5 ngay trong thu
nghiém CIMSS va MIX lan luot 1a 300 km va
200 km, twong ty & han du bao 4 ngay sai s6 quy
dao trong thir nghiém MIX giam dang ké so véi
trung binh sai s6 quy dao trong thir nghiém
CIMSS. Con ¢ han dy bao 3 ngay va ngan hon
thi hdu nhu dong hoa s6 liéu vé tinh hiéu qua
hon, tuy nhién sai sb quy dao gitra 2 truong hop
chénh 1éch khong nhiéu (hinh 5). Két qua du bao
quy dao bao dugc cai thi€én mot mat la do truong
ban dau dugc bo sung thém cac thong tin quan
tric nhd d6 dong moéi trudng duoc méd phong
mot cach déy dt hon, mat khéc 1a do sai s noi
tai cia m6 hinh dugc khic phuc bang viéc sir
dung cac thanh phan t6 hop da vat Iy [7].

600
500
400
300
200
100 -

0 m

Sai s6 quy dao bio (km)

00-h  24-h  48-h  72-h 96-h 120-h
Han dy bao (gio)

Hinh 5. Sai s6 quy dao bdo trung binh ciia 9
truong hop thir nghiém, MIX (mau xam sam),
CIMSS (mau xam nhe); CTL (mau xam), va
GF'S (mau den).

Ngoai ra, kha ning dy bao cia hé thong
WRF-LETKF con dugc danh gia thong qua ty
s6 giita d6 tan td hop va sai sb quy dao (n) [7].
Két qua thong ké cac ty s6 16n hon 1 duoc dua
ra & Bang 3.
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Bang 3 cho thay hé théng WRF-LETKF dong
hoa s6 lidu hdn hop (MIX) dy bao quy dao bio
hi€u qua (do tan phu duoc gia tri that) 6 han 5
ngdy véi 6 trudng hop thir nghiém c6 ty sé 1 16n
hon 1, chiém khoang 67%, trong khi thir nghiém
CIMSS chi c6 1/9 truong hgp thu nghiém co ty
s 1 16n hon 1, chiém khoang 11.1% . Con & han
4 ngay thir nghiém MIX c6 sb truong hop du bao
hiéu qua 1a 8 truong hop, chiém khoang 88.8%
trong khi thir nghiém CIMSS chi ¢6 3 truong
hop du bao hiéu qua, chiém khoang 33.3%.
Tuong tu ¢ han 3 ngay thir nghiém MIX cling c6
nhiéu trudng hop du bao hiéu qua hon thir
nghiém CIMSS. Nhu vay, trong tht nghiém
MIX s trudng hop du bao quy dao bio hiéu qua
& han dy bao dai hon 3 ngay 14 16n hon so v&i s6
truong hop du bao quy dao bao hi€u qua trong
thir nghiém CIMSS. Cin clr vao két qua thong
ké trén, tac gia co thé nhan dinh rfmg hé théng
WRF-LETKF du bao quy dao bao han 5 ngay
hiéu qua. Két qua nay khang thém vai trd cia
viéc bd sung s6 lidu quan tric cao khong vao qua
trinh déng hoéa sb liéu vé tinh béng loc Kalman
t6 hop dia phuong héa bién doi.

Bdng 3. Thong ké cdc truong hop hé thong

WRF-LETKF su bao quy dao bdo hiéu qua

trong hai thu nghiéem CIMSS va MIX

HDB CIMSS MIX
(gio) (trwong hgp)  (trwong hop)
24-h 0 2

48-h 2 1

72-h 3 4

96-h 3 8

120-h 1 6

4.2. Dw bdo cwong dj bdao

Trong phan nay tac gia xem xét kha nang du
bado cudng do bao cua hé théng WRF-LETKF
dua trén 9 truong hop thur nghiém.

4.2.1. Kha nang du bado ap sudt cuc tiéu tai
tam ciia hé thong WRF-LETKF

Két qua dy bao cudng do bio trong 9 truong
hop khao sat cho trung binh sai sé tuyét doi ap
sudt muc bién cuc tiéu tai tm (PMIN) phu hop
v6i cac nghién ciru trude day [6]. Cu thé, sai s6
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PMIN trong thu nghiém MIX va thu nghiém
CIMS nhé hon so vé6i sai sé6 PMIN trong thir
nghiém CTL va GFS ¢ hau hét cac han du bao
(hinh 3). Cac két qua trén 1a do hé théng WRF-
LETKF khic phuc duoc sai s6 do cac qua trinh
vat 1y khong duge mo ta mot cach day du trong
mé hinh sb bing phwong phap da vat 1y [7].
Ngoai ra két qua du bao quy dao tdt trong hai thir
nghiém MIX va CIMSS (phan 4.1) ciing tac
dong dang ké dén k¥ nang du bao cuong do bio.
Mit khac, khi so sanh sai s6 PMIN trong thir
nghiém MIX véi sai so PMIN trong thir nghiém
CIMSS, cho thiy thir nghiém MIX c6 sai sd
PMIN nhé hon so véi sai s6 PMIN trong thtr
nghiém CIMSS (hinh 6). Két qua nay cho thiy,
ngoai tac dong cua thanh phan da vat 1y dén ky
ning du bao cuong do[6], thi viéc bo sung thém
cac thong tin quan tric vao truong ban dau cua
mo hinh s ciing gop phan khong nho trong viée
nang cao chit lugng dy bao cuong do bio.

w N
S O

t muyc

sai s0 ap sua
—_ N W A
(=)

bién cuc tidu (hPa)
S O O O

00-h  24-h  48-h  72-h  96-h

Han dy bao (gio)

120-h

Hinh 6. Trung binh sai sé tuyét doi dp sudt muc
bién cue tiéu, MIX (mau xdm sdm); CIMSS (mau
xam nhe); CTL (mau xam), va GFS (mau den).

Tiép theo tac gia xem xét kha ning dy bao
PMIN cua hé thdng WRF-LETKF thong qua ty
s6 d6 tan to hop va sai sé tuyét ddi (). Bang 4
thdng ké cac truong hop du bao hiéu qua (n>1)
trong hai tho nghiém MIX va CIMSS. Can ctr
vao ty s6 1, cho thiy trong 9 truong hop du bao
thtr nghiém, c6 6 truong hgp du bao PMIN hi¢u
qua trong thir nghiém MIX & han du bao 4 ngay,
con trong thtr nghi¢m CIMSS thi chi ¢6 1 truong
hop du bao hi¢u qua. Trong khi ¢ cac han du bao
2 ngdy, 3 ngdy va 5 ngdy sb truong hop du bao
hi€u qua trong hai thir nghi¢ém MIX va CIMSS la
twong duong nhau.
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Bdng 4. Théng ké cdc truong hop hé thong
WRF-LETKF du bado ap sudt mye bién cuc tiéu
hiéu qua trong hai thur nghiéem CIMSS va MIX

Han du bao CIMSS MIX
(gio) (trwong hgp)  (truwdmg hop)
24-h 5 7
48-h 6 6
72-h 9 9
96-h 1 6
120-h 4 3

Nhu vay, qua viéc khao sat ty s6 do tan va sai
sO tuyét dbi cho thay, hé thongWRF-LETKF c6
kha ndng du bao PMIN tdt & cac han du bao, nhat
la khi déng hoéa sb liéu hon hop s6 liéu vé tinh va
cao khong thi hé WRF-LETKF c6 k¥ nang du
bao hi¢u qua ¢ cac han du bao dai hon 3 ngay.

4.2.2. Kha nang du bao toc do gio cuc dai
gan tam ciia hé thong WRF-LETKF

Dbi vai te do gid bé mat cuc dai (VMAX),
& mot s6 han du béo, trung binh sai s6 tuyét dbi
trong thtr nghiém MIX va thtr nghiém CIMSS
nho hon so voi thir nghiém CTL va GFS (hinh
7). Tuy nhién, & mot s6 han du bao nhu 12 gio,
84 gio va 108 gid (khong dua ra ¢ day), sai sd
VMAX trong thtr nghiém CTL lai nhé hon so
v6i 2 thir nghiém MIX va CIMSS. Két qua nay
c6 thé 1a do do phan giai cia mé hinh (12 km)
chwa du tinh dé co thé mo phong duogc ciu tric
ctia bdo. Ngoai ra, ciing do s truong hop thir
nghiém con it (9 truong hop), nén chua c6 mot
danh gia toan dién vé kha nang du bio VMAX
ctia hé théng WRF-LETKF.

35.0
30.0
25.0 -
20.0 -
15.0 A
10.0 A
5.0
0.0 -

dai (m/s)

sai s0 toc do gio bé mit cuc

00-h  24-h 48-h 72-h  96-h 120-h

Han du bao (gio)

Hinh 7. Trung binh sai sé tuyét doi gié bé mdt

cuyee dai trong do, MIX (mau xam sagm), CIMSS

(mau xam nhe); CTL (mau xam); va GFS (mau
den).
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Trong 12 gio tich phan dau tién, VMAX
(hinh 7) va PMIN (hinh 6) trong cac thir nghiém
CIMSS, MIX, va CTL déu c6 sai sb 16n, sai sd
nay la do xody ban dau trong s6 liéu du béo toan
cau yéu, do d6 phai mat mot thoi gian nhat dinh
Xody méi ¢6 thé phat trién phu hop véi co ché
dong luc thyc té cia bio. Pidu nay phu hop véi
nhitng nghién ctru trudc ddy vé tim quan trong
ctia ban dau hoa xoay trong du bao xody thuan
nhiét déi [3, 8]. Con sai s6 VMAX trong thir
nghiém MIX ciing thip hon hodc cao hon sai s6
VMAX trong thir nghiém CIMSS & mét s6 han
du bao. Nhung nhin chung, trong du bao cuong
d6 thir nghiém MIX van c6 nhitng wu diém nhat
dinh.Két qua GFS thi ¢6 sai s6 cao hon cac thir
nghiém con lai.

Tiép theo, dé danh gia kha ning dy bao
VMAX ciia h¢ thing WRF-LETKEF, tac gia dua
vao ty s gitta d6 tan to hop va sai s6 tuyét ddi du
bao (n) tuong tu khi danh gia kha nang du bao
PMIN cua hé thong WRE-LETKE. Bang 3 thong
ké cac truong hop hé thdng WRF-LETKF dy
bdo VMAX hiéu qua (co ty sé n>1).

Tir Bang 5 ta thiy, & han dy bao tir 1 dén 3
ngay thir nghiém MIX va CIMSS c6 sb truong
hop du bao hiéu qua 1a bang nhau, trong khi &
han du bao 4 ngay, thir nghi¢ém MIX c6 4 truong
hop du bao hi¢u qua, con thir nghi¢m CIMSS chi
c6 1 truong hop du bao hi¢u qua. Con ¢ han dy
bao 5 ngay, CIMSS lai cho s trudng hop du bao
hiéu qua nhiéu hon so véi thir nghiém MIX
(Bang 5). V& co ban, do trong thir nghiém MIX
va thir nghiém CIMSS, cau hinh t6 hop cta hé
thong WRF-LETKF 1a nhu nhau, nén sy khéac
biét trong két qua du bao cta hai thir nghiém nay
chi do viéc bd sung sb liéu cao khong vao qua
trinh dong hoa sb lidu cao khong (MIX). Mat
khac, do s6 truong hop thir nghiém con it, nén
chua thé dwa ra mot két luan day di vé kha nang
du bio VMAX ciia hé thong WRF-LETKEF.

Dbi v6i du bao cudng do bio, hé thdng WREF-
LETKF cho két qua du bao PMIN tét hon so voi
VMAX. Tuy nhién, do do phan giai con tho (12
km), nén chua thé chi tiét dugc cu truc cua bio,
do vay két qua du bao cuong do con co nhimng
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han ché nhat dinh. Nhung xét trén téng thé, hé
thong WRF-LETKF ciing nang cao dang ké chat
lugng du bao cuong do bao.
Bdng 5. Thong ké cdc truong hop hé thong
WRF-LETKF su bdo téc do gio bé mat cuc dai
hiéu qua trong hai thu nghiem CIMSS va MIX

Han du bao CIMSS MIX
(gio) (trwong hop)  (truong hop)
24-h 4 6
48-h 9
72-h 5 5
96-h 1 4
120-h 4 2

5. Két luan

Két qua danh gia kha nang du bao quy dao va
cuong do bao cua hé théng WRF-LETKF dua
vao két qua cua 9 truong hop du béo quy dao va
cudng d6 bio con bio Megi 2010. Sai s6 du bao
quy dao bio giam dang ké trong thir nghiém
MIX so v6i két qua dy bao GFS va thir nghiém
CTL, dac biét la ¢ cac han du bao dai hon 3
ngay. Trong khi thir nghiém CIMSS cho sai s6
du bao quy dao 16n hon so véi thir nghiém MIX
nhung lai nhé hon so véi thu nghiém CTL va
GFS, két qua nay phu hop vé6i cac nghién ciru
truéc day vé kha ning ning cao chat luong du
bao quy dao bio khi ddng hoa s liéu vé tinh
bang loc Kalman t6 hop [7]. Nhu vay, hé thong
t6 hop WRF-LETKF dong hoéa dong thoi 2 loai
s6 liéu vé tinh va cao khong da cai thién dang ké
két qua du bao quy dao bao Megi han 5 ngay.

Dbi v6i du bao cudng d6, qua théng ké két
qua ctia 9 truong hop thir nghiém cho thiy, dy
bao PMIN trong thtr nghiém MIX hi¢u qua hon
trong thir nghiém CIMSS, véi sai s6 du bao
PMIN cua thir nghiém MIX nho hon déng ké so
v6i sai s6 PMIN trong thir nghiém CIMSS 6 hau
hét cac han du bao, trong khi GFS cho sai sb
cuong do cao hon cac thu nghiém con lai. Nhu
vdy, s liéu quan tric duoc b sung trong dau
vao ctia md hinh co tac dong tich cuc dén ky
ning du bao PMIN. Nhung d6i v6i VMAX, tiy
tung han du bdo ma thir nghiém MIX hay thtr
nghi¢m CIMSS du bao VMAX hi¢u qua. Tuy
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nhién, nhitng danh gia nay chi dua vao 9 truong
hop thir nghiém, nén chua thé dua ra két luan day
du vé kha nang du bao cuong dd bao cua hé
thong WRF-LETKF. Nhung budc dau ta c6 thé
khang dinh, hé théng WRF-LETKF ddng hoa
dong thoi s6 liéu vé tinh va cao khong nang cao
k¥ ning du bao yéu té PMIN.

Tuy nhién, & cac thoi diém tich phan 12 gid
dau tién, két qua dy bao cuong do cua hé théng
WRF-LETKF chénh léch kha nhiéu so véi quan
trac (hinh 6, hinh 7). Két qua nay cho thiy, hé
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thdng WRF-LETKF c6 thé nang cao k§ ning dy
béo cudng do trong cac han du béo tir 2 ngay dén
5 ngay, nhung khong khic phuc dugc trudng
xody ban dau yéu ctia mé hinh toan cau hay dong
héa sb liéu chi co tac dung cai thién dong
moitruong va tac dong dang ké dén két qua du
bao cuong d6 ¢ han du bao sau 1 ngay. Vi vay,
dé hé thing WRF-LETKF nang cao chét lugng
du bao bao & nhitng han dy bao trudc 1 ngay, thi
trudng xody ban dau phai dugc ban dau hoa tot.
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STUDY ON THE IMPACTS OF MERGI TYPHOON IN 2010 IN VIET
NAM BY USING WRF-LETKF FORCAST SYSTEM

Pham Thi Minh', Tran Tan Tien?
'Department of Meteorology, Hydrology and Climate Change - HCMC University of Re-
sources and Environment
“Department of Meteorology, Hydrology and Climate Change- Hanoi University of Science,
Viet Nam National University

Abstract: The paper presents some results of the verification of the WRF-LETKF system to 5-day
typhoon forecast based on 9 forecasting cases of the typhoon Megi (2010). Whereas, the mean ab-
solute error (MAE) statistical index and the ratio of the ensemble spread over the errors are used to
verify the performance of the WRF-LETKFE system. The results in this study show that the use of the
WRF-LETKF can improve the intensity and track forecast skills for 5 days. Specifically, it is found
that the 5-day track errors can be reduced to 25 and 50 % which correspond to six good forecast-
ing cases that is approximately 66 percent, and the 5-day intensity error decrease to 3 and 8% which
correspond to 3 - 4 good forecasting cases that is approximately 36,6%. In addition, the statistical
results suggest that the WRF-LETKF system assimilates the mixed data which is producted from
satellite and sounding data can improve typhoon forecast skills which are better than those when
only the satellite data is assimilated. However, the intensity error in the 12- hour first integration is
improved very a litte. This result show that assimilated data can improve better forecasts for 2-day,
3-day, or longer, but don't have impact on the initial vortex. Thus, the WRF-LETKF ensemble pre-
diction system has to be exact as the initial vortex to the I-day and under 1-day forecast results
which are improved more.

Keywords: Data assimilation, the Kalman filter, WRF model, Typhoon, ensemble forecasting.
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