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Tém tat: Nghién ctru tién hanh cac thur nghiém vai viée dong hoa sb liéu gié vé tinh
(CIMSS), s6 li¢u cao khong (RADS) va s6 liéu hon hop (gié vé tinh va sb liéu cao khong
MIX) bang phuong phap loc Kalman t6 hop. Két qua thir nghiém cho thay, tmg v&i mdi loai
s6 liéu quan tric, cac mo phong dudng dong (hoan luu khi quyén mé phong) trong céc thir
nghiém la khac nhau. Trong d6 thtr nghiém CIMSS, RADS va MIX m6 phong xu thé ciing
nhu cuong do cua hoan luu chung khi quyén gidng véi sy phat trién thuc té hon so véi thir
nghiém khoéng sir dung sd liéu quan trac (MPH), nh¢ d6 quy dao bao Haiyan dugc md phong
kha phu hop voi quy dao thuc, sai s6 théng ké trong 4 truong hop thir nghiém giam dang ké.
Cu thé, sai sb quy dao trong thir nghiém CIMSS cai thién 14,0% va 14,3% so véi thir nghiém
MPH, va giam lan lugt 14,0% va 23,9% so vai két qua du bao toan ciu GFS & han dy bao 48
gior va 72 gio, trong thir nghiém RADS sai s6 qiiy dao cai thién 11,1% so voi GFS va MPH &
han 60 gid, va sai sé quy dao trong thir nghiém MIX giam 12% va 14,2% so v6i GFS ¢ han 60
gior va 72 gio, ngoai ra thir nghiém MIX c6 sai s6 qity dao giam 12% so v6i thir nghiém MPH
¢ han 60 gio. Vé cuong do bao, du bao Pmin trong cac thir nghiém MPH, CIMSS, RADS va
MIX t6t hon so v&i s6 liéu GFS. Trong d6 sai s6 Pmin trong thir nghiém CIMSS nho hon sai
s6 Pmin trong céc thir nghiém con lai va s liéu GFS ¢ han du bao dai hon 48 gio. Déi véi
Vmax, cac thir nghiém CIMSS, RADS va MIX du bdo Vmax hi¢u qua & han du bao 60 va 72
gio.

Tir khéa: Loc Kalman; M6 hinh WRF; Béo; Dy bao td hop.

1. Mé dau

Sb liéu gi6 v¢ tinh va s6 liéu cao khong déu 1a ddu vao chinh cho hé thong dong hoa sb
liéu toan cau NCEP (GDAS: Global Data Assimilation System) dé tao ra phan tich cudi cling
tang ddi luu, nhung s6 liéu phén tich trén dugc dua vao m6 hinh du bao toan cau va tao ra cac
san pham du bao toan cau c6 do phan giai tho (0,5 do) va thudng du bao thap hon so v6i quan
trac. Vi vay khi str dung san phdm ctia mé hinh dy bo toan cau lam du vao cho mé hinh khu
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vue, qua trinh noi suy trong mé hinh khu virc dd lam mét di cac thong tin mo phong hoan luu
qui mo 16n dan dén két qua du bao khong chinh xéc, dic biét voi du bao bio.

Mit khac cac nghién ctru gan day vé loc Kalman t6 hop di chimg minh kha ning dong
héa nhiéu loai quan tric & cac qui md khac nhau ciia so d6 dong héa Kalman to hop [1-5].
Nghién curu trude day [5] cho théy s6 liéu vé tinh dong hoa bang loc Kalman tmg dung trong
mo hinh WRF cai thién dang ke két qua du bao quy dao con bao Megi 2010, va dua ra nhan
dinh vé vai tro clia cic quan trc ngoai ria xa tdm bdo co thé dong gdp dang ké trong viéc
nang cao k¥ nang dy bao quy dao va cudong do bao.

Ngoai ra, bao 1a hién tuong thoi tiét c6 tinh bat dinh cao, nén viéc du bao quy dao va
cuong do bio van con 1a thach thirc ddi voi cac nha khi twong trén thé gii. Do vay trong
nghién ctru ndy ching t6i khao sat tac dong cta s lidu quan tric 1én mé phong quy dao va
cuong d6 bio Haiyan 2013 thong qua loc Kalman t6 hop dong hoa céc s6 liéu ndi trén trong
md hinh.

2. Phuong phap nghién ciru

2.1. Hoat dong cua con bao Haiyan

Bio Hai Yén (tén quéc té Haiyan, s6 hiéu quéc té 1330, sb hiéu Viét Nam 1a bo sd 13).
Bio sb 13 14 con bio rit manh vé ccuong do co thé so sanh véi bio Katrina d6 bo vao nudc My
nam 2005, hinh thanh ¢ vi d6 thap (6,1°N) (hinh 1), do bd vao Philipines v6i cuong do trén
cap 17, sau d6 di vao Bién Pong van giit cuong do cap 14, cap 15, doi ‘huong di chuyen 1én
phia bic d6 bo vao Hai Phong—Quang Ninh v6i cudng d6 gio cap 11 , cAp 12 va giat dén cép.
Bao gay ra gi6 giat manh cap 67 6 vung ven blen cac tinh Béc va Trung Trung B9, 6 vung
ddng bang va trung du Bic Bo c6 gi6 manh cip 6-7, co noi cap 8, giat ccap 9-10, ¢ vung
duyén hai Bic B va khu bong Bic Bic BO ¢6 gio manh cap 8—11, giat cap 12-13 [6].

Tri s khi ap thap nhét trong thoi gian hoat dong ciia bao Halyan quan tric duoc tai tram
khi tuong Bai Chay (Quang Ninh) 1a 981.2 hPa (ltc 3 gid 30 phat ngay 11/11/2013). Do anh
hudng cta bido, & cic tinh phia dong bic b, ven Bién Bic va Trung Trung Bd c6 mua vira,
mua to, riéng khu Pong Bic Bo c6 mua to dén rat to. Tong lwong mua tir 13 gio ngdy 9 thang
11 den 19 gio ngay 11 thang 11, phd bién 50-100 mm, riéng tinh Quang Ninh 100-150 mm,
mot s6 noi 16n hon nhu Bai Chay 183 mm....Khi bdo Haiyan d6 bo vao Quang Ninh—Hai
Phong giy hau qué rat 1on vé ngudi va tai san. Da c6 18 nguoi chét, 2 nguoi mét tich, 93
nguoi bi thuong, 149 ngoi nha bi do, sap, troi, hu hai; 4.567 ngo6i nha bi ngap, 2.918 ngodi nha
bi tdc mai, 3.828 ha laa bi ngap ung, d6; 52.368 ha ngo, sin, hoa mau bi ngap, 8.132 gia suc
gi‘a cam bj chét cudn troi, 23 cong trinh thuy 1¢i bi hu hai. Udc tinh téng thiét hai 669,530 ty
dong [6].

N25%
Fropic-of-Gancer

Hinh 1. Dién bién duong di ctia con bio Haiyan 2013 [7].
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2.2. Thiét ké thi nghiém

2.2.1. M6 hinh

Str dung mé hinh WRE phién ban V3.3.1 v6i 31 muc (sigma) theo phuwong thing dimg
v6i muyc khi 4p cao nhat (bién trén cia md hinh) c6 gia tri 1a 10hPa [8]. M6 hinh WRF dugc
Ira chon v6i hai mién tinh 16ng ghép st dung phep chiéu Mercator. Mién luéi thiét ké cho
thir nghiém mo phong con béo Haiyan 1a lué6i long g6m 2 mién tinh véi do phan giai ngang
tuong tng 36 km va 12 km, mién luoi 1 gom 171x141 diém lu6i va mién ludi 2 gdm
232x160 diém ludi v6i thim mién tinh ¢d dinh 17°N va 118,2°E (hinh 2) st dung trong mé
hinh WRF.

Dé khao sat tac dong cua sb liéu quan tric trong md phong quy dao va cudng do bio
Haiyan 2013, nghién ciru tién hanh thir nghiém dy bao con bio Haiyan 2013 v6i han 3 ngay
v6i thoi diém bat dau du bao tir 00207 dén 12708, theo cic trudng hop: a) du bio to hop
véi cac td hop vat 1y khac nhau (MPH); b) Dy bao véi diéu kién ban dau duoc tao ra tur loc
Kalman t6 hop dong héa s6 lidu vé tinh (CIMSS); ¢) Dy béo véi diéu kién ban dau duoc
tao ra tir loc Kalman t6 hop dong hoa s6 lidu cao khong (RADS); d) Dy bao voi diéu kién
ban dau duogc tao ra tir loc Kalman t6 hop dong hoa s liéu hdn hop vé tinh va cao khong
(MIX) v6i 21 thanh phan t hop.

Céc thi nghiém trong nghién ctru déu tién hanh thir nghiém cho 21 thanh phan t6 hop
so do vat Iy khac nhau tuong tmg véi 21 1an du bao. Hién tai trong mo hinh WRF V3.3.1 ¢
cac so dd tham s6 hoa vi vat 1y, tham sd hoa bire xa song dai va song ngan, tham s hoa ddi
lwu; tuong ung véi cac lya chon nhu trong bang 1, do d6 c6 thé két hop giita cac so d6 vat
1y khac nhau d6 dé tao ra thanh phan t6 hop tuong tng v6i 1 du béo (Bang 2).
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Hinh 2. Mién luéi thir nghiém.
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Bing 1. So d0 tham s6 hoa trong md hinh WRF g véi cac lwa chon cu thé.

So dd Ki hiéu Céc lya chon
=1, Kessler scheme
=2, Lin et al. scheme
Vivatly mp. physics =3, WSM 3—class simple ice scheme

Btic xa song ngan
Buc xa song dai

DPéi luu

ra_lw_physics

=4, WSM 5—class scheme

=5, Ferrier (new Eta) microphysics

=6, WSM 6—class graupel scheme

) =1, Dudhia scheme
ra_sw_physics
=2, Goddard short wave

) = 1, Kain—Fritsch (new Eta) scheme
cu_physics

= 1, rrtm scheme

= 2, Betts—Miller—Janjic scheme

Bang 2. Thanh phén t6 hop tuong Gmg véi cac so do vat 1y khac nhau.

Té hop Ra_lw_ physics Ra_sw_ physics mp_ physics 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
009 1 2 3 1
010 1 1 3 2
011 1 2 3 2
012 1 1 4 1
013 1 2 4 1
014 1 1 4 2
015 1 2 4 2
016 1 1 5 1
017 1 2 5 1
018 1 1 5 2
019 1 2 5 2
020 1 1 6 1
021 1 2 6 1

2.2.2.S6 lidu

Diéu kién dau vao va diéu kién bién str dung sb liéu du bao GFS cia NCEP/NCAR
(NCEP-The National Center for Environmental Prediction/NCAR-The National Center for
Atmospheric Research) c6 d6 phan giai ngang la 0,5x0,5 d¢ kinh vi va dinh dang grib2. S6

liu

GFS

duoc

lay

tur

trang

82

web:

https://www.ncdc.noaa.gov/data—access/model—data/model—datasets/global—forcast—system

—gfs.
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S6 lidu quan tric gi6 tir v¢ tinh 1a mot nguén s6 liéu dic biét quan trong ddi véi cac méd
hinh du bao chay nghiép vu trén thé gidi vdi do phu song toan cau va thoi gian thu thap s6
liéu trong vong tir 3-6 gio' phu thudc vao déc tinh cua timg vé tinh. S liéu gi6 vé tinh cho
phép biét duoc tinh trang dong luc cua khi quyén gop phan b sung thong tin cho trudong ban
dau ciia md hinh dy bao bang dong héa sb liéu. Hién nay t6 chirc hop tac nghién ctu vé tinh
khi twong Truong Pai hoc Wisconsin (Cooperative Institute for Meteorological Satellite
Studies—University of Wisconsin satellite atmospheric motion vector CIMSS—-AMYV) xu 1y va

cung cap gi6 vé tinh. Mot s6 cac nghién ctru véi sb lieu CIMSS—AMYV d chi ra s6 liéu nay
c6 thé giap cai thién chét luong du bao cua cac hé théng quy mo6 trung binh khac nhau [5,
10]. Uu diém cuia s6 liéu CIMSS—AMYV 1a s liéu da duogc kiém dinh véi chat lugng cao va
duoc xac dinh béng thuat toan loc dé quy. Moi mot s6 liéu duoc kiém tra sao cho phu hop
hau hét v6i sd lidu xung quanh bang ki thudt chi sd chat lwong. Hau hét s6 liéu
CIMSS—-AMYV phan b trong cac ving khac nhau va hién tai duoc luu trit trong nhiéu dinh
dang bao gdm ASCII va/hoic BUFR. Trong nghién ctru nay sé liéu gié vé tinh duoc 13y &
khu vuc An Do, Ty Bic Thai Binh Duong (hinh 3) va duoc downloads tir trang website
http://tropic.ssec.wisc.edu_trong dinh da% ASCIL.

< o W .

Hinh 3. Khu vuc ¢6 s6 lidu gié quan tric tir vé tinh [9].

S liéu quan tric cao khong 1a mot trong nhitng ngudn sb liéu quan tric co gia tri va
thong nhat trong khi tuong hoc. Quan tric trén cao dugc bat dau tir nhitng nam 1940. Hién
nay, khoang 1000 tram da duoc t6 chirc & 90 nuoc trén thé gi6i thuc hién quan trac 1én toi 4
lan trong mot ngay tai cic thoi gian quy dinh qudc té. O Chéu A, sb lugng cac tram quan
trac cao khong duoc b6 sung ngay mot nhiéu hon. Cac yeu t6 quan_ trac trén cao bao gom
ap suat, do cao dia thé vi, nhiét d6 khong khi, nhiét d6 diém suong, tbc do va hudng gio. Sb
liéu cao khong dugc lay tir trang http://weather.uwyo.edu/upperair/sounding.html. Sé ligu
nay dugc dwa vao chwong trinh kiém tra chat luong sb liéu quan tric trong module
WRFDA trudc khi dong hoa, nham loai bo cac sb liéu cao khong khong phu hop véi tiéu
chuan sai s6 dua vao sai s6 thong ké do NCEP cung cap. S6 liéu quan tric cao khong duoc
Iwu trit dudi dang ASCII (s6 tram cao khong duge sir dung trong nghién ctru dugc thé hién
trong bang 3 va hinh 4).

Biang 3. SO tram cao khong duoc dua vao ddng hoa trong 4 truong hop thir nghiém.

STT Thoi diém duw bao SO tram ban ddu  S6 tram dwa vao dong hoa
1 00h-07/11/2013 89 56
2 12h—07/11/2013 76 49
3 00h—08/11/2013 87 74
4 12h—08/11/2013 97 75
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Hinh 4. Vi tri cac tram cao khong c6 so lidu dwa vao dong hoa lac 12 gio UTC 07/11/2013.

2.2.3. Tom tit vé loc Kalman t6 hop

Y tudng chinh cua thuat toan loc Kalman t6 hop véi mot bién thé loc Kalman ‘56 hop bién
doi dia phuong (LETKF) 1a str dung ma tran t6 hop nén nhu mot toan tir chuyén doi tir khong
gian mo hinh duoc cang boi cac diém ludi trong khu vuc dia phuong da chon sang khong
gian t6 hop duoc cang boi cac thanh phan t6 hop, va thuc hién phan tich trong khong gian t6
hop nay ¢ moi diém ludi. Chi tiet thudt todn Kalman to hgp trong tai licu [1].

T6 hop phan tich x* cudi cung dugc thuc hi¢n nhu sau:

X0 =X+ X W +[(k—-1)P*]"?}. (1)
Trong do6 ky hiéu in ddm la vector; %’ ma tran trung binh to hop; X ma tran nhidu to
hop; P* ma tran tuong quan sai s phan tich va Ww* 13 ma trén trong s6 trong khong gian to
hop.

2.2.4. Phuong phéap dénh gia

a. Phuong phép trung binh tuyét dbi

Sai s6 MAE duoc str dung dé danh gia cac du bao cta bién khi quyén lién tuc [11]. Do
vay, MAE duoc ap dung nhu mot chi s6 dé danh gia sai sé cuong d6 bao (Khi ap muc bién
cuc tiéu tai tam—PMIN va tdc do gio cuc dai gan tim VMAX). Véi MAE—sai s trung binh
tuyét dbi duoc tinh bang cong thirc:

1
MAE = —3iL,|F; — Ol )
) Trong d6 MAE la §ai ) trung binh tuyét ddi; F; 1a gié tri du bao; O; 1a gia triquan
trac; N 1a do dai chudi so liéu.
b. Phuong phap khoang cach tdm bao
Sai s6 qui dao tinh theo cong thirc (3):

PE = R, * arccos [sin(al) * sin(a,) + cos(ay) * cos (ayy) * cos (B — ﬂz)] 3)
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Trong d6 Re 1a ban kinh trai dat (6378,16 km); a1, a2 1a vi d§ ctia tAm bdo thyc t€ va tim
béo do m6 hinh du bao (dv radian); Bi, B2 la kinh d6 cta tam bao thyc té va tdm bao du bao
(dv radian). Sai so0 trung binh khoang cach dugc tinh nhu sau:

L PE;;
MPE; = === 4)

Trong d6 PE 1 sai s khoang cach cua timg trudng hop du bao; n 1a sb trudong hop thur
nghi¢m; j 1a han du bao.

3. Két qua va thao luin

3.1. Tac dong cua s6 liéu quan trac dén mé phong dwong dong

Do quy dao bdo Haiyan sau 12 gio ngay 7/11 ¢6 su thay d6i vé huéng, nén viéc dy bio
quy dao s& gap khé khin. Vi vay trong nghién ctru nay nhdm tac gia tién hanh chay céc thir
nghiém du bao han 3 ngay véi thoi diém bat dau dy bao tir 00 gio UTC ngay 7/11 dén 12 gio
UTC ngay 18/11 cach nhau 6 gio' (co 6 thir nghiém tuong tmg vo6i 84 du bao cho mot thur
nghiém). Trong phan nay, dé biét duogc tac dong cua sb liéu quan tric dén két qua mo phong,
nghién ctru phan tich két qua ctia mot mo phong cu thé dugc du bao lic 12 gio UTC ngay 07
dén 12 gio UTC ngay 10 thang 11 nam 2013. Trong d6, nghién ciru chi ra sy khac biét trong
md phong hoan Iuu qui mé 16n Iuc 12 gio UTC ngay 08/11/2013, 1a thoi diém quy dao con
bdo Haiyan chuyén tir hudng tay sang tay tay bic. Tai thoi diém bt dau du bao, sb licu
quan tric duoc dua vao truong ban dau ciia mo hinh trong thir nghiém CIMSS, RADS va
MIX véi trudng gid phan tich va gio quan tric trong mot s6 muc duge minh hoa trong hinh
5, hinh 6 va hinh 7.

| @ (b) o L (©

sty 1O s 1o
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Hinh 5. Trudong gié ban diu chwa dong hoa (vecto gié mau vang), gié quan tric (mau den—gi6 vé
tinh; mau d6—gid cao khong) (hinh a,d); truong gié phan tich vé€ tinh (hinh b) va cao khong (hinh e);
s gia truong gio phan tich (mau xanh duong) véi sb gia gio quan tric (gié vé tinh—-mau den; gi6 cao
khong—mau do) (hinh c,f) muc 850hPa luc 12 gio ngay 07/11/2013.
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Hinh 6. Truong gio ban diu chwa dong hoa (vecto gié mau vang), gié quan tric (mau den—gio vé
tinh; mau d6—gio6 cao khong) (hinh a,d); trudng gié phan tich v€ tinh (hinh b) va cao khong (hinh e);
sO gia trudng gi6 phén tich (mau xanh duong) véi sd gia gioé quan tric (gié vé tinh—mau den; gié cao
khéng-mau dd) (hinh c,f) muc 700 hPa luc 12 gio ngay 07/11/2013.
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Hinh 7. Truong gi6 ban dau chua dong hoa (vecto gié mau vang), gié quan tric (mau den—gi6 vé
tinh; mau do—gid cao khong) (hinh a,d); truong gi6 phan tich vé tinh (hinh b) va cao khong (hinh e);
s6 gia trudng gié phan tich (mau xanh duwong) véi sé gia gié quan tric (gié vé tinh—-mau den; gi6 cao
khong-mau d9d) (hinh c,f) muc 500 hPa luc 12 gio ngay 07/11/2013.

Véi truong dau vao khac nhau trong cac thir nghiém MPH, CIMSS, RADS va MIX,
sau 24 gio, nghia 1a lac 12 gio UTC ngay 08/11/2013, hoan luu mé phong c6 su khac biét
giita cac thr nghiém. Pién hinh & muc 850 hPa, 4p cao can nhiét Bac Thai Binh Duong
(NPSH) trong thir nghiém CIMSS (hinh 8b) dugc md phong dich 1én phia bac nhiéu hon so
v6i Vi tri ap cao can nhiét Bic Thai Binh Duong trong thir nghiém MPH, RADS va MIX
(hinh 8). O hai muc 700 hPa va 500 hPa, hinh thé xay ra tuong tu, vdi vi tri hoat dong cua
NPSH trong thir nghiém CIMSS (hinh 8f, 8j) di chuyén nhiéu 1én phia bic va dich sang
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phia dong nhiéu hon so véi NPSH trong thir nghiém MPH (hinh 8e, 8i). Hinh thé nay, tao
dicu kién cho con bao Haiyan d6i hudng di chuyén tir tdy sang bac tay bac.

12Z08NOV2013 + (07

) local time 12Z08NOV2013 + (07) local time
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Hinh 8. Ban d6 duong dong muc 850, 700 va 500 hPa trong thir nghiém MPH(a,e,i), CIMSS (b.f,j),
RADS (c,g,k) va MIX (d,h,1) mb phong ltic 12 gio UTC ngay 08. Va do 16n tc do gié & myc twong
ung.

Sau 48 gio, nghia 1a luc 12 gid UTC ngay 09/11/2013, trén muc 850hPa thur nghiém
CIMSS (hinh 9b) mé phong NSPH rat vé phia dong nhanh hon so véi NSPH duoc mo phong
trong thir nghiém MPH, RADS va MIX (hinh 9a, 9¢, va 9d). Hinh thé ndy dwoc mé phong
tuong tu quan tric. Do d0, n6 tao diéu kién cho con bdo Haiyan di chuyén theo huong bac tay
bac trong thir nghiém CIMSS, nghia 1 twong dong véi quy dao thyc ciia né. Hinh thé twong
tu xay ra & muc 700 hPa va 500 hPa.

Sau 72 gio, két qua mod phong luc 12 gid UTC ngay 10/11 (hinh 10), & myc 850hPa thir
nghiém MPH (hinh 10a) mé phong rinh gié tiy & phia bac phat trién sdu xudng phia nam hon
so vd&i ranh gid tay trong cac thir nghiém CIMSS, RADS va MIX (hinh 10b, ¢, d), do d6 trong
thir nghiém MPH, hinh thé nay di khéng ché con bdo Haiyan di chuyén theo hudng tay bic
khac v6i hudng di chuyén bic tay bic cua quy dao thyc. Trong khi d6, thir nghiém RADS va
thir nghiém MIX mé phong rinh gi6 tdy 1an xudng phia nam nhiéu hon so véi thir nghiém
CIMSS, vi vay vi tri tam bao & han du bdo nay cta 2 thir nghiém RADS va MIX xa vi tri tam
bdo thuc té hon vi tri tim bdo trong thir nghiém CIMSS. O muc 700 hPa va 500 hPa, thu
nghiém CIMSS (hinh 10f), bio Haiyan dang di chuyén theo hudng béc tiy bic va chiu anh
hudng cta ria phia tiy ctia ap cao cin nhiét d6i Bic Thai Binh Duong yéu hon va c¢6 tdm léch
vé& phia bac nhiéu hon so véi vi tri ap cao can nhiét d6i Bac Thai Binh Duong trong thir
nghiém MPH, RADS va MIX (hinh 10e, g, h). Ngoai ra thir nghiém RADS va MIX ciing mo
phong ap cao can nhiét d6i Bac Thai Binh Duong yéu hon va ¢ hoan luu mé rong sang tay
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nam it hon so vé6i thir nghiém MPH. Hinh thé nay giai thich cho quy dao dich chuyén ctia con
bdo Haiyan trong thir nghiém CIMSS, RADS va MIX sat v6i quy dao thyc cua con béo
Haiyan hon so véi thir nghiém MPH ¢ han du bao nay(hudng di chuyén bac tay bac).

12Z09NOV2013 + (07) local

12Z09NOV2013 + (07) local ti

Hinh 9. Ban dd duong dong muc 850hPa, 700hPa, 500hPa trong thir nghiém MPH(a,e,i), CIMSS
(b,£,j), RADS (c,g,k) va MIX (d,h,]1) mé phong luc 12 gio UTC ngay 09. Va do 16n toe d6 gioé & muc
tuong Ung.

Nhu véy, hoan luu mé phong trong thir nghiém CIMSS, RADS va MIX khéng giéng véi
hoan luu thue t&. Nhung vé xu hudng phat trién hoan luu (sy mé rong hodc di chuyén ciia cac
hé théng quy mé 16n) trong thir nghiém CIMSS RADS va MIX duong nhu gan véi xu huéng
phat trién hoan luu thyc té hon so véi mé phong hoan luu trong thir nghiém MPH ¢ cac han
dur bao dai hon 2 ngay. Pic biét, thir nghiém CIMSS cho két qua mé phong hoan luu gan véi
quan tric thuc t& hon so véi cac thir nghiém con lai & hau hét cac han dy bao. Két quéa nay cho
thay s liéu gié quan tric tir vé tinh c6 anh hudng tich cuc trong viéc md phong hoan luu quy
md 16n trong mo hinh sb. Trong phan tiép theo, nghién ctru trinh bay mét s6 két qua mo
phong quy dao va cuong do con bao Haiyan.

3.2. Tac dong cua s6 liéu quan trac dén mé phéng qity dao bdo

Hinh 11 14 qu§ dao con bio Haiyan quan tric (mau xanh 14 cay) va quy dao du béo trung
binh (MPH-mau do, CIMSS—-mau den, RADS—xanh da tro1, MIX—xanh duong va quy dao
dur bao ctia mé hinh toan cau GFS (mau hong), bat ddu mé phong tir 12 gid ngay 07 thang 11
nam 2013 va két thic lac 12 gio ngay 10 thang 11. Trong 24 gio dau tién, quy dao mé phong
va quy dao thuc ctia con bdo Haiyan déu di chuyén theo hudng tay trong céc thir nghiém.
Nhung bét du tir 12 gid UTC ngay 08 dén 12 gio UTC ngay 09/11/2013, quy dao bio thyc té
va quy dao bdo mé phong cua cac thir nghiém di chuyén theo hudng tiy bac. Trong do, thir
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nghiém MPH, RADS, MIX va GFS léch tay nhiéu hon so véi qily dao th}rc. S},T khac biét
trong m6 phong quy dao bdo Haiyan trong cdc thr nghiém trén la do sy tién trién cua hoan
luu quy mo 16n (4p cao cén nhiét d61 Bac Thai Binh Duong) nhu da phéan tich ¢ phan 3.1.1.

12Z10NOV2013 + (
S R

Hinh 10. Ban d6 duong dong myc 850hPa, 700hPa, 500hPa trong thir nghiém MPH(a,e,i), CIMSS
(b,£,j), RADS (c,g,k) va MIX (d,h,]) mo phong luc 12 gio UTC ngay 10. Va do 16n toc d6 gio ¢ muc
tuong ung.

12Z07N0OV2013 UTC time

25N
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Hinh 11. Quy dao bio quan tric (mau xanh 14), qu§ dao bdo trong thir nghiém MPH (mau do), quy
dao bao trong thur nghi¢m CIMSS (mau den), quy dao bao trong thir nghiém RADS (mau xanh da
troi), quy dao bio trong thir nghiém MIX (mau xanh dwong) va qui dao bio véi sb liéu du bao toan
cau GFS (mau hong) ciia con bio Haiyan 2013. Thoi diém bt dau dy bao 12 gio ngay 07/11/2013.



Tap chi Khi twong Thiy van 2020, 716, 79-95; doi:10.36335/VNJHM.2020(716).79—95 90

Tir 12 gio UTC ngay 09/11 dén 12 gio UTC ngay 10/11, quy dao thyc cta con bao
Haiyan da chuyen hudéng di chuyen sang bic tay bic. Trong kh1 do, mé phdéng quy dao cua
cac thir nghi¢m van di chuyen theo huéng tay bac. Nhung xét quy dao bdo trong mé phong
cua thir nghiém CIMSS van gan sat voi quy dao thuc cua con bao Haiyan hon so véi quy dao
béo dugc md phong trong cac thir nghiém con lai. Két qua nay clng co thé duogc giai thich do
sw anh huong cua so liu gié quan trac tir v¢ tinh da tac dong dén mo phong hoan luu trong
thtr nghiém CIMSS nén ¢6 su tlen trién twong tu nhu hinh thé synop thuc té. Pic biét vao han
du béo 48 gio va 72 gio, sai s6 du bao quy dao bao trong thir nghiém CIMSS lan luot 13 50
km va 240 km, giam dang ké so v&i cac thir nghiém con lai (hinh 12). Ngoai ra sai sé qity dao
béo trong cac thir nghiém RADS, MIX va MPH nhé hon sai s6 quy dao GFS & han du bao 72
gid. Mt khac, két qua thdng ké tinh trung binh sai sb du bao quy dao bdo Haiyan trong 4
truong hop mé phong (tir 00 gio UTC ngay 07/11/2013 dén 12 gio UTC ngay 08/11/2013)
cling cho thy sai s6 du bao quy dao trong thir nghiém CIMSS giam dang ké 80 v0i sai sO du
bao quy dao bio Haiyan trong cac thir nghiém con lai va s lidu du bao toan cau GFS. Cu thé,
& han 24 gio, 48 gid va 72 gio sai s6 du béao quy dao bio trong thir nghiém CIMSS lan luot 13
75 km, 150 km va 270 km, con thir nghiém MPH 1a 90 km, 200 km va 360 km, con s6 lidu du
béo toan cau GFS lan luot 1a 80 km, 200 km va 440 km (hinh 13), trong khi cac thtr nghiém
RADS va MIX chi cai thién hon so véi sai s6 caa GFS ¢ han 72 gio.
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Hinh 12. Sai sé quy dao bio trung binh cua cac thir nghiém. Du bao luc 12 gid UTC ngay
07/11/2013.
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Hinh 13. Panh gi4 sai s6 trung binh quy dao mé phong trong 4 truong hop.
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3.3. Tdc ddng cia s6 liéu quan trac dén mé phéng cwong dé bao Haiyan

Cudng do bio dugc thé hién qua gia tri khi 4p muc bién cyc tiéu tai tAm bao (Pmin) va
toc do gid bé mat cuc dai gan tam (Vmax). Céc gia tri Pmin va Vmax dugc tinh trung binh
cho 21 thanh phan dy bao trong cac thir nghiém.

3.3.1. Khi ap muyc bién cuc tiéu tai tim

Hinh 14 cho thay bién trinh khi 4p cuc tiéu tai tim quan tric (mau xanh da troi), Pmin
trong cic mo phong va Pmin trong s6 lidu du bao toan cdu GFS, vé xu thé, tir 42 gior dén 72
gid, mo phong Pmin trong cac thir nghiém cé bién trinh tuong ty nhu quan tric, dic biét
cang vé han dy bao 72 gid Pmin trong thir nghiém CIMSS cang gan véi quan tric, trong khi
Pmin do GFS mé phong cao hon quan tric va cac thir nghiém. Trudc han dy bao 42 gio,
Pmin trong cac thir nghiém hau hét khong mé phong duoc xu thé ctia Pmin thyc té. V& do
16n ctia Pmin trong céac thir nghiém c6 thé danh gid rd hon thong qua sai sé trung binh tuyét
dbi (hinh 15).

1000 -
é 980 - _
B 940 - e
g —
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3 920 " —e—0BS CIMSS MPH
2 / e=—RADS MIX GFS
£ 900 A .
880
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Hinh 14. Bién trinh Pmin trung binh trong cac thir nghiém. Vi thoi diém bét dau dy bao luc 12 gid
UTC ngay 07/11/2013.

Hinh 15 cho thdy sai s6 Pmin trong cac thir nghiém déu nhé hon sai s Pmin ciia s6 liéu
du bao toan cau GFS & tat ca cac han du bao. Trong 12 gid dau tién, sai s6 du bao Pmin kha
16n ca & s6 liéu GFS va cac thir nghiém. Sai s6 16n nay 1a do s6 liéu GFS c6 d6 phan giai tho
nén Pmin dugc mo phong trong s6 liéu GFS yéu. Do d6, phai mat moét khoang thoi gian e
xody m6 hinh thich ing v6i dong méi truong trude khi xody d6 phat trién phu hop voi co ché
dong lyc [5]. Thong thuong dé khic phuc nhuoc diém nay, bai toan cai xoay gia (ban dau hoa
x04y) cho thdi diém ban dau du bao bao duoc ap dung. Két qua nay phu hop véi cac nghién
ctru trude day vé loc Kalman t6 hop tmg dung du béo bio [3, 12], nghia 1a loc Kalman t6 hop
ddng hoa sb lidu gi6 vé tinh chi cai thién trudng hoan luu quy mé 16n, nhd d6 két qua dy bao
quy dao cing nhu cuong do bao dugc cai thién dang ké sau han du bao 24 gio, con sai sb ban
dau cua dy bao cuong do khong cai thién, ngoai trir xoay gia duoc cai vao truong ban dau.
Sau 24 gio dau tién, sai s6 Pmin trong cac thir nghiém bét dau giam dang ké, dic biét 1a sau 42
gid dén 72 gid sai s6 Pmin giam xudng dudi 10,0 hPa, dang cha ¥ hon ca 13 1a ¢ han 72 gio,
sai s6 Pmin trong thir nghiém CIMSS chi 1a 8,4 hPa, con sai s6 Pmin trong thir nghiém RADS
va MIX déu sip xi 10 hPa.
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Hinh 15. Sai s6 tuyét d6i Pmin ctia con bao Haiyan mé phong lic 12 gio UTC ngay 07/11/2013.

Tuy nhién, danh gia thong ké sai s6 Pmin trong 4 truong hop mo phong (hinh 16) lai cho
thay cac thur nghiém mo6 phong Pmin hi€u qua ¢ hau het cac han dy bao so voi két qua du bao
toan cau GFS. Két qua nay cho thiy, viéc dong hoa sb liéu quan tric vao truong dau vao cia
mo hinh cai thién dang ké chat lugng du bao Pmin. Ngoai ra, & han du bao dai hon 48 gio sai
s6 Pmin trong cac thir nghiém CIMSS, RADS va MIX lai nho hon sai s6 Pmin trong thir
nghiém MPH, dic biét sai s6 Pmin trong thir nghiém CIMSS lai nhé hon sai sé Pmin trong
thir nghiém RADS va MIX. Két qua nay, phan nao cho thdy hiéu qua ctua phuong phép loc
Kalman t6 hgp dong hoa sé liéu quan tric trong dy bio Pmin ctia con bio Haiyan, dic biét 1a
dbi véi sd lidu gio vé tinh, hon nira vige du bao chinh xac quy dao bao ciing phﬁn nao cai
thién két qua du bao Pmin [12]. Phan tlep theo, nghién ctru khao sat tac dong cua so li¢u quan
tric trong mé phong toc do gid cuc dai gan tim bio (Vmax).

90

RADS CIMSS =MPH u GFS

H““HHIH

Han du bao (gio)

Sai sb trung binh tuyét d6i Pmin
S &S S 35 S S

—_
(=]
1

(=]

Hinh 16. Danh gia thong ké sai sb trung binh Pmin mé phong trong 4 truong hop.

3.3.2. Toc do gi6 cuc dai gén tam

Hinh 17 cho thdy, bién trinh Vmax trong cic thir nghiém tuong dong véi bién trinh
Vmax quan trac tir han 36 gio &én 72 gid. Trude han du bao 36 gio hau hét cac thir nghiém
khong mé phong dugc bién trinh ctia Vmax quan tric. Con Vmax trong s liéu du bao toan
cau hau nhu khong mé phong dugc bién trinh Vmax. Su khéc biét vé bién trinh Vmax duoc
thé hién rd hon thong qua sai sd tuyét d6i cia Vmax (hinh 18). Hinh 18 1a két qua sai s6 tuyét
d6i Vmax du bao 3 ngay véi thoi diém du bao 1a luc 12 gio UTC ngay 07/11/2013. Trong do,
cac thur nghiém MPH, CIMSS, RADS va MIX cho Kkét qua sai s6 dugc cai thién dang ké so
voi 86 liéu du bao toan cau GFS & hau hét cac han du bao. Pic biét, tir han du bao 48 gio dén
han du bdo 72 gid cac thir nghiém trén cho sai s6 Vmax déu dudi 5 m/s. Riéng han du bao 72
gid cac thir nghiém CIMSS, RADS va MIX c¢6 sai s6 Vmax nho hon sai s6 Vmax cua thir
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nghiém MPH. Két qua tinh sai s6 tuyét d6i trung binh Vmax trong 4 trudng hgp mé phong

ciing cho thdy thir nghiém CIMSS, RADS va MIX du bao hiéu qua Vmax & han 60 gio va 72

gid (hinh 19). Nhu vy, c6 thé thay sb liéu quan tric tac dong dang ké dén viéc mo phong

Vmax cta con bdo Haiyan. Trong d6 sb liéu gi6 quan tric tir vé tinh c6 tac dong tich cuc
trong han du bdo 72 gio.
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Hinh 17. Bién trinh Vmax trung binh cta bdo Haiyan trong cic truong hop thir nghiém va quan tric.
Du bao luc 12 gio UTC ngay 07/11/2013.
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Hinh 18. Sai s6 tuyét d6i Vmax ctia con bdo Haiyan mé phong luc 12 gio UTC ngay 07/11/2013.
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Hinh 19. Panh gi4 théng ké sai s6 tuyét d6i trung binh Vmax mé phong trong 4 truong hop.
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4. Két luén

Ttir nhitng két qua thir nghiém va dénh gia vé quy dao va cuong do ciia con bio Haiyan
v6i thoi gian mé phong bat dau tir 12 gid ngay 7/11/2013, két thuc lic 12 gio ngay
10/11/2013 béng phuong phap loc Kalman t6 hop dong hoa s6 lidu gié vé tinh, s6 liéu cao
khong va sb liéu hdn hop (gi6 v¢ tinh va cao khong) trong mé hinh WRF, cho thdy cac thur
nghiém c6 b sung s6 liéu quan trac tac dong tich cuc dén viéc mo phong hoan luu qui md
16n (4p cao can nhiét doi) ca vé xu thé 1an cudng d6. Nho dé sai s6 quy dao bio duoc cai
thién dang ké so voi thir nghiém khong c6 s6 liéu quan trac (MPH) va s liéu du bao toan
cAu GFS. Cu thé, sai sb quy dao trong thir nghiém CIMSS cai thién 14,0% va 14,3% so voi
thir nghiém MPH, va gidm lan luot 14,0% va 23,9% so v6i két qua du béo toan cau GFS, sai
s6 quy dao trong thir nghiém RADS cai thién 11,1% so voi GFS va MPH 6 han 60 gio, con
sai sO quy dao trong thir nghi¢m MIX giam lan lu:01 12% va 14,2% so voi GFS ¢ han 60 gio
va 72 gid, ngoai ra thir nghiém MIX c6 sai sb qily dao giam 12% so v6i thir nghiém MPH &
han 60 gio.

V& cuong do bio, két qua cua 4 truong hop mo phong cho thay, du bao Pmin trong cac
thir nghiém MPH, CIMSS, RADS va MIX hiéu quéa hon so véi s liéu GFS. Ngoai ra, & han
du bao dai hon 48 gio sai s6 Pmin trong cac thir nghiém CIMSS, RADS va MIX lai nh6 hon
sai sO Pmin trong thir nghiém MPH, dac biét sai s6 Pmin trong thir nghiém CIMSS lai nho
hon sai s6 Pmin trong thir nghiém RADS va MIX (hinh 16). Nhu vay, s6 liéu quan tric duogc
bd sung trong du vao ciia mo hinh co tac dong tich cuc dén du bao PMIN, song song voi
VMAX, tir han dy bao sau 48 gio thir nghiém CIMSS dy bdo VMAX hi¢u qua hon thu
nghiém MPH va GFS (hinh 19), va han du bao 60 va 72 gi¢ cac thir nghiém CIMSS, RADS
va MIX du bao hiéu qua Vmax. Nhu vay, s6 lidu gi6 quan tric tir vé tinh, s6 liéu cao khong
va s6 liéu hdn hop (vé tinh va cao khong) tac dong tich cuc dén két qua du bao quy dao va
cudng do con bio Haiyan. Dic biét s6 liéu gioé quan tric tir vé tinh 1a ngudn sb liéu dang tin
cdy vi két qua mé phong hoan luu qui mé 16n, quy dao va cudng d6 bao Haiyan duoc cai
thién dang ké so véi cac thir nghiém con lai. Két qua nay phu hop véi cac nghién ctru trude
day trong bai toan du bdo quy dao va cuong do bao [5,11,12].

Pong gop cua tac gia: Xay dung y tudng nghién ciu: T. T. M. H., P. T. M.,; Lua chon
phwong phap nghién ciru: T. T. M. H., P. T. M, N. T. H..; Xir Iy s6 liéu: T. T. M. H.,, P. T. M.,
N.T.H, T. V. S.; Phén tich két qua: T.T.M.H.,P.T.M.,,N. T. H.;; Viét ban thao bai bao: T.
T.M.H.,,P.T.M,,N.T. H,N. V. T..; Chinh stra bai bdo: T. T. M. H., P. T. M., N. T. H.,, N. V.
T.,T.V.S.

Loi cam doan: Tép thé tac gia cam doan bai bio nay 1a cong trinh nghién ctru cua tap thé tac
gid, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhirng nghién ctru trude day; khong cod
su tranh chap lgi ich trong nhom tac gia.

Tai liéu tham khao

1. Hunt, BR.; Kostelich, EJ.; Szunyogh, I. Efficient data assimilation for spatiotemporal
chaos: A local ensemble transform Kalman Filter. Physica D. 2007, 230, 112—-126.

2. Hong, L.; Kalnay, E.; Miyoshi, T.; Danforth, C.M. Accounting for model errors in
ensemble data assimilation. Mon. Weather Rev. 2009, 137, 3407-3419.

3. Miyoshi, T.; Yamane, S. The Gaussian Approach to Adaptive Covariance Inflation
and Its Implementation with the Local Ensemble Transform Kalman Filter. Mon
Weather Rev. 2007, 139, 1519-1535.

4. Miyoshi, T.; Kunii, M. The Local Ensenble Transform Kalman Filter with the
Weather Rearch and Forecasting Model: Experiments with Real Observation. Pure
Appl. Geophy. 2012, 169, 321-333.



Tap chi Khi twong Thiy van 2020, 716, 79-95; doi:10.36335/VNJHM.2020(716).79—95 95

5. Kieu, C.Q.; Truong, N.M.; Mai, H.T.; Ngo—Duc, T. Sensitivity of the Track and
Intensity Forecasts of Typhoon Megi (2010) to Satellite—Derived Atmosphere
Motion Vectors with the Ensenble Kalman filter. J. Atmos. Oceanic Technol. 2012,
29, 1794-1810.

https://vi.wikipedia.org/wiki/B%C3%A30 Haiyan (2013)#Vi%E1%BB%87t Nam

http://www2.mmm.ucar.edu/wrf/users/docs/user guide V3.9/contents.html

https://www.metoc.navy.mil/jtwc/jtwc.html?best—tracks

http://tropic.ssec.wisc.edu

0. Wilks Daniel, S. Statistical Methods in the Atmospheric Scienes. Ithaca New York

1997, 59, 255.

11. Tién, T.T.; Mai, H.T.; Thanh, C. An Application of the Ensemble Kalman Filter on 5
days Forcasting Track and Intensity Tropical Cyclone. VNU J. Sci. Nat. Sci. Technol.
2013, 29, 201-206.

12. Tien, D.D.; Thanh, N.D.; Mai, H.T.; Chanh, K. A study of the connection between
tropical cyclone track and intensity errors in the WRF model. Meteorol. Atmos. Phys.
2013, 721,34, 12.

Assimilation of satellite wind and upper-air sounding data to
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Abstract: The study conducted experiments with the assimilation of satellite wind data
(CIMSS), upper—air sounding data assimilation (RADS), mixed data (satellite
wind+upper—air sounding data-MIX) by ensemble Kalman filter and multi—physics
Ensemble forecast (MPH). Test results show that, for each type of monitoring data, the trend
and intensity of the general circulation in the tests are different. In particular, the simulations
of CIMSS, RADS and MIX data for trends and the intensity of the general atmospheric
circulation are more similar to the actual development than the test without using
monitoring data (MPH), whereby the trajectory Haiyan storm was simulated quite by the
actual track with statistical errors in 6 test cases significantly reduced. Specifically, the
tracking error in the CIMSS trial improved by 14% and 14.3% respectively in the 48—hour
forecast period and 72 hours compared with the MPH test and decreased 14% and 23.9%
respectively compared to the global GFS forecast, and the orbital error in the RADS test
improved by 11.1% compared to the GFS and MPH at 60 hours forecast period, while the
orbital error in the MIX test decreased by 12% and 14.2%, respectively, compared to the
GFS at the 60 hour forecast period and 72 hours, in addition to the MIX test, the orbital
error was reduced by 12% compared to the MPH test at 60 hours. In terms of intensity,
Pmin forecasts in MPH, CIMSS, RADS, and MIX tests are more efficient than GFS data.
Where the Pmin error in the CIMSS test is smaller than the Pmin error in the remaining
tests and the GFS data at the forecast term is longer than 48 hours. For Vmax, the CIMSS,
RADS and MIX tests forecast Vmax effectively at the forecast period of 60 and 72 hours.
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