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Tém tat: Nghién ciru tng dung k¥ thuat hoa hop (blending) cai thién trudng ban dau cho
mo hinh WRF trong du bao bio trén Bién Pong, véi thr nghiém trén 4 con bdo nim 2023
(Talim, Saola, Koinu, Sanba). Cac con bao khong dd bo truc tiép vao Viét Nam nhung giy
anh hudng gian tiép nhu mua 16n va gié manh trén bién. Két qua cho thay, vé quy dao, bio
Talim c6 sai sd tang theo han thoi gian, véi CTL (No-blending) luén t6t hon blending, sai
s6 16n nhat 320 km ¢ han 60h. Bio Saola c6 blending dy bao tot hon & han 20-40h, trong
khi cac han khac co sai s6 twong dwong. Bio Koinu c6 sai sd hudng di chuyén ¢ cé hai
phuong 4n, v6i CTL nhinh hon. Bio Sanba c6 sai s6 nhé nhung huéng di chuyen khong
chinh xac. V& cuong d9, ca hai phuong an du bao bao Talim manh hon thue té, sai sO Khi
ap 16n nhat 25 mb & han 42h, blending kém hon CTL. Vi Saola, du bao yéu hon thyc té &
han diu nhung manh hon & 36-48h, sai s6 trong duwong nhau. Bio Koinu bi dy béo yéu hon
thuc té, sai s6 16n nhat 30 mb & han 6h. Bdo Sanba manh hon thuc té trong 36h dau nhung
yéu hon sau d6, CTL ¢6 sai s6 nho hon. K§ thuat hoa hop cho thay tiém nang cai thién du
béo quy dao va cuong do bio trong mot sd tinh hudng cu thé.

T khoa: Ki thuat hoa hgp; Du bao bao; M6 hinh WRF.

1. Giéi thi¢u

Xody thudn nhiét doi (XTND), bao gdm bdo va 4p thip nhiét doi (ATND), 1a nhing
hién tuong thién tai nguy hiém, gay ra nhiéu hé qua nghiém trong nhu gié manh, mua 16n, It
lut, séng cao va nudc bién dang. Nhing tac ~dong nay khong chi gay thi€t hai nang né vé
ngudi va tai san ma con lam gian doan sau sac cac hoat dong kinh té va xa hoi & nhidu khu
vue trén thé gigi. Do d6, viéc nang cao do chinh xac trong du bao quy dao, cudng do, cdu
triic, va cac hé qua kém theo ciia XTND nhu mua 16n va gié manh 1a mdt nhiém vu uvu tién
va mang tinh toan ciu, thach thire ca cac qudc gia phat trién 1an dang phat trién.

Trong nhig thép ky gan day, T6 chirc Khi tuong Thé gisi (WMO) cung cac nha khoa
hoc quéc té di trién khai nhiéu hudng nghién ctru nham nang cao chét luong dy bao XTND.
Céc nghién ctru chu yéu tap trung vao ba hudng: du bao quy dao va ciu tric bo, du bao
cuong do va nang luong bao, cling nhu danh gia cac hé¢ qua cia XTND nhu mua 16n va giod
manh [1-4]. Pong hoa 5O liéu da dugce ap dung rong réi nham cai thién truong ban dau cta
mo hinh du béo, Von la yeu t6 quan trong quyét dinh chat lugng du bao s6 tri. Cac nghién
ctru d cho thay rang viéc két hop cac ngudn dir liéu quan tric phi truyen thong nhu radar, vé
tinh, va dinh vi sét vao qua trinh ddng hoa co6 thé cai thién dang ké chit lwong du bao [5, 6].
Céc k¥ thuat hién dai nhu bién phan ba chiéu (3DVAR), bién phan bén chiéu (4DVAR), va
loc Kalman t6 hop (EnKF) da ching minh hiéu qua trong nang cao du bao quy dao, cuong
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d6 va cac hé qua cia XTND [7-9]. Nghién ctru [10] chi ra ring dong hoa cac s liéu ban kinh
gi6 va khi 4p myc bién cuyc tiéu da cai thién dang ké du bao quy dao bao Talas (2011). Tuong
tr, viéc dong hoa s liéu radar Doppler va sét da mang lai nhirng két qua vuot troi trong du
bao lugng mua va cuong d6 mua lon cho cac hé théng d6i luu manh [11-13].

K§ thuat ban dau héa xody ciing d3 duoc ap dung dé tai tao ciu trac va cuong do bao
thuc té hon trong cac mé hinh. Cac nghién ctru [14, 15] dd ching minh ring viéc chén cac
xody 1y twdng ba chiéu hodc xoay thuc nghiém vao trudng ban dau c6 thé cai thién dang ké
du bao quy dao va cudong do bao.

Gan day, cac k¥ thuat hoa hop (blending techniques) di dwoc nghién ctiru nhiam két hop
thong tin quy mé 16n tir cac mo hinh toan cau v6i thong tin quy mé nhé tao ra boi cac mod
hinh d6 phén giai cao [17-19]. Tai Dai Loan, cac ky thuat ndy di duoc tmg dung dé cai thién
chat lwong du bao quy dao va cudng do bio trén khu vuc Tay Béc Thai Binh Duong va Bién
Dong [16]. Cu thé, nghién ciru [20] chi ra rang viéc tich hop thong tin quy mé nhé tir mod
hinh WRF vdi truong phan tich toan cau tir GFS da cai thién dang ké chat lugng du bao bao.
Twong tu, tai chdu Au, cic nghién ctru [21, 22] d3 st dung bo loc khong gian gia ting dé két
hop phan tich quy mo 16n trt ECMWF véi cac truong quy mo nho tir HIRLAM. Phuong phap
nay da duogc trién khai tai Vién Khi twong Pan Mach tir nim 2006 va mang lai Kkét qua kha
quan trong viéc cai thién du bao [23]. Mic du da dat dugc nhing tién bo dang ké, viéc cai
thién chit luong truong ban dau trong md hinh du bao XTND van dbi mit v6i nhidu thach
thirc [24, 25]. Su thiéu hut thong tin quy mo 16n trong khoi tao cua cac mo hinh khu vyc l1a
mot tré ngai 16m, doi hoi cac nghién ctru tiép tuc tap trung vao viée két hop thong tin da quy
md dé nang cao do chinh xac ctia du bao.

Bai bao nay tap trung nghién ctru tmg dung k¥ thuat hoa hop nhim cai thién trudng ban
dau cho mo hinh WRF, véi muc tiéu nang cao chat lugng du béo bao trén Bién Dong.

2. So liéu sir dung va phwong phap nghién ciru
2.1. Thiét ké thi nghiém

M6 hinh WRF phién ban V4 dugc st dung voi ky thuat blending techinique voi hai
mién tinh, 46 phan giai 27 km, 9 km, 160x110, 124x208. S6 muc thang dung: 34, p_top:
5000. Budc thoi gian tich phan: 45s.
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2.2. Phuong phap ki thudt hoa hop truong

Viée cai thién truong ban dau thong qua két hop thong tin truong quy mé 16n tir mé hinh
toan cau voi thong tin trudong quy mo nho tao ra bdi mo hinh d phan giai cao gitp cai thién
chat lugng du bao bao, dac bi¢t 1a cuong do bao va mua lon gay ra do bao.
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Hinh 1. Ky thuat xdy dung truong ban du tir mo hinh TWRF [12].

~ Ki thuat nay str dung phuong phéap cua Yang (2005), s dung phuong phép loc thdng
thap tiep tuyen bac 6 (low-pass filter) theo nghién cuu [26].
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Hinh 2. Bién d6 ciia bo phuong phap loc thong thap tiép tuyén 6 bac (low-pass filter) theo nghién
ctru [26] cho 300, 600, 1200, 1800 va 2400 km.

Str dung bo loc thong thdp (LPF: Low Pass Filter) dé tinh ctia céc truong co ban gio
(u_L,v_L), nhiét do the vi 6 L, ti sO xdo trdn hoi nudc y_L, khi ap bé mat p sL tir truong
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phong doan ban dau u, v, 0, y va ps voi didu kién nhiu dong c6 bude song nho hon 1200 km
trong pham vi 4000 km quanh tam XTND. Sau do, truong nhidu dong toan phan duoc tinh
bang hiéu sé giita trudng toan cau véi trudng mo phong cua WRF. Nghién ctru [20] thi loc
hi¢u qua song c¢6 bude song 1200km la phu hop nhat. Truong ban dau tai vi tri moi cua xoay
duoc tao ra trong module WRF-3DVAR, céc bién dich chuyén bao gdm gi6 (u_g, v_g), nhiét
d6 thé vi 0 g, ti s6 xao tron hoi nudc y_g, khi 4p bé mit p_sg dugc tinh theo cong thuc:
Ug=Uu—Ut+ug =u+ti
Vg =V—Vi+Vg =V+Y
B =0—0,+0q=6+0
Ye =Y~ Vet Yua =V +Y
Psg = Ps — Pst + Pstd = Ps + Ps
Trong d6 gié tri thay doi do dich chuyén xoay 1a:
U= Uug — U
V=vg—V;

é == etd - et
Y =Ytd — Yt
Ps = DPstd — Pst
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Hinh 3. So sanh céu tric 16i nong ciia bio Soulik gitra truong ban dau GFS va trudng ban dau mo
hinh TWRF (5km) dugc hoa hop, cho thiy 16i néng ciia bao trong TWRF cao hon han [20].

3. Két qua va thao luan

3.1. Két qua danh gid d¢ chinh xdc va kiém dinh thuc té

Nghién ctru dé chay thir nghiém cho 4 con béo trong mua bao nam 2023 théng qua so
sanh gitra phuong phap dong hoa (BLD_DA), khong dong hoa (CTL).

Bang 1. Danh sach céc con bao chay thu nghiém.

TT  Théang Tén qubc té S6 hiéu VN Pmin Vimax Bit diu Két thic
1 7 TALIM Bio s6 1 970 65 13h/15/7 13h/18/7
2 8 SAOLA Bio b 3 935 100 13h/24/8 22h/02/9
3 9 KOINU Bio s 4 940 90 01h/30/9 16h/09/10
4 10 SANBA Bio sb 5 1000 40 11h/18/10 10h/20/10

Véi bao TALIM, Phuong phap BLD_DA cho thdy kha ning du bao quy dao béo t6t hon
phuong phap CTL, déc biét la trong giai doan cudi. Puong du bao cua BLD_DA gén sat voi
quy dao thyc té hon.
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H:Inh 4. Két qua thir nghiém bao Talim: (a) Quy dao bdo va sai s6 du bao; (b) Dy bao ap suat cuc

tiéu tai tAm bdo; (c) Dy bao véan toc gid cuc dai Vimax; (d) M6 phong lugng mua tich 1y 24h.

Phuong phap BLD DA cho thay kha ning dy bao ap sudt cyc tiéu, van toc gié cuc dai
t6t hon phuong phap CTL. Pudng du bao cia BLD DA gan sat véi dudng thyc té (best
track) hon, dic biét 14 trong giai doan diu. Vé mé phong mua tich lily 24h, BLD DA c6 su
turong dong cao hon véi dit lidu vé tinh (GSMAP) so véi hinh anh CTL, cho thiy viéc dong
hoa dir lidu da gitip cai thién dang ké do chinh xac ctia m6 hinh. Khi tién hanh chay véi bao
Saola, bio Koinu va bdo Sanba ciing cho két qua twrong quan hoan toan tuong ty v4i bio
Talim.
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Hinh 5. Két qua thir nghiém bio Saola: (a) Quy dao bdo va sai s6 du bao; (b) Dy bao 4p suit cuc
tiéu tai tAm bdo; (c) Du bao van toc gid cuc dai Vmax; (d) M6 phong lugng mua tich 1ay 24h.
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Hinh 6. Két qua thir nghiém bio Koinu: (a) Quy dao bao va sai s6 du bao; (b) Du bao ap suét
cuc tiéu tai tAm bao; (¢) Du bao van toc gio cuc dai Vimax; (d) M6 phong lugng mua tich liy 24h.
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Hinh 7. Két qua thir nghiém bdo Sanba: (a) Quy dao bao va sai sé du bao; (b) Du bao ap suét cuc
tiéu tai tdm bao; (c) Du bao van toc gid cuc dai Vimax; (d) M6 phong lugng mua tich liy 24h.

Co thé thiy rang phuong phap BLD_DA (giéng hoa dir liu) cho két qua du bao tét hon
pl}u:ong phép CTL (khong dong hoa dir li€u) vé ca quy dao, van toc gio cuc dai, ap suat cuc
tiéu va luong mua cua bio.

4. Két luén

Két qua du bao thir nghiém va danh gia duoc thé qua chét luong mé phong du bao d6i
v6i 4 con bio hoat dong trén Bién Pong trong nam 2023 gdm Talim, Saola, Koinu va Sanba.
Pay déu 1a cac con bio khong do bo truc tiép vao Viét Nam ma chi anh hudng gian tiép, gay
mua 16n, gié manh hodc thoi tiét x4u trén bién.

a) Vé quy dao du bao

V6i moi con béo két qua danh gia c6 nhitng diém khac nhau. Véi Talim, sai sé du bao
quy dao ting dan theo han du bao, phuong an CTL (No-blending) ludn cho sai s6 nho hon
hoac bang phuong an Blending, sai s6 16n nhat khoang 300- 320 km ¢ han dy bao 60h, sai 5O
nho nhit 30-80 km ¢ nhitng thoi diém dau. Bio Saola, sai s6 du bao quy dao 16n nhit déu ¢
han du bao 20-40h trong d6 CTL cho sai s6 16n hon (120 km), trong khi Blending cho sai s6
khoang 80-100 km. Sai s6 ¢ cac han dy bao dau (dudi 20h) dao dong trong khoang 10-40 km
va hai phuong an cho sai s6 x4p xi nhau vé gia trl. O han du bao sau 48h, trong khi CTL cho
sai 86 giam thi Blending lai cho sai 5O ¢o chiéu hudng ting. Vi bio Koinu, phuong an CTL
cho sai s6 nhé hon tuy nhién ca hai phuong an chua du bao diing vé hudng di chuyén. Béo
Sanba, sai s6 tuy khong qua 16n nhung hudng di chuyén cta bio, ca hai phuong an déu khong
du bao tét.

b) Vé du bao cuong do

Két qua dy bao cudng do bao Talim cho thiy ca hai phuong an CTL va dong hoa
BlendingDA déu dy bao cuong do bio manh hon so vé6i thuc té (best-track). Sai sé khi ap
16n nhét & han dy bao 42h, khoang 25mb, nhin chung BlendingDA cho sai s6 Pmin 16n hon
CTL, tuy nhién hon ¢ mirc xap xi. Pi voi Saola, hai phuong an déu du bao cudng do bio
Saola yéu hon hon so véi thuc té & han du bao 36h, tir han du bao 36-48h, hai phuong an lai
cho két qua du bdo cuong d¢ bao manh hon thyc té. Ca hai phuong an déu cho sai s6 Pmin
kha twong dwong nhau, giam dan dén han du bao 36h, sau d6 ting. Vi bio Koinu, hai phuong
an CTL déu cho cudng do bio yéu hon thuc té. Gia tri sai s6 thé hién 16n nhat khoang 30mb
& han du bao 6h. Vi bio Sanba hai phuong an déu cho két qua kha tuong ddng, cuong do
manh hon thyc té trong 36h dau, c6 cuong do tuong duong tir 36-48h va c6 cuong do yéu
hon thuc té sau han 48h. CTL cho sai s6 nhé hon.
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¢) V& du bao gi6é manh

Véi bdo Talim, nhin chung truong hop CTL du bao Vmax 16n hon trudng hop dong hoa
BlendingDA ¢ han du b4o 18-42h. Sai s6 Vmax 16n nhat khoang 12 m/s ¢ han 18h theo CTL.
Vi bio Saola, hai phwong an cho két qua Vmax bao kha tuong dwong nhau vé gia tri, sai sd
Vmax tdng tir han 0-6h, sau d6 giam dan dén han 42h va lai ting nhe. Gi4 trj sai s 16n nhat
Xép xi 30 m/s & han 6h, va nhé nhit 1a dudi 5 m/s & han du béo 42h. Trong bao Koinu, hai
phuong an déu cho két qua dy bdo Vmax nho hon so vai thyce té & han du bao 30h dau, sau do
gan twong duong & han 30-36 ddi véi trudng hop BlendingDA, va thip hon thuc té ¢ trudong
hop CTL. Sai s du béo truong hop CTL ludn 16n hon so véi BlendingDA. Sai s6 Vmax 16n
nhat khoang 23 m/s & han dy bao 8h, va nho nhat, tir 1-5 m/s & han du bao 30-36h. Bao
Sanba, trong 12h d4u hai phuong 4n c6 sai s6 twong duong, ting theo han du bio. Tir 12-
36h, CTL cho sai s6 Vimax 16n hon khé nhiéu so voi BlendingDA. Tir 36-48h, hai phuong an
c6 sai sb tuong duong, gia trj sai s6 ting 1én 6-8 m/s rdi giam con 2-4 m/s.

DPong gop cua tac gia: Xay dung y twong nghién cru: N.T.B., T.B.K.; Xurly sd liéu: ND.N,,
T.D.T.; Viét ban thao bai bao: T.B.K.; Chinh stra bai bao: N.T.B.

Loi cam on: Nhom tac gia tran trong cam on sy hd tro cua Dé tai khoa hoc va cong ngh¢
“Nghién ctru tmg dung k¥ thuat hoa hop (blending techniques) két hop dong hoa dir liéu do
phén gidi cao du bdo cuong dj, quy dao bao, gid6 manh va mua 16n trong bao trén khu vuc
Bién Pong va Viét Nam”, M s6 TNMT.2023.06.05.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duogc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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conditions for the wrf model in typhoon forecasting over the bien
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Abstract: This study investigates the application of blending techniques to improve the
initial conditions for the WRF model in tropical cyclone forecasting over the South China
Sea, with experiments conducted on four typhoons in 2023 (Talim, Saola, Koinu, and Sanba).
Although these typhoons did not make direct landfall in Vietnam, they caused indirect
impacts such as heavy rainfall and strong winds offshore. For track forecasts, results show
that Typhoon Talim exhibited increasing errors with forecast lead time, with the control run
(CTL, no blending) outperforming the blending approach. The largest error reached 320 km
at the 60-hour lead time. For Typhoon Saola, the blending technique provided better forecasts
between 20-40 hours, while errors were comparable at other lead times. Typhoon Koinu
showed track errors in both methods, with CTL performing slightly better. Typhoon Sanba
had small track errors but exhibited significant direction inaccuracies. Regarding intensity
forecasts, both methods overestimated Typhoon Talim's strength, with the largest pressure
error reaching 25 mb at 42 hours, and the blending approach performing worse than CTL.
For Typhoon Saola, forecasts underestimated intensity at early lead times but overestimated
it between 36-48 hours, with similar errors in both methods. Typhoon Koinu was forecasted
to be weaker than observed, with the largest error of 30 mb at the 6-hour lead time. For
Typhoon Sanba, the forecast overestimated intensity during the first 36 hours but
underestimated it afterward, with CTL showing smaller errors. The blending technique
demonstrates potential for improving tropical cyclone track and intensity forecasts in specific
scenarios.

Keywords: Blending technique; Typhoon forecasting; WRF model.
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