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Tém tat: Nghién ciru trinh bay két qua dénh gia du bao mua dinh lugng dua trén mé hinh
toan cau IFS va m6 hinh khu vyc phén giai cao (WRF-ARW) trong nam 2020. Bai bao gidi
thiéu chi tiét phurong phap danh gia theo khong gian dya trén chi s6 ki nang FSS (Fractional
Skill Score) str dung cac s6 liéu mua tir vé tinh GSMaP va sd liéu mua trén luoi (thiét 1ap tir
sb liéu mua udc luong radar, v¢ tinh va mua ty dong). Céc chi sb6 danh gia ki nang (POD,
BIAS, TS) theo phuwong phap truyén thong duoc mé rong theo timg phan cap mua chi tiét
két hop biéu dd danh gia ki ning tong hop (performance diagram) trén cac vi tri tram ciia
khu vuc nghién ciru (Béc Bd). Cac két qua cho thay ki nang du bao dinh lwong cho khu vuc
Bic Bo con thap. Mic du vay, mo hinh phan giai cao két hop dong hoa sb liéu (3DVAR) da
tang dugc kindng du bao ¢ cac ngudng mua 16n (> 50 mm/24h) trong han 1-3 ngay, qua do
cho phép bo sung thong tin mang tinh chét dinh lwgng—cuc tri bén canh san pham dy bao ctia
mo hinh IFS trong cong tac du bao nghi¢p vu mua 1on.

Tir khoa: Panh gia du bao mua theo khong gian; chi sé FSS; Phan cip mua.

1. Mé dau

Vi kha nang cung cép cac du bao c6 tinh dinh luong, chi tiét vé lugng mua, phan b
mua, du bao so6 tri (NWP) da dugc sir dung rong rai tai cac trung tam thoi tiét trén thé gidi noi
chung va tai Viét Nam trong van dé du bao dinh luong mwa QPF (Quantitative Precipitation
Forecast). Trong nhimg nam tr¢ lai day, phuong phap NWP da cho phep mo rong khong
nhig ca v€ han du bao ma con tang cuong chat luong du bao cac hoan luu khi quyén va hién
tuong, hé qua thoi tiét mot cach dinh lugng & cic quy mo khong gian khac nhau, tir cic mo
hinh toan cau d¢ phén giai ngang 15-50 km dén cac mo hinh quy md vira (< 15 km) va dudi
vra (< 2 km). Tuy nhién, QPF cia NWP van chira dyng nhiéu sai s6 16n va viéc tmg dung
tryc tiép gia tri mua dinh luong tir du bao ctia mé hinh trén cac khu vire nhiét déi va gié mua
con han ché. Mot trong nhitng nguyén nhan chinh din dén sal sO trong du bio mua ciia md
hinh 14 cac bién giang thuy trong mo hinh déu 1 dang dan xuét (diagnostic), dugc xac dinh va
tinh toan tir cac bién du bao khac trong m6 hinh. Do do, cac so do vat Iy cua mo hinh chi c6
thé chinh xac tai mot s6 khu vyc trén thé gidi khi ¢6 cac quan trac dé hiéu chinh cac tham so
phu hop [1]. Trong truong hop cac hién twong mua 16n xay ra voi luong 16n di thuong, mau
quan trac rat han ché s& dan toi khong c6 kha nang hi€u chinh (zuning) dé c6 duge cac bd
tham s phti hop dé tinh todn din xuét ra bién giang thily dy bao trong mo hinh. Bén canh d6,
tinh khong chic chan (uncertainty) cia mé hinh s6 tri va diéu kién ban dau, qua trinh vat Iy
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phi tuyén va tinh bat dinh cta khi quyén chwa dugec mo hinh mé s6 mo phong chinh xac nén
van con sai khéc gitra két qua du bao va quan trac trong thyc té [2].

Tai Viét Nam, di c6 nhiéu cong trinh nghién ctru vé du bao mua ciing nhu danh gia du
bao dinh lugng mua tir mo hinh toan cu [3-4] va cac mo hinh sé tri ¢ phén giai cao [5-6].
Céc nghién ciru cho thay két qua du bdo mua tir mo hinh sé tri, dic biét 1a cac mé hinh do
phan giai cao ngay cang duoc cai thién. Ngoai ra, phuong phap dong hoa—tng dung s6 ligu
quan tric d4 c6 nham nang cao chit luong cta du bao ngay cang dugc quan tam nghién ctru.
Céc nghién ciru thir nghiém dong héa sir dung s lidu radar [7], s6 liéu vé tinh va s6 liéu quan
trac truyén thong [8] cho két qua du bao t6t hon dang ké khi chua c6 dong héa sé liéu. Hién
nay, Trung tdm Dy bao khi twgng Thuy van (KTTV) qudc gia da va dang khai thac, van hanh
2 16p san pham mo hinh dy bao gém san pham du bao qui mé toan cau va san pham du bao )
qui mé khu vuc (hé théng mé hinh khu vyc d6 phan giai cao va hé thong dong hoa sb lidu).
Véi su phong pht vé mit san pham va uu diém cua timg loai mo hinh viéc xem xét danh gia
chét luong két qua du bao cua tung loai mo hinh 1a that sy can thiét. Trong khuon khd bai bao
s& tién hanh danh gia chat luong dy bao mua ctia mot s6 mo hinh trén khu vuc Bic Bo trong
nidm 2020. Nghién ctru s& dua ra cac két qua danh gia dua trén viéc tinh toan cac chi sd ki
nang chi tiét theo khoang phan cap mua (vi du trong khoang 25—50 mm/24h) va theo ngudng
mua (vi du 16n hon 25 mm/24h) thuc hién thong ké tai cac tram quan trac Synop (d4nh gia
trén tram) va thuc hién thong ké trén ludi bao phil toan b Bac Bo (danh gia theo khong gian).
Théng tin vé ngudn sb liéu va mé hinh cing phuwong phap danh gia dugc trinh bay chi tiét
trong phan 2 cua bai bao. Cac két qua va két luan chung duoc dua ra 1an lugt tai muc 3 va 4.

2. Phwong phap nghién ciru
2.1. Khu vyec nghién curu

Nghién ctru thue hién danh gia su cai thién du bao mua dinh lugng cho Bic Bo trong giai
doan tir thang 4 dén thang 12 nam 2020. Khu vuc nghién ctru duoc gidi han tir 19.5°N dén
23.5°N va 102°E dén 108.5°E. Téng s6 tram do mua thudc Bic Bo duge st dung trong tinh
toan 1a 88 tram bao gom cac tram trén dat lién va cac tram dao, trong d6: 22 tram ving Tay
Béc, 26 tram vung Viét Béc, 25 tram vung Dong Bic va 15 tram vung Déng béng Bic Bo.
Hinh 1 thé hién phan bé theo khong gian ciia 88 tram noéi trén va pham vi khu vuc nghién ciru.

Hinh 1. Phan b4 theo khong gian cia 88 tram do mua bé mat va pham vi khu vyc nghién ctu.

2.2. 86 liéu quan trac mua

Nghién ctru str dung s6 liéu quan tric mua tir hé théng mang ludi Synop trén khu vuc
Bac B0 (88 tram dugc thé hién chi ti€t vi tri trén Hinh 1). Ngoai ra 1a s6 li€u quan trac bd sung
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khac tir quan tric mua tu dong (ngudn Dy an va ngudn xa hoi hoa) va tir san pham udc luong
mua trén luodi cua radar va vé tinh [9]. Tir nam 2020, bd s6 liéu mua trén ludi d3 duge thiét
1ap tir mwa tram va mua uéc luong tir 46 phan hoi cia cac tram radar va vé tinh cho mirc d6
chi tiét theo chiéu ngang 1 1km x 1km, duoc Dai khi tugng cao khong thiét 1ap va truyén vé
Trung tim Dy bao KTTV quéc gia véi tan suét 1 tiéng mot 1an [10]. Bén canh d6 14 ngudn di
liéu mua wdc lugng trén ludi ciia Nhat Ban (GSMaP) vé6i do phan giai theo chiéu ngang 1a
10km x 10km [11].

2.3. 86 liéu mé hinh du béo

2.3.1. M6 hinh toan cau IFS cia ECMWF

Bén canh cac mé hinh toan cau GSM cua Co quan khi tugng Nhat Ban (JMA) va GFS
ctia Trung tim Dy bdo méi truong qudc gia Hoa Ky (NCEP), duoc sy dau tu cua Bo Tai
Nguyén va Méi Truong, tir cubi nam 2011 Trung tim Dy bao KTTV qudc gia da thu nhéan dir
liéu dy béo gbe tir Trung tdm Du bao han vira Chau Au (ECMWF) v6i d6 phan giai theo
chiéu ngang 14km cho mé hinh tit dinh IFS (Integrated Forecasting System) va 28km cho hé
thong du bao t6 hop, han du bao dén 10 ngay. Hién tai, 40 phan giai caa IFS x4p xi 9km va
day 1a mot trong nhitng mo hinh qui mé toan cau ¢ dd tin ciy cao nhét vé du bao cac yéu td
khi twgng hién nay theo hau hét cic nghién ctru va dénh gia trén thé gigi [12].

2.3.2. M6 hinh khu vee WRE-ARW va hé thdng dong hoa sb liéu bién phan 3 chiéu

Ngoai cac hé thdng mé hinh khu vuc trudc day tmg dung tai Trung tdm Dy bao KTTV
qudc gia nhu HRM, COSMO ciia Co quan khi twong lién bang Puac (DWD), md hinh
WRF-ARW di dugc tng dung trong nghiép vu tir nim 2005 (trong hé thong du béo to hop
han ngin SREPS, d6 phan giai 16 km) Trong khuon khé Du an “Tang cuong he théng du
cap 1én siéu may tinh CrayXC40 tir cudi nim 2018, mo h1nh WRF-ARW phién ban 3.9.1.1
da duoc thiét 1ap chay nghiép vu véi 4o phan giai ngang 1a 3km x 3km sir dung diéu kién bién
ttr mo hinh IFS (d6 phan giai 9km) v6i mién tinh bao pht toan bo 1anh thd Viét Nam va Bién
Péng, thoi gian tich phan du bao han 72 gid sir dung toan bd ning luc cua hé thong (~ 70-80
Tflops) hét 45 phut, mé hinh dugc ki hiéu 1a WRF3kmIFS [12].

Tir dau nam 2020, Trung tdm Dy bao KTTV qudc gia da trién khai chay nghiép vu trén
siéu may tinh CrayXC40 hé théng dong hoa sb litu 3DVAR (PHSL) cho mé hinh
WRF-ARW (d6 phan giai 3km, diéu kién bién tir mé hinh ECMWF). Sai s6 m6 hinh dé dua
vao hé théng PHSL sir dung phuong phap NMC tinh toan tir cac du bao phan giai cao trén
toan bo lanh tho Viét Nam va Bién boéng (mau thong ké it nhat trong 3 thang) [12]. Cac sO
liéu dugc st dung trong qua trinh dong hoa bao gom: cac s6 liéu quan trac bé mit va tham
khong vo tuyén cia 'Viét Nam, cdc so liéu quan trac trén thé gio1 bao gbém: Vé tinh cuc
(NOAA, METOP, s6 liéu birc xa phd), quan tric gié vé tinh bé mat (SCAT) va trén cao
(AMV), quan tric tir cac phuong tién thuyén bé cua cc nude khac (hé thong GTS). M hinh
WREF3kmIFS c6 PHSL dugc ki hi¢u 1a WRF3kmIFS-DA.

Kha ning ting muc do chi tiét trong du bao dinh luong ctia cac md hinh phén giai cao
két hop PHSL duoc thé hién tai Hinh 2 bang két qua so sanh giira quan tric mua tich liiy 24h
xay ra trén khu vue Bic BO (khu vire Ha Giang > 350-400 mm/24h) vao thang 7/2020 va du
bao tir cac mo hinh IFS (< 60 mm/24h), WRF3kmIFS (> 150 mm/24h) va WRF3kmIFS-DA
(> 180 m/24h). Nguyén nhan gdy ra mua cuc bd cyc tri tai viing ndii phia Béc lién quan dén su
hoi tu gio gitra gio dong nam tur ria ap cao can nhiét doi va gio tdy nam va khu vuce xay ra mua
phu thudc nhleu vao vitri dich chuyén cia ria 4p cao can nhiét déi. Cac mé hinh déu xac dinh
khu vuc mién Bic ndm 6 ria ludi ap cao can nhiét ddi, tuy nhién vi¢c thé hién su hoi tu gio
trén khu vyre Bic Bo trong trudng phén tich va dy bao tir WRF3kmIFS—DA t6t hon cho phép
hién tugng mua phu hop hon so voi mo hinh IFS va mo hinh phan giai cao chua c6 DPHSL.
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Phén tich thém céc két qua ctia mo hinh phén giai cao c6 PHSL dugc dua ra trong Hinh 2 d6i
v6i cac trudong gid cua mo hinh tai myc 500hPa. Trén khu vuc Bic BO, qué trinh PHSL da
giam do 16n thanh phan gié kinh huéng (Ua—Uf <0) va tang d6 16n thanh phan gi6 vi hudng
(Va—Vf >0) g véi trudng véc to gia sb {Ua—Uf,Va—Vf} ton tai mot dang xody thuan kéo
theo viéc hudng gi6 tdy nam trén khu vyc Bac Bo ¢6 xu thé 1éch sang phia Ty hon va ting
mirc d6 hoi tu kinh huéng véi ria ctia cao 4p can nhiét. Minh hoa nay cho thay rd nhiing téc
dong cua DPHSL 1én truong dong luc cia mo hinh c6 kha ning tac dong dén két qua du bao
trong truong hop mua 16n cu thé nay.
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Hinh 2. (a) Ban d6 mua quan tric tir 19h ngay 20-21/7/2020, (b) ban d6 duong dong lic 19h ngay
21/7/2020, ban d6 du bao mua va duong dong, xody twong ddi muc 500hPa tir IFS (c, d), tir
WREF3kmIFS (e, f) va tt WRF3kmIFS-DA (g, h), (i) Truong gia s6 thay dbi (increment) gitra truong
phan tich ban d4u f va truong phan tich téi wu a bang DPHSL ciia thanh phan gi6 U va truong gi6 gia
s6 v6i thanh phan 1a {Ua—Uf,Va—Vf} tai myc 500hPa va (j) Truong gia s6 thay ddi (increment) giita
truong phén tich ban dau f va trudng phan tich t6i vu a bang DHSL cia thanh phan gié V va ham
dong gi6 ban dau tai myc 500hPa.

Thai diém du bao ciia cac mé hinh sb tri duoc st dung dé danh gia la lac OOUTC héng
ngay. Trudc khi thuc hién qua trinh danh gia du béo, cac dit liéu quan tric mua trén ludi (sb
liéu mua t dong (AWS), s6 liéu mua vé tinh (GSMaP)) dugc dua vé cung mot luéi voi mo
hinh dy bao (pham vi tinh toan dugc thé hién trén Hinh 1), két qua du bao ctia mé hinh sb tri
duogc noi suy vé diém tram bang phuong phap noi suy diém gan nhét.

2.4. Cac phwong phap danh gia ki nang dw bao mua

Nghién ctru dua ra cac két qua danh gia dua trén viéc tinh toan cac chi s6 ki ning chi tiét
theo khoang phan cap mua (vi du trong khoang 25-50 mm/24h) va theo ngudng mua (vi du
16n hon 25 mm/24h) thuc hién théng ké tai cac tram quan tric Synop (danh gia trén tram) va
thue hién thong ké trén ludi bao phu toan bo khu vire Bic Bo (danh gia theo khong gian). Cac
danh gia tap trung vao mé hinh quy mé toan cau IFS, mé hinh quy mé khu viee WRF3kmIFS
v6i diéu kién bién IFS do phan giai 3km va mé hinh quy mé khu vuc c6 dong hoa sb lidu
WRF3kmIFS-DA. Nghién ciru danh gia két qua du bao lwong mua tich lily 24 gio cua cac
m6 hinh IFS, WRF3kmIFS va WRF3kmIFS—DA cho khu vuc Bic Bo giai doan thang 4 dén
thang 12 nam 2020.
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2.4.1. Phuong phap tinh céc chi s6 ki ning du bao mua tai tram quan tric

Viéc ap dung céc chi s6 danh gia cho bién du bao lién tuc dya trén cac chi sb nhu sai s6
trung binh tuyét dbi hay sai sd trung binh quan phuong dé danh gia k¥ nang du bao mua la
khong phan anh hét kha ning ctia mé hinh. Béi ban chét ciia cac du bao mua bao gom ca du
béo pha, tic 12 xay ra hay khong xay ra, do d6 bd s liéu mua dy bao va quan tric s& tuan theo
quy luat phan bd nhj phan thay vi phan b6 chuan cho bién lién tuc, chi tiét phan loai trong
Bang 1 (dai lugng A la téng sb 1an du bao thanh cong (du bao dung hién tuong co6 xay ra), B
la tong s6 1an du bao sot (du bao khong xdy ra hién tuong co xay ra), C 1a tong so 1an dy béo
khéng (du bao xay ra hién twong khong xay ra) va D 1a tong sé 1an du bao ding cua hién
turong khong xdy ra).Céc chi s6 ki ning bao gdm BIAS, POD, FAR, TS (tén goi khac 1a CSI),
ETS s& duoc sir dung trong nghién ctru ing véi timg khoang phan cip ngudng mua cu thé
[13], minh hoa trong Hinh 3 (tri). Khi d6 cong thirc cho chi s6 TS cho phéan cép mua thir i s&
c6 dang:

IS = n(F,0,) o
N(E) +N(O;) -n(E,O;)

Trong do n(F;O;) la sd luong du bao thugc phan cap thirico quan trac trong phan cap thir
i (hay s6 du bao dung v6i quan trac trong phan cap thir 1); N(O) la tong sb quan tric phan cip
th i; N(F;) 1a tong s6 du bao phan cap thi i.

Bang 1. Bang phan loai tin xuét cho bién dy bao dang nhi phan.

Quan tric
Co Khong
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Khong C D
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(b) Success Ratio
Hinh 3. Minh hoa bang da cip (a) va biéu db danh gia ki ning tong hop (b).

Ngoai viéc phan tich riéng 1¢ cac chi sb ki ning, biéu dd danh gia ki ning tong hop
(performance diagram) thé hién mdi twong quan hinh hoc giira cac chi s6 POD, FAR, CSI/TS
va Bias [14], minh hoa trong Hinh 3 phai. Khoang tin cdy (Confidence Interval) cua cac chi
s6 ki nang duoc xac dinh dua trén phuong phap gieo nhidu ngau nhién (boottraps) dé cho
théy muc d6 bién dong, do on dinh cua du bao. Tir vi tri cia md hinh trong biéu dd so vai
tham chiéu cho phép hinh dung dugc d6 chinh xac ciia mé hinh. Du bao hoan hao khi nam &
phia trén bén phai ctia biéu do. Su sai l1éch theo mot huong cu thé biéu hién su khac biét gitra
xé4c suat phat hién hién tuong (POD, truc thang dmg bén phai) va ti 1¢ du bao thanh cong
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(Success Ratio, bang 1-FAR, truc ngang dudi), BIAS (duong gach chéo ng véi cac gia tri
tai truc ngang trén va tryc thang dung bén phai) va chi s6 CSI/TS (duong cong lién kem gia
tr1 dang muc).

2.4.2. Phuong phap danh gi4 ki ndng du bao mua theo khong gian ludi

Cac phuong phap danh gia truyén thong chi nham dén su phu hop chinh xac giira du bao
va quan tric, do d6 no s& bo qua sy thay doi theo khong gian cua san pham du bao. Cach tiép
can dya trén phuong phap xac minh ving lan can dbi voi danh gia diém k¥ nang du bao cho
cac ngudng cu thé va thuc hién cac cira s6 khong gian khac nhau sé cho phép xac dinh cac
ngudng ma md hinh cho chat luong dy béo cao nhat. Chi s6 ki nang phan s6 (Fractional Skill
Score) dugc dung trong danh gia xac sudt dy bao mua vuot ngudng hodc dudi ngudng nhat
dinh dbi voi mot cira s6 khong gian nhét dinh [ 15— 18]. FSS duoc str dung rong réi trong viéc
danh gia duy bao dinh luong mua [19-20]. Chi s6 FSS phu hop dé danh gia dy bao trong
truong hop do phan giai cao (d9 phan giai ngang dudi 10 km).

Gia str truong quan tric va du bao c6 kich thudce 1a NX x NY (voi NX vaNY lan luot 1a
s6 diém ludi theo phuong bac—nam, dong—tay). Gia tri quan tric va du bao tai mdi 6 ludi
duoc ki hiéu tuong tng la MO;j va MF;j (voii=1,2, ... NX;j=1,2,...,NY). Pé thuc hién tinh
toan gia tri chi s6 FSS, chuyén doi trudng gié tri sang trudng nhi phan, ki hi¢u gia tri nhi phan
tai 6 ludi cia quan tric ctia dy bao 1an luot 12 POy, PF;; (véii=1,2, ... NX;j=1,2,...,.NY) va
duoc xac dinh boi diéu kién sau:

PFij=1: Néu MFi; > ngudng PFi; = 0: Néu MFi; < ngudng
PO;; = 1: Néu MO, > ngudng PO;; = 0: Néu MO;; < ngudng

Tinh toan gia tri phan s quan tric, phan s6 du bao cho timg 6 ludi theo pham vi khong
gian (viing 1an can) kich thudc K x K diém ludi, ban kinh ving 14n can 1a k v&i k = (K— 1)/2.
Ki hiéu Oij va Fij (v6ii=1,2, ... Nx; j=1,2,...,Ny) twong trng 1a gi4 tri phan s6 thyc té va du
bao tai 6 ludi sau khi dugc tinh todn véi mot pham vi khong gian cho trude. Gia tri O va Fij
(vi tri 0 ludi thude hang thir 1, ¢dt thir j) dugc tinh bdi cong thirc:

1 - ik
N e — POm n 2
L K xK m=(=k) n=(—k) ’ @)
1 i itk
(K)ij — PE,, (3)

K x K m2k) n=(k)

Véi nhimg 6 ludi khong phai 13 trung tim ciia bat ki pham vi khong gian nao, O;j va Fij
s& nhan gia tri bang 0. Khi do, chi s6 FSS ddi v6i pham vi khong gian K x K duoc tinh theo
cong thuc:

1 Ny Ny 2
i N, x N 12 O(K)i,j_Fm)i,j} )
x J 4)

Y
(X) 1 N 5 Ny N 5
N, x N, 21 10 (K)i.] +ZZF (K)i,]

1=1 j=

FSS

Hinh 4 minh hoa vé viéc chuyén d6i gia tri mua du bao theo ting ngudng vé dang nhi
phan d tinh toan chi s FSS (vi du v&i quy md khong gian 13 3 6 udi , 6 ludi vang s& thuc
hién ra trén toan bd mién tinh dé tinh toan gia tri phan s6 mdi cho mdi 6 ludi 1a gia trj trung
binh cua cac 6 ludi trong pham vi lui vudng 3x3, nhing diém khong thé ton tai 6 ludi vang
s€ 0 gia tri phan s6 bang 0). Hinh 4¢ minh hoa vé su thay d6i ctia chi s6 FSS theo tirng mirc
do chi tiét vé mit khong gian duoc dénh gia. Gid tri FSS cang cao (t6i vu nhat la 1) tng véi
viée dit liéu ludi mo hinh du bao phu hop hoan toan véi dit liéu ludi quan trac tai cic ngudng
danh gia cu thé. Viéc danh gia bang chi s6 FSS ciing cho phép xac dinh duoc mirc do tin cay
theo khong gian ctia tirg mo hinh qua d6 dua ra dugc dy bao theo cép tinh, ving phu hop. O
mot qui mo khong gian cu thé, néu FSS ¢6 gia tri trén 0,55 s€ dugc xem 1a mo hinh ¢6 ki ndng
theo khong gian d6 (mtrc d6 phu hop hi¢u dung).
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Hinh 4. Minh hoa truong du bao mua tir IFS (a) dugc chuyén dbi sang truong nhi phan ¢ ngudng
10mm/6h (b) dé xac dinh chi s6 FSS va minh hoa bién d6i ciia chi s ki nang FSS theo timg mirc d6
khong gian (c).

3. Két qua va thao luin

3.1. Danh gia két qua du bao tai tram

Hinh 5 minh hoa biéu d6 danh gia ki nang tong hop cho du béo lwong mura tich lity 24 gio
trén cac ngudng 1 mm, 5 mm, 10 mm, 20 mm, 50 mm va 100 mm vé&i cac han du bao 24h,
48h va 72h cho khu vuc Bic Bo. Nhin chung, ti 1¢ du bao thanh cong, ti 1¢ phat hién hién
tuong, chi s6 ki nang TS va d9 tin c@y cua cac mo hinh déu giam khi ngudng luong mua tang
(mtrc tin cdy cta két qua dy bao tir md hinh IFS nho nhét trong cac mé hinh). O cac ngudng 1
mm, 5 mm va 10 mm, mé hinh IFS c6 chi s6 phat hién POD cao nhét tai ca 3 han du bao (dac
biét han 72h) tuy nhién chi s6 BIAS lai dao dong tir 2 dén 3.5 (cao nhat trong cac mo hinh),
mo hinh d6 phan giai cao c6 dong hoa sb lidu WRF3kmIFS-DA xac suat phat hién hién
twong nhinh hon so véi mé hinh khong c6 dong héa WRF3kmIFS. Tai cic ngudng mua 16n
hon, ti 1& du béo thanh cong ciia IFS 16n nhat nhung gia tri POD lai nho nhat, chi s6 BIAS
giam khi ngudng mua ting. Gia tri chi s6 POD ctia mo hinh WRF3kmIFS—DA 16n hon so véi
WRF3kmIFS (du bao ctia 2 md hinh déu tbt nhat tai han 24h) va 16n nhat dbi voi cac ngudng
mua trén 20 mm/24h. Tai tit ca cic ngudng mua, gia tri BIAS ciia cac mo hinh khu vuc do
phan gidi cao déu nam trong khoang tir 1 dén 1.5. Chi s6 ki nang TS ctia 3 mo hinh 16n nhét
tai han du bao 24h tai tat ca cac ngudng mua. i véi lugng mua tich Iy 24 gio trén 50 mm,
mo hinh WRF3kmIFS va WRF3kmIFS—DA luén c6 chi s6 ki nang TS 16n hon so véi mod
hinh IFS tai ca 3 han du bao.
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Hinh 5. Biéu d6 danh gia ki ning tong hop ddi v6i lwong mua tich lily 24 gid tai cac ngudng mua
khéac nhau. Ki hiéu mau xanh da troi, do, xanh 14 cay Gtng véi mo hinh IFS, WRF3kmlIFS va
WRF3kmIFS-DA tai cac han du bao 24h, 48h va 72h.

Phan tich mrc d6 chinh x4c trong viéc du bao dung luong mua quan tric roi vao ting
phan cap mua cu thé, qua d6 phan anh ding ti 1¢ dy bao dung so voi tong mau dy bao danh
gia, trong Hinh 6 dua ra két qua danh gia dua trén chi sb ki niang TS (gia tri tdi uvu bang 1 tng
khi du bao tir m6 hinh ding hoan toan so v6i quan tric) va Bang 2 trinh bay gia tri chi tiét cua
cac chi s6 ki nang (BIAS, POD, ETS, TS), cac két qua cho thay:

- O han dy bao 24h: ngoai phan cap mua dudi 1mm/24h (cac m6 hinh dy bao xac sut
xuat hién hién tuong dang phd bién khoang 80 dén 90%), & ngudng 10-25 mm/24h cac md
hinh cho kha ning dy bao diing cao nhat vai ti 18 khoang 38% trong khi & cdc ngudng trén 25
mm/24h dat khoang 8-25%. Tai han du bao nay, chi s6 BIAS cta mé hinh IFS dao dong tir 1
dén 2,5 voi luong mua dudi 50 mm/24h va khoang 0.5 v6i cac ngudng con lai, trong khi dé
mo hinh khu vyc d phan giai cao WRF3kmIFS va WRF3kmIFS—DA lu6n dao dong tir 1 dén
1,5. M6 hinh IFS c6 chi sb ki ning TS cao nhét tai ngudng 1025 mm/24h trong khi d6 voi
cac ngudng mua 16n trén 100 mm/24h, mé hinh WRF3kmIFS cho két qua tot nhat, chi sb
phat hién tang 1én 20% so voi mo hinh toan ciu (chi s phat hién POD chi khoang 7%).

- O han du bao 48h va 72h, xu thé sai s6 kha twong dong vé6i chi sé TS 16n nhat tai phan
cép mua 10-25 mm/24h, ngoai ngudng mua dudi Ilmm/24h, xac suat du bao xuét hién hién
tugng tai ngudng mua nay cao nhat khoang 30-35%. Dic biét, v4i cac ngudng phan cip mua
16m (trén 100 mm/24 véi han du bao 48h; trén 24 mm/24h vdi han dy bao 72h) mo hinh d6
phan giai cao c6 dong hoa sb liéu cho két qua du bao tét hon, chi s6 ki nang TS cao hon han
so voi 2 md hinh IFS va WRF3kmlIFS.
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Hinh 6. Chi sb ki nang TS danh gia mic d du bdo dung cua cdc md hinh (IFS, WRF3kmlIFS,
WRF3kmIFS-DA) tai timg khoang ngudng phan cdp mua. Mau d4nh gia trong nim 2020, tinh trung
binh trén khu vuc Béc B, han du bao 24, 48 va 72 gio.

Bing 2. Chi tiét cac chi s6 ki nang (BIAS, POD, ETS, TS) ctia m6 hinh cac mé hinh tai timg khoang
ngudng phan cép mua. Mau danh gia trong nim 2020 cho khu vuc Bic B9, han du bao 24, 48 va 72

gio.
IFS, Han du bdo: 24h WRF3kmIFS, Han du bao: 24h WRF3kmIFS-DA, Han dv bdo: 24h
Kh"(:i'/’:::)cap Bias | POD(%) | ETS s Kh"(:'ﬁ;:::)cap Bias | POD(%) | ETs TS Kh"(:'gm;:::)cap Bias | POD(%) | ETS s
01 0850 83.771] _ 0.400| _ 0.828 01 0932 89.503]  0.429]  o0.863 01 0901 88651 0413 _ 0859
12 2403|8933 0.015| 0027 12 1928] 9.987] _ 0.024] _ 0.035 12 1690 10881 0031 0.041
25 1906] _19.430] 0049 _ 0.072 25 1440 _17.996] _ 0.059 _ 0.080) 25 1292] 14561  0047] _ 0.066
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2550 1169] 24067 0113 0125 2550 1204 19.135] 0083  0.005 2550 1442] 23689 0093  0.107
50-100 0601 15175 0101 _ 0.109 50-100 1129 18814 0091  0.097] 50-100 1507 21774] 0090 0.0
>=100 0439 7.895] 0057 0058 >=100 1257 22857 o0111] 04113 >=100 1752 21622] 0087  0.089
IFS, Han du bdo: 48h WRF3kmIFS, Han du béo: 48h WRF3kmIFS-DA, Han dv béo: 48h
Kh"(:'i‘ '/’:::)cap Bias | POD(%) | ETS s Kh"(:fn’/’:::)ca" Bias | POD(%) | ETS s Kh"(:‘i' ;;'::)ca" Bias | POD(%) | ETS s
01 0.863] _84.474] _ 0.400] _ 0.829 01 0.956| 90426 _ 0395 _ 0.860) 01 0917] 89592] 0408 _ 0.859
12 2480 8313 0012 0024 12 1784] 9220 0023 0034 12 1688| _ 9.067] 0024 0034
25 1938] 21.268] 0055 _ 0,078 25 1245 _13.976] _ 0.047] 0068 25 1260| 15972] 0055 _ 0.074)
510 2.228]  24.171] 0061 _ 0.08]] 510 1.196] _12.632] _ 0.046] _ 0061 510 1272] _12.848] 0043 0.059
1025 1801 36744 0125 _ 0.5]] 1025 1.047] _19.027] _0082] _ 0.03 1025 1178] 24419 o101 _ 0.23
2550 0952 19310 _ 0.099] _ 0.110] 2550 1158]  16.827] 0073 _ 0085 2550 1240| 18835 0078 0.09]]
50-100 0389 11673 0089 _ 0.0 50-100 1415 15.746] _ 0.064] _ 0.070 50-100 1372] _17.742] 0075 0,082
>=100 0211] 4385 0037 _ 0.038 >=100 1410 17143 o075 0077 >=100 1838] 23423 0092 0094
IFS, Han dv bdo: 72h WRF3kmIFS, Han du bao: 72h WRF3kmIFS-DA, Han dy bdo: 72h
c'g:’::i?';::) Bias | POD(%) | ETs s C';:";:ﬁl ;:::) Bias | POD(%) | ETs TS c'g:’(?i;:::) Bias | POD(%) | ETs 5
0-1 0.851; 80.97| 0.283] 0.777] 0-1 0.931] 86.22] 0.267| 0.807] 0-1 0.901] 85.83] 0.272] 0.806
12 2.392 782 0012 0024 12 1.894] 746 0015 0.026 1-2 1.693 738] 0017 0028
25 1.887] _13.77] __0.027] _ 0.050 25 1431 1101 0027 0.047] 25 1.301] 1097 0.029]  0.049
5-10 2308 1791 0037  0.057 510 1381 1188 0036 0.5 510 1318 1053 0031 0.047
10-25 1892 27.08] o0.076]  0.103 10-25 1263|1765 0062 _ 0.085 10-25 1311  17.89[ 0059  0.083
25-50 1.169] 1026  0.037] 0.0 25-50 1.227] 1106 0.040] 0.05 25-50 1429 13200  0.044]  0.057
50-100 0.601 233  oou| oo01s|  so100 1185 450 0015 0.021]  50-100 1.513 7.26]  0.024]  0.030
>=100 0439 000 -0.001] 0000 >=100 1.295 190 0007 0008 >=100 1.781 270 0009 0010

3.2. Banh gia ki nang du bdo theo khong gian

Trong nghién ctru thue hién danh gia theo mirc do chi tiét cua timg mé hinh, sé liéu luéi
quan tric dua vé luéi md hinh. Viéc so sanh song song ca véi s6 liéu mua ludi tir vé tinh va
mua ludi tir quan trac radar—-mua ty dong cho phép xem xét tinh khach quan cta két qua danh
gi4 khi so sanh v6i bo s6 liéu doc lap. Ddi v6i s6 lidu mua vé tinh, cac danh gia thuong thién
cao hon so véi thuc té do céc gia tri lwong mua cyc tri xac dinh tir s6 liéu vé tinh thuong thién
thap.

Hinh 7 thé hién chi tiét gia tri chi s6 ki niang FSS ddi véi luong mua tich lity 24 gid tinh
tur dir licu GSMaP va mo hinh du bao. Nhin chung, gia tri FSS giam khi ngudng mua tang va
tang khi vung l1an can tang. Tai cac ngudng mua dudi 10 mm/24h, do phu hgp cua du bao va
quan tric 1én dén 50-60%. Tai han 24h va 72h, gia tri FSS tr m6 hinh WRF3kmIFS nhinh
hon 2 md hinh con lai, thip nhét d6i véi IFS. Han 48h, mé hinh d6 phan giai cao c6 dong hoa
sO lieu WRF3kmIFS-DA c6 chi s6 ki nang FSS 16n nhat. Di véi ngudng mua trén 100
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mm/24h, két qua du bao cia WRF3kmIFS—-DA chinh xac nhat tai han 24h, trong khi d6 han
48h va 72h, mé hinh WRF3kmIFS cho két qua tSt nhit. Mtrc do phu hop hiéu dung dat duoc
tai ngudng mua trén 1 mm/24h va quy mé hiéu dung ting theo han du bao va nho nhat d6i véi
md hinh khu vuc d¢ phan giai cao (WRF3kmIFS va WRF3kmIFS-DA) véi quy md vung lan
can 9x9 6 ludi (ban kinh khoang 12 km).

Gia tri chi s6 ki nang FSS tir dit liéu AWS va mé hinh dugc trinh bay cy thé trén hinh 8.
Véi ngudng luong mua dudi 20 mm/24h, gia tri chi s6 ki nang FSS tai 3 han dy bao déu 1on
nhit véi mé hinh IFS, mirc do phu hop giita du béo va sb lidu quan tric c¢6 b sung radar va
mua ty dong (AWS) dat khoang 50—65%. Trong khi do, cac ngudng mua trén 20 mm/24h,
FSS tir s6 liéu du bdo mé hinh WRF3kmIFS-DA tt hon hin so véi 2 m hinh con lai. Dic
biét voi luong mua trén 100 mm/24h, mé hinh c¢6 dong hoa cho thidy mirc d6 phu hop cao
nhat 1én dén 20%, tang khoang 2% so véi mé hinh WRF3kmlIFS trong khi mé hinh toan cau
IFS muc d6 phu hgp chi khoang 5%.
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Hinh 8. Gi4 tri chi s6 ki ning FSS so voi dit liéu mura ludi tir quan tric radar—tw dong (AWS) cta céc
mo hinh cho khu vic Bic Bo cho du béo lugng mua tich lity 24 gio tai cac ngudng mua khéac nhau.

4. Két luén
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Nghién ctru da trinh bay cac két qua danh gia két qua du bao mua ctia md hinh IFS,
WRF3kmIFS va WRF3kmIFS—-DA trong nam 2020 cho khu vuc Bac Bo. Phuong phap danh
gia theo khong gian dya trén chi s6 ki nang FSS di duoc thuc hién vé6i cac di liéu mua quan
tric trén ludi tir vé tinh cia Nhat Ban (GSMaP) va dir li¢u mua trén ludi dugc thiét 1ap tur di
liu quan tric wdc luong mua radar—vé tinh—quan tric mua tu dong. Céac chi sd danh gia ki
ning (POD, BIAS, TS) theo phuong phép truyén thng va duoc mé rong theo timg phan cap
mura chi tiét két hop biéu dd danh gia ki ning tong hop di duogc thuc hién song song trén cac

vi tri tram cua khu vuc Bac Bo.

M0 hinh IFS cé chi s phat hién POD cao hon & nhitng ngudng muwa nhé (dudi 20
mm/24h). Trong khi do, & cac ngudng mua 1é6n hon md hinh d¢ phan gidi cao WRF3kmIFS
cho ki nang du bao tot hon rd rét khi xét theo ca tram va khong gian. Pac biét véi cac ngudng
luong mua tich Iy 24 gio trén 50 mm, mo6 hinh c6 PHSL WRF3kmIFS—-DA ki nidng du b4o
tdt hon dang ké. Céac két qua danh gia chi tiét vé mat khong gian cho thiy d6 phan giai hiéu
dung ctia ctia cac mo hinh déu rat thap cho ngudng mua 16n hon 20 mm/24h (khong dat duoc
FSS > 0,55), mac du ki nang du bao theo khong gian céd ting trong WRF3kmIFS va
WRF3kmIFS—DA nhung van thay 13 viéc han ché trong kha ning cung cap duge du béo dinh
luong & quy mo chi tiét cho khu vic Bac Bo.
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Cac két qua danh gia cho thiy ki ning dy bao dinh luong cho khu vuc Bic Bo con thap.
Mic du vay, md hinh phén giai cao két hgp dong hoa s6 lidu ctia bang phuong phap bién phan
3 chiéu (3DVAR) di ting dugc ki nang dy bao ¢ cac ngudng mua 16n (> 50 mm/24h) trong
han 1-3 ngay va qua d6 cho phép bd sung théng tin mang tinh chat dinh lwong—cuc tri bén
canh san pham du bao ctia mo hinh IFS.

Dong gop cuia tac gia: Xay dung y tuong nghién ctru: C.T., D.D.T.; Lya chon phuong phap
nghién ctru: D.D.T., N.T.N.; Xt ly s6 liéu: N.T.N., M.K.H.; Phan tich mau: N.T.N., M.K.H.;
Lay mau: N.T.N., M.K.H.; Viét ban thao bai bao: D.D.T., N.T.N., M.K.H.; Chinh stra bai
bao: C.T., D.D.T.

Loi cam doan: Tép thé tac gid cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap loi ich trong nhom tac gia.
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Verification of quantitative rainfall forecast from IFS and WRF
model for the northern region of Viet Nam
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Abstract: This research aims to validate heavy rainfall forecasting over northern Vietnam
of IFS (ECMWF) and the Weather Research and Forecasting with the Advanced Research
dynamical solver (WRF-ARW) models from 4-12/2020. Typical skill scores are calculated
based on the surface observation data (POD, FAR, BIAS, CSI/TS) and the performance
diagram is used for combination exploitation based on those skill scores. The spatial
verifications are carried out using the fraction skill score (FSS) and grid rainfall
observations (both from the satellite-based GSMaP product and aws-radar-based). Both
skill validations of station-based and spatial-based show low skills of models for high
thresholds of 24h accumulated rainfall forecast. But in general, the advanced skill forecast
for high thresholds (> 50 mm/24h) from high-resolution regional models WRF3kmIFS
(WRF-ARW using IFS as boundary conditions) and WRF3kmIFS-DA (WRF3kmIFS with
data assimilation).

Keywords: Spatial verification; Fraction skill score; Multi—category Contingency Table.



