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Toém tit: Trong nghién ctru nay, mé hinh WRF-ARW dugc st dung dé du bao lai dot dong
gdy mua d4 dir doi trén khu vuc Pong Bac Bo tir ngay 24-25/01/2020. Két qua cho thdy mo
hinh da dy bao duoc hinh thé qui mé 16n thuan lgi cho su phat trién dong, do 1a hoi ty myc
thap trong ranh bi nén, front lanh cung v6i ranh gio tay trén cao va dong xiét. Hoi tu thong
luong 4m tir phwong nam la ngudn cung cp ning lugng cho hoat dong cua dong. Cac chi
s0 dong, bao gom d6 xoay dong thang (UH) va tong lugng graupel trong cot khi quyen
(CTG), cho thay mo hinh da du bao t6t thoi diém hinh thanh, vi tri va huong di chuyén cia
céc 6 dong. V& mat d6 16n, chi s6 UH vuot ngudng nhung chi s6 CTG khong dat ngudng
du bao dong gdy mua da cudng do manh (twong ng kich thude hat da trung binh trén 25
mm). Phan bd thang dimg cua graupel goi v rang cac chi s6 dung cho mo hinh s6 du bao
dong gay mua da, dugc xac dinh cho viing ngoai nhiét di vao mua he, c6 thé can phai duoc
diéu chinh cho phu hop vé6i khu vuc Viét Nam.

Tir khéa: Mua d4; Chi s dong; M6 hinh WRF-ARW.

1. Mé dau

Mua d4 1a giang thily dang ran, duong kinh hat tir 5 mm tr¢ 1én, thuong di kém voi dong
16¢, xay ra trong cac con dong manh véi dién cuc bo va thoi gian xay ra ngén [1]. Mua da
thuong hinh thanh trong cac 6 dong 16n véi dong thang manh, ngudn am ddi dio, d6 bat on
dinh 16n va mét sé diéu kién ban dau kich thich dbi luu [2]. Hat d4 c6 dudng kinh phd bién
khoang 25 cm, do6i khi c6 thé dat téi 15 cm, khdi lugng 1én t6i 500 g mdi vién. Mua da
thudng xuat hién & mién on d6i va can nhiét d6i, doi khi co thé xay ra & mién nhiét déi, tuy
nhién rat hiém do muyc bing két thudng qué cao & khu vuc nhiét d6i. Mua da gan nhu khong
xuét hién ¢ viing cuc do muc thap qué lanh ciing nhu khong dua diéu kién phat trién con déng
[3].

Dy bao mua da 13 mot trong nhirng bai toan thach thirc nhat trong nganh khi tuong do
tinh chét cuc bo ca vé khong gian va thoi gian cua hién tugng [4]. Cac phuong phap dy bao
dau tién dugc xay dung dya trén so liéu quan tric, sir dung thong ké twong quan giita s liéu
quan tric va cac trang thai khi quyen dé du bao kich thudce cuc dai ciia mua da [5-6]. Du bao
mua da han cuc ngén (han duoi 3 gid) st dung cac cong cu nhu radar, v¢ tinh dé phat hién
cac 6 dong, tir d6 c6 thé canh bao hudng di chuyén, cuong do cia cac con dong. Radar khi
tugng ngay cang dugc cai tién, tir hé thong radar don cuc chi co thé phat hién 6 dong cho t6i
hé théng radar phén cuc c6 thé phan biét cac trang thai hat va kich thudc hat da, hién dang
dugc img dung rong rai trong nghiép vu du bao [7]. Nhuoc diém 16n nhat 13 han du bao ngén
dan toi kho khin trong phong chdng thiét hai do mua da gay ra.
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Vi su phat trién ciia khoa hoc may tinh, cac nha khi twong da xdy dyng nhiéu mé hinh
s (NWP) nham du bao mua da. Tuy nhién do su phuc tap cta cac qua trinh vat 1y, cac mo
hinh dy bao mua d4 thuong dugc xay dung ddc lap hoac dugc tdi gian hoa va tich hgp vao
cac mo hinh 16n dudi dang md hinh it chiéu, doc 1ap theo thoi gian, voi nhugc diém 16n 1a
khong mo phong hién kich thudc cac hat ngung két gay ra boi cac qua trinh vi vat 1y [8]. Gan
day, cac loai mé hinh s6 déi lwu hién (convection—allowing models — CAMs) dugc xay dung
v6i ddc diém do phan giai thang dimg pht hop cho céac hién tugng ddi luu ¢ ca khu vyc vi
do trung binh 1an khu vuc nhiét d6i, dd dap tmg duogc tbc do tinh toan va chit lugng san
pham, do dé dugc tng dung rong rii trong nghiép vu [9].

Mua da thuong duge xem 1a trudng hop dong kinh dién véi cudng do 16m, tc do dong
thang rit manh, ngudn 4m ddi dao. Trong bai toan dy bao dong, do phan giai ciia mo hinh
phan 16n chua thé dap g viéc md phong céc hién tuong quy mo6 nh6 nhu mua da, gio 16¢...
do d6 ngudi ta st dung phuong phap két hop chi s6 dong gdy mua da (sau day goi tat 1a chi
s6 dong) voi dy bao xac suat dong nguy hiém (surrogate severe probabilistic Jorecasts —
SSPFs) dé canh bao dong. SSPFs sir dung cho khu vuc c¢6 do xody dong thing (s& noi dén
dudi day) cao gitp tang d6 tin cdy cia duy bao hién tuong thoi tiét cuc doan, dic biét & quy
mo vura [10].

Tong luong graupel trong cot khi quyén (column integrated total graupel — CTG), d6
phan hdi radar gia lap boi mé hinh Z tai muc —10°C ciing da dugc sir dung nhu cac chi s6
udc lugng khdi lugng mua da tiém nang trong may, mac du kha nang du bao chua thuc sy
tdt va phu thudc 16n vao so dd tham s hoéa vi vat Iy ctia mo6 hinh [9]. Bén canh d6, mot sb
cong cu nhu thuét todn Thompson, mo hinh HAILCAST ¢6 thé uéc lugng kich thude cuc
dai hat da, ciling 1a cong cu hiiu hi¢u dé canh bao mua da.

Tai Viét Nam, mua d4 c6 thé xay ra o hau hét cac dia phuong do phﬁn 16n dién tich lanh
thd c6 dia hinh ddi nui, d& kich thich dong thing cudng birc. Ngoai ra, lanh thd nim trong
ving giao tranh gitra cac khéi khi, diéu kién nhiét doi v6i do bat 6n dinh 16n ciing 13 nguyén
nhan khién mua d4 thuong xuyén xuat hién & Viét Nam. Mic du vay, nghién ctru vé mua d4
& Viét Nam con kha han ché vé sé luong. Théng ké so bd nam 2020, nhom thién tai dong
16¢c, mua d4 1am thiét mang 54 nguoi, gay thiét hai vé nha & hon 63.000 nha, téng thiét hai
1én t&i hon 1000 ty dong [11]. Chinh vi thé, muc tiéu cua bai bao nay 1a thir nghiém du bao
lai dot dong gdy mua da trong ngay 24-25/01/2020 xay ra trén khu vuc Dong Bic Bo, sir
dung mo6 hinh WRF-ARW (Weather Research and Forecasting).

2. S6 li¢u va phwong phap

2.1. 86 liéu

Trong bai bao nay, s6 lidu du bao toan cau GFS cua Trung tam Dy bao M6i truong Hoa
Ky (NCEP) véi @6 phan giai 0,5° x 0,5° duoc st dung lam diéu kién ban dau va diéu kién
bién cho m6 hinh WRF-ARW dé thir nghiém dy bdo lai con dong gay mua da noéi trén. S6
liéu mua quan tric tai tram cta Trung tam Dy bao khi tugng thity van qudc gia duoc sir dung
dé danh gia luong mua du bao. Ngoai ra, ban dd synop ciia Co quan Khi tugng Thai Lan va
s6 liéu tai phan tich ERA5 cua Trung tim Du bao Thoi tiét Han vira Chau Au ciing duoc
ding dé hd trg phén tich hinh thé ciing nhu két qua du bao ciia mo hinh.

2.2. Céu hinh mé hinh WRF-ARW

Trong nghién ctru nay mo hinh WRF-ARW dugc sir dung véi ba mién tinh 1ong nhau,
tuong tac 2 chiéu. Mién tinh 1 ¢6 do phan giai 13,5 km, véi 199 x 199 diém ludi, tim mién
tinh tai 15°N; 105°E. Mién tinh 2 c6 d6 phan giai 4,5 km v6i 199 x 199 diém ludi, bao phi
hoan toan khu vuc Bic Bo va 1an can. Mién tinh 3 c¢6 do phan giai 1,5 km, gém 249 x 151
diém ludi dat trén khu vuce bong Bic Bo. bé théy 13 hon, 3 mién tinh nay s€ dugc chi ra lan
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lugt trong Myc 3. M6 hinh tinh toan trén 35 myc thang dang, chay cho han dy bao 72 gio,
bat dau tir 19h ngay 23/01/2020, nghia la trudc thoi diém xay ra mua da khoang 1 ngay. Cac
so d0 tham s6 hoa vat 1y duoc trinh bay trong Bang 1, trong d6 so d6 tham sb hoa ddi Iuu chi
duoc bat cho mién tinh 1.

Bang 1. So dd tham s6 hoa sir dung trong nghién ctru.

So dd Tén/xuit str
Vi vét ly may Goddard GCE
Buc xa song dai RRTM
Btic xa song ngén Dudhia
Lép bién hanh tinh YSU
So do dat So @0 khuéch tan nhiét
Tham s6 hoa dbi luu Kain—Fritsch

2.3. Pdnh gid diéu kién khi quyén méi trirong

Pé danh gia truong 4m cla moi truong xay ra dong st dung mo hinh s6, nguoi ta thuong
sir dung bién héi tu thong luong a am tich liy theo chiéu thang dung (VIMFC), b6i kha nang
du bao ciia cac mo hinh s6 hién nay la kha t6t so voi thuc té. Tir phuong trinh can bang am,
VIMEC dugc tinh tir théng lwong am tich liiy theo chiéu thang dirng (VIMF) [12]:

VIMF =] " qvdp (1)
i

VIMFC = ~div(VIMF) = | ouq Vg | g4 2)
g’ | ox Oy

Trong d6 py, p2 13 dp sudt muc dudi va muc trén cta 16p khi quyén can tinh toan (thuong
sir dung voi hai myc 1000 va 300 mb); ¢ 1a 6 am riéng (kg kg™), ¥ 1a vector van téc gio voi
u, v 12 thanh phan vi huéng va kinh huong (m s 1. Pon vi cua VIMFC la kg m2 Ngoai
ra, cic bién nhu nang lwong doi hru tiém nang CAPE, vin toc dong thing w, . cung c6 thé
dugc sir dung dé phan tich cac chi sé méi truong ciia cac con dong.

2.4. Phuong phap du bdo mua da do dong

Bai bao sir dung hai chi sé dong, bao gdm dé xody dong thiang UH va téng lwong graupel
trong cot khi quyén CTG, d€ thir nghiém dy bao mua da trudc 24h. PO xoay dong thing
(updraft helicity — UH) dugc dinh nghia boi [13]:

= _[ Cwdz (3)

0

Trong 46 ¢ (s™') 1a xo4y tuong dbi, w (m s™') 1a van toc thang dimg giita hai muc zo va
z1, thong thuong twong ing voi 2 va 5 km. UH da dugce s dung dé nhan dién cac ving xody
thang ding manh ur két qua ctia mo hinh s6 [14]. UH cho thay kha nang du bao dong va cac
hién tugng thoi tiét cuc doan han 24h ciing nhu han cyc ngan dén 1h. Tuy nhién, n6 c6 nhiing
han ché vé d6 phan giai va kha ning dy bao dong cudng do trung binh [15]. Bén canh do,
SSPFs st dung cho khu vuc ¢ tri $6 UH cao gitup tang do tin cay cua du bao hién tugng thoi
tiét cuc doan, dic biét & quy md vira [10].

Tong lugng graupel trong cot khi quyen (Column integrated total graupel — CTG) dung
dé danh gia luong da tiém ning trong 6 déng duogc tinh theo cong thuc:
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CTG :'r qgraup 'pairdz (4)

Theo Labriola va ccs [9], UHmax > 75 m*s 2, CTG > 25 kg m ™ la ngudng chi tiéu canh
bao dong cuong do manh (twong duong kich thudc hat da cuc dai THAIL > 25 mm); trudng
hop déng rat manh (kich thuéc hat da cuc dai THAIL > 50 mm) tuong tng véi ngudng canh
b40 UHmax > 150 m?s2 va CTG > 50 kg m 2. Cac ngudng chi sé nay thudng dung cho cac
mo hinh cé d6 phan giai mot vai km, do d6 chiing dugc thir nghiém lam ngudng du bao tham
khao cho truong hgp nay.

3. Dién bién dong va két qua thir nghiém

3.1. Dién bién dot déng gdy mua dd

Ngay 24/01/2020, Bic Bo chiu anh hudng cia ranh thap bi nén cé truc khoang 23-25°N
do khéi khong khi lanh kém front lanh trén lyc dia Trung Qudc dang lan xudng phia nam
(Hinh 1a). Trén myc 850 mb va cao hon, ranh gio tady cuong d6 manh khoi sau tuong dbi
nhanh, khu vye Bac Bo nam trudc ranh noi tdc do gioé dat cuc dai (Hinh Ic). Sang ngay 25/01,
khdi khong khi lanh da anh huong tryc tiép dén Viét Nam véi cac duong dang 4 ap dang song
héi tu trén Bac Bo (Hinh 1b), trong khi ranh gié tay di chuyen cham tiép tuc khong ché khu
vuc (Hinh 1d). Két hop voi diéu kién nhiét 4m twong ddi cao trudc nhitng ngay nay, mua
dong manh kém mua da, gié 16c xuat hién tir chiéu ngay 24/01 dén hét ngay 25/01 trén dién
rong 9 tinh ving Pong Bic Bo. Luong mua do dugc phd bién tir 40-80 mm, c¢6 noi trén 100
mm.

Hinh 1. Ban d6 synop (a) mat dit va (c) muc 850 mb luc 07h ngay 24/01/2020. Hinh (b) va (d) trong
tur cho thoi diém 07h ngay 25/01.

Str dung sb liéu mua quan tric tai 10 tram trén khu vuc }?Gng Bic Bo, lugng mua tich
Ity 48h tir 19h ngay 23/01 t61 19h ngay 25/01 (Hinh 2) cho thay dot mua co6 thé chia lam hai
dot chinh. Dot thur nhat bat dau tur chiéu ngay 24/01, ghi nhén tai cac tram trung du va mién
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nui phia bac nhu Vinh Yén (Vinh Phuc), Binh Lap (Lang Son), Hiép Hoa (Ba'ic Giang), lugng
mua tich Iily trung binh khoang 50 mm/12h. M6t s6 tram khu vuc dong bang Bac Bo nhu
Lang va Ha Pong (Ha Noi) ghi nhan mua tré hon, xay ra trong dém 24/01 véi cudng d6 mua
16n. Dot thi hai bt dau tir trura—chiéu ngay 25/01, mdt s6 tram khu vuc déng b'fmg Bic Bo
ghi nhan luong mua tich lity rat 16n trong 6h nhu Nam Binh 86 mm, Hung Yén 78 mm va
Ninh Binh 63 mm. Cuong d6 mua 16n nhu vy xay ra trén dién rong trong Thang 1 1a khong
nhicu.

—— Vinh

Lang Nam Dinh —— Ninh Binh

——Mérglad ——HigpHoa ——Phislifn ——HaDing ——HungYén

Hinh 2. Luong mua quan tric (mm) tai mot sd tram tir 19h 23/01 t6i 19h 25/01/2020.

Anh may v¢ tinh héng ngoai cho th?iy su ton tai cta hai cum may dong chinh trén khu
vuc Béc Bo trong ngiy 24/01/2020 (Hinh 3). Cum thir nhat 13 cac 6 may dong hinh thanh
trén khu vyc tinh Hoa Binh, di chuyén theo huéng déng bic qua céc tinh Bic Kan, Cao Bing
va di vao lanh thé Trung Qudc. Cum méy dong thir hai co qui md ngang 16n hon, hinh thanh
& phia nam ctia cum thir nhat, phat trién va di chuyén cham hon doc céc tinh duyén hai Bic
B0 theo huéng dong dong bac. Cac 6 dong hinh thanh trong vung may dbi luu phat trién theo
chu ky khoang 2-3 gio, di chuyén cham hodc it di chuyen cau trac dong c6 6 dam dac voi
dinh may ddi luu cho thay cuong d6 ddi luu rat 16n trong 6 dong.
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Hinh 3. Anh may vé tinh IR tai (a) 20h30, (b) 21h30, (c) 22h30 va (d) 23h30 24/01/2020. Pudng
oval nét dat thé hién vi tri 6 déng gy mua d4, chdm vang 14 Thanh phé Cao Bang. Ngudn: Trung
tam Dy bao Khi trong Thily vin Quéc gia.

Céc bao cdo mua d4 duoc ghi nhan trong hai ngay 24 va 25/01 cho thidy mwa d4 xuét
hién nhiéu nhat trong dém ngay 24/01. Mua da dugc ghi nhan tai 9 tinh Bic BO va Thanh
Hoa, duong kinh hat da trung binh khoang 1-3 cm, ¢4 biét c6 trudong hop 1én téi hon 5 cm.
bac biét trong dém 24/01 tai Tp. Viét Tri (Pht Tho), Tp. Cao Bing (Cao Bing), Bach Thong
(Bic Kan), ... dd ghi nhan mua d4 kém déng 16c cuong d6 cao. Riéng tai Cao Bang xay ra
hai dot mua da vao luc 19h30 va 22h15 ngay 24/01, kich thudc hat da trong dot thir hai 1€n
tGi 3—4 cm [16]. Dot thién tai nay gay thiét hai 16n nhét tai ba tinh Cao Bang, Bic Kan va
Lang Son, tong thiét hai vé kinh té wdc tinh 133 ty dong [11].
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Hinh 4. Truong khi 4p b& mat va gié 10 m tir s6 liéu tai phan tich ERAS tai (a) 07h 24/01, (c) 19h
24/01 va (e) 07h 25/01/2020. Hinh (b), (d) va (f) la twong tw v6i két qua du béo trén mién tinh 1 cua
mo hinh WRF-ARW.

3.2. Dy bdo diéu kién méi trirong ciia dong

Trong muc nay, kha nang du bao cac truong quy moé 16n cia mé hinh WRF-ARW duoc
danh gi4 dinh tinh str dung két qua dy béo trén mién tinh thi nhét, so véi sé lidu tai phan tich
(Hinh 4). Nhin chung, két qua mé hinh twong ddng rat tot so vai s liéu tai phan tich trong
viéc x4c dinh cac hinh thé quy mé 16n trong dot xdm nhap lanh nay. D6 1a khong khi lanh
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trén luc dja A—Au dang trén duong di chuyén xudng phia nam trén lyc dia Trung Qudc, day
khu vuc hoi tu giéo muc thép xuéng Bic Bo trong chiéu va tdi 24/01 (Hinh 4a—-4d). D(‘A)ng thot,
ranh gi6 tay trén cao dang khoi sdu dan xudng phia nam, két qua 13 Bic B nim dudi ving
dong xiét phia trudc rinh, véi van tde trung binh tir 30-35 m s~ (Hinh 5a-5d). Pén 7h sang
25/01, khong khi lanh bt ddu anh hudng tryc tiép toi Bac Bo (Hinh 4e, 4f), trong khi d6 rinh
gi6 tay dat trang thai khoi sau cyc dai, budc song giam trong thoi gian rat ngén (Hinh 5e, 51).

ERAS WRF
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Hinh 5. D6 cao dia thé vi va gié myc 500 mb tir s§ liéu tai phan tich ERAS luc (a) 07h 24/01, (c)
19h 24/01 va (e) 07h 25/01/2020. Hinh (b), (d) va (f) 1a twong tu vi két qua dy bao trén mién tinh 1
cua m6 hinh WRF-ARW.

C6 thé ndi két qua dyu bao ciia md hinh 1a rat tot, ngoai trir truong gié bé mat (khi ap)
manh (yéu) hon mdt chit so véi so li¢u tai phan tich trén 1anh tho Trung Quoc. Hinh thé do
cao dia thé vi va ranh gi6 tdy muc 500 mb dugc mo hinh du bao gan nhu twong dong so vai
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truong tai phén tich, ngoai tir nam Bién Pong va vinh Thai Lan mé hinh cho két qua duy béo
d6 cao dia thé vi thdp hon mot chit. Nhu vay, t6 hop diéu kién nang muc thdp gém hoi tu
gi6 trong rinh bi nén, ving front lanh muc thap két hop véi dong xiét trude rinh trén cao 1a
moi truong thuan 1¢i cho sy phat trién dong cuong do manh, xay ra trén dién rong trén khu
vuc Pong Béic Bo nhu da mo ta o trén.

Danh gia moi truong am trén khu vyc Bic Bo trong thot gian ndy co the thdy dong am
c6 xu thé di chuyen theo huéng dong bac, v6i thong lwong am 16n chu yéu xuét hién trén khu
vuc Dong Béc Bo v6i tri s6 VIMF dat trén 400 kg m™' s~ (Hinh 6). Nhu vay c6 thé thiy rang
diéu kién can cho dot mua dong nay 1a sy xam nhap xudng phia nam ctia khdi khong khi lanh
kém front lanh tir vi d trung binh, con diéu kién du 1a dong am tir vung nhiét ddi s& cung
cap nang luong cho hoat dong cua dbi luu sau. Hoi ty thong lugng 4 am cho thdy sy ton tai
dudi dang cac cau trac qui mo vira, bién doi nhanh theo thoi gian, xuat hién tir ngay 24/01
trén khu vuc Dong Bic Bo va dat cuong do rat manh trude va sau 19h ngay 24/01, véi
VIMEC c¢6 thé 1én t6i 10.107 kg m2 s™! trén khu vuc tinh Thai Nguyén—Béc Kan (Hinh 6b).
Vung hoi tu am rat manh nay duoc du bao tiép tuc di chuyén theo hudng dong béc trong dém
24 va sang 25/01, di vao lanh thd Trung Quoc (Hinh 6¢). C6 thé thay m6 hinh WRF-ARW
cho két qua dy bao tam cyc dai cia VIMFC rat dang chu y, ca vé vi tri xudt hién va huéng
di chuyén trong truong hop nay, phtt hop véi thuc té quan tric tir anh vé tinh.
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Hinh 6. Thong luong am tich liiy thiang dimg (VIMF) téi myc 300 mb (vector) va VIMEC (6 mau)
lac (a) 07h 24/01, (b) 19h 24/01 va (c) 07h 25/01/2020 trén mién tinh 2 ciia md hinh WRF-ARW.

Tiép theo, so sanh lugng mua quan trac va du bao tai tram cho thidy mo hinh cé xu thé
dy bdo lugng mua trén mién tinh 2 thap hon dang ké so voi quan tric (Hinh 7). S lidu quan
trac cho thy luong mua ca dot phan b twong d01 déu trén khu vuc Dong Bic Bo, phd bién
trén 60 mm. M4t sO tram ghi nhan lwgng mua rat 16n nhu Lang 129.0 mm, Nam Pinh 119.3
mm va Pinh Lap 113.0 mm. Trong khi d6, mé hinh dua ra dy bao lwong muwa kha thap, phd
bién dudi 40 mm. M6 hinh c6 xu huéng cho lugng mua 16n hon trén khu vuc cac tinh ven
bién Bic Bo nhu Phu Lién 52.9 mm, Nam Dinh 33.7 mm va Ninh Binh 32.0 mm. Nhin chung,
mé hinh c6 thé du bao kha nang xuét hién mua 16n trén khu vuc Pong Bic B9, nhung két
qua du bao lugng mua tai tung tram cu thé chua thuc su tdt, ngay ca voi mién tinh 3 (két qua
khong khac nhiéu v6i mién tinh 2 va khong dua ra ¢ day).
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Hinh 7. Luong mua tich lity 48 gio tai mot sé tram tir 19h ngay 23/01 d&én 19h ngay 25/01/2020 cta
s6 lidu quan trdc va mo hinh dy bao trén mién tinh 2.

3.3. Thir nghiém dy bdo dong va muwa da

Dé danh gia budc dau kha nang dy bao dong gdy mua da cia moé hinh WRF-ARW, céc
chi s6 UH va CTG tai mot s6 lat cat thoi gian dugc dua ra trén Hinh 8. Trong khoang thoi
gian tu 18 dén 21 h ngay 24/01, hai chi s6 UH va CTG cho thiy c6 kha ning xut hién hai
cum “6 dong” trén khu vuc Pong Bic Bo. O dong thir nhat di chuyén theo hudng dong bic,
di qua khu vuc cdc tinh Hoa Binh, Thai Nguyén, Bac Kan va qua Cao Bang sang Trung Quoc
D& thiy 1a ving c6 chi s6 UH vuot ngudng 25 m? s 2 va CTG dat ngudng 10-25 kg m 2 ton
tai dudi dang cac trung tdm qui md vira y. Cum dong thir hai phat trién va di chuyén cham
theo huéng dong dong béc, doc cac tinh ven bién Pdng bing Bic Bo. Nhom 6 6 dong nay co
céu trac khong gian roi rac hon, ton tai nhidu tim, véi lugng d4 tiém ning trong may thap,
chi s6 CTG chi dat ngudng 5-10 kg m2. Trong khi dd, gia tri cia CAPE dugc dy bao khong
qué 16m, pho b1en vao khoang trén 500 J Kg~' trén Béc Bo (két qua khong dua ra), cho thiy
diéu kién bat 6n dinh dia phuong c6 thé dong vai tro thir yéu, con sy phat trién manh mé cua
dong chu yéu do yéu té dong luc gay ra.

Nhu da thay trén Hinh 8, cac khu vuc c6 chi s6 dong tiém nang ton tai dudi dang cac cau
triic qui mo vira y, twong dbi kho quan sat trén mit cit ngang. Do d6, dé danh gia dién bién
cuong d6 theo thoi gian, gia tri UH cuc dai xung quanh cac o dong dugc dua ra trén Hinh 9.
C6 thé thay 6 dong thir nhat c¢6 kha ning hinh thanh va phat trién sém hon (tir 17h) so v&i 6
dong thir hai (sau 19h). O dong thtr nht c6 UH cyc dai dat ngudng 75 m? s trong khoang
thoi gian 17-18h, phat trién cuc dai tai thoi diém 19h véi gid tri dat 116 m2 s—2, sau d6 giam
dan nhung van ¢ ngudng tuong dbi cao. Day la khoang thoi gian tring véi thoi gian ghi nhan
hién twong mua da xay ra trong thuc té trén khu vuc cc tinh Bic Kan—Cao Bang va lan can.
Cum dong thir hai phat trién rat nhanh sau 19h, dat trang thai cuyc dai Iuc 21h véi gia tri UH
cuc dai 1én t6i 356 m? s 2 trong 6 dong phia tay. Sau thoi diém dat trang thai cuc dai, cac 6
déng déu giam ca vé quy mé ngang va gia tri UH, tuong (mg voi giai doan tan ri cua con
dong.

So sanh voi ngudng du bao (UHmax > 75 m? s 2 va CTG > 25 kg m2) duoc dua ra trong
cac nghién ctru trudc day cho mua da cuong d6 manh véi kich thude hat da cuc dai > 25 mm,
hai 6 dong du bao déu co gia tri UH vuot ngudng, nhung chi sé CTG chi dat xap xi 12 va 6
kg m 2 twong mg cho 6 dong thir nht va thtr hai. Tuy nhién, luu ¥ 1a trong cac nghién ctru
trude day noi cac chi tiéu du bao duge dé xuat, dong giy mua d4 xay ra & vi o trung binh
trong mua he v6i CAPE 16n con dong trong nghién ciru ndy xay ra trong mua dong ving
nhiét d6i véi CAPE nhé. Do d6 c6 thé c6 sy khdc bi€t trong ngudng chi sd duogc ap dung,
nhét 13 khi 4p dung cho san pham mé hinh sé.



Tap chi Khi twong Thuy van 2022, 737, 1-14; doi:10.36335/VNJHM.2022(737).1-14 11

2350 { (q) 235N

23N 23N

22.5N 22.5N

22N 22N

21.5N . 21.5N
[
21N i Y 21N Y 50
%Q v 7 Q - 7|

25

20.5N 20.5N 4

1045 105E 10556 106E 10656 107E  107.5€ 1045 105E 10556 106E 10656 107E 1075 10

5

23.5N1 (c) 235N1 (q)

23N 23N

22.5 [ 22.58

22N 22N

215N 21.5N
21N V. 21N
N 7
< b
00 Vo
205N R4 205N
1045E 105€ 10556 106E 10656 107  107.5€ 10456 105E 1055 106E 10656 107E  107.5€

Hinh 8. CTG (t6 mau) va UH > 25 m? s 2 (dwdng lién) tai thoi diém (a) 18h, (b) 19h, (c) 20h va
(d) 21h ngay 24/01/2020 tinh cho mién tinh 3 cia md hinh WRE-ARW.
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Hinh 9. Gi4 tri cuc dai UH (m? s2) trén hai khu vuc & dong, tinh cho mién tinh 3 ciia mé hinh
WRF-ARW.

Tiép theo, quan sat mit cat thang dung vi hudng ngang qua 6 dong thir nhat tai mot sb
thoi diém phat trién cho thay 1) phan b graupel cho thy cau trac dién hinh caa dong don 6
cuong do rat manh, 2) graupel ton tai cht yéu trong 16p khi quyén 4—12 km vé6i qui mé ngang
c6 thé > 30 km, va 3) vung c6 mat do graupel cuc dai nam trong khu vuc 161 dong thang, &
phia trén dudng déng nhiét —10°C & d6 cao khoang 6,5—7 km (Hinh 10). Phan b6 graupel nhu
trén khac turong ddi nhiéu so v6i phan bd graupel trong céc con dong gay mua da viing ngoai
nhiét d6i vao mua hé [9]. Vi phan bd nhiét va graupel nhu vy, chi s6 CTG duoc tinh tich
lity trong 16p dudi 4 km s& khong c6 ¥ nghia vi trong 16p khi quyén nay hau nhu khong c6
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graupel. Thyc té nay cho thay trong tinh huéng du bao, CTG can dugc xem xét voi ngudng
phit hop hon va c6 thé xem xét dua ra quyét dinh du bao mwa d4 trong truong hop nay, it
nhét 1a cho cac khu vuc 6 dong thir nhét di chuyén qua, ddc biét trén cac tinh Thai Nguyén,
Bic Kan va Cao Béng.
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Hinh 10. M3t cit thing dung vi hudéng qua 6 dong tai (a) 18h, (b) 19h va (c) 20h ngay 24/01/2020.
Ving mau thé hién mat d6 graupel (g m3), dudng lién den chi ving c¢6 van tdc thing dimg w > 1 m
s, dudng dut xanh 13 dudng ding nhiét 0°C, dudng chdm thé hién dudng déng nhiét —10°C.

4. Két luan

Mua da 1a mot trong nhitng hién twong thoi tiét nguy hiém qui mé vira giy nhiéu thiét
hai v& nguoi va tai san & Viét Nam, nhét 1a trong cac thang chuyén tiép, khi c6 sy giao tranh
ctia cac khoi khi. Dot dong gay mua da cudng d6 manh trén dién rong & bong Bic B trong
cac ngay 24-25/01/2020 xay ra trong thang chinh dong, khi c6 su dich chuyen xudng phia
nam ctia khdi khong khi lanh kém front lanh, dong thoi khu vuc Bac B nam trudc ranh gio
tdy trén cao ciing dong xiét di kém. Sir dung s6 lidu du bao toan cau GFS lam diéu kién bién
va diéu kién ban dau, m6 hinh WRF-ARW da dy béo lai rat tot hinh thé thudn lgi cho sy phat
trlen dong gay mua da nay khi so sanh voi sé lidu tai phan tich. Néu néi su xam nhap lanh
xudng phia nam cua khong khi lanh cung v6i ranh gio tay trén cao la diéu kién can, thi dong
thong luong a am tir mién nhiét d6i 1a diéu kién du cho su phat trién ctia d6i luu sau trong cac
0 dong. Dudi goc do khi tugng synop, hoi tu am qui mo 16n hay duoc nhic dén, nhung voi
san pham mo hinh sé thi cac ving hoi tu/phan ky 4m ton tai dan xen dudi dang cac cau triic
qui md vira, it nhat 13 trong céc tinh hudng xam nhap lanh.

Vé céc hién tuong thoi tiét, mé hinh c6 thé du bao mua lén xay ra 6 Dong Béc Bo noi
chung, nhung so véi sb lidu quan tric, lugng mua dy bao cla ting tram chua thuc su tdt. Tuy
nhién, voi hai chi s6 dong UH va CTG m6 hinh lai cho két qua du béo rat dang chi y. Co thé
noi rang trong trudng hop nghién ciru nay, m6 hinh WRF-ARW dé du bao thoi diém, vi tri
xudt hién va hudng di chuyen ctia cac “6 dong” rat sat so véi thyuc té khi so sanh v6i anh may
vé tinh IR. Day 1a két qua rat kha quan déi véi cac dy bao hién tuwong thoi tiét nguy hiém qu1
mo vira bang mo hinh s0, va cling 1a ly do ma cdc chi 5O dong ngay cang dugc su dung nhiéu
trong thuc tién [9, 10, 13, 14, 15, 17]. V& mat tri s, chi s6 UH vuot ngu'ong 75m?s? Gca
hai cum 6 déng nhung CTG dué6i ngudng 25 kg m2 (hon 11 va 5 kg m™ twong tng cho cum
6 dong thtr nhat va thir hai) cho mua da cuong d6 manh véi dudng kinh trén 25 mm [9]. Vé
qui md khong gian ngang, vung chi s UH va CTG cuc dai ton tai dudi dang cac cdu trac qui
mo vira y, nghia 13 tir vai dén vai chuc km.

Mit cét thang ding cho thdy mat do graupel cuc dai ndm phia trén duong dang nhiét —
10°C, & do cao trén 6,5 km. Trong 16p khi quyén duéi 4 km, mat d6 graupel rat nho, tham
chi khong c6. Hon nita, gia tri cia CAPE trong nghién ctru nay khong 16n, cho thiy co ché
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gdy dong kém mua da ¢ Viét Nam trong muia dong va chuyén tiép khac vdi co ché gdy dong
kém mua da ¢ vung vi d¢ trung binh trong mua he. Tat ca nhimng diéu nay cho thay rang cac
chi s6 ding cho mé hinh sé du bao dong gdy mua da cé thé can phai dugc diéu chinh cho
phtt hop hon, vi du diéu chinh ngudng CTG cho khu vyc Viét Nam. Ngoai ra, ciing can co
thém cac nghién ctru thir nghiém dy bio mua da bang mot s phuong phéap khac nhu PSD,
HAILCAST [18] hodc két hop véi hoc may dé du bao tot hon cac hién twong thoi tiét nguy
hiém, cuc doan [8,15,17].

bong gop cia tac gia: Xay dung y tuong nghién ctru: N.M.T.; Lya chon cau hinh mién tinh:
Db.M.D., N.M. Truong; Chay va xt ly so licu mo hinh: D. M D.; Viét ban thao bai bao:
D.M.D.; Chinh stra bai bao: N.M.T.

Loi cam on: S lidu dung trong nghién clru nay dugc cung cép boi Trung tim Dy bao Moi
truong Hoa Ky, Trung tam Dy bdo Thoi tiét Han vira Chau Au, Trung tdm Dy bao Khi tugng
Thuy van Quoc gia, va Co quan Khi tuong Thai Lan.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru clia tap thé tac
gia, chua dugc cong bo ¢ dau, khong duge sao chép tir bat ky nghién ctru nao trudc day;
khong c6 su tranh chap loi ich trong nhom téc gia.
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Numerical reforecast of severe hailstorms in eastern North
Vietnam in 24-25/01/2020
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Abstract: In this study, the WRF-ARW model was used to reforecast thunderstorm—
induced severe hail in eastern North Vietnam in 24-25/01/2020. The results show that the
model was able to reproduce the large—scale patterns favorable for the storm development,
that is, low—level convergence in compressed trough, cold front, and associated upper—level
trough and jet. Convergence of southerly vertically—integrated moisture fluxes helps to
energize hailstorms. Computed hailstorm indexes, including Updraft Helicity (UH) and
Column integrated Total Graupel (CTG), indicate that the model could well predict
locations, timing, and propagation directions of hailstorms. In terms of magnitude, the UH
index exceeds but CTG belows the threshold of severe hail (equivalent to maximum hail
size > 25 mm in diameter). The vertical distribution of graupel suggests that indexes used
in NWP to predict hailstorms, which were determined for those in the extratropics in
summer, could be adjusted to be more suitable for hailstorms happening in Vietnam in
winter or transition months.

Keywords: Severe hail; Hailstorm indexes; The WRF model.



