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Abstract: This study uses the WRF model to forecast the hailstorm event of March 21%, 2021 in the
Northwest provinces of Vietnam, based on three hail size prediction indices: the Maximum Estimated
Size of Hail from simulated reflectivity (MESH_WRF), the Thompson algorithm (Dmax), and the
WRF-Hailcast model (HC). Using two microphysics schemes, Milbrandt—Yau (MY?2) and Morrison
(MOR), the model was able to forecast the development of the hail-producing convective system, in
terms of both location and intensity. When evaluated against radar-derived MESH data
(MESH _radar), Dmax_MY2 performed the best in predicting hail occurrence area. Both
MESH_WREF products overforecasted the hail area, while HC had no prediction capability for this
event. Microphysical analysis of the largest convective cell revealed that the maxima of hail mixing
ratio and average size in MY2 were located at lower levels compared to those of the graupel phase
in MOR. As a result, the MESH_WRF and Dmax products from MY 2 provided better forecasts than
those from MOR.
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Dy bao dot mua da ngay 21/03/2021
tai Tay Bac BO bang mo hinh s6

DPoan Manh Duy, Nguyén Minh Truong”

Truong Pai hoc Khoa hoc Tir nhién, Pai hoc Quoc Gia Ha Ngi,
334 Nguyén Trai, Thanh Xuan, Ha Ngi, Viét Nam

Nhan ngay 25 thang 8 ndm 2025
Chinh stra ngay 15 thang 10 nam 2025; Chap nhan dang ngay 30 thdng 10 nam 2025

Tém tit: Nghién ctru sir dung md hinh WRF dé du bao dot mua d4 ngay 21/03/2021 tai cac tinh
Tay Bic Bo, thong qua ba bién dy bao kich thude hat, gém Kich thuéc hat Mua da Udc lugng Cuc
dai tir 46 phan hdi mo phong ctia mé hinh WRF (MESH_WRF), Thut toan Thompson (Dmax) va
M hinh WRF-Hailcast (HC). Str dung hai SO dd vi vatly Mibrandt-Yau (MY2) va Morrison (MOR),

mo hinh déu co thé dy bao duoc sy phét trién cua 6 dong gay mua da, ca vé vi tri va cudong do. So
sanh két qua du bao véi dir liéu MESH tir radar (MESH._radar), Dmax_MY2 c6 diém k§y ning du
béo dién xuit hién mua dé t6t nhét, hai san phdim MESH WRF déu du bao khong dién xuét hién,
con HC hau nhu khong c¢6 kha ning du bao dot mwa dé nay. Phan tich dic trung vi vat Iy cua hai so
dd trong 6 dong 16n nhit cho thiy MY?2 cho ty sé xdo tron pha hail (d4 rén) cuc dai va kich thuéc
trung binh cuc dai phan bd & do cao thap hon so v&i pha graupel (da xdp) cia MOR, dén t6i cac san
phim MESH_WRF va Dmax ctia MY2 du b4o t6t hon MOR.

Tur khoa: Mua da, MESH, WREF, vi vt ly.

1. Mé dau

Mua d4 1a giang thuy dang rin roi toi bé mit,
voi kich thuoe hat tir Smm tr¢ 1én [1]. Mua da
Xxdy ra trong cac 6 dong dir doi, thoi gian xdy ra
ngan, tuy nhién lai gay thiét hai nng né t6i co
sO vat chat va doi song con nguoi. Théng ké so
b, thiét hai do mua ¢4 moéi nam & Hoa Ky, Chau
Au hay Trung Qudc déu 1én ti vai ti Po-la My
tinh riéng cho mdi khu vuc [2].

Do tinh chat cyc bo ctia mua da, kha ndng
quan tric hién tugng con nhiéu han ché. Sé liéu
tram quan trac truyén thong tuong (101 it do phén
bo thua theo khong gian cting nhu tan suat quan
tric tuong dbi thap [3]. Dur liéu quan trac radar
c6 thé sir dung lam ngudn quan trac tin cdy, tuy
nhién s lugng radar con it do chi phi ldp dat cao,
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cung voi han ché vé do chinh xac khi quan tric
trén nhimng ving c6 dia hinh phirc tap. Quan tric
bang vé tinh cho kha ning theo ddi lién tyc, tuy
nhién méi chi cd thé quan tréc mua da bang mot
s6 cong nghé moi phat trién gan day, chua dap
ung dugc yéu cau mg dung trong quan tric phd
thong [4]. Mot sb cach tiép can khac nhu thong
qua dit liéu tir cong dong (phadn mém bao cio thoi
tiét), dit liéu thiét hai tir bao hiém, hay nhitng du
4n quan tric cuc bd nhu hailpad tai chau Au,
RELAMPAGO-CACTI tai Nam My,... da b
sung nhiéu thong tin hiru ich vé mua d4 [5]. Tir
nhitng ngudn théng tin trén, mot sé quéc gia, khu
vuc trén thé giéi da xay dung dugc phéan bd khi
hau ctia mua dé, cung cdp nhiéu dic trung cé gid
tri cho nghién ctru vé mua da [5-7].
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Tuong tu voi cac san phém du béo thoi tiét,
du bao mua da trén thé giéi da dat dugc nhiéu
thanh tyu dang ké. Cac mo hinh s6 di cung cap
luong thong tin day du, dang tin cay cho ban tin
du bao mua da. Nhitng phuong phap dy bao mua
da bang mo hinh sé dung céc chi s6 dong thay
thé da duoc mg dung phd bién trong thap nién
2010, cing v6i gian do thién khi cho boi mé hinh
[8]. Gan day hon, mot s6 phuong phap du bao
hién kich thuéc hat mua d¢a nhu md hinh Hailcast
(HC) [9], thudt toan Thompson (Dmax) [10] hay
Kich thudéc hat Mwa da Udc luong Cuc dai
(MESH) tir &6 phan hoi vo tuyén mo phong cla
mo hinh [11] da dugc phat trién, ing dung trong
nghiép vu & mot s6 qudc gia, khu vuc trén thé
gidi. Khong dung lai ¢ do, nhling nghién cuu
ung dung AI/ML trong dir li¢u khi tugng ciing
cung cap thém nhiéu hudng tiép can cho bai toan
du bao mua da [12, 13].

Chat lugng du bao ctia mo hinh s6 phu thudc
vao nhiéu yéu td, trong d6 c6 cac so d6 tham s6
vat 1y. D6i voi cac mod hinh Péi heu hién
(CAMS), cac so db vi vt Iy (MP) dong vai tro
quan trong nhét boi chang kiém soat qua trinh
chuyén pha may, gan lién v6i cac san pham
giang thuy. Pa phan cac so do vi vat 1y hién nay
thudc nhom so do khdi, trong d6 phd phan bé hat
thudong tuan theo phan bd gamma ba tham sb
[10]. Cac so d6 bac mot thudng du béo thanh
phan # 56 xdo trén cua cac pha, trong khi cic so
dd bac hai tinh thém nong d¢ hat (number
concentration) cua timg pha. Hai tham s nay
dugc so do vi vat 1y du bao thong qua hai thanh
phan: cac qué trinh sinh/tan (source/sink) va qua
trinh ling (sedimentation) cua cac hat trong may
[14]. Su thay dbi nhiét do moi trudng do chuyén
pha, cling véi bién ddi ti s x4o tron pha nudc
dan toi 1am thay d6i mot s6 trudng dong luc nhu
van toc thang dung, phan bd khéi lugng & moi
truong 6 dong. Mac du véy, su phirc tap trong cac
qué trinh chuyén pha cung vdi sai s0 tinh toan trén
ludi dan t6i con nhiéu van dé can nghién ctu, giai
quyét [15].

Trén thé gi6i, nhidu tac gia da thuc hién
nghién ctru phan tich kha ning du béo, co ché va
dic diém nhiét dong luc hoc trong cac tran mua
da bang mo hinh s v&i cac so dd vi vat 1y khac

nhau. Snook va cong sy (2016) thuc hién du bao
tran mua da dir doi ngay 20/05/2013 ¢ Oklahoma
(Hoa Ky) bang md hinh ARPS, sir dung so do vi
vat 1y Mibrandt-Yau bac hai (MY2) cho thidy mé
hinh c6 kha nang du bdo mua da théong qua
Dmax, MESH tir m6 hinh va khéi lugng pha hail
M [16]. Sir dung céu hinh mé hinh tuong tu trén
cung khu vuc nghién ctru cho ngay 19/05/2013,
Labriola va cong sy (2019a) phan tich ky nang
du bao mwa d4 bang phuong phdp Thompson véi
ba so d6 gdm MY2, Mibrant-Yau bac ba (MY3)
va NSSL bac hai [17], chi ra rang so d6 NSSL
du béao tot vé dién mwa d4 16n (duong kinh hat
trén 25 mm), trong khi hai so 6 MY du bao hat
mua da rat 16n (trén 50 mm) tét hon do MY ¢6
ndng do hat pha hail va tbc do phat trién hat 16n
hon nhiéu so véi NSSL [18]. Hai nghién ciru cua
Luo va cong su (2017, 2018) cho hai tran mua
da ngay 19/03/2014 [11] va 27/04/2015 [19] &
mién déng Trung Qudc sir dung so dd MY véi
ba bién thé tir bac nhét t&i bac ba trén nén mod
hinh ARPS, lai chi ra rang cac so d6 vi vat Iy MY
bac cao c6 kha nang dy bao mua da tdt hon khi
st dung MESH tir m6 hinh, Dmax.

Str dung sau so do vi vat Iy cho cing su kién
mua da cia Snook va cong su (2016) cho mo
hinh Nghién ciru va Duw bdo Thoi tiét (Weather
Research and Forecast - WRF), Labriola va cong
su (2019b) chi ra chi sé PG xody Dong thing
(UH) 14 chi s6 du bao mua d4 c6 k¥ nang tt nhat
& moi so do vi vat 1y va ngudng kich thude [20].
Nghién ctru ciing chi ra rang so d6 Morrison
(MOR) [21] ¢6 xu thé dy bao nhiéu hat mua da
& cac 16p trén cao, gitip du bdo mua da rat 16n t6t
hon céac so do vi vat Iy khac. Mot s6 nghién ciru
nhu cta Chevuturi va céng su (2014) [22],
Zhang va cong su (2020) [23] Jiang va cong su
(2023) [24],... cho nhiéu trin mwa da khac nhau,
chi ra chat luong du bao mua da cta cac so dd vi
vat Iy thay d6i tiy theo trudng hop. .

Tai Viét Nam, mua da c6 thé xay ra ¢ hau
khrflp cac khu vuc, dac biét tai cac vung c6 dia
hinh nai cao nhu Tay Bic, Tay Nguyén [25].
Thiét hai do mua dé tang ti 1¢ thuén véi toc do
phat trién kinh té, dan t6i yéu cAu can nang cao
chét lwong ban tin du bao, canh bao mua da. Mot
s it nghién ciru trong nudc quan tim toi mua da,
tiéu biéu c6 Duy va Truong (2022) [26], Thing
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va cong su (2020) [27] nghién clu vé dot mua
da dién rong tai Bac B, chi ra nguyén nhan gom
co ché nang va diéu kién ha thap muc bang két
gan lién voi dot xam nhép lanh. Mau va cong su
(2023) [28] nghlen ctru phan b khi hau clia mua
da, cho thay vung co6 tan suat mua da xay ra 16n
nhat & Tay Bic Bo. Gan day hon, Duy va cong
su (2024) [29] da tht nghiém mot s6 chi s6 du
bao mua d4 tir md hinh WRF, cho thay kha nang
ung dung cho du bdo mua da tai Viét Nam. C6 thé
thay rang s6 lugng nghién ciru vé mua d4 trong
nudc con han ché, dic biét trong linh vyc ing dung
mé hinh s6 trong dy bdo, canh bao mua da.

Gan day, mot tran mua da 16n da xay ra vao
chiéu t6i ngay 21/03/2021 tai cac tinh Tay Bac
Bd§. Céc bao céo thiét hai, thong tin ghi nhén tr
béo chi cho thiy kich thudc hat mua da pho bién
tir 20-25 mm, 16n nhat ghi nhan tai xi Cha Nua,
huyén Nam P6 (cii), tinh Dién Bién véi duong
kinh hat 30 mm [30]. Tran mua da giy thiét hai
180 nha va cong trinh, 40,1 hecta dién tich lua,
hoa mau [31]. Nham tim hiéu kha ning du bao
hién kich thuéc mua d4 bang mé hinh sd va tac
dong clia cac so dd vi vat 1y t6i san pham du bao
mua da, nghién cttu ndy st dung moé hinh WRF
v6i ba bién dy bao kich thude hat mua d4, sau d6
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danh gia chét luong du bao bang cach so sanh
v6i dir liéu quan tric tir radar Pha Pin, cudi cling
thuc hién phan tich mot s6 dic trung vat Iy. Muc
tiép theo mo ta sd liéu va phuong phap. Két qua
du bdo va phan tich dac trung vi vat Iy dugc dua
ra trong myc 3. Muc 4 la két luan.

2. Phuong phap va s6 li¢u
2.1. M6 hinh va s6 liéu du bdo

Nghién ctru st dung m6 hinh WREF, phién
ban 4.6.1 [32]. M6 hinh chay cho ba luéi 16ng,
d6 phan giai ngang lan lugt 13,5, 4,5 va 1,5 km,
v6i tm mién tinh thir ba dit tai khu vyc Bic Bo.
Mo hinh dugc tich phan trén 51 myc thang dimg.
Mién tinh va khu vuc nghién ciru duoc thé hién
trén Hinh 1.

Diéu kién ban dau va diéu kién bién duoc lay
tir san phdm mo hinh du béo toan cau GFS, véi
d0 phén giai ngang 0,25 d6 cho tung 03 gio [33].
Mo hinh chay tr 12UTC ngay 20/03/2021, du
béo cho 36 gid tiép theo. Cac so d6 tham sd vat
Iy chinh sur dung trong mé hinh dugc trinh bay
cu thé trong Béang 1.
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Hinh 1. (a) Mién tinh‘ cua tbi ngk}iém, (b) K}lu vuc danh gia du bao, radar Pha Pin va diém béo cao mua da
Cha Nua duogc thé hién bang dau cham d6 va dau sao tuwong tng, (c) Hinh anh mua da tai Cha Nua, Dién Bién.
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Nghién ctru thuc hién thi nghi€ém véi hai so
d6 tham s6 hoa vi vat Iy MY2 va MOR. MY2
tinh ti sé x40 tron va sd hat cho tit ca sau pha ciia
nuée, gdbm pha cloud (may), rain (mua long), ice
(bang), snow (tuyét), graupel (da x6p) va hail (d4
rin), thuong duoc dung trong cac nghién ciru dy
bao mua da [11, 16, 18-20, 22]. MOR la so do
béc hai khuyét, dubao ti s6 x40 tron ciia nim pha
(trir hail) va s6 hat cua bon pha (trir cloud va
hail). Viéc tinh gian tinh toan nay dem lai hi¢u
suét t6t ma khong anh hudng qua nhiéu dén chat
lwong du bao [21]. MOR ciing thudong duoc st
dung trong nghién ctru mua da, dem lai chit
luong tuong duong voi so dd MY2 [12, 13, 20].

Bang 1. Céc tiy chon tham sb hoa vat Iy ciia md
hinh WREF str dung trong nghién ctru

Tén so do
Mibrant-Yau (MY2)
Morrison (MOR)
Kain-Fritsch (ludi 1)

So dd tham sb hoa

Tham s6 hoa vi vat 1y

Tham s hoa ddi luu

Birc xa song ngin Dudhia
Buc xa song dai RRTM
Tham s6 hoa 16p bién YSU

Tham s6 hoa dit Thermal diffusion

Pé dy bao mua d4, nghién ctru st dung ba
bién du bio kich thudc hat. Thudt todn
Thompson xac dinh kich thudc hat cuc dai tai bé
mat (Dmax), 1a duong kinh hat nho nhat ton tai
ti thiéu mot hat trong mot thé tich 100 x 100 x
1 mét, duoc tinh toan tir phd kich thudc hat [10].
Dmax dugc udce luong truc tiép tir két qua du bao
pha hail trong MY2 va pha graupel trong MOR.
M0 hinh nhing mét chiéu Hailcast udc lugng sy
phat trién cta hat mua d4 tir thong tin nhiét, m,
ap tai timg diém ludi [9]. Thong tin tra vé tir
Hailcast 1a kich thudc hat mua da cuc dai roi téi
bé mat (HC). Cubi cung, Kich thudc Hat mwa dd
Uéc luwong Cuc dai (Maximum Estimated Size
of Hail — MESH) dugc tinh toan tir d6 phan hdi
v tuyén mo phong ctia mé hinh va profile nhiét
d6 thang dimg [34]. Phuong phap xdy dung
MESH ttr dit liéu radar m6 phéng cua md hinh
WRF (MESH_ WREF) hoan toan tuong ty MESH
tr dit liéu radar (MESH_radar), dugc trinh bay
trong tiéu myc tiép theo.

2.2. Dir liéu quan trac mua dd

MESH radar dugc tinh tir dit li€u radar tai
tram Pha Din nhu sau. Dau tién, PJ dir doi ciia
Mua da (Severe Hail Index - SHI) xac dinh su
hién dién va cuong dg cua dot mua da, tu dit liéu
clia o phan hdi vo tuyén va profile nhiét do
thang dung [35]. MESH dugc tinh tir SHI theo
cong thirc thyc nghi€ém ctia Murillo va Homeyer
[4] nhu sau:

MESH = 16.566(SHI)%81 (inch)

San pham MESH da dugc ing dung rong rai
trong quan tric, nghién ctru mua d4 tai Hoa Ky
cling nhu nhiéu qudc gia [36]. Trong nghién ciru
nay, MESH WRF va MESH radar dugc quy
d6i ddng nhat vé& don vi mm.

2.3. Phuwong phap danh gia dy bao

Dé danh gia ky nang du bao, Piém ky nang
Khong gian (Fraction Skill Score — FSS) dugc sir
dung trong nghién ctru ndy. FSS dugc tinh theo
cong thirc [37]:

N=yl [f(n);; — O(U)ij]2
W [fm)2 — o(m)?]
béo (quan trac) vugt ngudng du bao trén dién
tich hinh vuoéng canh 2n+1 lan cdn xung quanh
diém tinh i, j. Véi 0(0) ti 1a dién tich quan tric

trén toan bo dién tich mién tinh, ngudng ky ning
du bao ngau nhién Fo dugc dinh nghia bai:

1 0(0)
Fo=3%7

FSS danh gia su twong déng vé hinh thai va
dién cuia san phérn du bao voi dir liéu quan tric
[40]. FSS da duogc str dung rong réi trong danh gia
chét luong san phém mo hinh dy bao, dac
biét 1 san pham dy bao mua, mua da [20, 24, 38].

Céc san pham du bao kich thudc mua da tir
mé hinh duoc “nhi phan hoa” vé hai ngudng du
bao: Xudt hién muwa dé (D >= 5mm) va Mua da
l6n (D >= 25 mm). Tuong tu, dir li¢u
MESH_radar dugc nhi phan héa va noi suy vé
ludi tinh cua mo6 hinh. Skok va Roberts (2018)
chi ra rang cac hién tuong hiém c6 phan bd

FSS(n) =
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khong gian ngau nhién nhu mua da, diém ky
nang nén dugc xem xét, danh gia trong phién du
bao kéo dai 24 gio [39].

3. Két qua

3.1. Kha néng dy bdo mwa dd ciia mé hinh sé
Tran mua da 16n nhat dugc béo cdo xay ra tir

18h00, kéo dai khoang 20 phut tai khu vuc huyén

Néam Pb (cii), tinh Dién Bién (Hinh 1). Theo di
tién trinh thoi gian cua 6 dong trén dit liéu radar,

6 dong bat dau phat trién tir khoang 17h30 trén
khu vyc bién giéi Viét - Lao, di chuyén theo
huéng Bic Pong Bic, thé hién rd trén Hinh 2a.
Ngoai ra, bao cao cho thiy mua d4 con xuit hién
& Lai Chau, Lao Cai trua ciing ngay. Hinh 2b thé
hién gia tri MESH radar trong 24 gio tir 07 gio
ngay 21/03/2021 cho thiy san pham MESH_radar
thé hién rd hai vét mua d4 chinh cing nhiéu dai
mua da roi rac chua dugc ghi nhan thong tin. Kich
thude hat tir MESH._radar twong d6i phu hop véi
cac bao cdo duong kinh tir 25 - 30 mm trén vét mua
d4 chinh, nhung lai khéng kich thudc & vét mua da
thur hai.

" Thol glan
m 10:30Z
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Hinh 2. San phdm quan tréc tir radar Pha Din cho a) D6 phan hoi v6 tuyén tong hop 35 (mau nhat)
va 50 (mau dam) dBZ tai cac thoi diém 17h30 (xanh), 18h30 (vang) va 19h30 (d6) ngay 21/03/2025,
b) MESH_radar cuc dai theo ba ngudng kich thude tir 07h00 ngay 21/03
dén 07h00 ngay 22/03/2021.

Hinh 3 thé hién c4c bién du béo clia md hinh
duéi dang phan ngudng cuong do mua da. Nhin
chung, kha ning dy bio mua da cua bién HC
tuong ddi kém & ca hai so dd vi vat 1y, trong khi
MESH_ WRF c6 xu thé dy bao khéng dién xay
ra mua da. Dau tién, MESH WRF du bao mua
da trai rong trén cac tinh Dién Bién, Lai Chau va
mot phan tinh Lao Cai (Hinh 3a, d). Cac vét mua
d4 c6 quy dao chu yéu theo huéng tdy nam -
dong bic va tir tiy sang dong, kha tuong dong

voi vi tri hai vét mua da chinh dugc phat hién
bang radar (Hinh 2b). Trong hai so d6 vi vat 1y,
MY?2 cho cac vét mua da hep hon so voi MOR.
MESH_WRF_MOR dy bao khong dién muwa da
16n nhiéu hon so vo6i MY2 ciing nhu
MESH _radar v&i nhiéu vét ¢ phia tiy nam va tay
bac mién tinh. MESH_WRF du bao khdng nhiéu
khi nhan dién ca cac 6 dong yéu 1a cac ving xay
ra mua da.
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Xem xét du bao ctia Thuat toan Thompson,
Dmax c6 kha nang dy bao dién xdy ra mua da
nhung chua thé duy bido dién mua da 16n
(Hinh 3b, ). Dmax MY2 du bdo mua da trén
dién tuong ddi rong, cac vét mua da ngén Xuat
hién chi yéu theo phuong dong - tay. Ddi véi
MOR, Dmax khong c6 kha nang du bao khi chi
xudt hién mot s6 ving c6 mua da (Hinh 3e).
Pang chu y, Dmax cho mua da trén khu vuc day
Hoang Lién Son ¢ ca hai so d0. Lép dudi cing
cua mo6 hinh ¢ khu vuc Hoang Lién Son c6 do
cao twong d6i 16n dan t6i kich thude hat ¢ sat bé
mit 16n, co thé 14 nguyén nhan gay ra diém dic

Lar __f'.-,. Tnm‘my $L~ : hy e o Jmn Cva’F—L N % i) »'V],nul_\.\..—\_v
;e o - -
225N ‘@“ ’ ﬂ...f — {‘ 225N ,'Q l' S ia - -l 228N 1-A .y 2 J
N gl Umu .&% N Lai Chaul % o Lai Chau ¢ {%
’

(N : %>
»-‘D-,-f ) A e P ( 3
22 N ~¢: - o TS P W
- s y ~ | .

(8 NN
LS -Q@'v"-' N '
e § S d N { 3 A \j=
P \ /7 3 /|
85 4 A

biét nay. Pay 1a mot diém yéu cta Thuat toan
Thompson khi thyc hién dg bdo mua d4 trén khu
vuc dia hinh phtc tap.

San pham tir mé hinh Hailcast khong c6 kha
ning dyu bdo mua d4 & ca hai so d6 MP. HC xuat
hién roi rac theo mot s6 vét huéng dong - tay trén
tinh Lai Chau (Hinh 3c, f). M6 hinh Hailcast st
dung diéu kién van téc thang dung 16n hon
10 m/s trong t6i thiéu 15 phat lam diéu kién kich
hoat va duy tri sy phét trién ctia mua d4 [9], trong
khi hau hét cic 6 dong trong nghién ctru chua
thoa mén diéu kién nay.

¢ . B _
g B N ST [ yiF & RN ) = E
A e - | el | A bl i OV | 17 L wa B
Lao ,& ﬁ" T - Lio | N0 J}j_ Lao | S s
- - - 21.5* 4 ot 5 A 1 o) .
15N - "‘_%‘e 2 o8 15'% 7 675“ T 215N 5?._"‘, E IT
\ a | & 2 Rl ~ il . = A
o oi’{_ : Son La o o I| Sonla Son La b |
g SRS [ 3
N ON LY 2 oY it sl ] - * B "N 4 o
— - -~ | At | s— L \ D e B, - g e
2% '¥m \n MW ln P N » 129 b Dman M2 it o 25 km | HL W S y | —_— =
107 5°E i” f 1035 I04F 1025% 103°E 1035 104°E 025 WIE 1035 104°% BSa
.-ﬂ‘&. ‘;uu (o) o rueg Quie [ R/ f T Trung ok E ™
ﬁ s TN [ i, E
2250} A\ 3 Vo - 2 . {7 . i 3
:m‘ 225"}, | \ e }) W 2SN -y fre—=n *
. | ai Chau| %% . Lai Chiu % -
le %G w12 2 B2 g
i s 1y "i')f \ o, - A \ , ; =
Lk + 3T ;' =1 oy 7 g Z
: ]
o) LR <9 § =
12 : gl 1% R -
Lio 3 i/ o Lao 5 ‘ ~
157 L ._é. -t 739N A4 .;( —t |
o VR | J.‘n,
25| ; o~ 5 2 i
| SonlLa Som La
| »
1% 2N LT
25 um MISH Uyt R1r* ! 25 v w| - 25hm | HC MM | O

I"t 3 V ll\l ]CI e 3 1081 ”J.> T'Ti'l

|
i o8k | . | | N y ol |
103 5" 104a°r 102 5°T 1031 101 5"t 1047

Hinh 3. Céc san pham du bdo mua dé theo ba ngudng kich thudc tir 07h00 ngay 21/03 dén 07h00 ngay
22/03/2025 cua a) MESH_WRF_MY2, b) Dmax_MY2, ¢) HC_MY2, d) MESH_WRF_MOR, e) Dmax_MOR
va f) HC_MOR. Buodng oval mau xanh thé hién vi tri 6 dong cuong d6 16n nhat ctiia moi truong hop.

3.2. Piém ky ning khéng gian cia san pham dy
bdo mwa da

Panh gi4 kha ning du bao bang diém ky
nang FSS cho truong hgp nghién clru nay dugc
chi ra trong Hinh 4. Xem xét di¢n xdy ra mua da
(ngudng kich thude D >= 5 mm), tai s6 diém lan
cdn n = 0, MESH WRF c¢6 diém k¥ ning cao

nhit & ca hai so d6 MP, sau d6 t6i Dmax_MY2
(Hinh 4a). Dién tich quan tric mua da
MESH_radar chiém khoang 40% dién tich mién
tinh xem xét (Hinh 2b), dan t6i ky nang dy bao
diém ctia MESH_WRF va Dmax_MY?2 tét. Khi
ting ban kinh 1an can n, diém ky ning cua
Dmax MY?2 dat t6i nguong k¥ nang du bao Fo
nhanh nhit & n = 8, twong duong 12 km.
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MESH_WRF ciing dat ngudng k¥ nang soém &
n =12 vé6i MY2 va n = 20 voi MOR.
Dmax_MOR va HC ¢ ca hai so d6 déu c6 FSS
khong dat ngudng k¥ ning Fo & bat ky ban kinh
lan céan nao do dién dy bdo qué nhdé so véi di¢n
quan tric. O cac ban kinh l4n cén 16n hon,
Dmax_ MY2 van c¢6 diém k¥ nang FSS cao nhat
(dudng mau xanh duong), dat tiém can téi du
bao hoan hao.

D6i voi ki ning du bao dién muwa d4 16n, chi
c6 MESH WRF_MY2 cho du bao vuot ngudng

@) Mus da nkd 10> =5mm}

—— MFEA WRF Y7

k¥ ning Fo (Hinh 4b). Diéu nay chi ra kha ning
du bao dién 156i dong cua so d6 MY2 tét hon so
v6i MOR. Két qua nay twong dong véi nghién
ctru ctia Luo va cs (2017) [11], khi cac so dd vi
vat 1y phuc tap hon co thé du bao tot cac ving
mua d4 16n. Do dién quan tric muwa d4 16n twong
d6i hep, cac san pham du bao khong vé dién qua
nhiéu (nhu MESH_WRF_MOR), hodc hiu nhu
khong du bao dugc mua da 16n (Dmax, HC & ca
hai so d0) dan t6i diém ky ning thip ¢ nhiing chi
s6 nay (Hinh 4b).
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Hinh 4. Piém k¥ ning khong gian FSS 24 gio ciia ba bién du bio mua da cho hai ngudng
a) Xuét hién mua d4; b) Mua da 16n. FO 1 ngudng k¥ ning du béo.

3.3. Vai tro cua vi vdt Iy véi cdc san pham du
bao kich thuoc hat mua da

Dé giai thich anh huong ciia qua trinh vi vét
Iy toi két qua du bdo mua da, nghién ctu thuc
hién phan tich hai 6 dong 16n nhat tir dy bao cua
hai so d0 vi vat Iy. Cac 6 dong dugc chia 1am ba
giai doan: giai doan khai dau (INT), trong 30 phut
dau xuét hién gia tri MESH_WREF > 5 mm; Giai
doan truong thanh (MAT), kéo dai trong thoi
gian ghi nhan vét MESH_WRF > 25 mm va m6
hinh Hailcast dy bao xay ra mua da, thoi gian
khoang 60-80 phut ¢ ca hai truong hop; Giai
doan tan rd (DIS), xem xét 30 phut sau khi két thuc
vét mua da lon va Hailcast khong con du bao
mua da. Cac dac trung tinh toan trung binh trén

dién tich 5 diém tinh l4n can ving dong thing
cuc dai (6 x 6 km).

Céc pha ran ciia so d0 vi vat 1y ¢ tac dong
rat 1on t6i két qua du bao ctia m6 hinh, boi ban
than chung c6 mat do cao, thu thdp lugng hoi
nudce 10n ciing nhu giai phong an nhiét rat nhiéu
trong qua trinh hinh thanh va phét trién. Phan
tich tbc d phat trién ciia graupel/hail & ba giai
doan phat trién cta ving dong manh gy mua da
chi ra nhiéu dic trung khac nhau ciia hai so d6 vi
vat 1y. Pau tién, ti s6 xao tron cua pha graupel
(QG) va hail (QH) cua hai so d6 dugc thé hién
trén Hinh 5a. Trong giai doan khoi dau (duong
lién), QH rat nho, QG_ MY2 cuc dai nam & do
cao twong dbi thap so voi QG_MOR. O giai doan
truong thanh (duong dut dai), ti s6 xao tron cac
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pha rin déu ting manh & ca hai so dd vi vat Iy.
Cuc dai QG dat 6 d6 cao 9-10 km & hai so dd vi
vat 1. QH_MY?2 c6 ti s6 xdo tron nho hon va co
cuc dai o giira ting d6i luu tir 5-7 km. Téi giai
doan tan rd (duong cham), ca hai so d6 déu co
cuc dai ty hdn hop cac pha rén thap hon so voi
giai doan khoi dau va truong thanh do dong
giang 16n hon nhiéu.

Xem xét khuynh hudng bién doi cuia ti s6 x40
tron cac pha ran chi ra nhiéu thong tin c6 anh
huong dén két qua du bao mua da. Phan tich
Hinh 5b, & giai doan khoi dau (duong lién), cac
pha rin déu c6 khuynh hudéng twong déi nho,
trong d6 dang chi y nhat 1a khuynh hudng sinh
graupel cia MOR ¢ muc giira tang ddi luu
(dQG_MOR_INI > 0, duong lién xanh duong).
Trong giai doan truong thanh, so @ MY2 du bao
qua trinh sinh/tan cta ca hai pha déu cuc ky
manh mé (duong dut xanh duong va xanh 14).
QG_MY2 sinh nhiéu nhit & khoang 6 km, ving
sinh graupel 1én t6i 11 km va vung tan lon trong
16p tir 3-5 km. dQH_MY?2 ¢6 cuc dai xudng toi
sat mat dat, & do cao thap hon so v6i dQG MY2.
P6i véi MOR, dQG MOR trong giai doan
truong thanh thay doi khong dang ké so voi giai
doan khéi dau, goi y ngudn phat sinh 1am ting

QG_MOR ¢ giai doan MAT t61 tir thanh phan
binh luu ngoai trung tam 6 dong. O cudi vong
doi 6 dong (duong chim), khuynh hudng sinh
céc pha ran déu giam rd rét, trong khi lugng tan
khong giam nhiéu, tham chi ting 1én ddi véi
dQH _MY?2, lam giam nhanh QH so voi giai
doan truong thanh. dQG_MOR c6 chung xu thé
v6i dQG_MY?2 véi tc do sinh giam dang ké.

Viéc giai thém pha hail cia so d6 MY2 dan
t6i khoi lugng pha ran ting 1én rd rét, tuy nhién
san pham MESH_WRF_MY?2 lai cho dién du
bédo nho hon & cd hai ngudng dy bdo so voi
MESH_WRF_MOR (Hinh 3a, c). MESH_WRF
tinh toan tir 6 phan hdi vo tuyén, trong khi sb
pha va phuong phap udc luong do phan hoi tir
thdng tin cac pha la khac nhau giira cac so db vi
vatly. QH_MY?2 nh6 hon trong d6i nhiéu so véi
QG _MY2, do d6 d phan hdi vo tuyén mé phong
cuc dai cia MY2 khong rong, dan t6i
MESH WRF MY?2 du bao di¢n xay ra mua da
16n twong ddi hep (mién mau d6, Hinh 3a). O so
dd MOR, graupel 14 pha c6 mat do 16n nhit, dong
vai tro 1a thanh phan chinh cua do phan hdi vo
tuyén, dan téi dién dy bao cua
MESH_WRF MOR rong hon & cd hai ngudng
du b4do mua da (Hinh 3d).
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Hinh 5. Profile thang dimg cua a) Ti s6 x4o tron pha graupel (QG) va hail (QH), b) Khuynh huéng thay doi
ti s x40 tron cua pha graupel (dQG) va hail (dQH) cho giai doan khai dau (INT, duong lién), giai doan
truong thanh (MAT, dudng dit dai) va giai doan tan ra (DIS, dudng cham).
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Tt dit liéu thu duogc cua cac so dd vi vat 1y,
v6i qx 14 ti s6 x4o tron pha X, p, 1a mat do cua
pha tuong tng, Ny 1a nong dé hat (hay s6 hat trén
mét don vi khéi luong khong khi), kich thude hat
trung binh Diean cia mét pha X duoc tinh boi [10]:

6q, \1/3
Dmean,x = (an;;x) (m)

— DG_MY2_INIT
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— DG _MOR WNIT
DG MY2 MATR
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Hinh 6. Tuong tu Hinh 5a cho kich thudc
hat trung binh Diean’

Phan tich kich thudc hat trung binh cua cac
pha rin theo do cao chi ra nguyén nhan khac biét
giita cac két qua dy bao ciia Dmax. Trén Hinh 6,
c4c pha rén c6 Dmean 10n nhit & khoang 4 km,
th:?ip hon so v&i dd cao ti sé x40 tron cuc dai
(khoang 6 - 7 km trong giai doan khai dau va giai
doan tan 3, ¢6 thé 1én téi 9 - 10 km & giai doan
cuc dai, Hinh 5a). Diean chi ra nong d6 hat Ng va
Nu ¢ muc thap 16n. Kich thude hat trung binh
tang 1én twong d6i 16 & giai doan truong thanh
(céc duong nét dit). DH_MY?2 16n & hiu hét cac
do cao lén toi khoang 12 km (dudng dit xanh
14). Nguoc lai voi ti s6 xdo tron, DG MY?2 lai
nho hon tuong ddi nhidu so véi DH MY2.
DH_MY?2 c6 kich thudc 16n & do cao thap hon
DG MY2, téi sat bé mat mic du luong tan do

chuyén pha rat 16n (Hinh 4b). Diéu nay giai thich
cho gid tri Dmax MY2 16n hon so vdi
Dmax_MOR (Hinh 3b, e).
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~ W MY2 MATR
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-« Wi_MOAR_MATR
Wi_MOR_DISP
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Hinh 7. Profile van tbc gio thing dimg
trung binh cia MY2 (duong xanh) va MOR
(dudng d6) cho ba giai doan INIT (dudng lién),
MATR (dudng dut dai) va DISP (dudng cham).

Phén tich van tdc gi6 thang dung cua hai so
dd vi vat Iy, nhin chung so d6 MY2 du bao
cuong d6 6 dong 16n hon twong dbi rd so voi
MOR (Hinh 7). O INI (duong lién), dong thing
phat trién ¢ nira dudi tang d6i luu, trong d6
W_MY2 cé cuc dai 6 3 km, con W_MOR ¢6 cuc
dai ¢ khoang 5 km. MY2 chua ghi nhan dong
giang & sat bé mat va W_MY?2 khong phat trién
theo chiéu cao, trong khi W_MOR c6 dong thing
& trén 16p bién va dong giang dudi 2 km, chi ra
kha ning khu vyc dong nay co thé 1a ving
chuyén tiép giita giai doan tan rd 6 dong cii va
khoi dau 6 dong moi. Trong giai doan MAT
(duong dut dai), W_MY2 c6 cuong d6 16n hon
han so voi W_MOR. W_MY?2 cuc dai & 5 km,
phat trién manh 1én toi 15 km. W_MOR phat
trién & d6 cao twong ddng, co cuc dai dong thing
cao hon W_MY?2 tai myc 7 km. Dudi sat bé mat,
ca hai profile déu c6 ving dong giang gan lién
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v6i qua trinh giang thuy manh. O dinh tang dbi
Iuwu cling ghi nhan dong gidng yéu, khoang 16 km
do véi sy tan 1, roi xuéng ctia cac pha rin bi
dong thiang cudn 1én. Dén giai doan DIS (duong
cham), cuong d6 dong thing cua ca hai so do
giam nhanh. W_MOR chi con dong thang téi 8
km, trong khi dong giang ¢ du6i 2 km tang tuong
dbi 5. Poi v6i MY2, & nira trén ting ddi luu
thinh hanh dong giang, trong khi sat mat dat
dong giang khong qua 16n, cho thay 6 dong dang
tan rd, trén cao t6n tai nhiéu san pham ngung két
roi xubng giy dong gidng yéu.

Mac du MY2 du bao dong thang 16n hon
MOR, HC MY?2 dy bao dién mua da 16n kém
hon HC_MOR (Hinh 3b, e). Xem x¢t phuong
phép tlep can cua mo hinh Hailcast, cac thanh
phan rin (graupel, hail) it anh huong toi ket qua
du bao boi cac pha 1ong dong vai trd chu yéu ddi
v6i quéa trinh phat trién hat mua da [9]. Tuy
nhién, véi diéu kién dong thing duy tri lién tuc
t6i thiéu 15 phit, MY2 cho 6 dong c¢6 qua trinh
phat trién va tan rd nhanh chong, kh6 thoa man
diéu kién ctia md hinh Hailcast. Nguoc lai, MOR
du bao dong thang duy tri trong thoi gian dai
hon, dan téi HC_MOR c6 kha ning dyu bio mua
da ca o hai ngudng, du dién du bao con chua tbt
(Hinh 3c, f).

4. Két luan

Nghién ctu nay hudng téi thir nghiém du
bao mua d4 trén khu vyc Tay Bic Viét Nam bang
ba bién du bao kich thudce hat, tir san phérn cua
md hinh WRF véi hai so d6 vi vét 1y Milbrandt-
Yau va Morrison. Ca hai so d6 déu c6 kha ning
dy bao duoc thoi diém va cuong do xay ra dot
mua da 16n nhét, trong 6 MESH_ WRF_MY2
cho du bao twong dong nhit voi san pham quan
tric MESH_ radar. V& diém k¥ ning dy bao mua
da, san pham Dmax_MY?2 c6 diém k¥ ning tot
nhét khi danh gia vé dién xuét hién mua da, trong
khi MESH_WRF_MY?2 1a chi s6 duy nhat dat
ngudng k¥ nang cho du bao mua da 16n.

Phéan tich mot s yéu t6 nhiam giai thich
nguyén nhan, so sanh dic trung cua hai so d6 vi
vat 1y, két qua chi ra rang MY2 giai nhiéu pha

ctia nude hon, cung cip nhiéu théng tin hon so
v6i so 6 MOR. MY?2 dy bao 6 déng c6 dong
thing manh, QH_MY?2 c¢6 cuc dai & dudi thap va
QG_MY?2 cuc dai ¢ d6 cao lon hon, cung voi tde
d6 chuyén pha 16n cung cap ngudn nhiét dong
luc cho vung dong. Kich thudc hat trung binh
DH_MY?2 16n & cac 16p sat bé mit dan tdi san
phim Dmax_MY?2 dy bao 6t trong trudng hop
nay. O MOR, mic du dong thing yéu hon nhung
ca QG_MOR va DG_MOR c6 cuc dai ¢ cao hon
dang ké so véi so 6 MY2. Nhiing nguyén nhan
nay khién cic san pham MESH_WRF du bao
khéng vé dién, dic biét 1a MESH WRF MOR.
Do phuong phap xay dung cac so d6 vi vat
ly twong dbi khac nhau, nén rat kho dé danh gia
chit lugng ciing nhu khuyén céo st dung cac so
d6 vi vat Iy cu thé dé du bao mua da trén nhiing
vung khac nhau. Méac du vy, nhiing thong tin
phan tich noi trén rat dang gia trong dy bao hién
mua d4 bang mo hinh s§ ¢ Viét Nam. Ngoai ra,
nghién cu ciing cung cép tién dé vé nhimng
nguyén nhan, han ché trong cach thirc hoat dong
ctia hai so d6 vi vat Iy va tac dong cua chung t6i
cac san pham dyu bao mua d4. Trong twong lai,
nén tiép tuc ¢6 nhiéu nghién ctru hon nira, dac
biét v& cac qua trinh vi vat 1y béi tinh chit phic
tap clia moi truong xay ra mua da ¢ Viét Nam.

Loi cam on

Nghién ctru nay duoc thyc hién tai Khoa Khi
tuong Thiy van va Hai duong hoc, Truong Dai
hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Ha
Noi. Tac gia xin tran trong cam on Bo mon Khi
tuong va Bién doi Khi hau da hd tro tai nguyén
tinh toan va cac Phan bién da c6 nhitng gop y dé
hoan thién bai bao nay.
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