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LOI CAM DOAN

Téc gia xin cam doan day 1a cong trinh nghién ctu cua ban than tac gia. Céc két
qua nghién ctru va céc két luan trong Luan an nay 1a trung thuc, khong sao chép dudi
bat ky hinh thirc ndo tir bat ky mot ngudn nao. Viéc tham khao cac nguén tai liéu da
duoc trich dan day du va ghi ngudn theo dung quy dinh.

Tac gia Luan an

Trwong Ba Kién



LOI CAM ON

Truéc tién tac gia xin gui 10i cam on dén Trung tam nghién ctu Khi tuong -
Khi hau, Vién Khoa hoc Khi twong Thuay vin va Bién d6i khi hau - Bo Tai nguyén va
Moi trudng di tao moi diéu kién thuan loi cho tac gia trong qua trinh nghién ciu va
hoan thanh Luan an.

Véi 16ng kinh trong va biét on sau sic, tac gia xin gii 161 cam on dic biét toi
thay huéng dan khoa hoc 13 PGS.TS. Duong Hong Son va PGS.TS Ngo Buc Thanh
da tan tinh giup d& tac gia tir nhitng budc dau tién xay dung hudng nghién ctru, ciing
nhu trong suét qué trinh nghién ciu va hoan thién Luan an. Cac Thay hudng dan da
ludn ung ho, ddng vién va hd trg nhitng diéu kién tét nhat dé tac gia hoan thanh Luan
an.

Téc gia chan thanh cam on cac thay c6 gido caa Vien Khoa hoc Khi tugng Thuy
van va Bién d6i khi hau; cac chuyén gia, cac nha khoa hoc, cac déng nghiép va cac
co quan hitu quan di c¢6 nhitng gop y vé mat khoa hoc ciing nhu hd tro nguén tai ligu,
s6 liéu cho tac gia trong sudt qué trinh thuc hién Luan an.

Cudi cuing, tac gia xin gui 161 cam on t&i b, me va gia dinh da ludn & bén canh,
dong vién ca vé vat chat Ian tinh than, tao moi diéu kién tét nhat dé tac gia co thé
hoan thanh Luén an cta minh.

TAC GIA

Truong Ba Kién
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MO DAU

1. Pat van dé

Hién nay, bai toan du bao dinh lwong mura, dac biét I1a mua dinh luong han cuc
ngin bang mo hinh sé tri van 1a mot thach thic 16n ddi véi cac trung tam du béo
nghiép vu trén thé gisi ciing nhu & Viét Nam. O céc trung tAm du bao trén thé gidi,
du bao, canh bao mua 16n trong thoi doan ngén cho cac khu vuc nho da va dang duogc
tmg dung ddng hoa sb lidu voi da dang cic ngudn sb lidu quan tric cho cac mé hinh
sb tri do phan giai cao ma san phém 1a cac du bao tat dinh, du bao to hop, xéc Suét.
Mot trong nhitng cach tiép can dugc quan tim hién nay 1a dong hoa “cap nhat nhanh”
s6 liéu quan tric gdm ca sd liéu truyén thdng va phi truyén thong

Thanh phé H6 Chi Minh (TP.HCM) 14 khu vuc kinh té ning dong, phat trién rat
nhanh va manh véi toc d6 d6 thi hoa nhanh tuy nhién co s¢ ha tﬁng lai chua theo kip.
Trong nhiing nim vira qua, c6 nhiéu dot mua 16n dién hinh, trai mua xay ra trén khu
vuc TP.HCM gay thiét hai dang ké. Thong ké cho thay, cac su kién mua 16n trong
thoi gian ngan da xay ra véi tan suat va cuong do ngay mot 16n. Ngoai ra, cac nghién
ctru ciing cho thay dudi tac dong cua bién doi khi hau, tan suét, cuong do, su trai quy
ludt cia cac tran mua trai mua ciing thé hién xu huéng gia ting.

Hién nay, mang luéi ra-da thoi tiét & nude ta ngdy cang dugc hoan thién véi 10
tram ra-da duoc nang cip va bao phi trén pham vi ca nude. Tram ra-da Nha Bé 12
mot trong s6 cac tram duoc nang cAp gan ddy nham cung cip ngudn sb lidu voi cong
nghé déng hoa cdp nhat nhanh ting gid cho mé hinh s6 tri WRF du bao mua dinh
lugng han cuc ngén. Trén co s& khoa hoc va thyuc té nghién ctru, Ludn an “Vai tro
ciia dong hod cdp nhit nhanh sé ligu ra-da trong mé hinh WRF déi véi dw bdo
dinh lwong mura han cwe ngén cho khu viwe TP.HCM” dugc thuc hién voi muc dich
chinh 1a cai thién va nang cao do chinh xac két qua dy bdo mua dinh lugng han cuc
ngén cho khu vuc TP.HCM trén co s& d@)ng hoéa s licu sd liéu ra-da cap nhat nhanh

cho m6 hinh WRF.



2. Muc tiéu nghién ctru

1) Xac dinh duoc bo tham sé téi wu dong héa s licu ra-da cap nhat nhanh cho
md hinh WRF trén khu vuc TP.HCM (goi 1a HCM-RAP) trong viéc cai thién chat
lwgng du bao mwa dinh lwong han cuc ngéan (1-6h) cho khu vec TP.HCM.

2) Cai thién ki ning dy bao mua han cuc ngin va xac dinh duoc mire d6 dong
gop cu thé cua do phan hdi, toc o gié xuyén tdm trong viéc cai thién chat luong du
bao mua han du bao 1h, 3h, 6h va cac ngudng mua khac nhau cho khu vuc TP.HCM,
trén co s& dong hoa sb liéu ra-da cap nhat nhanh cho mé hinh WRF.

3. Cau hoéi nghién ciru
Luan &n tap trung vao giai dap cac cau hoi sau:

1) Pdng hoa sé lidu ra-da cap nhat nhanh cho mé hinh WRF s& anh huéng nhu
thé nao trong viéc du bao mua dinh lwong han cuc ngan (1-6h) cho khu vic nho?

2) T6 hop cau hinh vat ly ndo 1a t6i wu nhat cho mé hinh HCM-RAP trong viéc
cai thién chat luong dy bdo mua dinh lwong han cuc ngan (1-6h) cho khu vuc
TP.HCM?

3) Pong gop va vai tro cua do phan hoi va téc do gié xuyén tam khi dong hoa
cap nhat nhanh sé liéu ra-da ddi véi ki nang dy bao mua dinh luong han cuc ngan va
c4c ngudng mua khac nhau nhu thé ndo?

4) Pong hoa sé lieu ra-da cap nhanh cho mod hinh WRF ¢6 thé nang cao do chinh
X4C SO VGi ngoai suy ra-da du bao mwa dinh lwong han cuc ngan (1-6h) cho khu virc
TP.HCM?

4. Luan diém bio vé

1) Pong hoa s liéu ra-da cap nhanh cho mé hinh WRF s& cai thién kha nang
du b4o mua dinh lwong han cuc ngan 1h, 3h, 6h cho khu vuc TP.HCM so véi dur béo
hién tai.

2) Do phan hdi c6 vai trd anh huéng chi dao va dong gop chu yéu hon so voi
S0 Véi toe do gid xuyén tam ra-da trong viéc cai thién chat luong du bao mua tai cac
han du bao 1h, 3h, 6h va cac ngudng mua khac nhau trong d6ng hda cap nhat nhanh
cho mo hinh WRF.



5. P6i twong va pham vi nghién ciru

- Pbi twong nghién ctu: Phuong phap dong hoa sb liéu ra-da cap nhat nhanh
phuc vu dy bao mua han cuc ngén cho khu vuec TP.HCM.

- Pham vi thoi gian: Cac dot mua 16n trong 3 nam 2019, 2020 va 2021

+ Pham vi khong gian: Khu vuc TP.HCM
6. Phwong phap nghién ciru va ky thuat sir dung

Phuong phap sé tri: Dung mé hinh WRF-DA dong héa ra-da cap nhat nhanh duy
bao cac dot muwa dinh lwgng han cuc ngan dugc lva chon trong luan an cho khu vuc
TP.HCM va lan can.

Phuong phap thong ké: Ding dé thong ké cac dot mura; tinh todn, so sanh, danh
gid ki nang dy bao mua.

7. Pong gop méi cia Luin an

1) Luan 4n da tién hanh thir nghiém va xac dinh duoc bo tham sé hoa vat ly pho
hop cho hé théng HCM-RAP @ng dung trong du bao dinh luong mua han cuc ngan
(1-6h) cho khu vyc TP.HCM theo phuong phap ddng hda cap nhat nhanh ting gio
ra-da cho mé hinh WRF,

2) Luan an da phén tich, danh gia hiéu qua cua cac yéu té quan tric cua ra-da
trong d6ng hda cap nhat nhanh va xac dinh duoc dong hda dé phan hdi cé vai trd, anh
huong 16n nhat trong viéc cai thién ki nang dy bao mua dinh luong han cuc ngan.
Ngoai ra, dong hoé sé liéu ra-da cap nhat nhanh da cai thién chat luong du bao dinh
lugng mua han tir 4-6h so voi ngoai suy ra-da, bo khuyét khoang tréng, dong thoi,
cling Vi ngoai suy mua ra-da han 1-3h nham ning cao chét luong du bédo mua dinh
luong han cuc ngan cho khu vec TP.HCM.

8. Y nghia khoa hoc va thuc tién ciia Luén an
a) Y nghia khoa hoc

Két qua nghién ciru cua luan an da gép phan khiang dinh vai tro cua quan tric
ra-da trong dong hoa cap nhat nhanh cho mé hinh WRF va xéc dinh rang do phan hoi
cd vai tro, anh hudng lén nhat trong viéc cai thién ki nang du bao mua dinh luong

han cuc ngan. Ngoai ra, dong hod sé liéu ra-da cap nhat nhanh d cai thién chat luong



du bao dinh lrong mua han tir 4-6h so véi ngoai suy ra-da, bd khuyét khoang trong,
d6ng thoi, cling véi ngoai suy mua ra-da han 1-3h nham nang cao chat luong du bao
mua dinh lwong han cyc ngin cho khu vec TP.HCM.

b) ¥ nghia thuc tién

Trong diéu kién vé trang thiét bi, cdng nghé, sé liéu va dic biét 1a ning luc tinh
toan hién nay tai Trung tm Dy bao Khi twong Thuy vin Quéc gia va Dai Khi tuong
Thiy vian Nam B9 thi hé théng HCM-RAP ¢6 thé van hanh trong diéu kién nghiép
vy nham cung cap két qua phuc vu tham khao trong nghiép vu du bdo mua dinh luong
han cuc ngin cho khu vyc TP.HCM.

9. Cau triic ludn 4n

Ngoai phan mo dau va két luan, Luan &n gdom 4 chuong sau:

Chuong 1. Téng quan cac nghién cizu vé dong hod sé liéu ra-da cho md hinh sé
tri du b4o mua dinh lwong han cuc ngén cho khu vuc nho trén thé gisi va & Viét Nam,
dic biét vé dong hoé cap nhat nhanh sé liéu ra-da cho md hinh sb tri.

Chuong 2. Phurong phdp ludn va sé liéu nghién cizu. Trinh bay phuong phép va
s6 liéu str dung dé dong héa cap nhat nhanh liéu ra-da cho mé hinh WRF dy bao mua
dinh luong han cuc ngan tir 1-6h cho khu viec TP.HCM ddi véi cac dot mua 16n trong
3 nam 2029, 2020 va 2021.

Chuong 3. Nghién cizu la chon bé tham sé phi hop cho hé théng HCM-RAP
dir bdo muwra han cuc ngan khu viee TP.HCM. Trinh bay vé viéc thiét 1ap thir nghiém
da cau hinh vat 1y d6i véi hé théng HCM-RAP, danh gia lua chon duoc bo so do vat
ly du bao mua han cuc ngan dbi véi hé thong HCM-RAP theo cac han du béo.

Chuong 4. Vai trd cua dong héa so liéu ra-da trong dir b4o mua dinh hrong han
cuc ngan cho khu vec TP.HCM. Trinh bay vé két qua nghién ctu vai tro cua ra-da
trong dong hoa va thay rang do phan hoi c6 vai tro quyét dinh va anh huong nhiéu
nhét so vai toe d6 gid xuyén tam khi dong hoa cap nhat nhanh dbi véi dy béo han cuc
ngdn va cac ngudng mua khac nhau cho khu virc TP.HCMva dong hoa d6 phan hoi
két hop vai toc do gié xuyén tm cho md hinh WRF ¢ thé cai thién khoang 2 1an so

V6i v6i khong dong hoa. Thém vao do, trong 4h dau ngoai suy ra-da cé ki ning hon



dbi voi tat ca cac ngudng mua, tuy nhién han tir 4-6h thi HCM-RAP thé hién ki ning
vuot 18n so vai ngoai suy ra-da, dic biét ngudng mua 16n (2mm/h va 5mm/h). Cu thé

khung 16-gic cho Luan an nhu sau






CHUONG 1: TONG QUAN VE PONG HOA SO LIEU
TRONG DU BAO MUA PINH LUQNG HAN CUC NGAN

Ngay nay, cing v6i tién bo cia khoa hoc may tinh va su phat trién khong
ngurng cua cac mo hinh $6 tri, mo hinh sd trj da trd thanh tru cot chinh trong du bao
dinh lugng mua & tat ca cac Trung tim dy bao khi tugng thiy van (KTTV) trén thé
gidi bén canh cac phuong phap sy-ndp va thong ké. Phuong phap du bao sé tri duwgc
dic biét quan tam trong vai thap ky gan ddy, nho kha ning du bao dinh lugng mua
chi tiét theo khong gian va thoi gian. Tuy nhién, mac du cac hé thong mé hinh sé tri
d3 c6 nhimg budc tién vuot bac nhung van dé du bao mua caa md hinh s tri van
chtra dung nhiéu sai s6, va viéc tng dung truc tiép gia tri mua dinh luong du bao tir
md hinh s trén céc khu vuc nhiét d6i va gié mia con han ché [Kato, T. va H. Goda,
(2001)]. Pé cai tién chat lwong du bao dinh lwong mua ctia mé hinh s6 tri, cac nha
nghién ciru khi twong va cac co quan dy bao qubc gia di va dang tap trung vao ndm
huong chinh sau day: (1) Nghién ciru tang cuwong dé phan giai luai tinh cho mé hinh
dé c6 thé tinh toan truc tiép duoc cac qué trinh vat Iy quy mé nho (duéi vai km). Clng
Vi su phét trién cua khoa hoc tinh toan ciing nhu kha ning phat trién cac so do roi
bac cao, rat nhiéu cac nghién ciru da tng dung cac mé hinh s tri ¢6 phan giai cao dé
du bao dinh lugng mua; (2) Nghién citu cdi tién/ lwa chon cdc so do tham sé vat Iy
cho phi hop véi tinh chat, diéu kién nhiét dong luc caa khu vuc nghién cau; (3)
Nghién ciru iing dung so do dong hoa so liéu dé cap nhat cac ngudn sé liéu phi truyén
thdng, dic biét sb liéu radar, vé tinh, do mua ty dong nham cai tién chat luong trudng
ban dau. Cac phuong phap d6ng hda sé liéu quan trac két hop véi mé hinh c6 d6 phan
giai cao da phat trién nhanh trong thap ky qua; (4) Nghién citu ing dung cdc phwong
phap thong ké dé hiéu chinh sai sé hé thong cua mé hinh trén co s¢ Cac quan trac
thuc té trong qua khir. Cac mé hinh van con ton tai nhitng sai sé nhat dinh, van dé
quan trong la chling ta hiéu dwoc ban chét caa sai s6 va c6 thé hiéu chinh sai sé caa
mo hinh trude khi cung cap két qua cho ngudi sir dung; (5) Nghién citu ing dung du

béo t6 hop cac thanh phan mé hinh dé cung cap b sung cac san pham du bao xac



suit xay ra bén canh du béo tat dinh truyén thdng. Cung véi viéc nang cap, cai tién
chat luong dy bao theo cac hudng néu trén, & hau hét cac co quan dy bao nghiép vu
trén thé gisi san pham du bao cudi cuing cung cip hang ngay cho ngudi sir dung déu
dua trén két qua to hop caa nhiéu mé hinh thanh phan.

Dén nay ¢ hau hét cac co quan dy bao 16n trén thé gisi di nghién ctiru va tng
dung duoc 5 bai toan quan trong néu trén. Phuong phap du bao sé tri hién da va dang
duogc sir dung rong réi trong du bao dinh lwong mua tai nhiéu trung tam dy béo Ion
trén thé gigi va tro thanh cdng cu hd tro du béo dinh lwong mua khong thé thiéu cho
c4c du bao vién. Tuy nhién, do dic thu cia mo hinh s tri c6 tinh phu thudc ban dau
manh, cac ban tin du bao thdi tiét doi khi cho cac két qua hoan toan sai léch do diéu
kién ban dau khong chinh x4c. Chinh vi viy bén canh nhiing cai tién vé vat Iy mo
hinh, tang d0 phan giai,...thi viéc cai thién va cap nhat chinh xac hon cac thong tin
ban dau tir s liéu quan tric thong qua dong hoa s6 lidu 14 vo clng can thiét.

1.1 Tong quan cac nghién ctru trén thé giéi
a) Tham s6 vat Iy trong md hinh s6 tri

Nhu di néu ¢ trén, trong lich st phat trién du bao thoi tiét noi chung va du bao
mua noi riéng thi c6 3 phuong phap chinh duoc st dung dé du bao dinh luong mua,
gdm: i) Phuong phap thong ké; ii) Phuong phap Sy-nép; va iii) Phuong phép sb tri.
Trong d6 phuong phap du béo s tri duge dic biét quan tdm trong vai thap ky gan
day do c6 kha ning du bao dinh lugng mua chi tiét theo khong gian, thoi gian. Phuong
phap du béo sé tri thong qua viée giai gan dung hé phuong trinh Navie-Stoke da cho
phép mo rong khong nhitng vé han du bao ma con ting cuong chét luong du bao cac
hoan luu khi quyén va hién tugng, hé qua thoi tiét mot cach dinh luong & cac quy mo
khong gian khac nhau, tir cac mo hinh toan cau do phan giai ngang 15-50 km dén cac
mo hinh quy mo vira (<15 km) va dudi vira (<2 km) tuy thudc nang luc may tinh. Mo
hinh s6 tri str dung cac phuong phap tham s hoa nén cac so d6 tham sé hda da duoc
chd trong nghién ctu, phat trién nham giai quyét cac qua trinh vat ly c¢6 quy md nhé

hon d6 phan giai ludi tinh cia mé hinh s tri.



Hién nay cong ddéng khoa hoc da bb sung rat nhiéu lra chon cho mé hinh,
thay vi méot so do vat Iy cé dinh trong mé hinh, viéc da dang hoa cac tiy chon so do
vat ly s& cho phép danh gia dugc cac théng s6 phi hop tuy thudc vao ting khu vuc
ap dung. Mot trong nhitng mé hinh duoc cong ddng khoa hoc phét trién theo hudng
da dang tay chon trén 1a mé hinh WRF. Day 1a mét trong nhitng hé théng mé hinh
mé duoc hd trg mot cach day da nhat hién nay va mé hinh WRF dugc (ng dung mot
cach rong ri trong nghién ctu va nghiép vu. Hau hét cac so d6 vat Iy hién dai déu
duoc dura vao mo hinh WRF, cho phép cac nghién ctu thir nghiém mot cach dé dang
hon cho tirng khu vuc khac nhau trén thé gigi. So dd tham sb hoa ddi luu, vi vat ly
may va 16p bién hanh tinh 12 bo 3 so dd quan trong trong mé hinh WRF ngoai k§
thuat dong hda s liéu, dic biét 1a s6 liéu ra-da. Dudi day 1a phan mé ta vé mot sé so
d6 chinh:

So d6 tham so héa d6i hru: So do tham sb hda Kain-Fritsch (KF); Betts-
Miller-Janjic (BMJ); Grell-Freitas (GF); Grell-Devenyi (GD); New Tiedtke (NT);
Multi-scale Kain-Fritsch (MSKF); Kain-Fritsch sira d6i (MKF); Scale-aware Kain-
Fritsch (SAKF)...

So d6 KF 1a mot tham sé ddi luu o dién da duoc st dung thanh cong tir nhiing
nam 1990, 1a mot so d6 dbi luu nong dua trén mé hinh dong ra va dong vao cé thé
mo phong cac dong thing va gidng ctia cac dong khoi lugng (Kain 2004; Castro et al.
2005; Ma va Tan 2009; Pennelly va cong su 2014). Theo cac nghién ciu chi ra rang
hoa d6i luu Kain-Fritsch (KF) trong md hinh WRF 1a phit hop cho du bao lwong mua
(B. Chen et al. (2021); P. Kumar et al. (2020); N. Aryal et al. (2019); C. Lavado-
Casimiro et al. (2016); S. Zhang et al. (2013) [14, 19, 56, 57 59]. bac biét trong mo
hinh WRF hién nay thi so ¢6 KF c¢6 dén 3 bién thé khac nhau nhu so d6 sir dung kiéu
kich hoat d6i luu Fritsch—Chappell (KF1), kich hoat dua trén su van chuyén thing
dang cia d6 am (KF2) va qua trinh nhidu loan bd sung phu thudc vao d6 4m tuong
d6i lién quan dén co ché kich hoat dau tién (KF3). Cac nghién ciru hidu qua gitra viec
cap nhat di liéu 1 gio so véi 3 gio va 6 gio cho mé hinh du béo thoi tiét WRF voi

cac ché do nhap liéu khac nhau, cac nghién cau trén thé giéi ciing chi ra rang KF3
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vé6i ddng hoa cap nhat tirng gior mot 1a mot lwa chon tt déi véi viéc du bao mua, dic
biét 1a mua dinh lwong han cyc ngan(Liu, Y., Wang, P., & Li, Y. (2018):; Li, Y., Li,
Y., & Wang, P. (2019); Zhang, Y., & Zheng, W. (2021)) [51, 72, 80]

So db Betts-Miller-Janjic (BMJ) 1a so ¢ tham s6 ddi luu c6 thé diéu chinh sy
bit 6n dinh trong méi trudng bang cach tao ra sy doi lwu sau va di duoc sir dung rong
rdi trong cac mo hinh s6. BMJ xem xét ca cip do ddi luu nong va sau; tuy nhién,
khong c6 dong thang va giang cling nhu khong dong vao va ra cia ddm may. Theo
cac nghién ctu chi ra rang hoa ddi luu BMJ trong mé hinh WRF ciing 1a mét trong
cac so d6 phi hop cho du bao lwong mua, dic biét 1a mwa 1on (Alviola, P. A, et al.
(2014); Abdalla, S., et al. (2018); Parween, S., et al. (2020). Ali, M., etal. (2021) [11,
12, 13 58]. Céc nghién cau chi riang vé viéc cap nhat dix liéu 1 gio tét hon kha nhiéu
S0 V6i 3 gid va 6 gio cho mo hinh WRF ddi véi su gop mat cua Betts-Miller-Janjic

So d6 Grell-Devenji 1a mot so dd d6i luu tong hop va gan day da dugc st dung
trong mo hinh c6 d6 phan giai cao (Grell va Freitas 2014). So d6 nay sir dung cac
phuong trinh tham chiéu dé tinh toan cac thong sé khi tugng nhu toc do gio, do am
va nhiét d6 trong khi quyén, gitip mé hinh c6 thé mé phong cac hién tugng thoi tiét
khac nhau. So d6 Grell-Devenyi ¢ tinh linh hoat va dugc st dung rong réi trong viéc
du bao thoi tiét va khi hau trén toan cau. Theo cac nghién ctiu chi ra rang so do ddi
Iuu Grell-Devenji trong mé hinh WRF ciing 12 mot trong cac so d6 phi hop cho duy
bao luong mua, dac biét 1a mua 16n (Grell, G. A., & Devenyi, D. (2002); Huang, B.,
& Zhang, H. (2013); Jain, P., Mandal, M., & Ghosh, S. (2020) [35, 39, 41].
So @b vi vat ly (MP): So dd vi vat ly cia md hinh WRF bao gdém qua trinh hoi nudc,
mAay va mua duoc giai quyét rd rang, va bai bao nay st dung cac so do don gian dén
phuc tap. Cac so dd chinh nhu: Lin; WSM3; WSM5; WDM6; Morrison et al. (2005)
Milbrandt va Yau; New Thompson; Morrison-Gettleman (MG); GFDL; McFarquhar;
Eta...

So d6 Lin 1 so ¢6 mot tham sb chira nam 16p nude trong khi quyén va thich

hop cho m6 phong d6 phan giai cao (Lin et al. 1983, 2018).
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So d6 vi vat Iy may New Thompson 1a mét trong nhitng so d6 vi vat Iy may
duogc sir dung trong md hinh WRF md ta qua trinh tuwong tac giita may va khi quyén
trong viéc du bao mua. So d6 nay bao gém mot bd cac phuong trinh dic ta cac qua
trinh nhu ngung ty, dong bang, néng chay va bay hoi cua cac hat may, dugc tinh toan
dwa trén cac thong sb vé nhiét do, do 4m, ap suat va tdc do gio. Cac két qua cua so dd
vi vt Iy may New Thompson da duoc kiém chiing 1a phu hop véi dit liéu thuc nghiém
va thuong dugc st dung trong cac nghién ctru va ung dung du bao mua. Pac biét cac
nghién cau gan day ciling chi rang viéc cap nhat dit liéu 1 gio tot hon kha nhiéu so
V6i 3 gio va 6 gio, cu thé véi so do vi vat Iy New Thompson khéng chi cho viing
nhiét déi va viing ngoai nhiét déi cling nhu xody quy mo vira (b&o va ap thap nhiét
dé6i) (Zhang, Y., & Zheng, W. (2021); Chen, Y., & Zhang, Y. (2017))

So dd WSM6 dugc dya trén Lin et al. (1983) va Rutledge va Hobbs (1984),
vGi mot s6 diéu chinh vai 6 16p ma rong. Theo cac nghién cau chi ra rang WSM6
trong md hinh WRF ciing 12 mot trong cac so do pht hop cho du bao lwong mua, dic
biét 1a mua 16n

So do 16p bién: Yonsei University (YSU); Mellor-Yamada-Janjic (MYJ);
Asymmetric Convective Model version 2 (ACM2); University of Washington (UW);
Thermal Diffusion (TD)...So d6 PBL, so d6 YSU phan tan khong cuc bo dua trén so
d6 PBL dy b4o pham vi trung binh , tinh toan cac thong lwgng hoat dong & mot do
cao nhat dinh, can nhic hd so cia toan bd mién. Hai so d6 khuéch tan cuc bo va co
lap MYJ (Janji¢ 1994) duoc st dung ngudng TKE dé chan doan do cao cua PBL.

M6 hinh md phong va du bao thoi tiét nhu WRF ¢6 nhiéu tdy chon so @6 tham
s6 khéac nhau, méi mot so dod c¢6 cac wu nhuoc diém khéc nhau, tiy thudc tinh chat
nhiét dong luc & khu vuc nghién ctu. Do vay nghién ctu cau hinh mé hinh WRF
trong du bao mua dinh lwong han ngan can duoc thuc hién.

b) Pong héa sé liéu trong dur bao mua

Do dic thii ctia md hinh du béo thoi tiét bang phuong phap s6 tri 1a sir dung

cac phuong trinh va thudt toan dé tinh toan cac thong sb thoi tiét, nhu ap sudt khi

quyén, nhi¢t do, dd am va gio, dua trén cac thong tin dau vao, bao gom dir li¢u quan
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tric, dir liéu mo hinh va cac yéu t6 khac nén cac ban tin du bao thoi tiét doi khi co do
sai léch 16n do diéu kién ban dau khong chinh xéc. Muc dich cua dit liéu dong héa 1a
xac dinh chinh x4c nhit c6 thé trang thai cta khi quyén cho mét mé hinh dy béo bang
cach str dung tat ca thong tin c6 san két hop véi cac quan tric va dy bao han ngin
(nhung van thoa min cac rang budc vé dong luc) dé thu duge diéu kién ban dau cho
m6 hinh du béo thoi tiét (NWP). Theo Daley (1991) [28] van dé xac dinh diéu kién
ban dau cho mé hinh dy béo 1a rt can thiét, tuy nhién, day 1a mot qua trinh vo cing
phtc tap. Déng hoa dir li€u tao ra mot trudng ban dau déu dan, nhat quan, dai di¢n
bbn chiéu cia trang thai ctia bau khi quyén tir cac mang khong dong nhét cia sé lidu
quan trac. Theo Lorenc (1986) [53], dir liéu dong hoa ngoai cai thién trudng ban dau
con gitp ta hiéu biét vé cac 16i mé hinh, 18i dir liéu va phan b xac suat ciia chung.
Lich str cuia dong hda so liéu duoc bat dau tir nhitng nam 1950. Nhu Charney
va cong su (1950) [21] thuc hién ndi suy bang tay cic quan sat ¢6 san cho mot ludi
thong thuong va tinh toan diéu kién ban dau sau d6 tu sd hoa. Cong viéc nay tdn rat
nhiéu thoi gian va cong strc. Sau d6, mot phuong phap tu dong va thuan tién hon ra
doi cling bai tac gia nay goi la "phén tich khach quan". Cac phuong phap khach quan
sur dung phép noi suy don gian. Gilchrist va Cressman (1954) [37] da sur dung phuong
phap phan tich khach quan va dua ra mot chuong trinh ndi suy cho d6 cao dia thé vi
bang viéc v& cac vong tron quanh ting diém ludi, chi nhitng diém quan tric nam
trong vong tron (cta ting diém ludi) mai ¢6 anh huong dén gia tri ciia diém ludi do.
Nhuoc diém ctia phuong phap nay 1a néu dit liéu quéa thua va phan bd dir liéu theo
thoi gian khong dong déu sé khong di dé khoi tao diéu kién ban dau cho mé hinh.
Bergthorsson va Doos (1955) [18] di gidi thiéu phuong phap hiéu chinh lién tiép dé
khac phuc luong dir lidéu quan tric nghéo nan bang viéc bd sung thém cac thong tin
tir truong nén, trudng du bao han ngin hodc tir cac phan tich trude d6 cho trudng ban
dau. Phuong phap nay sau do ciing duoc phat trién boi Cressman (1959) [20]. Trai
qua nhiéu giai doan phat trién, nhin chung c6 ba loai chinh ciia ky thuat dong héa dir
liéu: phuong phap thuc nghiém (Gilchrist va Cressman, 1954) [37], phuong phap
bién phan dya trén 1y thuyét diéu khién t6i wu (Lions, 1968) [47] va phuong phap
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thong ké dwa trén Iy thuyét vé udc luong thong ké tdi wu (Bennett, 2002) [17] 4p dung
cho ca hai nganh khi twong va hai duong hoc. Budc ngoit ciia ddng hoa sb liu 1a &
cac phuong phap bién phan (3D-VAR, 4D-VAR) lan dau tién dugc gidi thiu trong
khi teong boi Lewis va cong su (1985), Talagrand va cong su (1987) [22]. Bai todn
bién phén tip trung vao viéc tim kiém trang thai khi quyén c6 kha ning xay ra cao
nhat Gmg v6i mot tip quan tric va mot trang thai nén cho trude bang cach tdi thiéu
hoa mot ham gia. Uu diém ctia phuong phap nay 13 ham gia duoc cuc tiéu hod trén
toan mién va cac quan tric duoc dan déu, tranh dugce tinh huéng “mat trau” tir mot
diém c6 gid tri qua 16n, tuy nhién nhuoc diém cua né 1a trudng nén khong bién doi
theo thoi gian trong khi thyc té thi nguoc lai, d6i véi mdi thoi diém va vai cac hinh
thé thoi tiét khac nhau lai can mét loai truong nén khac nhau. Dé khic phuc van dé
nay, cac phuong phap thong ké (bo loc Kalman) duoc gidi thiéu boi Ghil (1989) [34]
d4 ra doi, wu diém ctia nd 1a ma tran sai sd hiép bién cua trang thai nén dugc tich phan
theo thoi gian, tuy nhién do doi hoi khéi luong tinh toan rat 16n, sau d6 mot sb bién
thé ciia phuong phap nay da ra doi nhu: bo loc Kalman t6 hop EnKF, loc Kalman t6
hop bién d6i dia phuong LETKF.

Tom lai, dong hoa c6 mot lich sir kha dai va duoc phat trién gan day cliing véi
tién bod cua khoa hoc may tinh va m6 hinh sb va su phat trién manh mé cua cac ky
thuat dong hoéa s6 liéu. Cac phuong phap déng hoa cd dién néu trén nhu ndi suy toi
wu (“optimum interpolation”) hay hiéu chinh lién tiép (“successive correction
method”) dd duoc thay thé bang cac ky thuat hién dai véi cach tiép can bién phan
(“variational method”). Nhu phuong phap dong hoa bién phan 3 chiéu (“three-
dimensional variational method” - 3D-Var), 4 chiéu (4D-Var) va cac bién thé loc
Kalman t6 hop (“Ensemble Kalman Filter” - EnKF) Vi mic d6 phat trién cao, cac
phuong phap ddng héa sé liéu doi hoi nhiéu bude tinh toan ciling nhu qua trinh xtr Iy
s6 liéu nhiéu bude (Skamarock, W. C, (2008)) [60]. Cac phuong phap dong hoa dir
liéu 3DVar va 4DVar da lam ting chat luong du bao dya trén cac ngudn sé liéu méi
nhu ra-da, vé tinh. Bén canh d6, cac cach tiép can duwa trén phuong phap t6 hop

(EnKF) ciing ¢6 vu diém trong viéc cung cip cac ban tin du bao xac suat (Benjamin
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ccs., (2004) [16]. Cac hé thdng EnKF ciing dang dugc thir nghiém tai mot sb truong
dai hoc ctia Hoa Ky. Cac hé thong nay tai Hoa Ky dang cho thiy trién vong rat 16n
vé kha nang du bdo hién tuong thoi tiét nguy hiém so véi cac hé théng dir liéu hoat
dong dong hoa hién tai. So véi phuong phap 3D-Var, phuong phap 4D-Var xir 1y s6
liéu trén ca chiéu thoi gian gitip tredng phan tich khong nhitng tdi wu theo nghia thong
ké ma con phu hop vé mit dong luc. Tir d6, truong nén cé thé thay dbi theo thoi gian
va phu hop hon véi ting hinh thé thoi tiét. Hon thé nita, 4D-Var ¢ thé dong hoa
duoc nhiéu loai s6 liéu ma 3D-Var khong déng hoa dugc (vi du s6 liéu luong mua).
Tuy nhién, phuong phap 4DVar yéu cau khdi lugng tai nguyén tinh toan 16n, do so
liéu quan triac dugc cap nhat theo thoi gian, doi hoi phai stir dung mo hinh tiép tuyén
va lién hop dé tinh toan su phu hop cta cac trudng phan tich trén cira sé6 dong hoa.

DPong hoa s6 lidu d trai qua nhiéu giai doan phat trién, cic phuong phap va ki
thuat déng héa ludn duoc duge cai tién va c6 thé duoc téng quat lai nhu sau (Hinh
1.1):
% Phwong phdp dwa trén thong ké

Noi suy toi vu (OI - Optimal Interpolation); Loc Kalman (KF - Kalman
Filter);

Loc Kalman m¢ rong (EKF — Extension Kalman Filter), trong EKF ¢6 3 ki
thuat nho.
% Phwong phdp bién phén

Phuong phap hiéu chinh lién tiép (SCM - Successive Correction Method):;
Phuong phéap nudging; Bién phan ba chiéu (3DVAR — 3 Dimensional Variational
data assimilation); Bién phan bon chiéu (4DVAR — 4 Dimensional Variational data
assimilation)
% Phwong phap lai
T6 hop Loc Kalman (EnFK - Ensemble Kalman Filter); Loc Kalman dia phuong
(LETKF - Local ensemble transform Kalman filter); Nhu dong hoa t6 hop EDA;
4Dvar t6 hop; Hybrid 4DVar-EnKF; GSI

Hién nay c6 rat nhiéu phuong phap va ki thuat dong héa sé liéu khac nhau,
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trong Luén 4n nay sé trinh bay mot sb phuong phéap chinh duoc sir dung phd bién
hién nay trén thé giéi va tai nudc ta. Ciing nhu phuc vu tryc tiép nghién cta cua

Nghién ctru sinh vé déng hoa ra-da cho mé hinh WRF du bao mua han cyuc ngin.

Hinh 1. 1. So d6 tong qudt cac phwong phdp va ki thudt dong héa sé liéu cho mo
hinh sé hién nay (M. Asch, M. Bocquet and M. Nodet, 2017) [54]
c) Tong quan cac nghién ciru dong hoa ra-da du biao mwa han ngin trén thé
gidi

Du bao mua han cuc ngan 1a mot van dé da duoc cac nha khi tugng dé cap tur
cudi thap nién 70, cac nha khoa hoc da két hop giita cac san pham ra-da va vé tinh dé
du bao mua trong han du bao 6 gio. Mot s6 cac md hinh s6 tri dugc phét trién du béo
kha chinh xac cau tric ngang va thang dang cac hién tuong khi twong quy mé nho
dudi 12 gio. Dé cai thién truong ban dau cho md hinh s tri thi phuong phap dong
hoa s lidu di ra doi. Bong hda sb lieu 1a két hop mot cach tét nhat cac ngudn thong
tin, s6 liéu khac nhau, s6 liéu quan trac, sé liéu nén, mot thdng tin tién nghiém hoic
s6 lieu thong ké dé udc lugng, tinh toan trang thai cia mot hé théng, mot phuong
trinh mé hinh [30].
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Viéc dong hoa sé liéu nham cai thién chat lwong du bao mua 16n han ngin
khéng ngirng phat trién trong nhiéu nam qua. Viéc sir dung déng hoa sb lidu quan
tric, vé tinh, ra-da cho mé hinh sé gitp b6 sung théng tin cho cac trudng ban dau,
nang cao kha ning dy bao mua 16n dic biét 1a mua han ngan duoc nhiéu nudc trén
thé gigi ap dung. Cac phuong phap déng hoa dit liéu 3DVAR, 4DVAR di 1am ting
chat luong dy bdo dya trén cac ngudn sb liéu méi nhu ra-da, vé tinh,... Bén canh d6
c4c cach tiép can dua trén phuong phéap t6 hop nhu LETKF [27, 33, 36, 61, 79]. Tuy
nhién, viéc dong héa sd lidu ciing doi hoi su chinh x4c va tinh thong nhat trong viéc
thu thap va xtr 1y dit liéu, cling nhu viéc phat trién cac phuong phap dong hoa hiéu
qua.

Nhu d3 néu & trén, viéc dong hda sé liéu co thé cai thién du bao thoi tiét, cu thé
la du bao mura, dic biét mua 16n va mua 16n han cuc ngan. Vay bai toan dong hoa dat
ra cau hoi rang tan suat dong hoa céac dit lidu bao nhiéu 1a phu hop. Céc nghién cau
hiéu qua gitra viéc cap nhat dix liéu 1 gio, 3 gio va 6 gio cho m6 hinh WRF véi cac
ché do nhap liéu khéac nhau, tan suat khac nhau, dic biét 1a s6 liéu ra-da trong viéc du
bao mua, mua dinh lugng han cuc ngén cho théy ré“mg déng hoa cap nhat 1h tdt hon
hén so v&i tan suit 3 hodc 6h/1an [22, 26,43, 63, 80].

Hién nay quan tric ra-da co rat nhiéu thong tin va da duoc dong hoéa vao mo
hinh WRF véi cac yéu té nhu do phan hoi, gié xuyén tdm hodc ca hai nham ting
cudng kha nang du bao mua. Két qua thay rang dong hoa d6 phan hoi c6 vai trd quan
trong va dong gop 16n hon so v4i dong héa tdc d6 gié xuyén tdm trong dy bio mua
va dic biét mua dinh lwong han cuc ngan [64, 65, 76, 77].

Schwitalla va Wulfmeyer (2013) [71] d4 nghién ctru tac dong clia ddng hoa van
téc gio xuyén tim va do phan hodi tir mang luéi Ra-da cua Phap va Birc cho dy bao
lugng mua dinh luwong mua han cuc ngén. Nghién ctru st dung m6é hinh WRF do
phéan giai 3.6 km va chu trinh cap nhat nhanh WRF (RUC - Rapid Update Cycle) 3
tiéng mot. Két qua di cho thiy duoc tac dong tich cuc ddi véi du bao khi ap dung
ddng hoa thanh phan vén tdc gi6 xuyén tim & ché do cycling. Van tdc xuyén tam lam

giam sy dy bao khéng lugng mua 3 gioy so v6i thi nghiém khong co dit lidu ra-da.
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Hinh 1. 2. So' d6 md hinh VDAPS

Vé k¥ thuat déng hoéa s6 liéu cho m6 hinh dé dy bao mua 16m han cuc ngén, tién
bd nhat hién nay 1a hé thong dong héa 1am méi nhanh (The Rapid Refresh-RAP), do
cac nha khoa hoc Hoa Ky phat trién va di duoc dua vao tng dung trong nghiép vu
tai co quan dy bao qudc gia tir nim 2012. Theo danh gia gan day, hé thong HRRR
nay du béo thién cao & ving Pai Binh nguyén (Great Plains) va thién thap tai dong
nam Hoa Ky. K¥ ning du bao ctia hé théng HRRR ciing duoc cai thién theo cac nim
(James O. Pinto, 2015).

Tuong tu nhu Hoa Ky, Han Qudc ciing xay dung hé théng VDAS (Very short-
range Data Assimilation and Prediction System - Hinh 1.2), hé thong du bao cuc ngan
cap nhat lién tuc 1h mot trén co s& mo hinh s tri & UM phan giai rat cao (1.5km)
két hop dong hoa 3/4DVAR véi cac s6 liéu bé mit, tham khong, vé tinh, d6 phan hoi
va gi6 xuyén tim cua ra-da, cuong d6 mua, va tim nhin xa (mdy). Hé théng nay da
phuc vu cho du bao mua han cuc ngén cho thé van hoi mua hé 2016 tai Han Quéc

(Dong-Joon Kim, 2016)
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Hinh 1. 3. Hé thong cdp nhdt nhanh cia CWB
Cuc khi twong Pai Loan ciing dung mé hinh WRF d¢ phan giai cao (2km) két
hop déng héa s6 liéu do phan hoi va toc do gi6 xuyén tam tur ra-da, dugc cip nhat
lién tuc 1h mot hd trg dy bao han cuc ngan [74].
Hinh duéi day cho thiy cic co quan nghiép vu 16n trén thé giéi déu ap dung
viéc déng hoa cap nhat nhanh ting gio trong dy bao thoi tiét néi chung va du bao

mua noi riéng [31].
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Hinh 1. 4. Téng hep vé viée dong héa cdp nhdt nhanh ciia cdc co quan dw béo
nghiép vu trén thé gigi
Trén co s& tong quan & trén co thé thiy dong hda 1a mot trong nhitng ndi dung
duoc quan tam phat trién nhanh trong thoi gian gan day, gop phan cai thién ki ning
du bao thai tiét cho mé hinh s tri. Cang ngay, ki thuat dong hoa cang da dang, c6
nhitng budc nhay vot tir so khai nhu théng ké cho dén bién phan va té hop cac dic
tinh t6i wu nhét cho bai toan du bao thoi tiét. Co thé tong két kha ning du bao va do

chinh xac cua cac phuong phap du bao mua dinh lrgng nhu sau:

Hinh 1. 5. Khd nang duw bdo va do chinh Xac cua cdac phwong phdp dw bdo mwa dinh
lwong hién nay [Saito, 2018]

Gan day Espeholt, L., Agrawal, S., Senderby, C. et al (2022) [29] d4 nghién ctru
vé viée str dung hoc sau (deep learning) dé du bao mua trong 12 gio. Két qua cho
thiy phuong phap nay c6 thé cai thién dang ké do chinh xac ctia du bao so véi cac
phuong phéap truyén théng. Trong cac thir nghiém trén mé hinh dy bao thoi tiét cua
M§$ (NAM), phuong phap hoc sdu di cho két qua chinh xac hon 30% so v&i cac
phuong phap du béo tot nhat hién nay ciia co quan khi tugng Hoa Ky. Diéu nay cho
théy tiem nang lon cua hoc sau trong vi¢e cai thién du bao thoi tiét va mua. Hinh 1.5
cho thay chi s6 CSI ctia hé théng hoc may nay 1én dén 0.65 va gap doi so véi chi sd

CSI cia hé thbng HRRR/RAP V4 ciing nhu hé thong HREF voi CSI ciia HRRR va
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HREF tuong tmg hoang 0.3-0.32 han 1h va giam rat chdm déi voi han 3h va 6h (twong
tmg 0.25 va 0.21) d6i véi ngudng mua 2mm/h (48mm/ngay-mua to).

Hinh 1. 6. Chi sé ddnh gid CSI ciia hoc mday MetNet2, HRRR va HREF nguéng
2mm/h theo cac han tir 1 dén 12 cho Hoa Ky

TOm lai, trén thé giéi hién nay, tai cac co quan du béo nghiép vu va don vi
nghién ctu thi viéc dong hoa sé liéu, dic biét 1a ¢ong hoa sb liéu ra-da do phan giai
cao cap nhanh tirng gio cho méd hinh sé tri 1a phwong phép chinh, chi yéu va cho két
qua dy bao tét nhat hién nay d6i voi mua, mua 16n cho han cuc 16n bén canh két hop
véi ngoai suy ra-da-vé tinh. Viéc tng dung tri tué nhan tao cing hira hen cho nhiing
cai thién chat luong du béo néi chung va cai thién du bao mua tir cac hé théng mo
hinh s tri dong hda cap nhat nhanh.
1.2 Tong quan cac nghién ciru & Viét Nam

Kiéu Thi Xin ccs., (2005) [4] nghién ctiu cai tién truong ban dau tir mo hinh
toan cau GME (“Global-Models ") thong qua céac so dd dong hoa sé liéu bang phuong
phap bién phan mot chiéu, ba chiéu (1D-Var, 3D-Var) cho thay c6 sy cai thién dang
ké trong k¥ ning du bdo mot sé yéu té khi twong trong d6 c6 du bao dinh lvong mua
tir m6 hinh HRM. Tuy nhién, so d6 3D-Var mai chi sir dung duoc cac ngudn sé lidu
quan tric truyén théng ma chua st dung dwoc ngudn sé liéu quan tric phi truyén
thong va két qua dy bao ciing chua thuc su dap tng duoc yéu cau nghiép vu. Ciing
huéng nghién cau nay, Lé Duc (2007) [5] da st dung ngudn sé liéu vé tinh MTSAT

dé bd sung thém céc tham sat nhiét va am cho so dd 3D-Var nhiam nang cao chat
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lwong dau vao cho md hinh HRM véi bai toan du bao mua 16n cho khu vyc Nam B6.
Nghién cau cua Huynh Thi Hong Ngu va La Thi Cang (2008) [3] da gidi thiéu vé
4D-Var tuy nhién méi chi ding lai & nhiing bién luan vé kha ning ap dung 4D-Var
trong du bao thoi tiét bang cac md hinh sé tri va hudng phét trién trong tuwong lai cta
ky thuat nay ¢ Viét Nam.

Ddng hoa sé liéu ra-da, ¢ Viét Nam, mot s6 nghién ctru vé dong hoa sé liéu nhu
cua Tran Tan Tién va Nguyén Thi Thanh (2011) [9] d3 st dung WRF-DA dé thi
nghiém dong hoa sé liéu vé tinh MODIS bang phuong phap 3D-Var dé du bao mua
I6n & khu vuc Trung Bo. Tran Tan Tién ces., (2013) ciing da tng dung phuong phap
loc Kalman t6 hop vao dy bao cudng do béo 5 ngay. Céc két qua cho thay chét luong
cua du bao & cac han gan di tot hon so véi truong hop khong dong héa. Du Dirc Tién
ccs., (2013) [2] da gidi thigu cac van dé co ban lién quan dén viéc xir ly s6 liéu ra-da
Doppler dé dua vao dong hoa so liéu cho mé hinh WRF. Céc thuat toan xir Iy da dugc
ing dung cho s6 liéu ra-da Bong Ha, bao gdbm xu 1y nhidu dia hinh, xi Iy nhiéu diém
anh va 1am tron (“thinning”) dé tao s6 liéu mau (“super observation). Bui Minh Tang
ccs., (2014) cho thay viéc eng dung thanh cong cac mé hinh khu vuc WRF, NHM va
so d6 dong hoa sé lidu 3DVar trong thir nghiém du bao. Cac phuong phap UMOS va
loc Kalman d cai thién duoc chit lugng du bao mua 16n so vai du bao tir md hinh
WRF c6 d6 phan giai 15km. Vi két luan phuong phap UMOS 1a tt nhat tuy nhién
s6 truong hop thir nghiém con it (<10 truong hop) vi vay chua thé khang dinh tinh
chinh xac va ap dung vao thyc té. Ngo Bic Thanh (2014) [6] da xay dung dugc hé
théng WRF vai loc t6 hop dong hda Kalman (LETKF) thir nghiém wng dung huéng
nghiép vu va duoc danh gia trén cac han du béo 24h, 48h va 72h. Hé théng bao gom
21 thanh phan, du bdo véi qua trinh dong hod tirng 12 gio. Ngudn sé liéu dung dé
ddng hoé 1a bo sé liéu quan tric gi6 vé tinh. Du Buc Tién (2016) [1] da tiép ndi
nghién cttu caa Bui Minh Tang trong viéc dong hoa s liéu dia phuong tai Viét Nam
va s6 liéu ra-da Doppler Pong Ha. Ngoai ra dé tai da thar nghiém bo sung xir ly va
ddng hoa thém sé lidu gi6 huéng tdm tir céc quan trac ra-da Doppler (Pong Ha, Tam

Ky). Thir nghiém hé thdng dong héa dong luc giam du Nudging sé liéu ra-da cho hé
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thdng mé hinh COSMO. Két qua cho thay rang hé théng ddng hoa bién phan WRFDA
cho mé hinh WRF-ARW cho thay chwa c6 sy khéc biét thuc sy khi st dung s6 lidu
bé mit cua Viét Nam mac du sy thay di cua trudng ban dau co thé lan 18n cac myc
dén 500hPa trong mo hinh trong cac thang mua hé. Pdi vai so lieu ra-da, cac két qua
khao sét véi hé thbng COSMO sir dung sé liéu ra-da phia bic hoic md hinh WRF-
ARW dong hoa sé liéu Bong Ha cho thay du bdo mua cua mé hinh kha nhay véi su
thay doi do dong hoa ra-da mang lai va c6 thé anh hudng dén thoi han 48h du béo.
Céc thuat toan xir Iy da duoc tmg dung cho sé liéu Ra-da Doppler Pong Ha, bao gdm
xtr Iy nhidu dia hinh, x@r 1y nhidu diém anh (Hinh 1.6) va lam tron (thinning) tao s
liéu mau (super observation) dé dua vao dong hoa (Hinh 1.7).

Tran Hong Thai ces., (2016) [8] ciing ddng hoa s6 lidu ra-da nhung bang phuong
phap dong hoa giam du dai lvgng an nhiét cho md hinh COSMO. Két qua du bao thir
nghiém cho dot mua 16n lich sir tai Quang Ninh nam 2015 cho thiy tac dong rd rét
khi str dung sb liéu ra-da so vai chi st dung sé liéu bé mat don thuan. Tran Duy Thirc
ccs., (2018) [7] da thtr nghiém dong hda sé liéu ra-da Nha Bé vao mo hinh WRF cho
bai toan dy bao mua 16n ¢ khu vuc TP.HCM. Két qua danh gia chi ding lai & mot
truong hop thir nghiém trong thang 8 nam 2016 nhung ciing cho thdy wu diém cua

viéc str dung sb liéu ra-da trong bai toan ddng hoa.

T 2 % & = & & @

-

Hinh 1. 7. Minh hoa qua trinh logi bé nhiéu dia hinh va nhiéu bién tei Ra-da Péong
Ha
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Hinh 1. 8. 4nh minh hoa qué trinh xiz Iy tir diz lidu sau loc nhiéu dén cdc diém di
licu dwoc lua chon

Mai Van Khiém va cong su da thir nghiém @ng dung ra-da két hop md hinh s
tri trong du bao mwa han cuc ngan [10]. Trong nghién ciu nay gidi thiéu mot hé
thdng két hop (blending) dang duoc trién khai nghiép vu tai Trung tam Dy béo khi
tugng thuy van qudc gia gom: cac san pham ngoai suy 1-6h ddi v&i mua va hé thong
dbi luu dua trén quan trac ra-da thong qua hé thng du bdo cuc ngan SWIRLS cua
Co quan khi twong Hong Kéng (HKO) va hé thdng du béo s tri quy mé ddi luu dua
trén md hinh WRF-ARW cho cac du bao dén 12h tiép theo. San pham tir 1-6h dau du
béo tir mo6 hinh dwoc hiéu chinh dua trén uwdc lwong mua tir ra-da va cac du bdo cuc
ngan (ngoai suy) dua trén quan tric ra-da. Nhitng két qua thir nghiém bude dau cua
nghién cau cho thay kha ning ¢ng dung cao caa hé thong canh bao han ngan mua
dong nhu hinh 1.8

Hinh 1. 9. Két quda so sanh giiz mé hinh sé, ngogi suy ra-da va két hop tai thoi diem
du bao ngay 23/9/2021 véi cac hgn du bdo 1-6h.
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Vi Van Thang (2020) thuc hién Pé tai K08/16-20.14 “Nghién ctru xay dung h¢
théng nghiép vu dy bdo dinh lugng mua khu vyc Nam B va canh bao mua dinh
luong han cuc ng.‘fm cho TP.HCM” véi muc dinh chinh 1a xay dung duoc hé théng
mO hinh nghiép vu du bao mua cho khu vire Nam B§ va dac biét hé théng canh bao
mua dinh lwong han cuc ngén (trude 3-6 gio) cho TP.HCM. Tac gia da danh gia lya
chon duoc cdu hinh (mién tinh, luéi tinh, cac so dd tham sb hoa,..); xdy dung duoc
cong nghé dong hoa sd liéu truyén théng, phi truyén théng (3DVar; 4DVar; GSI) cho
mo hinh s6 tri d6 phén giai cao; hé thong du bao to hop dinh lugng mua 1-3 ngay cho
khu vuc Nam Bo.

Lugn an nay ké thira mgt phan sé liéu, phwong phdp tiv Dé tai K08/16-20.14,
tuy nhién Ludn dn di thwe hién cdc nghién civu dé tim ra cdc diém méi, déng méi
khéng triing lip véi két qua ciia Dé tai nhw: Tién hanh thir nghiém va xdc dinh
dwoc bé tham sé hod vat Iy phix hop cho hé thong HCM-RAP iing dung trong duw
bdo dinh lwong han cwc ngin (1-6h) cho khu vwe TP.HCM theo phwong phdp
dong héa cdp nhit nhanh tirng gio ra-da cho mé hinh WRF; Ludn dn ddnh gid
lwong mwa theo tirng gio (rainrate) dw bdo tiv 1h dén 6h ciia cdc yéu té quan tric
ciia ra-da trong dong héa cip nhdt nhanh va xdc dinh dwoc mirc dp dong gép cu
thé ciia d¢ phdn héi, téc d gié xuyén tim dén dé chinh xdc ciia dw bdo mura tai
cdc han dw bdo 1h, 3h, 6h va cdc nguwéng mwa khdc nhau. Két qua chi ra dé phén
hoi cé vai tro, anh hwéng I6n nhdt trong vigc cdi thién ki nang dw bdo muwa dinh
lwong han cwe ngin so véi khéng dong héa cho khu viee TP.HCM; Lugn dn ciing
chi ra dwoc vai tro ciia vige dong hod sé ligu ra-da cho mé hinh WRF trong viéc
néng cao chit lwong dw bdo dinh lwong mwa han cwe ngén trong khodng han tir
4-6h so vdi ngoai suy ra-da, bo khuyét cho khodng tréng trén va cung véi ngoai
suy mwa ra-da han 1-3h nham nding cao chit lwong dw bdo cinh bdo mwa l6n han
cwe ngin 1-6h

C6 thé néi, & nuéc ta cac ung dung déng hoda ndi chung va sé liéu ra-da noi
riéng du bio mua méi ¢ giai doan ban dau, chua dugc dua vao du bao nghiép vu

chinh thtrc nhu cac hé théng cap nhat nhanh trén thé gioi. Du bao mua 16n va dic biét
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12 mua 16n han cuc ngan chwa khai thac hét vai tro cua sé liéu ra-da trong bai toan
ddng hoa.
Tiéu két Chwong 1

Chuong 1 d3 phan tich, danh gid duoc cac cong trinh nghién ctu trén thé gidi
va ¢ Viét Nam lién quan dén ddng hoa sb liéu du bao mua dinh lugng, dic biét 1a
ddng hoa cap nhat nhanh du bao mwa dinh lwgng han ngan. Trong sé d6 dong hoéa ra-
da 12 mot nhanh dugc tng dung va sir dung nhiéu do mang luéi ra-da ngay cang nhiéu
va nhitng dic tinh uu viét cua so liéu ra-da trong viéc dong hda cai thién truong ban
dau cho mé hinh sé trong du bao thai tiét va dic biét trong du bao han cuc ngan véi
su két hop dong hoa, cap nhat nhanh d6 phan giai cao va ngoai suy ra-da. Hau nhu
tat ca cac co quan du bao trén thé gigi déu ung dung céc déng hoa sb liéu ra-da cho
md hinh sb cap nhat tir 30 phat dén 1h mot nham cai thién chat luong du bdo. Riéng
& nudc ta, cac ung dung dong hoéa néi chung va sb liéu ra-da trong dy bao mua maoi
& giai doan ban dau, chua dugc dua vao du béo nghiép vu chinh thirc, chua khai thac
hét vai trd cua so liéu ra-da trong bai toan dong hoa.

Do d6, nghién ctru nay duogc dat ra dé lya chon dugc bo tham s6 téi wu cho hé
théng dong hoa ra-da cap nhat nhanh cho mé hinh WRF va xac dinh vai tro cua do
phan hoi, tc do gid xuyén tdm tir d6 nang cao d6 chinh xac cua két qua du bao mua
dinh luong han cuc ngan (1-6h) cho khu vuc TP.HCM.
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CHUONG 2: PHUONG PHAP PONG HOA SO LIEU RA-PA DU BAO
MUA PINH LUQNG HAN CU'C NGAN VA SO LIEU SU DUNG

2.1 Hé thong mé hinh khu vue ap dung trong luin 4n
2.1.1. Giéi thig¢u vé md hinh WRF

Mo hinh nghién ctu va dy bao thoi tiét WRF (The Weather Research and
Forecast) dugc phat trién boi Trung tim hop tac khi quyén NCAR cua Hoa Ky. Day
13 mot trong nhitng mo hinh phd bién nhat trong cic mé hinh du bao thoi tiét thoi
diém hién tai. La mot ma nguén mo, tinh tuy bién cao, cho phép thuc hién cac mo
phong ¢ nhiéu d6 phan giai khiac nhau cho nén mé hinh WRF dang duoc sir dung
rong rii trong du bao thoi tiét nghiép vu cling nhu trong nghién ciru & nhiéu qudc gia
trén thé gidi1, cu thé: tai MV, m6 hinh WRF dang dugc chay nghiép vu tai NCEP (tu
nam 2004) va AFWA (tir thang 7/2006). M6 hinh nay cling dang dugc chay nghiép
vu tai KMA (2006), tai An Do, Pai Loan va Israel (tir naim 2007). Ngoai ra, mot so
nudc khac dang st dung WREF trong nghién ctru va du dinh st dung mé hinh nay
trong nghiép vu nhu Trung Quéc, New Zealand, Braxin,...trong d6 c6 Viét Nam.

M6 hinh WRF thuong xuyén duogc cap nhat cac phién ban mdi cling nhu stra
chita cac 15i xay ra trong qua trinh cai dit va chay mo hinh. Phién ban méi nhat cia
mo hinh WRF (phién ban 4.0) ra doi ngay 08 thang 06 nim 2018. C6 thé download
tai dia chi: http://www2.mmm.ucar.edu/wrf/users/downloads.html.

Ciu tric ciia md hinh WRF bao gdém cac phan co ban sau day:

Chuong trinh mé phong dit liéu ban d¢au (WRF Preprocessing System, WPS)

Chuong trinh dong hda sb lieu (WRF-Var); Chuong trinh chinh ctia WRF
(ARW solver); Cong cu do hoa xir Iy san pham caa mé hinh (Post-processing &
Visualization tools)

Hé théng mo6 hinh WRF cung cap nhiéu lya chon vat 1y c6 thé két hop dugc véi
nhau theo nhiéu cach. Cac so @ tham sé hoa vat 1y trong mé hinh WRF rat phong

phti, bao gdm: Céac qua trinh vat 1y vi md, tham s6 hoa dbi luu may tich, 16p bién
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hanh tinh, mé hinh bé mat, cac qua trinh dat - bé mat (m6 hinh dét), buc xa, khuéch

tan.

Hinh 2. 1. Cdu tric téng quan cza md hinh WRF

2.1.2. Pong hoa 3-DVAR trong md hinh WRF

Phuong phap dong hoa bién phan ba chiéu 3D-Var (three-dimensional
variational data assimilation) duoc nghién ciu g dung trong khuon khé luan an.
Céch tiép can chung cua bai toan “dong hda bién phdn ”1a tim mét truong phan tich
nao d6 c6 kha ning xay ra cao nhat, bang cach toi thiéu hod mot ham do do sai sb,
con goi la ham gia. Theo ly thuyét, truong phan tich ti wu dugc Ky hiéu 1a xa dé cuc
tiéu hoa ham gia (vo hudng), trong d6 ham gia dugc dinh nghia 1a khoang céch gitra
X va trudng nén xb, nghich dao cia tuong quan sai sb trudng nén, cong véi khoang
cach véi cac quan trac yo va trong s6 bai sy nghich d4o cua twong quan sai s6 quan
sat theo cong thuc:

2J(x)=(x—xb) TB~L(x—xb)+[yo ~H()] TR L[yo ~H(X)] (2.1)

Trong do:
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x la véc to trang thai phan tich,

X°1a véc to trudng nén,

B 1a ma tran tuong quan sai s6 nén,

y0 14 treong quan trac,

y 1a véc to chuyén d6i tir trang thai khong gian mé hinh dén khdng gian quan tric
Ham gia (2.1) theo céch tiép can Bayesian duoc gia dinh rang truong thuc 12

cac qué trinh ngau nhién duge xac dinh bai ham phan bé xac suat

1 0607 B (x)]

pB(X) :(27[) n/2 |B| 7€

Dinh Iy Bayes chi ra rang véi cac quan sat mai yo, su phan bé xac suit cua

(2.2)

truong thuc la:

P(x]y,) = P(Yo1X) Ps(X) (2.3)
P(Y,)

Cac uwdc tinh Bayesian cua trang thai thuc da tdi da hoa xac suat hau nghiém
(2.3). Mau sb trong phuong trinh (2.3) 1a sy phan bé cua céc quan tric “khi hdu hoc”
va khdng phu thudc vao trang thai thuc caa x. Do d6, x4c suat toi da ctia Xac suat hau
nghiém dat duoc khi tir s6 12 toi da va duoc tinh bang mot ham gia tdi thiéu (2.1).Cuc
tiéu cua J (x) trong (2.1) dat duoc khi x = xa, tuc Ia

P J(xa) =0 (2.4)

Mot trong nhiing cach giai 6 thé theo cach nhu sau: ta ¢6 thé mo rong vé thir
hai cia (2.1), su khac biét trong gia tri quan tric, gia dinh rang phan tich gan ding
Véi thuc va quan sat va su tuyén tinh hda H xung quanh gia tri nén:

yo—H(X)=yo—H[xb+(x—xb)]={yo—H(xb) } ~H(x~xb) (2.5)

Thay thé (2.5) vao (2.1) chling ta nhan duoc:

23 (x)=(x—xb)T B7L(x — xb)+ [{yo — H (xb)} — H(x — xb)]T R 1[{yo — H (xb)}
— H(x — xb)] (2.6)
M¢ rong cac phuong trinh va str dung cac quy tic dé chuyén cac ma tran, sau

dé ching ta nhan dugc:
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23 (x)=(x—xb)T B~ L(x — xb) + (x — xb) T HT R~1H(x — xb)
~{yo—H (xb)}T R1H(x - xb) - (x - xb)T HT R™1{yo — H (xb)}
+{yo — H (xb)}T R™1{yo —H(xb)} (2.7)
Ham gia 1a mot ham bac hai cua cac budce phan tich (x - Xb) va do do ching

ta c6 thé sir dung cong thirc cho ham bac hai F (x) = IxT Ax+dT x +c, trong do
A 12 mot ma tran d6i xtng, d 1a mot vector va ¢ vo hudng, gradient dugc cho bdi

PF (X) = AX + d. gradient ciia ham gia J d6i vé6i x (hodc d6i véi (x - xb)) la

PI(x)=B~L(x—xb)+H TR IH(x—xb)-HTR1{yo-H(xb)} (2.8)
Ta dit PJ (xa) = 0 dé dam bao rang J 1a téi thiéu, ta thu dugc mot phuong trinh
cho (xa — xb)
(B~ L+HTR1H)(xa—xb)=HTR1{yo—H(xb)} (2.9)
Hoac
xa=xb + (B~L +HT R7IH)"IHT R~1{yo — H(xb)} (2.10)
0 dang gia tang, la
oxa=(B~L+HT RIH)IHT R Lsyo (2.11)

Day la giai phap cua bai toan dong héa bién phan 3 chiéu (3D-Var), nhung trén
thue té do khéi lwong tinh toan rat 16n cho nén dé cuc tiéu hoa cho J (x) ngudi ta sir
dung cac phuong phap 1dp chang han nhu gradient lién hop hoidc cac phuong phap
quasi-Newton bao gom 4 budc chinh nhu trinh bay trong Hinh 2.2.

WRF-Var la mot hé thong dong hoa dit liéu bién phan dugc thiét ké va xay dung
cho m6 hinh WRF bao gdm céc thanh phan 3Dvar va 4Dvar. Hé thong ndy c6 nguon
gbc va phat trién tir mo hinh MMS5 (Barker va cs 2004) [32]. Nam 2005, Skamarock
va cs dd mo ta nhiing cai tién méi nhat cia ca mo hinh WRF va WRF-Var va dua ra
cac giai thich dé giup ngudi dung hiéu duoc thanh phan 3Dvar cua hé théng WRE-
Var [60].


https://journals.ametsoc.org/doi/full/10.1175/2009MWR2839.1
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Hinh 2. 2. So dé gidi lap ciia phong phdp bién phan ba chiéu
Mot hé thong dong héa 3DVAR dugc thiét ké nhw sau:

Hinh 2. 3. So do quy trinh dong hoa dir ligu WRFDA
S6 liéu dy bao ban dau xb: C6 hai kiéu tao truong nén cho qua trinh dong hoé
la kiéu khoi dong lanh (cold-start) va kiéu tuan hoan (cycling). Trong truong hop
khoi dong lanh, cac gia tri xb co duoc tir viéc ndi suy ludi caa mo hinh toan cau hay

tir ca&c mo hinh khu vic vé ludi cia mé hinh WRF thong qua chuong trinh WRF_Real
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trong mo hinh WRF. Con trong truong hop tuan hoan, tredng nén 1a truong du bao
han ngan tir md-dun ARW cua hé théng mé hinh WRF.

Céc sb liéu quan trac yo: ngudn sé liéu nay s& dugc cung cap véi dinh dang
ASCII nhu trong modun little r cia mé hinh MMS5 hoac dinh dang BUFR. S6 lieu &
day co thé 1a Ra-da, vé tinh. ..

Twong quan sai sé trwong nén (B): Trong cic hé théng bién phan, tuong
quan dugc tinh theo kiéu off-line va duoc tdi uu hoa. Viéc tinh toan hé sé tuong quan
ctia c4c sai s6 truong nén duoc thiét ké trong médul gen_be, modul nay sé& cap nhat
dir liéu tr md hinh toan cau hay mé hinh khu vuc sau d6 s& tinh toan dé tao ra cac hé
s6 twong quan thong ké cua sai s6 sir dung trong hé théng dong hoé sé lidu, trong luan
an nay, hé sd sai s6 truong nén duoc tinh theo phuong phap NMC, Skamarock va
ccs (2008) [60] di goi Y rang viéc tinh toan sai s6 nén trong phuong phap NMC nén
duoc thuc hién bang céach sir dung su khéc biét du béo 48h trir 24h cho cac méd hinh
toan cau, va 24h trir 12h cho cac md hinh khu vuc. Trudng nén thudng duoc tinh toan
trong mot khoang thoi gian kha dai (vi du: mot thang). Piéu nay 1am cho phuong
phap NMC pht hop véi thdng ké 13i du béo khi hau. Trong WRF-Var, ma tran hiép
phuong sai 18i nén cd thé dugc xem tinh boi biéu thic sau:

B =(x¥—x"")xM — T, (1}

Trong d6 x** vax'? la cac dy bao 24 va 12 gio, twong tng, hop & cung mot thoi

gian. Thanh ngang biéu thi muc trung binh theo thoi gian hodc khong gian. Hai dy
bao c6 thé duoc viét dudi dang “dung” va cac sai s ciia ching:
xP=xiruthy (2411924 ()
xL2=xtruthy (124112 (3)
O day, x™" 13 trang thai khi quyén thyc, €4 va &2 1a c&c 16i ngau nhién, b va b'2
1a d6 léch trong tirng dy bao. Gia sir khong c6 thién vi hozc thién vi 1 khong ddi theo

thoi gian, b = b2, thu duoc sy khac biét dyu bao:

Xdif‘f: X24_ X12= 824- 812 (4)

Ma tran hiép phuong sai BE duogc viét lai 1a:


https://journals.ametsoc.org/doi/full/10.1175/MWR-D-13-00285.1
https://journals.ametsoc.org/doi/full/10.1175/MWR-D-13-00285.1
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B = {E'H' — !]2]{114 _ E]_'] ]T
— (@) + @) - (@) - 2T
(3)
Loai truong nén CV3 c6 thé duogc lay tir NCEP, n6 dugc tao ra tir cac du bao

24h va 48h vai @6 phan giai T170 véi 357 truong hop va chay trong khoang thoi gian
mét nam. Vé mat ly thuyét, CV3 1a mét tép théng ké sai s6 nén chung c6 thé duoc sir
dung cho moi trudng hop. Khéng gidng nhu CV3, hai loai sai s6 truong nén CV5 va
CV7 (1a loai sai s6 truong nén méi xuat hién tir phién ban WRF 3.7) s& phu thudc vao
mién tinh ctia mo hinh theo d6 céc loai sai s trudng nén nay duoc tao ra bing phuong
phap NMC. B¢ tao ra 2 loai sai s6 trudng nén nay tac gia st dung hiéu cua céc dy
bao (T + 24 trix T + 12) ndi tiép nhau trong mot khoang thoi gian (t6i thiéu khoang 1
thang).

2.1.3. Pong hoa sé ligu quan tric ra-da cho md hinh WRF

Nhu di néu trén Chuong 1, muc dich ctia dong hda sé liéu 1a dé cai thién
truong ban dau cho md hinh s tri. Bong hoa sé liéu 1a két hop mot cach tét nhat cac
ngudn thong tin, sé lidu khac nhau, sé liéu quan trac, sé liéu nén, mot thong tin tién
nghiém hoic s liéu théng ké dé uéc luong, tinh todn trang thai cua mot hé théng,
mot phuong trinh mo hinh. Nhu da biét hién nay quan trac ra-da co rat nhiéu thong
tin, tuy nhién hién nay voi mo hinh WRF thong thuong chi dong hoa do phan hoi
hodc gié xuyén tdm hodc ca hai nham ting cuong kha ning du bao mua vi nhiing 1y
do chinh nhu sau:

Do phan hdi vo tuyén ra-da cung cap cac thong tin cu thé va do phan giai cao
vé vi tri ciia cac ddm may gdy mua. Gi6 xuyén tAm tir quan tric ra-da cho biét toc do
gi6 trong khi quyén ciing nhu sy di chuyén céc cac phan tir khi, may trong khong khi.
Mic du do phan hoi va gi6 xuyén tm khong phai 14 bién du vao hay bién co ban
trong mo hinh, tuy nhién thong qua phuong phap ddng héa, cu thé 1a 3-Dvar trong
WRE, thong qua c4c toan tir quan trac va ma tan sai s truong nén trén co s chuyén

do6i vat 1y dan dén tir hai yéu to trén s€ thoi cac bién di€u khién trong ma trén sai s
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treong nén va cudi cung 13 atc dong dén cac bién cua mé hinh. Két qua 1a dong hoa
d6 phan hoi hodc gié xuyén tim hodc ca hai thay doi va cai thién két qua dy béo thoi
tiét, cu thé kha niang du bdo mua. Tém tit cho qua trinh dong héa hai yéu t6 trén va

co s& khoa hoc cho viéc dong hoa hai yéu t6 trén trong WRF nhu sau:

Hinh 2. 4. So do dong héa ra-da trong WRF-3DVAR
Trong phuong phap bién phan 3dvar, ma trin sai sd truong nén gdm cac bién
diéu khién nhu nhu U, V, T, RHs, Ps trong CV7 va thay vi cac bién thir cép nhu Phi,
Khi, RHSs, Ps trong cac Cv con lai s€ thong qua phuong trinh Richardson tac dong

dén so do vat ly, sau do6 tac dong dén céc toan tir quan trac nhu dudi day:
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Két hop voi viée di cuc tiéu ham gid J thong qua ma tran lién hop dua cac thong
tin (cap nhat) tir quan tric ra-da cho céc bién diéu khién trong mé hinh.
2.1.4. Pong hoa cap nhat nhanh sé liéu

Bai toan dong héa cip nhat nhanh timg gid s6 liéu ra-da cho md hinh WRF 4
mot trong nhirng thtr nghiém ma thé gi61 dang thuc hién trong du bdo mua han cuc
ngan (dudi 6h).

Schwitalla va Wulfmeyer (2013) [71] d4 nghién ctru tic dong cia viéc dong hoa
cac van toc gid xuyén tim va do phan hoi tir mang luéi Ra-da ciia Phap va Bt cho
du bao lugng mua dinh lugng mua han cuc ngén. Ho str dung m6 hinh Nghién ctu
va Dy bao Thoi tiét (WRF) d6 phan giai 3.6 km va chu trinh cap nhat nhanh WRF
(RUC - Rapid Update Cycle) 3 tiéng mot (Hinh 2.5).

Hinh 2. 5. So do hé théng RUC si dung md hinh WRF
Trong Hinh 2.5, tai T + 00 m6 hinh dugc khai tao tir cac phan tich caa ECMWE.
Ttr phan tich nay, cac du béo tiép theo v6i chu ky 3 gio duge 4p dung bo loc nhim
loai bo tap &m va dir liéu khong tot. Chu trinh nay ap dung déng hda 3DVAR véi ctra
s0 dong héa 2h cho dir liéu quan tric thong thuong, hai thanh phan d6 phan hoéi va

gi6 xuyén tdm do thuong bi thay ddi nhanh chong nén cira s6 thoi gian bi han ché



35

khoang + 15 phut. Chu ky 3h nay chay lién tuc va lap di lap lai cho dén hét qua trinh

du bao.

Hinh 2. 6. Biéu d6 md td md hinh RAP

Viéc dong hoa ra-da dugc ing dung rat nhiéu & cac co quan khi tuong trén thé
gid1, tr Hoa Ky, Chau Au, Uc, Nhat Ban, Pai Loan, Héng Kong,... trong du bdo mua
16n han cuc ngan. C6 2 van dé duoc quan tam giai quyét 1a: Tang d6 phan giai ludi
tinh mé hinh (mot vai km) dé c6 thé nam bat dugc cac qua trinh hinh thanh may, mua
quy md nho; ap dung dong hoa dir liéu dé cap nhat, cai tién trudng ban dau.

Vé ky thuat déng hoéa s6 liéu cho m6 hinh dé du bao mua 16m han cuc ngén, tién
bd nhat hién nay 1a hé thong dong héa lam méi nhanh (The Rapid Refresh-RAP), do
cac nha khoa hoc Hoa Ky phat trién va di duoc dua vao Gng dung trong nghiép vu
tai co quan dy béo qudc gia tir nim 2012. RAP sir dung hé thong phan tich théng ké
ndi suy diém ludi GSI, v6i kha ning dong hoa dir lidu phan hoi ra-da theo ting gio
va dit liéu quan trac lién quan dén diéu kién bién, sy phit hop véi bé mit, may va qua
trinh gidng thiy, dir liéu GFS tir mé hinh toan cdu. RAP sir dung duy nhat mot hé
théng ddng hoa dir liéu 1a GSI, bén trong chu ky dong hoa 1-h. Hiéu qua cua chu ky
dong hoa dir liéu 1h 1a cung cap day da dy bao 1h ma khong co tap am, phu thudc
vao su két hop day du can bang da chiéu tir GSI va tmg dung dau loc s6 ban dau
(DFI). Trudng nén cua su dong hoa dit liéu RAP 1a du bao RAP 1h trude do, cling
v6i cac thanh phan khac ciia chu ky dong hoa RAP, dit lidu tir mé hinh toan cau GFS
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dugc cung cip 12h/1an dé cung cap song dai tét nhat, khi d6 mot chu ky tuong Gmg
RAP 1h bit dau lac 3h va 15h mdi ngay cing véi du bao GFS 3h. Sau chu ky dong
hoa, bé qua cho 6-h cudi cing, tai 9h va 21h UTC, dy béo 1h tir chu ky RAP thay thé
tir chu ky ban dau nhu truong nén cho dong hda RAP. Hinh 1 mo ta ta so do mé hinh
RAP. Thanh phan mau hat dé danh cho mé hinh RAP st dung WRF va DFL. Mau
nau (gidng nhu mot chiée hop nho) cho biét cac kiéu dit liéu quan tric [dd phan hoi
(reft), may (cld- khong mua) va quan tric mua ngung két (tir ra-da) va tit ca cic quan
trac khac] cho 3 thanh phan dong héa khac. Pong héa dit liéu GSI bao gom ca dong
hoa bién lai EnKF (mau xanh da troi nhat) sir dung t6 hop GFS 80 member (GFS
Ens-mau d6) dé dinh nghia t6 hop- cin clr vao tinh cong bién sai s6 nén va may va
thanh phan ngung két (bao gdm ca may va giang thiy) (mau xanh 14 cay).

Theo danh gia gan diy vé kha nang du bao hé thong ddi luu quy mé vira cia hé
théng HRRR (RAP trudc day). Hé thong HRRR nay du bao thién cao & ving Dai
Binh nguyén va thién thap tai dong nam Hoa Ky. K§ ning du bao cta hé théng HRRR
cai thién theo cac nam (James O. Pinto, 2015) [42].

2.2 Loc nhiéu cho s6 liéu quan tric ra-da
2.2.1. Gi6i thiéu vé Ra-da Nha Bé

Hién tai, Pai KTTV khu vuc Nam B¢ dang quan ly tram Ra-da thoi tiét Dopple,
duogc lap dat nim 2004, nang cap nam 2017 tai vi tri 249 Nguyén Vian Tao, ap 3, x4
Long Théi, huyén Nha Bé, TP.HCM, toa do: 10°39'31" vi d6 Bic va 106°43'42" kinh
do bong .

Mot s6 thdng sé ki thuat chinh:

Tan sb hoat dong: 5500-5700MHz (s6ng C)

Phat song don cuc

Cong suat dinh may phét: 250KW.

Do rong xung: 0.4us, 0.8 ps, 2.0 ps.

Do dai song tia quét: 5.36cm.

Do khuéch dai antenna; 45.7dB.

buong kinh parabol ctua antena: 4.25m.
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D0 rong canh séng antenna: < 1.0°.
Bén kinh quan trac: 30, 60, 120, 240, 480m.
Bén kinh quan tric gi6 Doppler: 30, 60, 120km.

Hinh 2. 7. Khu vuc tram Ra-da Nha Bé
2.2.2 Loc nhiéu cho so liéu quan tric ra-da

C6 nhiéu loai nhidu gay anh huong tdi chat lugng dit liéu ra da thoi tiét, thong
thudng gdm nhiing loai sau ddy: nhiu dia hinh, nhiéu séng bién, nhidu do séng vo
tuyén cta vét phat song, che khuét, nhidu do con tring, ...

Véi cac ngudn sai s duge minh hoa & Hinh 2.8 thi khong phai loai sai s6 nio
cling co thé loai bo mot cach triét dé duge. Nhiéu thuat toan da duge ap dung dé loc
céc loai nhiéu: nhidu dia hinh; nhiu séng bién; nhiu gy ra bai con tring, chim;
nhiéu lan truyén di thuong; van tdc 40; nhiéu song vo tuyén; nhiéu 16m dém, muc

tiéu phi khi tugng.
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Hinh 2. 8. Cac nguén sai sé Ciia ra da
S6 liéu ra da Nha Bé duoc chuyén doi sang dir li¢u dinh dang h5, roi tién hanh
ap dung thuat todn cta Vién khi tuong Phan Lan (FMI) va diéu chinh céc chi s6 loc
nhiéu cho tung loai ra da khac nhau (viéc nay dugc thuc hién sau khi thu thap mot
lugng dit liéu ra da vira da dé thong ké va diéu chinh cac tham s loc), cudi cung di
liéu duoc xuit ra dang file hdf5 tai Bai Khi tugng cao khong. S6 liéu ra-da str dung
trong Ludn an nay duoc loc nhiéu va kiém soat chat luong tai dai Khi tuong Cao

khéng. Vi du vé s liéu ra-da trude va sau khi loc nhiu (QC) nhu Hinh 2.9-2.11.

Hinh 2. 9. Sé liéu ra-da Nha Bé truéc (trai) va sau (phdi) khi loc nhiéu
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Hinh 2. 10. S¢ liéu ra-da Nha Bé truéc (trai) va sau (phdi) khi loc nhiéu

b)
Hinh 2. 11. Biéu thi qud trinh OC cho d3
phan héi Ra-da trong dé a) la d6 phan hoi
thé, b) la d@ phan héi da qua hiéu chinh
va ¢) la dé phdn héi b logi bé trong quéa

trinh hiéu chinh
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2.2.3 Xir ly sb liéu Ra-da phuc vu déng hoa

Nhu d3 trinh bay & trén, van dé xir ly dir liéu Ra-da trude khi dua vao dong
hoa 1a mot trong nhitng budc quan trong. N6 anh huéng truc tiép dén két qua cia mo
phong caa 3D-var tham chi néu ¢ qua nhiéu dit liéu kém c6 thé 1am hong cac phan
tich tir 3D-var. Céc qua trinh xir 1y sb liéu Ra-da ban dau twrong dbi phirc tap, Trong

luan an nay, tac gia thuc hién theo cac budc nhu sau:

Hinh 2. 12. Cdc buéc xir ly sé liéu Ra-da

Buéc 1. Chuyén déi dinh dang: Mot trong nhitng phuong thirc don gian nhat dé
chuyén dbi sé liéu dinh dang gbc cua hiang EEC sang dinh dang UF d6 1a st dung
chinh phan mém do hang cung cép.
Buéc 2. Kiém soat chat lweng (Quality control): S6 liéu ra-da st dung trong Luén
an nay duoc loc nhiéu va kiém soat chat luong tai Dai Khi tugng Cao khong
Buwéc 3: Ndi suy ppi vé cappi

Dit liéu Ra-da ban dau la san pham quét khéi (ppi - pham vi, goc phuong vi
va do cao). Pé cb thé lay duoc dir liéu ra-da tir nhiéu muc khac nhau (san pham
cappi), st dung phuong phap ndi suy Barnes, trong luan an nay, dir liéu ra-da duoc
noi suy thanh cac mang 512*512 diém ludi, do phan giai 1km véi 50 myc, mdi myc
cach nhau 250m va muc ban dau c6 do cao 40m (twong tmg d6 cao cua ra-da Nha
Bé), hinh 2.14 biéu thi qua trinh chuyén d6i tir san pham quét khdi PPI sang dinh
dang CAPPI tai nhiéu d6 cao khéc nhau.
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b)

c) d)

Hinh 2. 13. San pham a) PPI, b) Cmax , ¢) Hmax, d) Mdt cdt Cappi tai lat 10.3 cho
Ra-da Nha Bé thoi diém 12z ngay 24/10/2016
Buwdc 4: Tia thwa dir liu (thinning data)

Sau khi c6 dugc san pham noi suy s& dua vé do phan giai véi mo hinh (d6
phan giai cua dit liéu ra-da Nha Bé 1a 1km, cao hon kha nhiéu so véi do phan giai cua
mo hinh 10km véi mién 1 va 2km cho mién tinh 2). Hon nita, néu dix liéu ra-da qua
day ciing can phai tia thua chung, viéc tia thua nay giap cho thoi gian tinh todn nhanh
hon va lam giam sy tuong quan giita cac diém dir ligu. Dé dua s6 ligu vé ludi cia md
hinh phai sir dung chuong trinh Fortran, trugc hét lay thong tin vé lugi ciia mo hinh,

sau d6 ung véi mdi diém ludi theo phurong ngang va theo cac muc do cao, chuong
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trinh v& ra cac ban kinh va tinh toan gié tri tir cac diém gan nhét (cac diém bén trén,

bén dudi va bén canh).

Hinh 2. 14.. Minh hoa qué trinh chuyén déi diz liéu PPI sang CAPPI

a) b)
Hinh 2. 15. Téng hop gia tri 1on nhdt ciia dé phan héi Ra-da sau khi dwoc tia thua
& nhiéu myc cho mién tinh @ phan gidi 3km thoi diém 12z ngay 24/10/2016
Hinh 2.15a 1a d6 phan hoi vo tuyén cuc dai (twong dwong véi san pham
CMAX) trudc tia thua (& d6 phan giai 1km) va 2.15b 1a san pham sau tia thua & d6
phan giai 3km twong Gmg véi kich thude va diém ludi mién tinh 2 ctia mé hinh WRF.

Hinh 2.16 13 san pham tia thua cta timg mit cat & cac do cao khac nhau & cac muyc
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ban dau: 1km, 2km, 3km va 4km, & cac muc thép ban kinh dit liéu tuwong déi hep, 1én
cao ban kinh dir lidu rong hon, tuy nhién do ra-da quét theo hinh nén nén mot phan
dir liéu tai khu vuc quanh tdm ra-da bi khuyét. Thyc té ra-da quét cang nhiéu goc thi

d6 cao dit lidu cang 16n, co thé 1én toi 12-13km.

Hinh 2. 16. D¢ phan héi Ra-da sau khi dwoc tia thwa ¢ cac myec 1km, 2km, 3km va
4km cho mién tinh dg phan giai 3km thoi diém 12z ngay 24/10/2016
Budéc 5. Chuyén dinh dang vé WRFDA
Budc cudi cung 1a ding mot chuong trinh Fortran dinh dang lai theo mau
chuan cua WRFDA. Trong luan an nay c6 2 kiéu format cho 2 cach ddng hda khac
nhau: déng hda chi d6 phan hoi (Hinh 2.17) va déng hda ca d6 phan hoi va gi6 xuyén
tam (Hinh 2.18).
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Hinh 2. 17. Pong hoa chi dg phan hoi

Hinh 2. 18. Pong héa dé phan hoi, vdn toc gid xuyén tam
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2.3. Thiét ké h¢ thong ddng héa cip nhat nhanh ra-da du bao mwa han cuc
ngin cho TP.HCM

Trén co so tham khao hé théng RAP ctia Hoa Ky, hé thong dong héa cap nhat
nhanh 1h ctia Cuc khi tuong Dai Loan (CWB), luan an thiét ké hé thong dong hoa
cap nhat nhanh ra-da du bao mua han cuc ngén cho TP.HCM. Hinh 2.19 mé ta quy
trinh van hanh hé théng déng hoa va cap nhat nhanh dit liéu ra-da dy bao mua dinh
lwong han cuc ngin (0-6 h) cho TP.HCM (HCM-RAP). Trong hé thong nay, mé hinh
WRF v61 mo-dun d@)ng héa s lieu WRE-DA duoc su dung dé déng hoéa s6 liu ra-

da.

Hinh 2. 19. So @6 md ta quy trinh vdn hanh hé theng HCM-RAP cdp nhdt sé liéu
ra-da tung gio

Cu thé tai lac 00Z, hé thong s& cap nhat sb liu GFS két hop dong hoa sd liéu
ra-da, chay ban tin du bao dén 06Z. Tiép theo, & céac thoi diém tir 01Z dén 07Z, diéu
kién ban dau duogc cap nhat tr du bdo 1h trudc do s€ dugc d@)ng héa sb liéu ra-da
(khong cap nhat diéu kién ban dau tir GFS). Pén ban tin du bao lic 06Z, chu trinh
duoc lap lai nhu 00Z, khi diéu kién bién va diéu kién ban dau méi tir GFS c6 thé duoc
cap nhat. Nhu vay, vao cac mdc gid 00, 06, 12, 187, hé thong HCM-RAP s& cap nhat
diéu kién bién va diéu kién ban dau tir GFS, dong thdi dong hoa sb liéu ra-da. Con

lai, vao cac moc gio khéc, h¢ thong chi cap nhat so li¢u ra-da.
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Lo1 dong luc cuia HCM-RAP 1a mo6 hinh WRF phién ban V3.9.1. M6-dun WREF-
DA st dung phuong phap dong hoa bién phan ba chiéu (3D-Var). WRF dugc cdu hinh
v6i hai lué6i 16ng, twong tac hai chiéu, & d6 phan giai ngang twong Gng 1a 10 km va 2
km (Hinh 2.20). Mién 1 gém 60x47 diém luéi v6i toa d6 tam 13 10.4°N, 106.5°E,
mién 2 gdbm 91x76 diém luéi, v6i 52 muc thang ding. Mién 1 duoc thiét ké du rong
dé mo hinh c6 thé nim bit duoc cac qua trinh hoan luu quy mé 16n anh huéng dén

Nam B9, cidc mién con dugc thu hep pham vi bao tron khu vuc TP.HCM.

Hinh 2. 20. Hai mién tinh cia hé théng HCM-RAP
Hé thong HCM-RAP ddng hoa do phan hdi va toc do gié xuyén tim timg gid
v6i ctra 86 ddéng hoa 15 phut, st dung sb liéu CAPPI c6 do phan giai 1 km véi 50
muc, mdi muc cach nhau 250 m va muc ban dau c6 do cao 40 m
Theo cac nghién ctru chi ra rang voi mo hinh WRF-3DVAR thi ma tréan sai s6
truong nén CV7 la phu hop hon cac ma tran sai sb truong nén con lai nhu CV3, 4, 5,
6 vi CV7 str dung truc tiép céc bién so cép nhu U, V, T, RHs, Ps thay vi cac bién tht

cap nhu “Phi”, “Khi”...nén s€ c6 hiéu qua nhat trong du bao mua.
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Bang 2. 1. C4c bién diéu khién trong cac ma trdn sai sé trirong nén cia md hinh
WRF-3DVar

Trong Luan an nay ma tran sai s trudng nén CV7 duoc tao ra bang phuong

phap NMC théng qua sir dung hiéu cua cac du bao (T + 24 tri T + 12) ndi tiép nhau

trong mot khoang thoi gian khoang 1 thang thu nghiém.

2.4. S6 liéu sir dung trong luin 4n

2.4.1. S6 liéu quan tric mwa gio

S6 lidu quan tric tai 39 tram do mua bé mit va ty dong trén khu vuc TP.HCM

(cac tram thudc mién tinh thi 2 caa thi nghiém) dugc thu thap s dung dé thong keé,

phan tich va danh gia kha nang du bao cua cac mo hinh véi 15 dot mua lon trong giai

doan 2019-2021. Bang 2.2 va Hinh 2.21 cung cap thong tin vé cac tram trén khu vuc

TP.HCM phuc vu cho nghién ctru danh gia.

Bang 2. 2. Danh séch cac tram do mura bé mat va tw dong trén khu viec nghién cizu

TP.HCM

STT | Tén tram Kinh do | Vid¢ | STT | Tén tram Kinh do | Vido

1| Tuc Trung 107.21 | 11.09 | - - - -
2| DiAnl1 106.79 | 10.89 21 | Sé Sao 106.67 | 11.07
3 | Bén Cat 106.61 | 11.13 22 | TP. Bén Tre 106.37 | 10.24
4 | Go Cong Pong 106.68 | 10.37 23 | Giong Trom 106.52 | 10.15
5 | Bén Séi 106.03 | 11.31 | 24 | Théng Nhit 107.01 | 10.95
6 | Binh Chanh 106.57 | 10.69 25 | Can Puéc 106.60 | 10.50
7 | Xuyén Moc 107.41 [ 1054 | 26| TanTru 106.52 | 10.52
8 | Ba Ria 107.17 | 10.53 27 | Long Thanh 106.95 | 10.78
9 | Thuin An 106.70 | 10.91 28 | LE Minh Xuan 1| 106.54 | 10.78
10 | Tam Thon Hiép 1 | 106.86 | 10.60 29 | Pham Van Coi 106.52 | 11.04
11 | CAm My 107.24 |[10.78 | 30| Thanh Son 1 107.30 | 11.23
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STT | Tén tram Kinh d¢ | Vido | STT | Tén tram Kinh d¢ | Vi do
12 | Nha Bé 106.75 | 10.68 | 31 | Cho Gao 106.46 | 10.35
13 | La Nga 107.25 | 11.16 | 32 | Thi Pirc 106.76 | 10.84
14 | Sa Péc 105.77 | 10.30 | 33| Ca Chi 106.51 | 10.96
15 | Pirc Hoa 106.39 | 10.90 | 34 | NGi Ba 106.14 | 11.41
16 | Cat Lai 106.77 | 10.77 | 35| H6 Diu Tiéng 106.31 | 11.31
17 | M6 Cay 106.34 | 10.13| 36| CaiBe 106.03 | 10.34
18 | Tan Uyén 106.76 | 11.05| 37| Vinh Long 105.90 | 10.11
19 | Cén Gid 106.96 | 10.41| 38| AnPhi 106.51 | 11.11
20 | Hoc Mén 106.60 | 10.89 | 39 | Phi My 106.33 | 10.54

Hinh 2. 21. Bdn do vi tri cac tram do muwra bé mat va tw dong trén khu viec TP.HCM

phuc vu so sanh danh gia trong ludn an
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2.4.2 S6 liéu GFS

Céc trudng ban dau va diéu kién bién cho mé hinh WRF 14 sé liéu phan tich cua
md hinh GFS do NCEP (National Centers for Environmental Predictions) cung cap.
S6 lidu GFS ¢6 do phan giai ngang 0.5°x0.5° kinh vi va 0.25°x0.25°. Pay 1 s liu
bao gdm cac trudng khi twong téi thiéu nhu khi 4p mit bién, nhiét d6 bé mit nudc
bién, nhiét d6 khdng khi bé mat, d6 4m khong khi bé mit, thanh phan gi6 ngang ¢ do
cao 2 mét so voi bé mat, d6 cao dia thé vi, nhiét 46 khong khi, d6 am khong khi, thanh
phan gi6 ngang theo cac muc khi ap. Sé liéu GFS duoc luu trit theo dinh dang grib,

duoc cung cap mién phi tai dia chi: ftp://nomads.ncdc.noaa.gov/GFS/. Md hinh GFS

la md hinh két hop bén mé hinh riéng biét (md hinh khi quyén, mé hinh dai duong,
mo hinh dat va mé hinh bang bién), 1am viéc ddng thoi dé cung cap maot bic tranh
chinh xac vé diéu kién thoi tiét.
2.5. Phwong phap danh gia hiéu qua ciia viéc dong bd hoa sé liéu
Céc chi s6 danh gia két qua du bao va cac dang do thi phan tich duoc st dung
trong cac chuong tiép theo s& dugc trinh bay trong muc nay.
Céc diém s6 danh gia duoc dua vao:
Hits (H) = du bao cd khi quan tric c6
Misses (M) = du bao khdng khi quan trac c6
False alarms (F) = du bao c6 khi quan trac khéng
Chi so FBI (BS hay FBI — Bias score): danh gid ti s6 gii#a ving du b&o va ving
tham sat
FBI la ti I¢ giira s6 1an c6 xay ra hién tuong theo md hinh va theo quan tric. Gia
tri FBI bién di trong khoang (0, +c0).
H+F
H+M

FBI < 1: vung dy bao nhé hon vung tham sat

FBI =

FBI > 1: vung dy bao I6n hon ving tham sat

FBI = 1: vung du bao trung véi vung tham sat (gia tri Iy tuong).


ftp://nomads.ncdc.noaa.gov/GFS/
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FBI cang nho hon 1 mé hinh cho két qua cang du béo sét nhiéu, FBI cang I6n hon 1
md hinh cho két qua cang du bao khong nhiéu. Pai luong FBI chi cho biét mic do
phu hop gitta md hinh va quan tric vé tan s xuat hién nhung khéng phan anh do
chinh xac caa mé hinh.
X4&c xudat phat hi¢n (Probability of Detection — POD)
H
H+M

POD Ia x4c suat xuat hién hién tuong, duoc tinh bang ti sé gitra sb lan tring

POD =

khop gitta mé hinh va quan trac khi hién twong c6 xuat hién va tong sb lan xuat hién
hién twong trong thyc té. POD cho biét kha ning thanh cong cua mé hinh, o gia tri
trong khoang (0, 1), POD =1 la gid tri Iy twudng mo hinh dwgc xem la hoan hao. POD
cang gan 1 thi d6 chinh xéac cua mé hinh cang cao, POD chi nhay ddi véi nhitng hién
tugng khdng du bao dugc chir khdng nhay dbi véi phat hién sai.

Ty lé di bao sai (False Alarms Ratio — FAR)

F
H+F

FAR cho biét ty 16 mé phong / du bao khéng ciia mé hinh (mé hinh cho két qua

FAR =

c6 nhung thuc té hién tuong khong xay ra). Gia tri FAR bién d6i tir (0,1).

FAR = 0 khi F = 0 tac ty 1é khdng caa mé hinh bang 0. Gié tri FAR cang gan 0 thi
md hinh cang tét, FAR cang tiém can téi 1 (twong duong vai H tién gan téi 0) thi mo
hinh cang kém.

biém sé thanh cong (Critical Success Index — CSI hay Threat Score — TS)

_H
M+F+H

CSI (hay TS) phan anh méi quan hé giira s6 1an mé hinh cho két qua hién tuong

CSI=TS=

cd xuat hién va sé 1an quan tric duoc hién twong c6 xuat hién. N6 c6 thé duoc xem
nhu thude do do chinh xac cia moé hinh khi bo qua nhirng truong hop hién tuong
khong xuat hién. Pham vi bién thién cua CSI tir 0 dén 1. CSI = 0 nghia 1a mé hinh
khong c6 ky nang, CSI = 1 mo6 hinh 1a hoan hao.
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Gian do hiéu sudt (performance diagram)

Gian db hiéu suat (performance diagram) té hop 4 chi sb vé pha cling mét luc
nhu POD (truc tung), 1-FAR (truc hoanh), FBI/BS (dudng chéo nét dut) va chi sb
CSI/TS (phan duong cong duge d6 mau)

Biéu do6 phan bo tan suat (histogram) va Udc tinh mdz dé hat nhan (Kernel Density
Estimation)

Dé danh gia vai trd, phan b tan suat mua quan trac va du bao cic két hop vat
1y khéac nhau tai cac han dy bdo, nghién ctru sinh sir dung biéu do tan suat (histogram)
va Udc tinh mat dg hat nhan (Kernel Density Estimation — KDE) quan tric va du béo
tai 39 tram quan tric nhu néu trong Muc 2.4.1.

Histogram 12 mot biéu do thdng ké dugc st dung dé biéu dién phan phdi cua
mot bién, n6 chia khoang gid tri cia bién thanh cac khoang con roi rac (goi 1a cac bin)
va dém sb lugng quan sat roi vao mdi khoang. Két qua 1a mot biéu do co cac cot doc
biéu thi s6 lwong quan sat trong mdi khoang.

Uédc tinh mat d6 hat nhan (KDE) 1a mét phuong phap thong ké ding dé udc tinh
va mo hinh hoa mat d6 xac suit cia mot bién ngﬁu nhién lién tyc. KDE thuong duogc
str dung dé biéu dién cach dir liéu phan bd theo mot bién lién tuc. Thay vi sir dung
cac khoang roi rac nhu trong biéu do truyén théng, biéu d6 KDE st dung cac ham
hat nhan (kernel functions) dé biéu dién mat do xac suat tai mdi diém trong khong
gian bién lién tuc. Ham nhén 1a mot ham lién tuc co tich phan béng 1 va duogc st dung
dé "lan truyén" thong tin tir cic quan sat sang toan bo pham vi bién lién tuc.

Biéu d¢6 KDE min hon so véi biéu db truyén théng va cho phép udc tinh mat do
X4c suit tai bat ky diém nao trong bién lién tuc mot cach lién mach hon. Trong luan
4n nay truc hoanh 1a cic ngudng muwa gi (mm/h) tir trong khoang 0-25mm véi moi
bin 1a 0.2 (budc nhay), truc tung bén trai thé hién tan suét xuit hién cua cac phan )
mua cho cac to hop vat 1y va truc tung bén phai phan anh ti 1¢ % tuong tng.

2.6. Pinh nghia va phin cip mwa lén
Hién tuong mua 16n 1a hé qua cua mot s6 loai hinh thoi tiét dic biét nhu bio, ap

thip nhiét d6i hay dai hoi tu nhiét d6i, hoi tu gié manh trén nhiéu tang, front lanh,
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duong dut... Dic biét khi co su két hop giita chung voi nhau ¢ cting mot thoi diém sé
cang nguy hiém hon, gy nén mua to, gi6 16n, dong, mua da trong mot thoi gian dai
trén mgt pham vi rong. Mua 16n hay mua vira, mua to dién rong la qua trinh mua xay
ra mang tinh hé thdng trén mot hay nhiéu khu vyc. Mua 16n dién rong co6 thé xay ra
mot hay nhiéu ngay, lién tuc hay ngit quing, mot hay nhiéu trin mua va khéng phan
biét dang mua. Can clr vao lugng mua thuc té do dugc 24 gi0 tai cac tram quan tric
khi tuong bé mat, tram do mua trong mang ludi khi tugng thuy van ma phan dinh cac
cap mua khac nhau. Theo quy dinh cia T6 chitc Khi twong thé gigi (WMO), mua 16n
duogc chia 1am 3 cap:

- Mua vtra: Lugong mua do dugc tir 16 dén 50 mm/24h, hodc 8 dén 25 mm/12h.

- Mua to: Luong mua do dugce tur 51 dén 100 mm/24h, hodc 26 dén 50mm/12h.

- Mua rét to: Luong mua do duogc > 100 mm/24h, hoac > 50 mm/12h.
Trong cac nghién ctru vé anh hudng ciia mua thi tir cap mua to (51-100 mm/24h) tré
1én da bat dau c6 nhitng dnh hudng tiéu cuc dén doi song con nguoi.

Hién nay, Trung tim Dy bao Khi tugng thuy van Quéc gia dang st dung tiéu
chi phan cip dugc quy dinh trong Thong tu 41/2017/TT-BTNMT ngay 23 thang 10
nam 2017 vé Quy dinh k¥ thuat danh gia chat luong du bao, canh bao khi tugng cia
B6 truong Bo Tai nguyén va Méi trudong.

Hién tai chua c¢6 quy dinh cu thé ddi véi phan cép mua dinh luong han cuc ngén
(dudi 6h) nén trong luan 4n nay sd lidu dy bao luong mua duoc dua vé mua gio
(rainrate) nham tién so sanh danh gia, cu thé s& 1a céc nguong mua: 0,1mm/h,
1,2,3,4,5mm/h va céc han du bao 1-6 h cta tung phuong an nghién ctru dugc trich
suit so sanh danh gia voi s6 liéu mua tich liy ting gid cua 39 tram quan tric. Luan
an tap trung danh gia theo cac nguong: C6é mua 0,1mm/h (2,4mm/ngay), ngudng mua
Imm/h (24h/ngay), 2 mm/h (48mm/ngay) va ngudng mua 4/5Smm/h (98/120

mm/ngay) voi cac han 1-6h.

Tiéu két Chwong 2
Chuong 2 di trinh bay phuong phap va sb liéu s dung dé déng hoa cap nhat
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nhanh s6 liéu ra-da cho mé hinh WRF du bdo mua dinh luong han cuc ngan tir 1-6h
cho khu vyc TP.HCM déi véi cac dot mua 16n trong 3 ndm 2019, 2020 va 2021.

Chuong 2 ciing trinh bay phuong phap xir 1y s6 liéu s liéu ra-da Nha Bé phuc
vy dong hoa va dé xuat thiét 1ap duoc hé théng ddng hda cap nhat nhanh ra-da dy bao
mua 16n cho TP.HCM (HCM-RAP). HCM-RAP véi 16i dong luc 1a mé hinh WRF
va mo-dun dong hoa sb liéu WRF-DA cung véi ma tran sai sé truong nén CV7 dong
hoa sé liéu s6 liéu CAPPI c6 do phan giai 1 km véi 50 muc, mdi muc cach nhau 250m
va muc ban dau c6 d6 cao 40m, phan hoi va gié xuyén tdm ra-da Nha Bé. Cu thé,
trong han du bao 6h, vi du tai lac 00Z, hé thong nay sé& cip nhat sb liu GFS, dong
thoi déng héa s6 liéu ra-da va chay du bao dén 06Z. Bén céc thoi diém tir 01Z dén
07Z, diéu kién ban dau duoc cap nhat tir du bao 1h trude d6 s& duge dong hoa sé liéu
ra-da (khong cap nhat diéu kién ban dau tir GFS). Pén ban tin du bao luc 06Z, chu
trinh dugc 1ap lai nhu 00Z, hé théng HCM-RAP s¢& cap nhat diéu kién bién va diéu
kién ban dau tir GFS (00, 06, 12, 18Z) dong thoi dong hoa sd liéu ra-da. Vao cac mde
gi0 khac hé théng chi cap nhat s6 liéu ra-da.

Hé théng HCM-RAP trén s& phuc vu xuyén sudt cho cac nghién ciu cua Luan

an.
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CHUONG 3. NGHIEN CUU LUA CHON BQ THAM SO PHU HQP
CHO HE THONG HCM-RAP DU BAO MUA HAN CUC NGAN
KHU VU'C THANH PHO HO CHi MINH

Trong bai bao “Assessment of heavy rainfall forecasts over the southern
Vietnam by using WRF-ARW with different physical parameterization schemes”
ding trén Disaster Advances Journal nim 2022 ma tac gia la ddng tac gia di dua ra
dugc mot nhdm cac bo tham sé phil hop trong 60 bo tham s6 (5 so d6 dbi luu, 4 vi
vat Iy va 3 16p bién hanh tinh). Dong thoi trén co s ké thira két qua nghién cau dy
bao mua dinh lugng cho Nam B 1-3 ngay cua Dé tai K08/16-20.14 va thuc té ning
lyc tinh todn cua hé thong may tinh hiéu ning cao cua Vién Khoa hoc Khi twong
Thay van va Bién ddi khi hau, Nghién ciu sinh s& chon 7 ciu hinh vat Iy phuc vu
viéc thir nghiém va xéac dinh duoc bo tham sé hod vat Iy pht hop cho hé théng HCM-
RAP ng dung trong du bao dinh lugng mua han cuc ngan (1-6h) khu vuc TP.HCM
theo phuong phap dong hda cap nhat nhanh tirng gio ra-da cho mé hinh WRF.

3.1 Thiét l1ap thir nghiém da cau hinh vt ly d6i véi hé thong HCM-RAP

Vi muc tiéu lya xac dinh duge bd tham sd tdi wu déng hoa sd liéu ra-da cap
nhat nhanh cho mé hinh HCM-RAP nhim nang cao do chinh xac cua két qua du bao
mua han cyc ngan (1-6h) cho khu viee TP.HCM va nang cao do chinh xé4c ciing nhu
xac dinh dugc muc do dong gop cu thé cua do phan hoi, toc do gi6 xuyén tam dén
két qua dy bao mua han 1-6h va cac ngudng mua khac nhau, nghién ciru thiét 1ap hé
thdng HCM-RAP voi thir nghiém 7 cdu hinh vat 1y nhu sau: Kain—Fritsch logi 3 +
Lin + Mellor-Yamada-Janjic; Grell-Devenyi + Lin + Mellor-Yamada—Janijic;
Kain-Fritsch logi 3 + WSM5 +Mellor-Yamada—-Janjic; Grell-Devenyi + WSM5
+ Mellor-Yamada-Janjic; Kain-Fritsch logi 3 + New Thompson + Mellor-
Yamada—-Janjic; Betts—Miller—Janjic + New Thompson + Mellor—Yamada-Janjic
(Bang 3.1).

Hé thong HCM-RAP véi 7 cau hinh két hop tham s6 hoa vat 1y khac nhau mé
phong 15 dot mua 16n trong 3 nam 2019, 2020, 2021 (Bang 3.2) vdi 4 phuong an
khac nhau do la:
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1) Khong dong héa (CTL);

2) HCM-RAP d6ng hoa toc d6 gié xuyén tim (RAP-VR);

3) HCM-RAP dong hoa do phan hdi (RAP-ZH);

4) HCM-RAP dong hoéa toc do gié xuyén tim va do phan hoi (RAP-ZHVR).

Hé thong HCM-RAP s& chay 24 1an trong 1 ngay va mdi 1 1an chay s& du bao
mua va cac trudng khi tuong khac nhau theo cac han 1h dén 6h.

Bang 3. 1. Céc cdu hinh té hop da vt ly khac nhau ciia HCM-RAP

Sodddéi | Vivatly Lép bién Viét tat Ki hiéu
luu may
Betts— Lin Yonsei BMJ LIN YSU | mp2 bll cu2
Miller—Janjic University
Kain—Fritsch Lin Mellor— KF3 LIN MYJ | mp2 bl2 cul
loai 3 Yamada—Janjic
Grell- Lin Mellor— GD LIN MYJ | mp2 bl2 cu9
Devenyi Yamada—Janjic 3
Kain—Fritsch | WSMS5 Mellor— KF3 WSMS5 MY | mp4 bl2 cul
loai 3 Yamada—Janjic J
Grell- WSM5 Mellor— GD WSM5 MYJ | mp4 bl2 cu9
Devenyi Yamada—Janjic 3
Kain—Fritsch New Mellor— KF3 THP MYJ | mp8 bl2 cul
loai 3 Thompson | Yamada—Janjic
Betts— New Mellor— BMJ THP_MYJ | mp8 bl2 cu2
Miller—Janjic | Thompson | Yamada—Janjic

Bang 3. 2. Danh sdch cdc dot mwa mé phéng bang HCM-RAP trong Lugn an

STT Ngay/ Thang STT Ngay/Thang
1 26-27/5/2019 - -
2 10-11/06/2019 9 02-03/11/2019
3 19-20/6/2019 10 05-06/11/2019
4 18-19/7/2019 11 31/7-03/8/2020
5 26-27/7/2019 12 17-20/9/2020
6 16-17/8/2019 13 26-31/8/2021
7 20-23/9/2019 14 18-20/9/2021
8 12-13/10/2019 15 26-30/11/2021
Tong sé ngay méd phong 44 ngay

Hé théng HCM-RAP duoc thiét 1ap cap nhat nhanh tig gid ddng héa d6 phan



56

hdi (ZH), toc do gié xuyén tim (VR), d6 phan hdi+tdc do gié xuyén tim (ZHVR) va
phuong an khong dong hoa (CTL) v6i han dy bao 1-6h. Téng s6 29.568 1an dy bao
(44 ngay x 24h x 7 c4u hinh két hop tham sb hoa vt 1y khac nhau x 4 phuong an
dong hoa) da duoc thuc hién véi thoi gian tinh toan khoang 7.000 gid CPU va khoi
lwong tinh toan, luu trit gan 50 TB dit liéu.

3.2 Panh gia lwa chon bd so d6 vat 1y du bao mwa han cwe ngin d6i véi hé
théng HCM-RAP

Luan an nay da thyc hién 29.568 mo6 phong, du bao lugng mua theo cac ngudng
mua 0,Imm/h (2,4mm/ngay), 2mm/h (48mm/ngay) va 4-Smm/h (98-120mm/ngay)
v6i cac han 1h, 3h va 6h. Két qua cua ting phuong an duoc trich xuat, so sanh danh
gia v6i s6 lidu mua tich liy timg gio cta 39 tram quan tréc.

Céc két qua tinh toan, danh gia nham tra 16i cho 2 trong 4 cAu hoi nghién ctru
ctia Luan an: (1)Pong hoa sb liéu ra-da cip nhanh cho mé hinh WRF s& anh huong
nhu thé nao trong viéc du bao mua dinh lugng han cuc ngén (1-6h) cho khu vuc nhd?
(2)T6 hop cau hinh vat Iy nao 1a t6i vu nhat cho moé hinh HCM-RAP trong viéc ning
cao do chinh xac cua két qua dy bao mua dinh lwong han cuc ngan (1-6h) cho khu
vuc TP.HCM?

3.2.1 Phan bé muwa theo khong gian ciia cac cau hinh két hep tham sé héa vt Iy
khac nhau cia hé thong HCM-RAP

Duéi day 1a phan trinh bay, danh gia kha ning du bio mua theo khong gian
theo céc han dy bao 1-6h cho cac ngudng mua gio khac nhau cho khu vuc TP.HCM.
Han du bédo 1h
Nhom Kain—Fritsch loai 3:

Hinh 3.1 thé hién két qua du bao mua han 1h theo cau hinh két hop 3 so dd
tham sb hoa Kain—Fritsch logi 3 + New Thompson + Mellor—Yamada—Janjic véi 4
phuong an CTL, dong héa VR, ZH, ZHVR. Két qua cho thay rang phan b6 mua theo
quan tric cua 15 dot mua thir nghiém trong 3 ndm 2019, 2020 va 2021 tap trung chu
yéu & khu vuc tay bac va dong nam ctia TP.HCM (dugc khoanh tron bang duong vién

mau do).
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Hinh 3. 1. Phan bé mua trung binh han
1h giita mwa quan trac (39 tram-trén
cung phia trén) va thi# nghiém
khong(trén-phai), dong héa VR (giia-
trai), ZH (giira-phai) va ZHVR (dudi-
trdi) déi véi cdu hinh két hop tham sé
héa vat Iy khac nhau KF3_THP_MY.J

So sanh 4 phuong an thir nghiém dong hda khac nhau cho thay rang phuong an
khong ddéng héa co xu huéng du bao lwong mua gan véi quan tric hon so véi céc

phuong an con lai. Phuong an déng hda ZH cho xu huéng du bao thién cao hon so



58

vé6i thue té tuy nhién lai du bao cac tim mua 16n tét hon rat nhiéu so véi phuong an

khong dong hoa CTL va phuong an ddng hda VR.

Hinh 3. 2. Phan bé muwa trung binh han
1h gita mwa quan trac (39 tram-trén
cung phia trén) va thu nghiém
khéng(trén-phdi), dong hoa VR (giia-
trai), ZH (giwa-phdi) va ZHVR (duoi-
trai) déi véi cau hinh két hop tham so
héa vat Iy khac nhau KF3_LIN_MYJ

Hinh 3.2 twong tu nhu hinh 3.1 nhung theo cau hinh két hop 3 so d6 Kain-

Fritsch logi 3 + Lin + Mellor-Yamada-Janjic. So sanh 4 phuong an thir nghiém
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d6ng hda khac nhau thdy c6 nhitng su khac biét dang ké, cu thé phuong 4n khong
d6ng hoa va phuong an déng hoa VR di dy bao lwong mua thap hon va khong c6 kha
ning du béo cac tim mua 1on. Tréi lai, trong s6 4 phwong an, phuong 4n két hop ZH
thé hién xu hudng du bao luong mua cao hon so véi thuc té tuy nhién lai du béo tot
hon céc tim mua 16n, vuot troi hon so v6i phuong an khong dong héa va dong hoa
VR.Dic biét, phwong an dong hoa to hop ZHVR da du bdo mét khu vue mua cuc
doan (khoanh tron mau tim trong Hinh 3.2) cao hon han véi thuc té. Phuong an nay
c6 thé phuc vu du bao vién tham khao trong viéc canh bao nguy co (phuong an cuc
doan) mua 16n. Nhin chung, tir hinh 3.2 cho thdy tdm quan trong cua viéc lya chon
va két hop cac tham sb vat Iy dé cai thién kha ning du bao mua va cac hién tuong
thoi tiét khac noi chung.

Hinh 3.3 tuong tu nhu hinh 3.1 nhung theo ciu hinh két hop 3 so d6 Kain-
Fritsch logi 3 + WSM5 + Mellor—Yamada—Janjic. Két qua cho thay cé sy twong
dong véi Hinh 3.1 va 3.2, tuy nhién, c6 mot diém dang chu ¥ lién quan dén sy tham
gia cua vi vat ly WSM5. Véi su tham gia cua vi vat ly WSM5 lugng mua duoc du
bao thip hon mot cach dang ké so véi hai phwong an str dung cing cau hinh Kain—
Fritsch loai 3. So sanh 4 phuong an thir nghiém dong héa khac nhau cho thay rang
phuong an khéng ddng hoa va dong hda VR van dy bao lwong mua thap hon va khong
c6 kha niang dy bao cac tim mua 16n. Trong s6 4 phuong an thi phuong an c6 su tham
gia ciia ZH cho xu huéng du bao luong mua x4p xi so véi thuc té.

Nhu trinh bay & phan trén, so d6 d6i luu KF dua trén mo hinh dong ra va dong
vao ¢ thé mo phong cac dong thang va giang ciia cac dong khoi lugng va két hop
qua trinh nhiéu loan b sung phu thudc vao do 4m tuong d6i. Dic biét trong mé hinh
WRE hién nay thi so d6 KF c¢6 dén 3 bién thé khac nhau nhu so d6 sir dung kiéu kich
hoat d6i luu Fritsch—Chappell (KF1), kich hoat dua trén su van chuyén thing ding
ctia d6 am (KF2) va qué trinh nhidu loan b6 sung phu thudc vao do 4m twong dbi lién

quan dén co ché kich hoat dau tién (KF3).
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Hinh 3. 3. Phan bé muea trung binh han 1h
giita muwa quan trac (39 trgm-trén clng
phia trén) va ths nghiém khong(trén-
phai), dong héa VR (giza-trai), ZH (giira-
phdi) va ZHVR (dwéi-trdi) doi véi cau
hinh két hop tham sé hda vt Iy khac nhau
KF3_WSM5_MYJ

KF3 voi co ché kich hoat dua trén sy van chuyén thang dung ciia d6 am qua
trinh nhiéu loan bd sung phu thudc vao do Am tuong ddi nén kha nhay va phu hop
v6i hinh thé, co ché mua 16n tai TP.HCM va Nam B 1a chii yéu do anh hudng cua

gi6 mua Tay Nam cung v61 nhiéu dong cta ranh thap, dac bi¢t mua nhiét déi voi chu
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trinh ngdy dém rat rd rang, mua tap trung vao chiéu tbi véi quy mo dbi lwu vai km.
Ciing pht hop v6i mot s6 nghién ctru gan day, so d6 KF3 véi ddng hda cap nhat tung
gio mot 12 mot lya chon tét ddi vai viéc du bao mua, dic biét 1a mua dinh lugng han
cuc ngan [51, 72, 80].

Nhom Grell

Hinh 3.4 twong ty nhu hinh 3.1 nhung theo két hop 3 so d6 tham sb Grell + Lin
+ Mellor-Yamada-Janjic. O truong hop nay phuong an khong ddng hoa va dong
héa VR cho lugng mua thap hon va khdng du bao duge cac tim mua 16n; phuong an
c6 sy c6 mit caa ZH cho luong mua thién cao so véi thuc té nhung du bao cac tam
mua 16n tot hon so voi khong hoa va dong hoa VR, dic biét 1a phuong an dong hoa
t6 hop ZHVR dy b4do mét khu vire mua cuc doan hon so véi thuc té (khoanh tron do
trong Hinh 3.4). Hinh 3.5 twong tu nhu hinh 3.4 nhung theo cu hinh két hop 3 so
d6 tham s6 Grell + WSM5 + Mellor—Yamada—Janjic. Ciing twong ty nhu cac trudng
hop thir nghiém khac, phuong an khong dong héa va déng héa VR cho luong mua
thap hon va khong dy bao dugc cac tAm mua 16n gan vai quan tric, phuong an ZH
cho lwong mua thién cao so véi thuc té nhung du bao cac tim mua 16n tot hon so voi
khong hoa va dong hoa VR, dic biét 1a phuong an dong hoa to hop ZHVR dy bao
mét khu vue mua c6 phan thién cao hon kha nhiéu so vai thyc té.

Nhin chung nhdm cau hinh két hop tham sb héa vat ly khac nhau ho Grell dy
béo mura han 1h thién cao va cuc doan hon so véi thuc té kha nhiéu. Diéu nay cé thé
do ban tham so do Grell-Devenji 1a mét so 6 dbi luu tong hop va gan day da duoc
sir dung trong mé hinh c6 d6 phan giai cao (Grell va Freitas 2014). So d6 nay sir dung
cac phuong trinh tham chiéu dé tinh toan céc théng sb khi tuong nhu toc do gio, do
am va nhiét do trong khi quyén, giip mé hinh c6 thé mé phong cac hién twong thoi
tiét khac nhau va 1a so dd cai tién ciing nhu thudng kich hoat mua 16n hon binh thudng

va dung vao muc dich du bao cac cuc tri mua.
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Hinh 3. 4. Phan bé mua trung binh han
1h gitta mwra quan trac (39 tragm-trén
cung phia trén) va the nghiém
khong(trén-phai), dong hoéa VR (giia-
trai), ZH (giwa-phdai) va ZHVR (dudi-
trdi) doi véi cdu hinh két hop tham sé hda
vat ly khac nhau GD_LIN_MYJ
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Hinh 3. 5. Phan bé mura trung binh han
1h gita mwa quan trac (39 trgm-trén
cung phia trén) va th# nghiém
khong(trén-phai), dong héa VR (giira-
trai), ZH (gizza-phdi) va ZHVR (dudi-
trai) doi véi cdu hinh két hop tham sé
hoa vt ly khac nhau GD_WSM5_MYJ

Nhom Betts—Miller-Janjic
Déi vai han 1h thi to hop Betts—Miller=Janjic + Lin + Yonsei University va
Betts—Miller-Janjic + New Thompson + Mellor—Yamada-Janjic trén hinh 3.6,

3.7 cho thay xu thé twong ty nhu nhém Kain- Frisch 3.
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Hinh 3. 6. Phan bé muea trung binh han 1h
giita muwa quan trac (39 trgm-trén clng
phia trén) va th# nghiém khong(trén-
phdai), dong héa VR (giza-trai), ZH (giira-
phdi) va ZHVR (duéi-trdi) doi véi cau
hinh két hop tham sé hoa vat Iy khac nhau
BMJ_THP_MYJ

Nhu di biét so dd Betts-Miller-Janjic 14 so d6 tham sé ddi luu c6 thé diéu chinh
su bat 6n dinh trong moi trudng bang cach tao ra sy d6i luu sau. Mic di BMJ xem
xét ca cAp do ddi luu ndng va siu; tuy nhién, khong cé dong thang va giang ciing nhu

khéng dong vao va ra ciia dam may. Ciing chinh vi vay ma khong that sy t6t bang
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nhom KF3 vi mua 16n trén tai TP.HCM va Nam B¢ trong luan an nay la chua yéu do
anh huong cua gio mua Tay Nam cung véi nhidu dong caa ranh thap (quy md vira-

I6n).

Hinh 3. 7. Phan bé muea trung binh han
1h gitta mwa quan trac (39 trgm-trén
cung phia trén) va thz nghiém
khéng(trén-phdi), dong hda VR (giia-
trai), ZH (giza-phdai) va ZHVR (duoi-
trdi) doi véi cau hinh két hop tham so
hoa vat ly khac nhau BMJ _LIN YSU

Dbi véi 7 phuong an thir nghiém véi sy tham gia ciia 3 nhom so do dbi luu, bao

gém Kain—Fritsch loai 3, Grell-Devenyi va Betts—Miller—Janjic da thu dugc mot )



66

két qua dang chti y. Nhom c6 su tham gia ctia Grell-Devenyi du bao luong muwa han
1 gid cao hon so v&i hai nhém con lai va c6 xu huéng du bao mua cyc doan so voi
thuc té. Nhoém so d6 Kain—Fritsch loai 3 cho théy su phu hop cao nhét trong viéc du
bdo mua. Pic biét, nhom so do vat 1y New Thompson da cho két qua gén nhat vai
thuce té, va so dd 16p bién hanh tinh Mellor—Yamada-—Janjic d3 cung cip mot phan bd
mua dy bao trong khoang thoi gian 1 gior tbt hon so véi so d6 Yonsei University.

Qua cac két qua thir nghiém cho thy rang su lya chon va két hop gitta cac so
d6 dbi luu va cac tham sb vat Iy c6 tac dong dang ké dén tinh chinh xac cta du bao
mua, va nén duoc xem xét ky ludng trong qua trinh du bao thoi tiét va khi hau.

Han dw béo 3h

Déi véi han du bao 3h (Hinh PL-3.1-3.7) ciing cho 1 birc tranh tuwong tu vé
phan b mua theo khong gian ctia 7 cau hinh két hop tham sé hda vat ly khac nhau
nhu han dy béo 1h, tuy nhién trong truong hop nay nhom so d6 dbi luu Grell-Devenyi
cho xu huéng du bdo mua cao hon so védi hai nhém con lai va c6 xu hudéng du bao
mua co tinh cuc doan so véi thuc té.

Nhom so d6 Kain—Fritsch loai 3 dwoc xac dinh 1a ¢6 tinh pht hop cao nhit trong
viéc du bao mua trong diéu kién tuong tu. Pac bi¢t, nhom so do ddi luu véi su két
hop cung so do vat Iy New Thompson cho két qua gan nhat vé6i thuc té, trong khi so
d6 16p bién hanh tinh Mellor—Yamada—Janjic d3 cung cidp mot phan b mua du bao
3 gid tot hon so véi so dd Yonsei University.

Han dw bao 6h

Déi v6i han du bao 6 gio (trong Hinh PL-3.8-3.15) ciing cung cip mdt cai nhin
tuong tu vé phan bd khong gian ctia mua trong 7 cdu hinh két hop vé6i cac tham sb
vat 1y khéac nhau, tuvong ty nhu han dy bao 1 va 3 gio.

Tuy nhién, diéu dang chii ¥ 1a & han 6h mo hinh khong du bao dugc cac tim
mua 16n nam & phia dong cia TP.HCM (trung tdm cua khu vyc nghién ciru). Két qua
téng thé cho thay rang trong sd cac cau hinh két hop, nhom sir dung so d6 dbi luu
Kain—Fritsch loai 3 da dua ra du bao phu hop nhat. Dac biét, nhém mo hinh véi sy

tham gia ctia so dd vat Iy New Thompson di tao ra két qua tiém can nhat voi thuc té.
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So dd 16p bién hanh tinh Mellor—Yamada—Janjic dd cung cap mot du bao vé phan bd
mua trong han 6 gio t6t hon so voi so do Yonsei University.

Tom lai, hé théng HCM-RAP duoc thiét l1ap cap nhat nhanh qua cac truong
hop thtr nghiém, vdi cac han dy bao khac nhau véi 15 dgt mua da cho théy trong sb
4 phuong 4an thi phuong 4n khong dong hoa va phuong 4n déng hoa VR di cho két
qua dy bao luong mua thap hon va khong thé du bao dugc cac tim mua 16n. Trong
s6 4 phuong an dong hoa thi phuong 4n str dung d6 phan hdi (ZH) da du bao luong
mua thién cao hon so véi thuc té, nhung lai du bdo cac tam mua Ién tot hon so véi
phuong an khong dong hoa va dong hoa VR. Pic biét, phuong 4n déng hoa t6 hop
ZHVR da dy bdo mdt khu vuc mua thién cao hon dang ké so voi thuc té.

Khi xem xét 7 cdu hinh két hop tham sb hoa vat Iy khac nhau cho 3 nhom so
d6 d6i luu, bao gdm Kain—Fritsch loai 3, Grell-Devenyi, va Betts—Miller-Janjic, két
qua cho thay nhom so d6 d6i luu Grell-Devenyi da dy bao lugng mua trong khoang
thot gian 1 gio, 3 gio, va 6 gio véi muc thién cao hon so véi hai nhém con lai va
thuong dy bao mua & mirc cao hon ddi voi thuc té. Nhom so dd Kain—Fritsch loai 3
cho théy su phu hop cao nhét trong vi¢c du bao mua trong diéu kién nay. Dac biét,
khi xem xét sy tham gia cia so d6 vat Iy New Thompson, chiing ta thdy rang n6 da
cho két qua gan nhét véi thuc té, trong khi so d6 16p bién hanh tinh Mellor—Yamada—
Janjic d3 cung cdp mot phan bé mua du bao 1 gid tot hon so véi so dd Yonsei
University.

Két qua ndy cho thay tAm quan trong ctia su lIyra chon k¥ cang giita cac so dd
d6i Iuu va su hiéu qua ctia sy tham gia cta cac tham sb vat 1y trong viéc cai thién tinh
chinh x4c cuia du bao mua mua 16n cho khu vuc TP.HCM.

3.2.2 Phan bé tan suat mua theo cac cau hinh két hep tham sé hda cia hé thong
HCM-RAP

Han dw bado 1h

Dé danh gia vai trd, phan b tan suat mua quan trac va du bao cac két hop vat
Iy khac nhau tai cac han du béo, nghién ctru sinh sir dung biéu do tan sut (histogram)

va udc tinh mat d6 hat nhan (Kernel Density Estimation — KDE) quan tric va dy bao
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tai 39 tram quan tric nhu néu trong Chuong 2.

Cu thé trong ludn 4n nay thi tryc hoanh 13 cic ngudng mua gid (mm/h) tir trong
khoang 0-25mm véi mdi bin 13 0.2 (budc nhay), truc tung bén trai thé hién tan suit
xudt hién cua cac phan bé mua cho cac t6 hop vat Iy va truc tung bén phai phan anh

ti Ién % tuong Ung.

Hinh 3. 8. Biéu do tan sudt giita mura quan trac (cét mau xanh navy nhat- Hist.Obs,
mua dy b&o (cét mau do- Hist. Model, tan sudt KDE quan trdc (nét dirt xanh- KDE
Obs, dir bao (nét dirt d6-KDE Model) véi thir nghiém khéng dong hoa (bén tréi),
dong hoa VR (trai-giiza), ZH (phdi-giia) va ZHVR (phdi) doi véi cac cau hinh két
hop tham sé hoa vt Iy khac nhau tai tram An Phii d6i Véi muwea han 1h

Hinh 3.8 (tram An Phua) va PL-Hinh 3.15 (39 tram quan tric) biéu dién biéu d6
tan suat -histogram d6i voi mua han 1h gitta mua quan trac (c6t mau xanh), mua du

bao (cot mau do), KDE-histogram quan tric (nét durt xanh), KDE-histogram quan tric
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(nét dut xanh) tai vi tri tram quan tric v6i thir nghiém khong dong héa (bén trai),
dong hoa VR (trai-giira), ZH (phai-gitra) va ZHVR (phai) ddi véi cac cau hinh két
hop cac so dd tham sé hoa khac nhau.

Tir hinh 3.8 va PL-Hinh 3.15. ta thdy rang mua gio phan bd tai cac tram chu yéu
trong ngudng c6 mua 0.lmm/h va duéi Imm/h 1én dén hon 90% ddi véi phuong an
CTL va VR. Cac ngudng 16n hon nhu 2mm, 4mm/h (48mm/ngdy, 96mm/ngay),
phuong an ZH va ZHVR cho thay dy bao han 1h tan sudt KDE (dudng dut mau do)
¢ da phan cao hon KDE quan tric va mo rong sang dén ngudng 3 va 4mm/h trong
khi ¢6 CTL va VR chi nim ngudng nho hon Imm/h. Diéu nay cho thay ZH, ZHVR
cai thién ki nang du bao dbi voi cic ngudng mua vira, mua to va rat to so vi phuong
CTL va VR. Theo KDE-histogram mé hinh thi phan bd trong phuwong 4n ZH, ZHVR
phan anh duoc phan b thuc té mua 16n theo gid so voi quan tric cia cic tram trong
mién tinh so v§i CTL va VR. KDE-histogram ctia mo hinh ngudng mua to 2mm/h ¢6
thé chiém dén 25-30% & 1 s6 tram va rat sat voi KDE quan trac, trong khi d6 KDE-
histogram mé hinh khé xa va déc so vi KDE-histogram quan tric trong phuwong an
CTL va VR tai da phﬁn cac tram

Han dw bdo 3 h

Hinh 3. 9 va PL-Hinh 3.16 twong ty nhu hinh 3.8 va PL-Hinh 3.15 nhung ddi
v6i han 3h. Tur hinh 3.9 va PL-Hinh 3.16 chung ta c6 thé nhan thdy rang mua gid
phan b tai cac tram cha yéu nam trong khoang ¢6 mua tir 0.1 mm/h va dudi 1 mm/h,
chiém hon 90% ty 18 trén téng s6 quan sat. Didu nay thé hién rd rang viéc ap dung
d6ng hoa ZH va ZHVR di cai thién hiéu suat du bao d6i v6i cac mirc ngudng mua
nhd, mua vira va mua 1én so v6i1 phuong phdp CTL va VR.

Duya trén KDE-histogram ctia mé hinh, ching ta c6 thé thay rang phan b trong
phuong an ZH va ZHVR tuong thich v6i phan bé thuc té ciia mua 1on theo gid, so
sanh voi dit liéu quan tric tir cac tram trong khu vuc nghién ctru, trong khi phuong
phap CTL va VR lai khong thé thé hién chinh xac diéu nay. Tuy nhién, KDE-
histogram ctia mé hinh cho thay sy thién cao kha nhiéu so véi thuc té & mirc ngudng

mua to (2 mm/h) tai hdu hét cic tram quan tric, va diéu nay ciing twong ty cho ca 7
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cAu hinh két hop tham s hoa khac nhau.

Hinh 3. 9. Biéu do tan sudt giika mura quan trac (cét mau xanh navy nhat- Hist.Obs,
mura dy b&o (cét mau do- Hist. Model), tan sudt KDE quan trdc (nét dirt xanh- KDE
Obs) va di béo (nét dirt d6-KDE Model) véi thiz nghiém khong dong hoa (bén trai),
dong hoa VR (trai-giza), ZH (phdi-giiza) va ZHVR (phdi) doi véi c&c cau hinh két
hop tham sé hda vt Iy khac nhau tai tram An Phii doi véi mura han 3h
Han du bdo 6 h
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Tuong ty han 1h va 3h, véi han 6h nhu trong Hinh 3. 10, thiy ring mua gid
phan bd tai cac tram chu yéu trong ngudng c6 mua 0.1mm/h va dudi 1mm/h 1én dén
hon 90% tuong ty nhu han 1h, chi ra raing déng hoa ZH, ZHVR cai thién ki ning du
bao ddi voi cac ngudng mua vira, mua to dén rit to so voi phuwong CTL va VR, tuy
nhién ciing rat kém tai han 6h. KDE-histogram mé hinh trong phwong an ZH, ZHVR
phan anh duoc phan b thue té mua 16n theo gid so v6i quan tric cua cac tram trong
mién tinh so vdi CTL va VR nhung v6i mua to 2mm/h gan nhu KDE-histogram cta
mo hinh rat xa voi KDE-histogram ciia quan tric cho hau hét cac tram ¢ ca 7 cdu hinh
két hop tham sé héa khac nhau.

Thong qua biéu do tan suat-histogram d6i vi mua han 1, 3, 6h giita mua quan
trac va mua dy bao va KDE-histogram quan triac va KDE-histogram quan tric tai vi
tri tram quan trac voi thir nghiém khong dong hoa, dong hoa VR, ZH va ZHVR dbi
v6i cac cau hinh két hop tham s6 hoa khac nhau thay rang mua gio phan bd tai cac
tram chu yéu trong ngudng c6 mua 0.1lmm/h va dudi Imm/h 1én dén hon 90% dbi
v6oi phuong 4&n CTL va VR. Cac ngudng 16n hon nhu 2mm, 4mm/h (48mm/ngay,
96mm/ngay), phuong an ZH va ZHVR cho thiy dy bao han 1, 3, 6h tin suit KDE-
histogram da phan cao hon KDE quan tric va mé rong sang dén ngudng 3 va 4mm/h
trong khi @6 CTL va VR chi nam ngudng nhé hon Imm/h. Diéu nay cho thay dong
ZH, ZHVR cai thién ki nang du bao ddi véi cac ngudng mua vura, mua to, rat to so
v6i phuong CTL va VR. Theo KDE mé hinh thi phan bé trong phuong 4n ZH, ZHVR
phan anh duoc phan b thue té mua 16n theo gid so véi quan tric cua cac tram trong
mién tinh so véi CTL va VR. KDE ctia md hinh ngudng mua to 2mm/h ¢6 thé chiém
dén 25-30% & 1 s6 tram va rat sat véi KDE quan tric, trong khi d6 KDE mé hinh kha

xa va doc so v6i KDE quan trac trong phuong an CTL va VR tai da phan céc tram.
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Hinh 3. 10. Biéu dé tan sudt gista mura quan trac (cét mau xanh navy nhat-
Hist.Obs), mua dw bao (cét mau do- Hist. Model), tan sudt KDE quan trdc (nét diit
xanh- KDE Obs) va dir bao (nét dirt do-KDE Model) véi thir nghiém khéng dong
héa (bén trdi), dong héa VR (trai-giiza), ZH (phdi-giza) va ZHVR (phdi) déi véi cac
cau hinh két hop tham sé héa vt 1y khac nhau tai tram An Phii @i Véi muwa han 6h

Nhoém t6 hop cé tham gia cia KF3, BMJ, so d6 vat Iy New Thompson va so d6
16p bién MYJ cho thdy tin sudt phan bd theo cac ngudng mua dy bao sat nhit véi

quan trac va cling c¢6 ki nang hon véi nhitng phuong an con lai & ngudng mua to va
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rat to. Trong khi d6 nhom c6 sy c6 mat cua Grell thi dy bao thién cao hon rat nhiéu
so v6i quan tric & cac han va cac tram thong qua KDE-histogram du bao trai rong
sang cac ngudng 4-5mm/h va kha xa so v6i KDE quan tric.
3.2.3 Panh gia Ki ning dw béo ciia cac cau hinh két hep tham sé hoa cho hé théng
HCM-RAP theo cac han dw bao

Luong mua quan tric ting gio ciia 39 tram ddi voi 15 dot mua duge so sanh
danh gia véi 4 phuwong an chay dong hoa khac khac nhau cho 7 cdu hinh két hop tham
s6 hoa cua hé thong HCM-RAP thong qua gian do hiéu suét tich hop cac cac chi sb
FBI, FAR, POD, CSI
3.2.3.1 Han dw bdao 1h

Hinh 3.11-3.14 cho thay véi han dy bao 1h, & ngudng c6 mua phuong 4n dong
hoa t6 hop ZHVR cho két qua dy béo tét nhat véi diém sé POD khoang 0,7, 1-FAR
~0,3 va CSI ~0,25, sau d6 dén phuong an déng hda ZH véi cac diém sé kém hon
khong dang ké. Ki nang dy bdo cAc ngudng mua vira, mua to va rat to ctia hai phuong
an ZH va ZHVR giam nhung van c6 nhiing ki nang hon han hai phwong 4n con lai
va van c6 tinh du bao duoc trong thuc té. Véi han 1h thi 2 cau hinh két hop so d6
tham sé hoa Kain—Fritsch loai 3 + New Thompson + Mellor-Yamada-Janjic;
Betts—Miller-Janjic + New Thompson +  Mellor-Yamada-Janjic
(KF3_THP_MYJ-mp8_bl2_cul; BMJ_THP_MYJ-mp8_bl2_cu2) cho thiy co ki
ning dy béo tét hon cac cau hinh két hop so d6 tham sb héa con lai.

Phuong 4n dong héa VR cho thy ki ning du béo thip hon han so véi hai
phuong an trén ¢ ngudng c6 mua, ki nang du béo chi bang khoang mot nira so Véi
hai phuwong 4n con lai; phuong an khong dong hoa CTL cho ki ning du béo kém nhét.
Hai phuong an VR va CTL ciing cho thdy khong cd to hop nao néi troi hon trong 7
cau hinh két hop so d6 tham sé hoa , ddi véi cac ngudng mua vira tro 1én ki nang du
bao gan nhu khong ¢6 (CSI nho hon 0,1, POD nho hon 0,2 va FAR ~1,0).
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Hinh 3. 11. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich liiy 1 h cua 7 cau hinh két hop tham sé héa vdt 1y khac nhau véi cac han

du bao 1 i va nguong muwa 0.1mm/h (2,4mm/ngay ~cé mua)
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Hinh 3. 12. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich liiy 1h cia 7 cdu hinh két hop so do tham sé véi han dw bdo 1h va nguéng

mua Imm/h (24mm/ngay ~mwa vira)
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Hinh 3. 13. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich lity 1h cua 7 cau hinh két hop so dé tham sé véi han dir bdo 1h va nguéng

mua 2mm/h (48mm/ngay ~mua to)
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Hinh 3. 14. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich lity 1h cua 7 cau hinh két hop so dé tham sé véi han dir bdo 1h va nguéng
muea 4mm/h (96mm/ngay ~muea rat to)

Nhu d3 néi & trén, cac dot mua 16n tai TP. HCM va Nam B6 chu yéu do anh
huong caa gié mua Tay Nam cing vai nhidu dong caa ranh thap, mua vai chu trinh
ngay dém rd rang, tap trung vao chiéu téi véi quy mo ddi luu vai km. So dd vi vat ly
may New Thompson 1a mét trong nhiing so d6 duoc sir dung trong mé hinh WRF mo
ta qua trinh twong tac gitra may va khi quyén phuc vu du bao mua. Céc nghién ctu

da chi ra viéc cap nhat di liéu 1 gio cho md hinh WRF tét hon kha nhiéu so véi 3 gio
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va 6 gio trong truong hop sir dung cac so @6 New Thompson khéng chi cho viing
nhiét d6i, ngoai nhiét d6i ma ddi véi cac xody quy md vira (bdo, ATND), két hop véi
so d6 KF3 cho dbi Iwu [80] va Iép bién hanh tinh Mellor-Yamada-Janjic [51, 72, 80]

Déi voi han dy bao 1h thi hé thong HCM-RAP cho ki nang du bao rat tét so Voi
du bao ngudng c6 mua, kha tot v6i ngudng mua vira va khong duoc tt ddi véi mua
to va rat to. Tuy ki ning du b&o cta hai phwong 4n ZH va t6 hop giam di nhanh nhung
van c6 nhimg ki nang nhat dinh va nhinh hon hai phuong an khong dong hoa va dong
hoa VR. Cu thé tai han 1h nay thi thay rang 2 ciu hinh két hop so do tham s6 Kain—
Fritsch loai 3 + New Thompson + Mellor-Yamada-Janjic; Betts—Miller—Janjic
+ New Thompson + Mellor—Yamada-Janjic cho thay co ki ning hon so véi cac
truong hop két hop cau hinh con lai. Cac su két hop nay ciing rat phd hop véi céc
nhan dinh vé hiéu qua cua viéc cap nhat dir liéu 1 gio tt hon 3 gio, 6 gio trong du
bao mura han cuc ngan, dic biét khi déng hoa c6 su tham gia cua s liéu phan hoi va
gi6 xuyén tam ra-da.
3.2.3.2 Han dw bao 3h

Tuong tu dbi v6i han 1h, Hinh 3.15-3.18 ciing cho xu thé twong ty vé ki ning
du bao cua 4 phuong an thir nghiém doi voi 7 cau hinh két hop so do tham sé, tuy
nhién diém ki ning thap hon so v&i han 1h. Cu thé, phuong 4n dong héa ZHVR cho
két qua du béo tbt nhat voi diém s6 POD khoang 0,45, 1-FAR ~0,2 va CSI ~0,20, sau
d6 1a phuong an ZH véi cac diém sé kém hon khong dang ké. O cac ngudng mua
vira, mua to, rat to ki nang dy b&o cua hai phuong an ZH va ZHVR giam di nhanh
nhung van c6 ki nang nhat dinh. Phuong an dong hoa VR thi ki ning ning dy bao
thip hon han so véi hai phuong 4n trén & ngudng c6 mua, ki ning du bao chi bang
khoang mét nira so voi hai phuong 4n con lai. Tuong tu, d6i v&i phuong an khong
d6ng hoa, cho ki nang dy b4o kém nhat. Hai phuong 4n VR va CTL ciing cho thay
khong c6 to hop ndo noi troi hon trong 7 cau hinh két hop. Pi vai cac ngudng mua
vira tro 18n, ki nang dy bao gan nhu khong c6 (CSI nho hon 0,1, POD nhé hon 0,2 va
FAR ~0,8-0,9).
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Hinh 3. 15. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich liiy 1h ciia 7 cdu hinh két hop so do tham sé véi han dw bdo 3h va nguéng

mua 0. Ilmm/h (2,4mm/ngay ~co mua)
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Hinh 3. 16. Gidn do hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dudi) va dong hda két hop ZHVR (phdi durdi) due bao
muea tich lity 1h ciia 7 cau hinh két hop so dé tham sé véi han die bdo 3h va nguéng

mua Imm/h (24mm/ngay ~mwa vird)
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Hinh 3. 17. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich lity 1h cua 7 cau hinh két hop so dé tham sé véi han dir bdo 3h va nguéng

mua 2mm/h (48mm/ngay ~mua to)
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Hinh 3. 18. Gidn do hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich lity 1h cua 7 cau hinh két hop so dé tham sé véi han dir bdo 3h va nguéng
muea 4mm/h (96mm/ngay ~mua rat to)

Déi véi han 3h, két qua khong co nhiéu sai khéc gitra cac truong hop két hop
cau hinh, tuy nhién van ctng xu thé nhu han 1h véi két qua ¢ong héa ZHVR va ZH
t6t hon so VR va CTL. Cau hinh két hop so do Betts—Miller-Janjic + New
Thompson + Mellor—Yamada-Janjic cho thay c6 ki nang hon cac cau hinh két hop
con lai, két hop Kain—Fritsch loai 3 + New Thompson + Mellor-Yamada-Janjic

ngang bang véi cac su két hop khac.
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3.2.3.3 Han dw bdo 6h
Tuong ty nhu ddi véi han 1h va 3h Hinh 3.19, 3.22, han 6h cling cho xu thé
tuong tu Vé ki ning du bao cua 4 phwong an thir nghiém ddi véi 7 cau hinh két hop

so d6 tham sd, tuy nhién diém ki ning cé thap hon han so véi han 1h, 3h.

Hinh 3. 19. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich liiy 1h ciia 7 cdu hinh két hop so do tham sé véi han dw bdo 6h va nguéng
mua 0. 1mm/h (2,4mm/ngay ~co mua)

Cu thé, phuong 4n dong hoa t6 hop ZHVR cho két qua du bao tot nhat voi diém
s6 POD khoang 0,4, 1-FAR ~0,2 va CSI ~0,15, sau do dén phuong an ZH véi céc

diém s6 kém hon khong dang ké. Cac ngudng mua vira, mua to va rat to, ki nang du
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bao cta hai phuwong 4n ZH va td hop giam nhung van c6 nhitng ki ning nhat dinh.
Tuy nhién phuong 4n dong héa VR thi ki nang du bao thap hon han so véi hai phuong
an trén & ngudng c6 mua, ki ning du bao chi bang khoang mét ntra so v6i hai phuong
an con lai. Phuong 4n khong dong héa cho ki ning dy béo kém nhat. Hai phuong an
VR va CTL ciing cho thdy khong c6 sy ndi trdi trong 7 cAu hinh két hop. Dbi véi cac
ngudng mua vira tré 1én ki ning du bao gan nhu khong c6 (CSI nhé hon 0.1, POD

nho hon 0.2 va FAR ~0.8-0.9).

Hinh 3. 20. Gidn dé hiéu sudt déi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hda két hop ZHVR (phdi duedi) du béo
Muea tich liiy 1h ciia 7 cau hinh két hop so do tham sé véi han du bdo 6h va ngudng

mua Imm/h (24mm/ngay ~muwa vird)
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Hinh 3. 21. Gidn dé hiéu sudt doi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dwéi) va dong hoa két hop ZHVR (phdi duedi) du béo
muea tich liy 1h ciia 7 cdu hinh két hop so do tham sé véi han dw bdo 6h va nguéng

mua 2mm/h (48mm/ngay ~mua to)
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Hinh 3. 22. Gidn dé hiéu sudt déi véi truong hop khéng dong héa (trdi trén), dong
hoa VR (phdi trén), ZH (trdi dudi) va dong hda két hop ZHVR (phdi dirdi) due bao
muea tich lity 1h ciia 7 cau hinh két hop so dé tham sé véi han die bdo 6h va nguéng
muea 4mm/h (96mm/ngady ~mua rat to)

Déi vai han dy bao 6h thi hé thong HCM-RAP cho ki nang du bao rat tét so voi
du bao ngudng c6 mua, kha tot v6i ngudng mua vira va khong duoc tét doi véi mua
to va rat to. Két qua cho thay rang 2 cau hinh két hop Kain—Fritsch loai 3 + New
Thompson + Mellor-Yamada-Janjic; Betts—Miller-Janjic + New Thompson +

Mellor—Yamada-Janjic cho ki niang dy bao tét hon cac cau hinh két hop con lai.
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3.2.4 Lwa chon ciu hinh két hep so @6 tham s6 héa phi hep cho hé théng HCM-
RAP trong dw bao han mwa dinh lrgng han cuc ngéin

Theo nhu phan tich tai Muc 3.2.1, két qua thtr nghiém vo1 7 cAu hinh két hop da
vat ly khac nhau trong HCM-RAP: Kain-Fritsch loai 3 + Lin + Mellor-Yamada—
Janjic; Grell-Devenyi + Lin + Mellor—Yamada-Janjic; Kain—Fritsch loai 3 + WSM5
+Mellor-Yamada-Janjic; Grell-Devenyi + WSM5 + Mellor-Yamada-Janjic; Kain—
Fritsch loai 3 + New Thompson + Mellor—Yamada—Janjic; Betts—Miller—Janjic +
New Thompson + Mellor—Yamada—-Janjic nhim cap nhat nhanh dir liéu ra-da du bao
mua dinh luong han cuc ngan (0-6h) cho thy rang: Phuong 4n dong hda ZHVR cho
két qua du béo tt nhat, sau d6 dén phuong an ZH véi cac diém sb kém hon ZHVR
khong dang ké. Cac ngudng mua vira, mua to, rat to ki nang dy bao cia hai phuong
an ZH va ZHVR giam di nhanh nhung van c6 nhiing ki ning nhat dinh. Tuy nhién
phuong an dong hoa VR thi ki nang nang du bao thap hon han so voi hai phuong an
trén & ngudng c6 mua, ki nang du bao chi bang khoang mot ntra so véi hai phuong
&n con lai. Phuong 4n khong dong hoa cho ki niang dy bao kém nhat. Hai phuong an
VR va CTL ciing cho thay khdng cé sy néi troi nao trong sé 7 cau hinh két hop, doi
V6i cac ngudng mua vira tro 1én ki nang du béo gan nhu khong c6. Trong dém 2 ciu
hinh két hop Kain—Fritsch loai 3 + New Thompson + Mellor-Yamada-Janjic;
Betts—Miller-Janjic + New Thompson + Mellor—Yamada véi d¢ong hoa té hop
ZHVR va ZH cho thiy c6 ki ning tt hon cac ciu hinh két hop con lai.

Két qua nay da tra 101 dugc 2 cdu hoi nghién ciru dau tién 1a: (1) Pong hoa sd
liéu dg phan hoi va tbe do gi6 xuyén tam ra-da cap nhanh HCM-RAP cai thién 10 rét
viéc du bao dinh lwgng mua han cuc ngén (1-6h) cho khu vuc nhé nhu TP.HCM; (2)
Céu hinh két hop tham s6 héa Kain—Fritsch loai 3 + New Thompson + Mellor—
Yamada-Janjic va Betts—Miller—Janjic + New Thompson + Mellor-Yamada la
hai cau hinh két hop t6i uu nhat cho hé théng HCM-RAP trong viéc nang cao do
chinh xac du bao mua han cuc ngfm (1-6h) cho khu vuc TP.HCM so véi khong déng

hoa.
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Dng thoi két qua nay ciing cho thiy sy hoan thanh muc tiéu thi nhat caa Luan
an, d6 1a xac dinh bo tham s6 tdi vu cho hé thong dong héa ra-da cap nhat nhanh cho
hé théng HCM-RAP trong vi¢c cai thién chét luong dy bdo mua dinh lugng han cuc
ngan (1-6h) khu vuc TP.HCM.

Céc két qua nay ciing chinh 1a mot trong nhitng dong gép méi cua Luén an, d6
13 xdc dinh dwoc bg tham so hod vit 1y phit hop cho hé thong HCM-RAP vrng dung
trong dw bdo dinh lwgng han cwe ngin (1-6h) cho khu vieec TRHCM theo phuwong
phdp dong héa cdp nhit nhanh tieng gio ra-da cho mé hinh WRF.

Tiéu két Chwong 3

Trong Chuong 3, Nghién ciru sinh da xdy dung, thir nghiém hé thong dong
hoa cap nhat nhanh HCM-RAP du bao mua dinh luong han cuc ngén(1-6h) cho khu
vue TPHCM. S6 liéu ra-da duoc xtr Iy va dong hoa sé (d6 phan hoi , tbe d6 gié xuyén
tam) ting gid voi tAn suat quan tric ra-da 10 phut voi 7 cau hinh két hop so @6 tham
s6 hoa vat 1y khac nhau theo 4 phuong déng hoa CTL, VR, ZH, ZHVR cho 15 dot
mua trong 3 nam 2019-2021.

Pa phan tich, ddnh gia ki niang du bao cua cac truong hop két hop cau hinh
khac nhau cho hé théng HCM-RAP theo phin bd khong gian va tin suit cac ngudng
mua theo ¢ tung han du bdo. Pa xac dinh dugc bo tham sb vat 1y phu hop cho hé
théng HCM-RAP ung dung trong dy bao dinh luong han cuc ngén (1-6h) cho khu
vuc TP.HCM theo phuong phap dong hoa cap nhat nhanh timg gio ra-da tir 7 ciu hinh
két hop: Kain—Fritsch loai 3 + New Thompson + Mellor—Yamada—Janjic va Betts—

Miller—Janjic + New Thompson + Mellor—Yamada.
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CHUONG 4. VAI TRO CUA PONG HOA SO LIEU RA-PA
TRONG DU BAO MUA PINH LUQNG HAN CUC NGAN CHO
KHU VU'C THANH PHO HO CHi MINH

Trong Chuong 3 & trén da tra 101 dugc hai cdu hoi nghién ciru du tién va muc
tiéu thir nhat cling nhu dong goép mai s6 1 ctia Luan an. Muc 4.1 ndy sé tiép thuc tra
161 cho hai cau hoi nghién ctru con lai: (3) Pong gop va vai trd tirng thanh phan cua
s liéu ra-da, gdbm: do phan héi va toc do gi6 xuyén tam khi ddng hoa cap nhat nhanh
dén ki ning dy bao ddi véi du bao han cuc ngin va cic ngudng mua khac nhau nhu
thé nao? (4) Pong hoa sé liéu ra-da cap nhanh cho md hinh WRF ¢ thé cai thién chat
lwgng du bao mwa dinh luong han cuc ngéan (1-6h) cho khu vec TP.HCM?

Muc 4.1 nay ciing dong thoi gidp hoan thanh muc tiéu tha 2 1a viéc cai thién
chat lugng du bao va xac dinh dugc mirc do dong gop cu thé cia do phan hdi, toe do
gi6 xuyén tim dén d6 chinh xé4c cta du bao mua tai cac han du bao 1h, 3h, 6h va cac
ngudng mua khac nhau cho khu vuc TP.HCMtrén co s dong hoa sé liéu sé liéu ra-
da cap nhat nhanh cho mé hinh WRF.

Trong Chuong 4 nay 2 phuong an vat ly tot nhat duoc lya chon & muc 3.2.4
sé duogc sur dung trong phan tich danh gia.
4.1 Vai tro va anh huwong sé liéu ra-da trong dong héa cip nhat nhanh cho
md hinh WRF du bio mua han cuc ngin khu viee TP.HCM
4.1.1 So sanh truong ban dau giira dong hoa va khong dong hda cap nhat nhanh

Hinh 4.1 so sanh su sai khac do phan hoi giita ddng héa do phan hoi ZH (phai)
v6i khong dong hoa (trai) tai thoi diém ban dau 2019090400Z ddi véi mién 1. Két
qua cho thay tai thoi diém ban ddu khong dong hoa, d6 phan héi cuc dai 1a mic dinh
ctia mo hinh (-30 Dbz), trong khi d6 dong héa ZH cho thiy so liéu do phan hoi 1am
thay d6i rd rét (dat t6i da c6 thé 1én dén 35-40 Dbz truong d6 phan hoi). Do viy,
truong ban dau thay doi sé 1am thay doi két qua du bao mua trong thoi gian tich phan
sau d0, anh huong dén chét lugng du bao mua han ngin, thyc té 14 duoc cai thién hon

hén so v6i khong dong hoa, cu thé dugc trinh bay trong tiép theo 4.1.2.
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Hinh 4. 1. So sanh su sai khdc dé phan héi giia dong héa dé phan hoi ZH (phadi)
Véi khong dong hoa (tréi) tai thoi diém ban dau 2019090400Z déi véi mién 1

Hinh 4. 2. So sanh s sai khac toc dg gio (d6 mau), hueéng gid (can gid) myc 10m
giiza dong hoa gié xuyén tam VR (phdi) véi khéng dong héa (trai) tai thoi diém ban
dau 2019090400Z doi véi mieén 1

Tuong ty nhu hinh 4.1, Hinh 4.2, so v6i khong dong hoa, truong gio tai thoi

diém ban dau c6 dong hda gid xuyén tam thay doéi 1o rét, toc do gido bé mat manh hon
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hén trong ving ban kinh quét gié dop-lo. Cu thé, tai khu vuc vong tron khoanh do6

khi khong dong héa gié bé mat dat 1-2m/s, khi c6 dong hoa da cai thién dat 5-6m/s.

Hinh 4. 3. So sanh si sai khac ti 1é x&o trén hoi nuéc (g/kg) gida dong hoa két hop
dé phan hai, gi6 xuyén tam ZHVR (phdi) véi khéng dong hoa (tréi) tai thoi diém
ban dau 2019090400Z dsi vsi mién 1

Doi véi phuong an dong héa ca dd phan hoéi va gié xuyén tim, két qua khong
chi thay dbi truong do phan hoi va truong gi6 tai thoi diém ban dau nhu trinh bay &
trén ma ti 1¢ xd6a tron hoi nudce (hinh 4.3) va gid & cac myc do cao cling khac nhau
(hinh 4.4). Hinh 4.3 thdy dong hoa ca hai yéu t6, ma déng gop chinh tir 6 phan hoi
d3 1am thay ddi ti 18 x6a tron hoi nudc, dat trén 0,2 g/kg trong khi khong dong hoa
tai diém ban dau bang khong. Hinh 4.4 cho thay gio thay doi ¢ tit ca cac muc do cao
khi c6 sy dong gop cua gid xuyén tam, dat 14-16 m/s tai muc do cao thr 25 cua mo
hinh trong khi khéng dong hoa dat khoang 8-10m/s tai thoi diém ban dau. Nhu vay,
khi dong héa trudng ban dau thay doi s& lam thay doi két qua du bao mua trong thoi
gian tich phan sau do, anh huong dén chat luong dy bao mua han ngén, thuc té 1a

dugc cai thién hon han so véi khong dong hoa.
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Hinh 4. 4. So sénh su sai khac téc dg gi6 (@6 mau), hieéng gio (can gid) muc thiz 25
trong md hinh giiza dong hoa gié xuyén tam VR (phdi) véi khéng dong hoa (tréi) tai
thoi diém ban dau 2019090400Z doi véi mién 1

Hinh 4.5, 4.6 so sanh truong nhiét do (trai), gio6 (gitta), hoi nudce (phai) tai thoi
diém ban dau giita khong dong hoa va dong hoa VR (trén cung), ZH (giita) va ZHVR
(duéi cung) tai thoi diém ban dau dbi ciia ca 2 mién tinh mo hinh. Két qua cho thay
tai thoi diém ban dau, do phan hoi va toe do g16 xuyén tdm c6 anh hudng 1o rét, khong
chi thay d6i trudng do phan hoi, trudng gié ma con thay doi ca trudng khi tuong khac
nhu nhiét do, tong luong nudc trong khi quyén (théng qua cac bién QRain, Qvapor,
Qice).

Gia sb cta cac truong duoc tinh trung binh cac muc tir 850mb dén 300mb bao
gdm nhiét do, tbc d6 gio kinh vi hudng, thing ding va ty 1¢ hoi nude. Nhin chung,
su thay dbi 16 rét hon ca clia trudng phan tich nam ¢ khu vuc phia bac va nam cia
TP.HCM (tdc d6 gi6 kinh vi huéng chénh 1éch hon 1m/s). Béi véi bién ty 18 x40 tron
hoi nudc, trong trudng hop dong hoa dd phan hdi, c6 su thay doi lan rong hon vé phia
tay bac va dong nam caa TP.HCM. Sy thay d6i ctia cac truong phan tich c6 thé do vi
tri c6 s6 lidu quan trac dugc déng hoéa, két hop véi ban kinh anh hudng dugc xac dinh

bdi thuat toan dong hoa 3DVar. Hinh 4.5 cho thay t6n tai khu vuc c6 sy ting cuc bo
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rat rd vé gid kinh hudng va vi hudng, voi khoang cach vai chuc km so v6i tram ra-da
Nha B¢ trong mién tinh 2 va ca mién tinh 1. Trong truong hop nay thiy rang khu vuc
gan tim ra-da, dit liéu quan tric cua ra-da khong dugc mo hinh WRF “tiéu héa” va

bi loai ra khi xay dyng lai truong ban ddu bang phuong thirc dong héa 3DVAR.

Hinh 4. 5. So sdnh triong nhiét do (trai), gio (giita), hoi nwéc (phdi) tai thoi diém
ban dau giita dong hoa VR (trén cing), ZH (giita) va ZHVR (dudi cung) véi khdng

dong hoa tai thoi diém ban ddau doi véi mién 1
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Hinh 4. 6. So sdnh tricong nhiét do (trai), gié (giira), Xao tron hoi nwoc (phai) tai
thoi diém ban dau gitta dong hda VR (trén cung), ZH (giia) va ZHVR (dwéi cung)
Véi khéong dong hoa tai thoi diém ban dau déi véi mién 2

Dé thay r6 hon vé cac qua trinh nay, nghién ciru sinh tién hanh hién thi bién
trinh d6 phan hoi tir thoi diém ban dau, thoi diém bat dau 00 gio 00 phat dén 06 gio
00 phut v6i bude nhay 10 phat mot bang tin sb quét cua ra-da. Két qua cta truong
hop mé phong d6 phan hdi vo tuyén cuc dai MDBZ (Hinh 4.7) cho thdy phuong 4n
déng hoa ZH va ZHVR cho théy vai tro rd rét va c6 su khac biét rat 16n so trong 30
phut dau, trong khi d6 phuong an CTL thi MDBZ bang khong. Sau 30 phut thay rang
ZHVR mb phong cao hon hian CTL, dat trén 20 DBZ trong khi d6 ZH va CTL khoang
10 DBZ. Vai trd ctia dong hoa ZH, ZHVR thé hién vai tro rit manh dbi véi MDBZ
trong 2h dau va tir khoang gio thir 3 tro di thi vai trd cia ZH va ZHVR tiém can toi

phuong an CTL.
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Hinh 4. 7. Bién trinh MDBZ theo thoi gian tir 00h 00 phiit dén 06h 00 phiit véi budc
thoi gian 10 phut

Tuong ti dbi v6i Qcloud (Hinh 4.8), Qcloud 13 bién ma CTL va ZH it thay d6i

so v&i phuwong 4n ZHVR. ZHVR mé phong Qcloud gip hon 2 1an so voi CTL va su

khac biét nay kéo dai dén khoang 2h. Tir sau 2h dén 6h thi Qcloud cuia cic phuong

an 1a trong duong nhau va ting dan theo thoi gian tich phén.

Hinh 4. 8. Bién trinh QCLOUD theo thoi gian tir 00h 00 phiit dén 06h 00 phiit véi
bucc thoi gian 10 phut
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Hinh 4.9 cho thay Qice ctia ZHVR trong 2h ddu nhé hon hin ZH va CTL, diéu
nay co6 thé tam két luan rang ZHVR di 1am thay d6i truong khi tuong thong qua
3DVAR va cu thé 1a Qice. Ti 1€ xa0 tron hoi nudc & thé bang cua ZHVR thép hon so
v6i CTL. Xu hudng nay duoc giit trong khoang 2h dau va giam dan trong gid thir 3-

4 va tang dan tro lai tir gio thr 5-6.

Hinh 4. 9. Bién trinh MDBZ, QRAIN, QICE, QCLOUD theo thoi gian tir 00h 00
phiit dén 06h 00 phiit véi burde thoi gian 10 phiit
P6i voi Qrain (Hinh 4.10), trong quéa trinh md phong QRAIN, QICE,
QCLOUD theo th QICEan: chua thiy Qrain hinh thanh trong khoang 3h dau, day 1a
thoi gian tich lily Qrain can bang va thich ing ctia mé hinh (“spins up”) sau khi tao
may trude sau d6 dén tao mua. Sau 3h thi Qrain bat dau ting dan va phuong an ZHVR
va ZH cho tang nhanh hon CTL tir khoang gio thir 4 tr& di dén gio thir 6, dic biét
ZHVR cho Qrain tang nhanh hon manh hon CTL ¢ giai doan 4-5h sau m6 phong.
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Hinh 4. 10. Bién trinh QRAIN theo thoi gian tir 00k 00 phiit dén 06h 00 phut Véi
buoc thoi gian 10 phat

Tir cac két qua trén co thé thiy, dong hoa sé liéu ra-da ZHVR va ZH c6 tac dong
manh m& cha yéu & 2h dau caa mé hinh. Hay noi cach khéc, vai trd cua viéc dua sb
liéu ra-da vao hé thbng mé hinh HCM-RAP ¢6 tac dung trong 2h dau. Do d6 viéc
ddng hoa cap nhat s6 liéu ra-da cho HCM-RAP thyc hién tot nhat véi tan suat dua
vao it nhat 1a cach nhau 2h va 1h 1a téi vu nhat. Két qua nay ciing phu hop véi céc
nghién ctiu hiéu qua giita viéc cap nhat dir liéu 1 gio tét hon han so véi 3 gio va 6 gio
cho md hinh dir béo thoi tiét WRF vai cac ché do nhap liéu khac nhau, dic biét 1a sb
lieu ra-da d6i véi viéc du bao mua, mua dinh lwong han cuc ngan (Chen, F., &
Dudhia, J. (2001); Liu, Y., Liu, Y., & Fu, Y. (2020); Wang, X., Li, H., L1, J., Li, X.,
Li, Y., & Yu, W. (2020); Chen, Y., Zhang, Y., & Chen, F. (2021)) [22, 26, 50, 75].
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4.1.2 Vai trd va anh hwéng sé liéu ra-da trong dong héa cap nhat nhanh
Trong phan nay, s& so sanh, danh gia két qua du bao véi sd liéu quan tric theo
cac ngudng mua 0,1mm/h, 1, 2, 3, 4, Smm/h va cac han du bao 1, 3, 6h phuc vu cho

viéc danh gia vai tro va anh huong s lidu ra-da trong dong hoa cap nhat nhanh

Két qua trong hinh 4.11 va PL-Bang 4.1-4.3 biéu dién diém s FBI cua phuong
an khong dong hoa (CTL) theo cac han dy béo tir 1-6h, cic ngudng mua tir ¢ mua
dén mua vira, mua to, mua rat to. Phuong an nay du bao thién thap hon cho dén xip
xi so v6i quan tric thong qua diém s6 FBI, FBI ting theo cac ngudng va han du bao
(FBI xung quanh 1). Phuong 4n d6ng héa VR cho thay ring phuong 4n nay gidng
nhu phuong an CTL, co ban du bao thién thap hon cho dén xap xi luong mwa quan
tric nguong c6 mua 0,Amm/h (2,4mm/ngay), 1mm/h (24h/ngdy), 2mm/h
(48mm/ngay) va 4-5mm/h (98-120mm/ngay) ¢ cac han 1h, 3h va 6h.

Hinh 4. 11. Chi sé danh gia FBI ciia 2 phwong dn vat ly tot nhat véi dong hda VR
(cot 1 va 2 tir trdi sang), 1 phwong dn vat ly tét nhat CTL (cét mau vang) va 2
phuong an ZH (cot 4, 5 tur trai sang), 2 phuwong an ZHVR (cot 6, 7 ter trai sang) du
bdo mua tich lily 1h voi cac han du bdo 1,3,6h twong irng cac nguong mwa co mua,

24, 48, 72, 96, 120mm/ngay)
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Thiy rang phuong an déng héa ZH va ZHVR du bao thién cao hon khoang 2
1an so véi quan tric thong qua diém sb FBI cho tit ca cac ngudng & cac han 1h, 3h
va 6h. Nhin chung hé théng HCM-RAP c6 ddng hoa va khong ddng hoa ra-da déu tur
Xap Xi cho dén thién cao hon so véi quan tric trong cac dot mua 16n.

Kha ning phat hién ving mwa thong qua chi sé POD cho thiy phuong an CTL
va VR déu dy bao rat thdp xung quanh gia trj 0,2-0,3 ddi véi ngudng cdé mua va gin
nhu bang khong ¢ cac ngudng mua con lai (tr Hinh 4.12 va PL Bang 4.1-4.3). Trong
khi d6 phuong an dong hoa ZH cai thién déng ké ki nang du bao mua han cuc ngan,
cu thé chi s6 POD khoang 0,6 han 1h véi ngudng c6 mua, giam dan con 0,4 & han 3h
va 0,35 ¢ han 6h. Cac ngudng mua ¢ cac han dy bdo con lai cé gidm hon so voi han
1h va ¢ ngudng c6 mua nhung cao hon rat nhiéu so véi phuong an khong dong hoa
va dong hoa VR. Pic biét phuong an ddng héa ZHVR cai thién hon dong hoa ZH va
dat POD cao nhat trong 4 phuong an, ¢ han 1h voi ngudng c6 mua diém sé POD dat
~0,7, giam dan xudng 0,4 & han 3h va 6h.

Nhin chung théng qua diém s6 POD cho thdy dong hoa to hgp ZHVR cia HCM-
RAP phat hién viing mua kha tot v6i ngudng c6 mua va giam dan & cac ngudng mua

16n hon & cac han 1, 3, 6h.

Hinh 4. 12. Chi sé ddnh gid POD ciia 2 phwong dn vét ly tot nhat véi dong hda VR
(cot 1 va 2 tir trdi sang), 1 phwong dn vat ly tét nhat CTL (cét mau vang) va 2

phuong dan ZH (cot 4, 5 tu trai sang), 2 phuwong an ZHVR (cét 6, 7 tir trai sang) du
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bdo mua tich lily 1h ¢ cac han dw bdo 1,3, 6h tuwong 1ng cdc ngudng mua co mua,
24, 48, 72, 96, 120mm/ngay)

Tuy nhién chi s6 FAR cua ca 4 phuong an (Hinh 4.13, PL- Bang 4.3-4.4) kha
cao tir khoang 0,75 d6i voi CTL va VR véi ngudng co6 mua, va giam dan con khoang
0,65 véi1 ZH va ZHVR. Céc han khac va ngudng khac FAR cua ca 4 phuong an kha
cao khoang dao dong tir 0,8-0,9. Didu nay c6 thé dén tir viée xac dinh ti 16 CN qua
cao so v61 H, M, F (Hinh 4.14-4.17) vi truong hop trong Luan an danh gia theo mua
ting gid nén ca dot mua kéo dai 48-72h thi sé gio khong mua rat nhiéu. Cy thé CN
ctia ngudng c6 mua dao dong tir 17000 (ZH-ZHVR) dén 20000 (CTL va VR), cao
hon véi han mua khac va ngudng mua 16n hon, trong khi d6 ti 18 diém s6 H (s0 lan
du béo trang) cua 2 phuong an ZH va t6 hop ZHVR khoang 2000 (bing 1/20 so voi
CN). H ciia ZHVR cao gan gap 3 1an 2 phuong an CTL va dong héa VR. Phuong an
d6ng hoa t6 hop cai thién hon dong hoa ZH nhung khong nhiéu va cai thién do chinh
hon hin 2 phwong 4n trude khong dong hoa va dong hoa VR. Piém sb F cia ZH va
ZHVR cao hon CTL va VR, diéu nay dugc thé hién thong qua diém s6 FBI. ZH va
ZHVR ludn du bao mua to hon so véi CTL, VR va quan tric.

Hinh 4. 13. Chi sé ddnh gid FAR ciia 2 phwong dn vat ly tét nhdt véi dong hda VR
(cot 1 va 2 tir trdi sang), 1 phwong dn vat ly tét nhat CTL (cét mau vang) va 2

phuong dan ZH (cot 4, 5 tur trdi sang), 2 phuwong an ZHVR (cét 6, 7 ter trai sang) du
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bdo mua tich lily 1h ¢ cac han du bao 1, 3, 6k tuwong 1vng cac ngudng mua co mua,

24, 48, 72, 96, 120mm/ngay)

Hinh 4. 14. Chi sé H cia 2 phuwong dn vt Iy tét nhdt véi dong hda VR (cét 1 va 2
tir trdi sang), 1 phwong dn vat Iy tot nhat CTL (cot mau vang) va 2 phwong an ZH
(cot 4, 5 tur trai sang), 2 phuwong an ZHVR (cot 6, 7 tur trai sang) duw bdo muwea tich
liy 1h o cac han du bao 1,3, 6h twong rng cdc ngudong mua cé mua, 24, 48, 72,
96, 120mm/ngay)

Hinh 4.15 va PL-Bang 4.1-4.3 cho thdy HCM-RAP dy bao chi s thanh cong
CSI cta hai phuong an ndy ciing rat thip, nhé hon 0,15 (15%) véi cac han & ngudng
c6 mua va khong c6 ki ning & cac ngudng mua con lai. Trong khi d6 chi s6 thanh
cong CSI cua ZH va ZHVR cao hon han so véi 2 phuong 4n trude va dat khoang
gan 0,3 & c6 mua han 1h va ~0,17 ¢ han 3 va 6h. Cac ngudng mua con lai ciing cho
thdy ki nang hon han 2 phuong an trudc va tinh trung binh gap 1.5-2 1an so véi hai

phuong an trudc. Tir chi s6 CSI ciing chi ra rang phuong an ZHVR 14 phuong an
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cho ki ning du bdo mua cao nhat, ¢ thé dat gin 30%, gip khoang 2 lan so véi

phuong an CTL.

Hinh 4. 15. Chi sé Miss Ciia 2 phwong dn vt ly tét nhdt véi dong héa VR (cét 1

VA 2 tir trdi sang), 1 phwong dn vat Iy tot nhat CTL (cot mau vang) va 2 phwong

an ZH (cot 4, 5 tur trdi sang), 2 phwong an ZHVR (cot 6, 7 tur trai sang) du bao
muea tich lily 1h o cac han du bao 1,3, 6h twong ting cdc nguong mua cé mua, 24,

48, 72, 96, 120mm/ngay)

Hinh 4. 16. Chi sé False ciia 2 phwong dn vt Iy tot nhat véi dong hoa VR (cét 1
VA 2 tir trdi sang), 1 phwong dn vat Iy tot nhat CTL (cot mau vang) va 2 phwong
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an ZH (cot 4, 5 tur trai sang), 2 phwong an ZHVR (cot 6, 7 tur trai sang) du bao
muea tich lily 1h o cac han du bao 1,3, 6h twong irng cdc nguong mua cé mua, 24,

48, 72, 96, 120mm/ngay)

Hinh 4. 17. Chi sé H, F, M, CN ciia 2 phwong dn vét ly tét nhat véi dong hda VR
(cot 1 va 2 tir trdi sang), 1 phirong dn vt Iy tét nhat CTL (cét mau vang) va 2
phuong an ZH (cot 4, 5 tir trai sang), 2 phuwong an ZHVR (cot 6, 7 ter trai sang) du
bdo muea tich lily 1h ¢ cac han du bdo 1,3, 6h twong ting cdc ngudong mwa co muea,

24, 48, 72, 96, 120mm/ngay)

Hinh 4. 18. Chi sé ddnh gid CSI ciia 2 phuwong dn vt Iy tét nhat véi dong hda VR

(cot 1 va 2 tir trdi sang), 1 phwong dn vat ly tét nhat CTL (cét mau vang) va 2
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phuong dn ZH (cot 4, 5 tur trdi sang), 2 phuwong an ZHVR (cét 6, 7 ter trai sang) duw
bdo muea tich lily 1h o c&c han du bdo 1,3, 6h twong itng cdc nguong muwa cé mua,
24, 48, 72, 96, 120mm/ngay)

Chi s6 CSI cia HCM-RAP dbi voi ZHVR bang khoang 1/3 so véi chi s CSI
cta hé thbng HRRR/RAP V4 ciing nhu hé théng HREF (Hinh 4.19) cta co quan dy
bao Quéc gia Hoa Ky. CSI cia HRRR va HREF ctia Hoa Ky khoang 0,3-0,32 han 1h
va giam rat cham d6i v6i han 3 va 6h (twong Gmg 0,25 va 0,21) ddi voi ngudng mua
2mm/h (48mm/ngay-mua to) trong khi dé6 phuong an CTL va VR chi bang khoang
1/6 so vo1 CSI cua Hoa Ky.

Hinh 4. 19. Chi sé ddnh gid CSI ciia hé théng hoc may MetNet-2, HRRR va HREF
Véi nguong 2mm/h theo cac han tir 1 dén 12h

Hién nay, Trung tim Du bao KTTV Qudc gia cung cip céc ban tin du bao han

cuc ngdn va canh bao nguy co mua 1on, tuy nhién chua cé danh gia cu thé cho toan

bd Viét Nam va cac khu vuc, dac biét khu vyc nho nhu TP.HCM theo cac ngudng.
Do vay trong Luan an nay s€ khong so sanh véi co quan nghi¢p vu ctia Viét Nam.

Téng két lai cho thdy phuong an CTL, dong héa toc do gié xuyén tam VR khong

¢6 nhiéu khac biét ddi v4i cac han dy béo tir 1-6h va cac ngudng mua tr c6 mua dén

mua vira, mua to, mua rat to. Ca hai phuong an nay du bao thap hon cho dén xap xi

so vOi1 quan trac, kha ndng phat hién vung mua rat thap véi ngudng c6 mua va gan
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nhu khong phat hién duoc cic ngudng mua con lai. Chi sb thanh cong CSI cua hai
phuong an nay ciing rat thip, nho hon 0,15 (15%) & ngudng c6 mua va khong co ki
ning & cac ngudng mua con lai. Phuong an ZH va ZHVR cho théy cai thién dang ké
ki nang du bdo mua han cyc ngén, cu thé chi s6 POD khoang 0,6 han 1h v61 ngudng
cO mua, gidm dan con 0,4 & han 3h va 0,35 & han 6h. Cac ngudng mua va han du bao
con lai ¢6 giam hon so voi han 1h va ngudng c6 mua nhung cao hon rat nhiéu so voi
phuong an khong dong héa va dong hoa VR. Tuy nhién diém sd FBI ciia hai phuong
an nay 16n hon 2 phuong 4n trén va cho du bao thién cao hon han so véi quan tric
theo cac ngudng va cac han. Bic biét, chi s6 thanh cong CSI cua ZHVR va ZH cao
hon han so vé6i 2 phuong an trude va dat khoang gan 0,3 & ¢6 mua han 1h va ~0,17 &
han 3 va 6h. Cac ngudng mua con lai ciing cho thy ki nang hon han 2 phuong an
trudc va tinh trung binh gip 1.5-2 1an so v6i hai phuong an khong dong hoa. Ciing tir
diém s CSI va cac diém s khac cho thay mirc do dong gop chu dao ciia do phan hoi
so voi toe do gi6 xuyén tam dén do chinh x4c cta du bdo mua tai cac han du bao 1h,
3h, 6h cho khu vuc TP.HCM.

Két qua ngay ciing pht hop véi cac nghién ciru gan day, thdy ring ddng hoa do
phan héi ¢o vai tro quan trong va dong gop 16n hon so véi dong hoa toe do gié xuyén
tam trong du bdo mua va dac biét mua dinh lugng han cuc ngén (Wu, D., Hu, X. M.,
Wang, J., & Chen, X. (2019); Tong, M., Xue, M., & Gao, J. (2015); Liu, C., Liu, Y.,
Han, W., & Ma, X. (2017) [48, 69, 77]

Trong Muc 4.1 nay tra 161 dugc 2 hdi nghién ctru con lai 1a: (3) Pong gop va vai
tro tirng thanh phan cua sé liéu ra-da nhu sau d6 phan hoi 6 vai tro quyét dinh va
anh huong nhiéu nhat so vai toc d6 gio xuyén tdm khi dong hoéa cap nhat nhanh déi
V6i dy béo han cuc ngan va cac ngudng mua khac nhau cho khu vyc TP.HCM:; (4)
Ddng hoa s liéu ra-da cap nhanh d6 phan hdi két hop véi tée d6 gi6é xuyén tam cho
md hinh WRF c6 thé cai thién khoang 2 lan so véi véi khong dong hda. HCM-RAP
c6 diém s6 thanh cong bang khoang mét nira so véi hé thong dy bao HRRR/RAPV5
va HREF cua Hoa Ky vdi ngudng mua to (2mm/h).

Pong thoi myc nay ciing gilp hoan thanh dwoc myc tiéu thir hai cia Luan an 1a:
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Cai thién chit lugng du bao va xac dinh duoc muc d6 dong gop cu thé cua do phan
hoi, téc do gid xuyén tam dén d6 chinh xac cua du bao mua tai cac han dy béo 1h,
3h, 6h va cic ngudng mua khac nhau cho khu vuc TP.HCM trén co s& ddng hoa sb
liéu s6 liéu ra-da cap nhat nhanh cho mé hinh WRF.

Céc két qua tinh toan nay ciing chinh 13 mét trong nhitng déng goép méi cia
Luan an, d6 1a xac dinh dugoc muc do dong gop cu thé cua do phan hoi, tbe do gio
xuyén tam dén d6 chinh x4c ctia du bdo mua tai cac han du bao 1h, 3h, 6h véi cac
ngudng mua khac nhau. Két qua chi ra do phan hoi c6 vai tro, anh hudong 16n nhat
trong viéc cai thién ki ndng dy bao mua han cuc ngén so voi khong déng hoéa cho khu
vuc TP.HCM va nang cao dugc do chinh xac khoang 2 lan cta dy bao mua han cuc
ngan cho khu vuc ndy so voi khong dong hoéa.

4.2 So sanh ngoai suy ra-da va du bao cia HCM-RAP

Trong muc ndy phuong an vat ly tot nhat duoc lra chon & muc 3.2.4 Kain—
Fritsch loai 3 + New Thompson + Mellor—Yamada-Janjic dugc su dung cho cac
phan tich danh gia nhan xét chi tiét cu thé so véi ngoai suy mua ra-da

Muc nay ctia ludn 4n voi muc tiéu 1a tra 1oi cho cau hoi nghién ctru “Dong hoa
s6 liéu ra-da cap nhanh cho mé hinh WRF c6 thé nang cao d6 chinh xac so véi ngoai
suy ra-da du b4o mua dinh lwong han cuc ngan(1-6h) cho khu vuc TP.HCM?”

Dé so sanh ki nang du bao gitta HCM-RAP va ngoai suy ra-da, Nghién ctru
sinh so sanh giita du bao HCM-RAP va ngoai suy mua ra-da Nha Bé d6i véi cac
ngudng c6 mua,l, 2, 5 mm/h cho 15 dot mua trong 3 ndm 2019, 2020 va 2021 thong
qua cac chi sé FBI, FAR, POD va CSI.

Chi sé dw bdo FBI

Hinh 4.20 cho thay chi s6 FBI cta ngoai suy ra-da va HCM-RAP déu 16n hon
so vé6i thuc té (FBI>1) ddi voi ngudng c6 mua, 1, 2mm/h va du bao ving mua 1én
hon kh4 nhiéu so véi ra-da va thyc té. Tuy nhién doi voi ngudng mua Smm/h thi
HCM-RAP cho diém s6 FBI gin 1, ving mua rat to sat hon so véi thuc té trong khi

dé ra-da dy bdo vung mua rt to nho hon rat nhiéu so véi thuc té. Trong thuc té du
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bao vung mua nho, vira va to thi ngoai suy ra-da t6t hon so voi HCM-RAP nhung véi

ngudng mua 16n thi HCM-RAP lai cho thay vu thé caa minh.

Hinh 4. 20. Chi sé ddnh gid FBI cua hé théng HCM-RAP va ngoai suy ra-da Nha
Bé vdi ngwdng 0,1; 1; 2 va 5mm/h theo cac han tir 7 dén 6h

Chi 56 dw bdo FAR

Hinh 4.21 cho thay chi s6 FAR cia HCM-RAP déu kha cao so véi ngoai suy
ra-da ddi voi tat ca ngudng c6 mua trong khoang 4h dau. Doi voi han tir 4-6h thi
HCM-RAP cho diém sé FAR nhinh hon ngoai suy ra-da, dic biét ngudng mua to va

rat to.
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Hinh 4. 21. Chi sé ddnh gid FAR cua hé thong HCM-RAP va ngogi suy ra-da Nha

Bé vdi ngwdng 0,1; 1; 2 va 5mm/h theo cac han tir 7 dén 6h

Chi s6 POD

POD 14 xac suét xuét hién hién tuong trong hinh 4.22. Di véi cac han 1-4h va
cac ngudng mua thi ngoai suy ra-da t6t hon HCM-RAP véi POD khoang 0,4 cho
ngudng c6 mua va giam dan cic ngudng mua 16n hon. Tir 4-6h thi HCM-RAP cho
kha ning du bao sy kién mua tot hon ngoai suy ra-da, tuy nhién POD chi nhay doi

v6i nhitng hién tuong khéng du bao duoc chir khong nhay déi véi phat hién sai.
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Hinh 4. 22. Chi sé ddnh gid POD ciia hé thong HCM-RAP va ngogi suy ra-da Nha

Bé vdi ngwdng 0,1; 1; 2 va 5mm/h theo cac han tir 7 dén 6h

Hinh 4.23 ciing cho 1 burc tranh twong tu nhu cac chi sb trén, v6i 4h dau ngoai
suy ra-da cho diém sd thanh cong tdt hon so véi HCM-RAP, dat khoang 0,3-0,4 han
1h v6i ngudng c6 mua va giam dan con khoang 0,2 & cac ngudng mua 16n hon ddi
v6i han dén 4h, trong khi d6 HCM-RAP trung binh khoang 0,2. Déi v6i han 4-6h thi
HCM_RAP cho thay ki nang du bdo ngudng mua 16n vuot 1én han so véi ngoai suy

ra-da.
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Diém s6 CSI ciia ngoai suy ra-da giam kha nhanh (duong xu thé rit doc) trong
khi d6 HCM-RAP cho mot ki nang kha 6n dinh va giam tu tu voi cac han du bao va

ngudng mua.

Hinh 4. 23. Chi sé ddnh gid CSI ciia hé thong HCM-RAP va ngogi suy ra-da Nha

Bé voi nguwong 0,1; 1; 2 va 5mm/h theo cac han tur / dén 6h

Thong qua cac Hinh 4.20 dén 4.23 cho thiy rang trong 4h dau ngoai suy ra-da
¢6 ki ning hon dbi véi tit ca cac ngudng mua. Tuy nhién han tir 4-6h thi HCM-RAP
thé hién ki ning vuot 1én so véi ngoai suy ra-da, dic biét ngudng mua 1én (2mm/h
va Smm/h).

Két qua ndy bo sung thém cho nghién ctru ciia Mai Van Khiém va cong sy vé

thar nghiém tng dung ra-da két hop mé hinh sé tri trong du bao mua han cuc ngan
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[10], cu thé giita ngoay suy ra-da bang SWIRLS va hé théng du bao s6 tri quy mé ddi
Iwu dya trén md hinh WRF cho cac dy bao dén 12h dbi véi 1 truong hop bio nam
2021.

Diéu nay cho thdy, trong thuc té can xay dung ki thuat to hop (blending) ngoai
suy ra-da va déng hoa cip nhat nhanh tirng gio cho mdi khu vuc cu thé theo tirng mua

va ting hinh thé gay ra nguy co mua 16n han cuc ngén.

Tiéu két Chwong 4

Chuong 4 d trinh bay cac két qua chinh caa Luan an, da chi ra rang dong hoa
s6 liéu ra-da ZHVR va ZH c6 tac dong manh mé chu yéu & 2h dau caa md hinh, hay
vai trd cua viéc dua sb liéu ra-da vao hé thbng mé hinh HCM-RAP ¢6 tac dung & 2
gio dau. Do d6 viéc ddng hoa cap nhat sé liéu ra-da cho HCM-RAP thyc hién tt
nhat véi tan suat dua vao it nhat 1a cach nhau 2h va 1h 1 ti wu nhét.

Do phan hoi ¢6 vai tro quyét dinh va anh hugng nhiéu nhat so vai tée do gio
xuyén tam khi déng hoa cap nhat nhanh doi véi du bdo han cuc ngan va cac ngudng
mua khac nhau cho khu vuc TP.HCM va dong hoa do phan hoi két hop véi toe do
gi6 xuyén tam cho mé hinh WRF ¢ thé cai thién khoang 2 1an so véi véi khong dong
hoa.

Trong 4h dau ngoai suy ra-da c6 ki niang hon dbi véi tat ca cac ngudng mua.
Tuy nhién han tir 4-6h thi HCM-RAP thé hién ki ning vuot 1én so véi ngoai suy ra-
da. Pic biét ngudng mua 16n (2mm/h va Smm/h). Trong thuc té nghiép vu can xdy
dung ki thuat blending ngoai suy ra-da va dong hoa cap nhat nhanh timng gio cho mdi

khu vuc cy thé theo tirmg mua va timg hinh thé giy ra nguy co mua 16n han cuc ngan.
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KET LUAN VA KIEN NGHI

Két luan

Di xay dyng, thir nghiém hé théng dong héa cap nhat nhanh HCM-RAP du
bdo mua dinh lugng han cuc ng‘fm (1-6h) cho khu vyc TP.HCM. S6 lidu ra-da duge
xtr Iy va ddng hoa (d6 phan hoi va tée do gié xuyén tam) ting gid voi tan sudt quan
tric ra-da 15 phut cho voi 7 cdu hinh két hop so dd tham sé héa vat 1y khac nhau,
theo 4 phuong dong héa CTL, VR, ZH, ZHVR cho 15 dot mua trong 3 nam 2019-
2021.

D3 phén tich, danh gia ki niang du bao ctia cac cau hinh két hop tham sé hoa
cho hé théng HCM-RAP theo phan bd khong gian va tan suit theo cic ngudng mua
dbi v6i cac han du bao va xac dinh duge b tham sb phu hop cho hé théng HCM-
RAP, d6 1a Kain—Fritsch loai 3 + New Thompson + Mellor—Yamada—Janjic va Betts—
Miller—Janjic + New Thompson + Mellor—Yamada.

Ludn 4n dd phan tich, danh gia hiéu qua cua céc yéu té quan tric cua ra-da
trong d6ng hda cap nhat nhanh va xac dinh duoc mic d6 dong gop cu thé cua do phan
hoi, tdc d6 gid xuyén tam dén d6 chinh xac cua dy bao mua tai cac han du béo 1-6h
va cac ngudng mua khac nhau. Do phan hoi co vai tro quyét dinh va anh hudng nhiéu
nhét so véi toe do gi6 xuyén tam khi déng hoa cap nhat nhanh ddi véi du bao han cuc
ngan va cac ngudng mua khac nhau cho khu vuc TP. HCM va dong hoa do phan hdi
két hop vai toe do gid xuyén tim co thé cai thién khoang 2 1an so véi voi khong dong
hoa.

D@)ng hoa cap nhat s6 liéu ra-da cho HCM-RAP thuc hién t6t nhat voi tan suét
cap nhat it nhat 13 cach nhau 2h, va 1h 1a t6i vu nhét.

Trong 4h dau ngoai suy ra-da c6 ki ning hon déi véi tat ca cac ngudng mua,
tuy nhién han tir 4-6h thi HCM-RAP thé hién ki ning vuot 1én so véi ngoai suy ra-
da, didc biét ngudng mua 16n (2mm/h va 5mm/h), didu nay bd khuyét khoang trong
trén va clng véi ngoai suy mua ra-da han 1-3h nhim ning cao chat lugng du bao

mua dinh lwong va canh bao mua dinh luong han cuc ngan cho khu vuc TP.HCM.
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Kién nghi

(1) Du b4o mua dinh luong han cuc ngin 1a van dé kho va dang 1a thach thirc cua
thé gidi va nudce ta. Bé hoan thién va dua hé théng HCM-RAP vao du béo
nghiép vu can cd nhiéu thir nghiém hon trong viéc cap nhat céc sb liéu quan
trac khac bén canh ra-da nhu vé tinh, bé mit va két hop.

(2) Hé thdng HCM-RAP khi dong hoa két hop thém nhiéu lai dir liéu quan trac
khac can xir Iy loc nhidu DF (Digital Filter)

(3) Hé thbng HCM-RAP dugc xay dung dua trén dong hoa 3DVAR nén van con
c6 nhirng han ché noi tai cia 3DVAR, do d6 can c6 nhitng thtr nghiém chuyén
d6i/ bo sung thir nghiém cac phuong phap khac nhu GSI, t6 hop loc Kalman,
ADVAR,...nham cai thién tot hon ki ning du bao mua 16n han cyc ngan.

(4) Ung dung trong dy bao nghiép vu mua han cuc ngan can nghién ctiru xay dyng
ki thuat két hop (blending) ngoai suy ra-da va déng hda cap nhat nhanh tirng
gio cho mdi khu vuc, cu thé theo tirng mua va tung hinh thé gay ra nguy co

mua 16n han cuc ngan.



114

DANH MUC CAC CONG TRINH KHOA HQC CUA TAC GIA
LIEN QUAN PEN LUAN AN

. Trwong Ba Kién, Pham Thi Thanh Nga, Tran Duy Thuc, Phung Thi My Linh,
Vii Van Thang: Panh gia chat luong du bao mwa dinh luong ctia mé hinh WRF
cho khu vuc Viét Nam, Tap chi Khi twong Thuy van 2022, 738, 1-11.

. Thang Vu Van, Thang Nguyen Van, Khiem Mai Van, Tien Du Duc, Kien
Truong Ba, Thuc Tran Duy, Hung Mai Khanh and Lars Robert Hole, 2022,
Assessment of heavy rainfall forecasts over the southern Vietnam by using
WRF-ARW with different physical parameterization schemes, Disaster
Advances Journal.

. Truong Ba Kien, Vu Van Thang, Tran Duy Thuc, Pham Xuan Quan, Nguyen
Quang Trung, 2020: Constructing Rapid Refresh system for rainfall
nowecasting (0-6h) at Ho Chi Minh city, VNU Journal of Science: Earth and
Environmental Sciences, ISSN 2588-1094, Vol. 37, No. 4, 2021

. Trwong Ba Kién, Tran Duy Thuc, L& Thi Tuyét: Nguyén nhan, co ché gay
mua 16n khu vuc Thanh phd Ho Chi Minh gay 24-26 thang 10 nim 2016. Tap
chi khoa hoc Bién d6i khi hau Sé 13 - Thang 3/2020

. Truong Ba Kien, Tran Duy Thuc , Nguyen Quang Trung, Nguyen Binh
Phong,Vu Van Thang: The ra-da extrapolation for very short-range forecasting
of rainfall at Ho Chi Minh city, 2021. JOURNAL OF CLIMATE CHANGE
SCIENCE, NO. 19 - SEP. 2021



115

TAI LIEU THAM KHAO

. Du Dtrc Tién va cong su, Nghién ctru ddng hoa sb liéu Ra-da Pong Ha dé
nang cao chit lugng duy bdo mua 16n cho khu vuc mién Trung. Tap chi Khi
tugng Thuy van 2013, sb 632 tr.12-19. — 2013

. Huynh Thi Hong Ngu, La Thi Cang Pdng héa s liéu bang phwong phap bién
phan bdn chiéu trong dy bao thoi tiét bang phuong phap s tri, 2008, Tap chi
Khoa hoc cong nghé Vol 11, No.12

. Lé btic va cong tac vién, 2007. Thur nghiém khai thac s6 liéu vé tinh dia tinh
b6 sung trudng am cho mo hinh nghiép vu HRM. Phan II: Phuong phép thuc
hién va Két qua nghién ctru. Tap chi KTTV, sb 558.

. Tran Hong Thai va cong su, Phuong phap dong héa so liéu nudging cho quan
tric Ra-da va tac dong té1 du bao mua 16n trén khu vuc Bic BO. tap chi Khi
tugng Thuy van 2016, s6 670 tr.1-6. — 2016

. Tran Téan Tién, Nguyén Thi Thanh, 2011. Pong héa dit liéu vé tinh modis
trong mo6 hinh WRF dé du bao mua 16n & khu vuc Trung BO

. Du Duc Tién, 2016. Nghién ctru (tng dung nghiép vu mé hinh bat thity tinh dé
nang cao chat luong du bao thoi tiét cho khu vuc Viét Nam. Bao céo tong két
dé tai nghién ctu khoa hoc cap Bo, Bo Tai nguyén va Moi Truong.

. Kiéu Thi Xin va cé&c cong tac vién, 2005. Nghién ctu dy bao mua 16n dién
rong bang cong nghé hién dai phuc vu phong chéng 1 Iyt & Viét Nam. Bao
cao két qua thyuc hién dé tai KHCN doc 1ap cap Nha nuéc, M3 sb : DTDL-
02/2002.

. Ngo Buc Thanh, 2014. Nghién cau xay dung hé thong dong hoé té hop cho
md hinh thoi tiét va hé théng té hop cho mét sé mé hinh khi hau khu virc nham
du bao va du tinh cac hién twong thoi tiét, khi hau cuc doan. Bao cdo két qua
thue hién dé tai KHCN doc 1ap cip Nha nudc.

. Tran Duy Thuc, Cong Thanh: Thtr nghiém dong hoa dit liéu ra-da trong mo
hinh WRF dé du bao mua 16n cho khu viec TP.HCM. Tap chi Khoa hoc



116

DHQGHN: Cac Khoa hoc Trai dat va Moi truong, Tap 34, S6 1S (2018) 59-
70

10. VAN KHIEM, Mai et al. Case Study of Using the Blending Radar-Numerical
Weather Prediction Product in Nowcasting. VNU Journal of Science: Earth
and Environmental Sciences, [S.I.], v. 37, n. 3, sep. 2021

Tai liéu tiéng Anh

11. Abdalla, S., et al. (2018). The impact of different physical parameterizations
on the simulation of the rainfall over the eastern Mediterranean region using
WRF model. Atmospheric Research, 200, 55-68.

12. Ali, M., et al. (2021). Impact of physical parameterization schemes on the WRF
model simulation of extreme precipitation events over Pakistan. Atmospheric
Research, 253, 105492.

13. Alviola, P. A., etal. (2014). Evaluation of WRF physics schemes for forecasting
convective precipitation during the Philippine monsoon season. Atmospheric
Research, 143, 377-392.

14.B. Chen et al. (2021): Evaluation of WRF Model Convection Schemes for
Precipitation Forecasting in the Tropics

15. Barker, D. M., W. Huang, Y-R. Guo, A. J. Bourgeois, and Q. N.Xiao, 2004: A
three-dimensional variational data assimilation system for MMD5:
Implementation and initial results. Mon. Wea. Rev., 132,897-914.

16.Benjamin, S. G., and Coauthors, 2004: An hourly assimilation-forecast cycle:
The RUC. Mon. Wea. Rev., 132, 495-518

17.Bennett A. F. (2002) Inverse Modeling of the Ocean and Atmosphere.
Cambridge University Press, Cambridge

18. Bergthorsson P., Doos B. (1955) Numerical weather map analysis. Tellus, 7.

19. C. Lavado-Casimiro et al. (2016): Sensitivity of WRF simulated precipitation to
convective parameterizations for the Andes Mountains

20.Cressman G. P. (1959) An operational objective analysis system. Monthly
Weather Review, 87, 367



117

21.Charney J. et al. (1950) On a physical basis for numerical prediction of
largescale motions in the atmosphere. Journal of Meteorology, 6,371.

22.Chen, F., & Dudhia, J. (2001). Coupling an advanced land surface—hydrology
model with the Penn State—NCAR MM5 modeling system. Part I: Model
implementation and sensitivity. Monthly Weather Review, 129(4), 569-585.

23.Chen, X., Zhang, Y., & Chen, F. (2020). Comparison of different
parameterization schemes and cycling intervals for data assimilation using WRF
model. Meteorological Applications, 27(1), e1831.

24.Chen, Y., & Zhang, Y. (2017). Impact of assimilation frequency on the
simulation of a heavy rainfall event using the WRF model. Atmospheric
Research, 194, 94-107.

25.Chen, Y., Chen, F., & Zhang, Y. (2018). Impact of different assimilation
variables and cycling intervals on the simulation of a tropical cyclone over the
South China Sea. Journal of Geophysical Research: Atmospheres, 123(24), 13-
864.

26.Chen, Y., Zhang, Y., & Chen, F. (2021). The impact of different assimilation
frequency and assimilation variables on high-resolution numerical simulation of
a heavy rainfall event. Natural Hazards, 107(1), 425-446.

27.Chen, Z., & Zhang, F. (2021). Impact of ra-da radial velocity data assimilation
on precipitation forecast: A case study with different background error
covariance models. Advances in Atmospheric Sciences, 38(1), 95-106.

28.Daley P. (1991) Atmospheric Data Analysis. Cambridge Atmospheric and space
Science Series, Cambridge University press. ISBN 0-521-38215-7,457

29.Espeholt, L., Agrawal, S., Sgnderby, C. et al. Deep learning for twelve hour
precipitation forecasts. Nat Commun 13, 5145 (2022).
https://doi.org/10.1038/s41467-022-32483-X

30.Eugenia Kalnay, 2003, “Atmospheric Modeling, Data Assimilation and
Predictability” Book



118

31.Nils Gustafsson, Tijana Janji¢, Christoph Schraff, Daniel Leuenberger, Martin
Weissmann, Hendrik Reich, Pierre Brousseau, Thibaut Montmerle, Eric
Wattrelot, Antonin Bucanek, Maté Mile, Rafiq Hamdi, Magnus Lindskog, Jan
Barkmeijer, Mats Dahlbom, Bruce Macpherson, Sue Ballard, Gordon
Inverarity, Jacob Carley, Curtis Alexander, David Dowell, Shun Liu, Yasutaka
Ikuta and Tadashi Fujita: Survey of data assimilation methods for convective-
scale numerical weather prediction at operational centres, Quarterly Journal of
the Royal Meteorological Society, 2017, 144(713), 1218-1256.
32.Feng, Z., Sun, J., Xie, B., Wu, Z., & Zhang, Y. (2019). Impact of a high-
frequency assimilation system on the forecasting of extreme precipitation over
the Yangtze River basin using the WRF model. Atmospheric Research, 215,
186-200.
33.Gao, J., Zhang, X., Liu, Y., & Xue, M. (2015). An OSSE-based evaluation of
hybrid EnKF-3DVar and hybrid EnSRF-3DVar data assimilation schemes for
ra-da observations. Monthly Weather Review, 143(11), 4528-4550.
34.Ghil M. (1989) Meteorological data assimilation for oceanographers. Part I:
description and theoretical framework. Dynamics of Atmosphere and Oceans,
13,171.
35.Grell, G. A., & Devenyi, D. (2002). A generalized approach to parameterizing
convection combining ensemble and data assimilation techniques. Geophysical
Research Letters, 29(14), 1693.
36.Guo, Z., Wang, Y., & Sun, J. (2018). Assimilation of ra-da reflectivity data with
WRF 3DVAR for precipitation forecasting. Journal of Hydrometeorology,
19(7), 1091-1110.
37.Gilchrist B., Cressman G. (1954) An experiment in objective analysis. Tellus 6,
309.
38.H. Lin et al. (2018)"Evaluation of Convective Parameterization Schemes for

Extreme Precipitation Events in East China with WRF Model" by



119

39.Huang, B., & Zhang, H. (2013). Evaluation of cumulus parameterizations in the
WRF model using satellite and reanalysis data. Journal of Climate, 26(21),
8401-8416.

40.Huang, Y., Li, X,, Li, Y., Li, G., Zhang, X., & He, J. (2020). Effect of different
cycling frequencies of data assimilation on the simulation of a mesoscale
convective system using WRF. Journal of Meteorological Research, 34(3), 439-
453.

41.Jain, P., Mandal, M., & Ghosh, S. (2020). Sensitivity analysis of physical
parameterization schemes for the prediction of the Indian summer monsoon
using the WRF model. Atmospheric Research, 233, 104708.

42.James O. Pinto, Joseph A. Grim, and Matthias Steiner, 2015. Assessment of the
High-Resolution Rapid Refresh Model’s Ability to Predict Mesoscale
Convective Systems Using Object-Based Evaluation.
https://doi.org/10.1175/WAF-D-14-00118.1.

43.Jiang, H., & Ren, X. (2021). Evaluation of the performance of the hourly data
assimilation approach in a high-resolution model for a heavy rainfall event in
eastern China. Atmospheric Research, 249, 105318.

44.L1, Y., Li, H.,Huang, L., Liu, X., & Zhu, H. (2017). Hourly cycling assimilation
of ra-da data for a squall line in South China using WRF. Advances in
Atmospheric Sciences, 34(1), 97-110.

45.L1, Y., Li, H., Wang, S., Zhang, X., & Wu, D. (2018). Comparison of the MY
and YSU planetary boundary layer schemes in simulating typhoon rainbands
over eastern China using WRF. Atmospheric Research, 208, 150-164.

46.Li, Y., Li, Y., & Wang, P. (2019). Impact of cycling frequency of the WRF
model with different data assimilation schemes on a heavy rainfall case.
Atmosphere, 10(10), 607.

47.Lions J. L. (1968) Contr"ole optimal de syst'emes gouvern’es par des equations

aux deriv’ees partielles. Dunod



120

48.Liu, C., Liu, Y., Han, W., & Ma, X. (2017). Comparing the effects of ra-da radial
velocity and reflectivity data assimilation on short-term quantitative
precipitation forecasting using the WRF model. Atmospheric Research, 185, 51-
62.

49.Liu, Q., Liu, Y., & Li, Y. (2019). Improving short-term precipitation prediction
through high-frequency cycling assimilation with the WRF model. Journal of
Hydrology, 573, 787-798.

50.Liu, Y., Liu, Y., & Fu, Y. (2020). A review of ra-da data assimilation for
precipitation nowecasting: Development, challenges, and prospects. Remote
Sensing, 12(10), 1581.

51.Liu, Y., Wang, P., & Li, Y. (2018). Effects of different cycling intervals of data
assimilation on the simulation of a typhoon event using WRF model. Journal of
Meteorological Research, 32(5), 749-764.

52.Liu, Y., Wang, P., & Li, Y. (2019). Impact of assimilation frequency on the
simulation of a heavy rainfall event using the WRF model. Atmosphere, 10(3),
139.

53.Lorenc A. C. (1986) Analysis methods for numerical weather prediction.
Quarterly Journal of the Royal Meteorological Society, 112, 1177

54.M. Asch, M. Bocquet and M. Nodet, 2017. Data Assimilation Methods,
Algorithms, and Applications. SIAM, ISBN 978-1-611974-53-9

55.Ma, X., Huang, X., Zhang, Y., & Sun, J. (2016). A case study on hourly cycling
data assimilation for a convective system over East Asia using WRF. Advances
in Atmospheric Sciences, 33(2), 265-278.

56.N. Aryal et al. (2019): Performance Evaluation of WRF Model for Rainfall
Forecasting over the Great Himalayas: A Sensitivity Study

57.P. Kumar et al. (2020): Evaluation of Convection Schemes in WRF Model for

Tropical Precipitation Forecasting over South Asia



121

58. Parween, S., et al. (2020). Performance of WRF-ARW model with different
physical parameterization schemes in simulating extreme rainfall over
Uttarakhand. Atmospheric Research, 238, 104857.

59.S. Zhang et al. (2013): Performance of WRF Model Physics Parameterization
Schemes over the Tibetan Plateau

60. Skamarock, W.C., J.B. Klemp, J. Dudhia, D.O. Gill, D.M. Barker, M.G. Duda,
X.-Y. Huang, W. Wang, and J.G. Powers (2008). A description of the advanced
research WRF version 3. NCAR Technical Note, NCAR/TN-475+STR

61.Sun, J., Crook, N. A., & Olson, W. S. (2005). An advanced ensemble-based
assimilation method for ra-da and conventional data. Part I: Formulation and
simple assimilation tests. Monthly Weather Review, 133(5), 889-904.

62.Sun, J., Snyder, C., & Zhang, Y. (2021). The impact of Doppler ra-da radial
velocity data assimilation on QPF in high-resolution WRF forecasts. Weather
and Forecasting, 36(2), 513-526.

63.Sun, J., Yin, X., & Li, W. (2018). Impact of hourly data assimilation on the
prediction of a summer heavy rain event over Beijing, China. Atmospheric
Research, 201, 77-90.

64.Sun, J., Zhang, F., & Xue, M. (2014). An hourly cycling assimilation system for
ra-da data with the WRF model part I: Implementation and preliminary tests.
Monthly Weather Review, 142(6), 1996-2015.

65.Sun, J., Zhang, F., Wang, Y., & Xue, M. (2018). Assimilating ra-da reflectivity
and radial velocity data with an hourly cycling WRF system for forecasting of a
heavy rainfall event over Beijing. Journal of Geophysical Research:
Atmospheres, 123(1), 337-352.

66. Tan, J., et al. (2018). Impact of physics parameterization schemes on the WRF
modeling of a torrential rain event in Sichuan, China. Atmospheric Research,
200, 90-101.



122

67.Tong, C., Zhang, Y., Wang, X., & Chen, H. (2015). The impact of different
assimilation cycles on WRF model precipitation forecasts. Advances in
Meteorology, 2015, 10.

68.Tong, K., Chen, Y., & Zhang, Y. (2019). Comparison of the impacts of hourly
and 3-hourly data assimilation on the simulation of a heavy rainfall event using
WRF. Atmospheric Research, 220, 87-100.

69.Tong, M., Xue, M., & Gao, J. (2015). The impact of ra-da reflectivity and radial
velocity data assimilation with WRF 3DVAR on the prediction of a high-
precipitation event over the central United States. Journal of Hydrometeorology,
16(3), 1056-1073.

70.Tong, M., Xue, M., & Gao, J. (2016). A comparison of ra-da reflectivity data
assimilation and radial velocity data assimilation with the WRF 3DV AR system
for precipitation prediction. Advances in Atmospheric Sciences, 33(2), 216-229.

71.Thomas Schwitallal and Volker Wulfmeyer, 2013: Ra-da data assimilation
experiments using the IPM WRF Rapid Update Cycle

72.Wang, P., Li, Y., & Li, Y. (2019). Effects of different cycling intervals of data
assimilation on a heavy precipitation case using WRF model. Journal of
Meteorological Research, 33(4), 643-656.

73.Wang, P., Li, Y., & Li, Y. (2019). Effects of different cycling intervals of data
assimilation on a heavy precipitation case using WRF model. Journal of
Meteorological Research, 33(4), 643-656.

74.Jin  Jang Hong, Introduction to the data assimilation, Toward
3DVAR/EnKF/Hybrid ensemble-3DVAR, CWB, 2018

75.Wang, X., Li, H., Li, J., Li, X, Li, Y., & Yu, W. (2020). Comparison of 3-h and
hourly cycling data assimilation schemes for improving heavy precipitation
prediction with ra-da data. Atmospheric Research, 241, 104969.

76.Wang, Y., Zhao, Y., Li, X., & Li, H. (2018). An improved hourly cycling
assimilation system for ra-da reflectivity data in the WRF model for

precipitation forecasting. Atmospheric Research, 203, 10-20.



123

77.Wu, D., Hu, X. M., Wang, J., & Chen, X. (2019). Assessment of WRF-based
ra-da reflectivity and radial velocity assimilation for quantitative precipitation
forecasting. Atmospheric Research, 218, 54-66.

78.Yang, H., Zhang, J. A., & Zhong, S. (2019). Assimilating hourly SSMIS
radiance data with WRF-based ensemble data assimilation system for the
prediction of a torrential rain event. Atmospheric Research, 217, 45-60.

79.Zhang, X., Wang, Y., & Xue, M. (2011). Evaluation of ra-da reflectivity data
assimilation using ensemble Kalman filter for precipitation forecasting with the
WRF model. Journal of Applied Meteorology and Climatology, 50(5), 1030-
1048.

80.Zhang, Y., & Zheng, W. (2021). Investigation of hourly cycling data
assimilation for high-impact weather prediction using the WRF model: A case
study of a severe convection event. Advances in Atmospheric Sciences, 38(7),
837-852.

81.Zhang, Y., Xie, B., & Sun, J. (2019). High-frequency assimilation experiments
with the WRF model for the prediction of a heavy precipitation event over the
Yangtze River valley. Journal of Geophysical Research: Atmospheres, 124(12),
6334-6354.

82.Zhao, Y., Wang, Y., Li, X., & Li, H. (2016). A study of assimilating ra-da
reflectivity data for short-term precipitation forecasting with the WRF model.
Atmospheric Research, 169, 11-109.

83. http://www2.mmm.ucar.edu/wrf/users/downloads.html.



http://www2.mmm.ucar.edu/wrf/users/downloads.html

124

PHU LUC

PL-Hinh 3. 1. Phan bé muwa trung binh
han 1h gidta mwa quan trac (39 tram-
trén cung phia trén) va thi# nghiém
khong(trén-phai), dong héa VR (giita-
trai), ZH (giza-phai) va ZHVR (dudi-
trdi) doi véi cdu hinh két hop tham so
hoa vt ly khac nhau KF3_THP_MYJ
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PL-Hinh 3. 2. Phan bé mua trung binh
han 1h giita mwa quan trdc (39 tram-
trén cung phia trén) va thi nghiém
khong(trén-phai), dong héa VR (giita-
trai), ZH (gi#a-phai) va ZHVR (dudi-
trdi) doi véi cdu hinh két hop tham so
hoa vt ly khac nhau KF3_LIN_MYJ



126

PL-Hinh 3. 3. Phan bé muwa trung binh
han 1h gia muwa quan trac (39 tram-trén
cung phiatrén) va thi nghi¢m khéng(trén-
phdai), dong héa VR (giza-trai), ZH (giira-
phdi) va ZHVR (duéi-trdi) doi véi cau
hinh két hop tham sé hda vt Iy khéac nhau
KF3_WSM5_MYJ
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PL-Hinh 3. 4. Phan bé mua trung binh
han 1h gidka mwa quan trdac (39 tram-
trén cung phia trén) va thi# nghiém
khéng(trén-phdi), dong hoa VR (giia-
trai), ZH (giza-phdi) va ZHVR (duéi-
trdi) doi véi cdu hinh két hop tham so
hoa vt ly khac nhau GD_LIN_MYJ
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PL-Hinh 3. 5. Phan bé mura trung binh
han 1h giga mwea quan trac (39 tram-
trén cung phia trén) va the nghiém
khéng(trén-phdi), dong hoa VR (giira-
trai), ZH (giira-phdi) va ZHVR (dudi-
trdi) doi véi cdu hinh két hop tham sé
hoa vt ly khac nhau GD_WSM5_MYJ
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PL-Hinh 3. 6. Phan bé mua trung binh
han 1h gitta mwa quan trdc (39 tram-trén
cung phiatrén) va thi nghi¢m khéng(trén-
phdi), dong hoa VR (giira-trai), ZH (giia-
phai) va ZHVR (dwdi-trdi) déi Véi cau
hinh két hop tham sé hoa vt Iy khac nhau
BMJ_THP_MYJ
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PL-Hinh 3. 7. Phan bé mua trung binh
han 1h gitta mwa quan trdac (39 tram-
trén cung phia trén) va tha nghiém
khéng(trén-phdi), dong hoa VR (giira-
trai), ZH (gitra-phai) va ZHVR (dudi-
trdi) doi véi cdu hinh két hop tham sé
hoa vdt ly khac nhau BMJ LIN YSU
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PL-Hinh 3. 8. Phan bé mua trung binh
han 1h gitta mwa quan trac (39 tram-
trén cung phia trén) va thi# nghiém
khéng(trén-phdi), dong hoa VR (giia-
trai), ZH (giira-phai) va ZHVR (duwdi-
trdi) déi véi cdu hinh két hop tham sé
héa vat Iy khac nhau KF3_THP_MYJ
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PL-Hinh 3. 9. Phan bé mua trung binh
han 1h giita mwea quan trac (39 tram-
trén cung phia trén) va the nghiém
khéng (trén-phdi), dong hoéa VR (giira-
trai), ZH (gia-phdi) va ZHVR (dudi-
trdi) doi véi cau hinh két hop tham sé
héa vat Iy khac nhau KF3_LIN_MYJ
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PL-Hinh 3. 10. Phan bé mura trung binh
han 1h gia mwa quan trac (39 tram-trén
cung phia trén) va thsz nghiém khéng(trén-
phdi), dong hoa VR (giira-trai), ZH (giia-
phai) va ZHVR (dwdi-trdi) déi Véi cau
hinh két hop tham sé hoa vt Iy khac nhau
KF3_WSM5_MYJ
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PL-Hinh 3. 11. Phan bé mua trung binh
han 1h giga miea quan trac (39 tram-
trén cung phia trén) va the nghiém
khéng(trén-phdi), dong hoa VR (giira-
trai), ZH (giza-phai) va ZHVR (duoi-
trdi) doi véi cdu hinh két hop tham sé
hoa vt ly khac nhau GD_LIN_MYJ
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PL-Hinh 3. 12. Phan bé mura trung binh
han 1h giita mwea quan trac (39 tram-
trén cung phia trén) va the nghiém
khéng(trén-phdi), dong hoa VR (giira-
trai), ZH (gia-phdi) va ZHVR (dudi-
trdi) doi véi cau hinh két hop tham sé
hoa vat ly khac nhau GD_WSM5_MYJ
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PL-Hinh 3. 13. Phan bé mura trung binh
han 1h gia muwa quan trac (39 tram-trén
cung phia trén) va thsz nghiém khéng(trén-
phdi), dong hoa VR (giira-trai), ZH (giia-
phai) va ZHVR (dudi-trdi) déi Véi cau
hinh két hop tham sé hoa vat Iy khac nhau
BMJ_THP_MYJ
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PL-Hinh 3. 14. Phan bé mura trung binh
han 1h gitta mwa quan trac (39 tram-
trén cung phia trén) va thi# nghiém
khéng(trén-phdi), dong hoa VR (giia-
trai), ZH (giira-phai) va ZHVR (duwdi-
trdi) déi véi cdu hinh két hop tham sé
hoéa vdt ly khac nhau BMJ LIN YSU
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PL-Hinh 3.15. Biéu do tan sudt- histogram doi véi muea han 1h gista miwea quan trac (6t mau xanh) mua dir bao (cot mau do) va

KDE-histogram quan trdc (nét dirt xanh) va KDE-histogram quan trac (nét dist xanh) tai vi tri tram quan trac véi thiz nghiém khong
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dong héa (bén trdi), dong hda VR (tréi-giira), ZH (phdi-giza) va ZHVR (phdi) déi véi cac cdu hinh két hop tham sé hda vt 1y khéc

nhau
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PL-Hinh 3.16. Biéu do tan sudt- histogram doi Véi miea han 3h gista miea quan trac (6t mau xanh) mua dir bao (c6t mau do) va

KDE-histogram quan trdc (nét dirt xanh) va KDE-histogram quan trac (nét dist xanh) tai vi tri tram quan trac véi thiz nghiém khong



175

dong héa (bén trdi), dong hda VR (tréi-giira), ZH (phdi-giza) va ZHVR (phdi) déi véi cac cdu hinh két hop tham sé hda vt 1y khéc

nhau
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PL-Hinh 3.17. Biéu do tan sudt- histogram doi véi mua han 6h giita mira quan trac (Cot mau xanh) muwa dir bao (cot mau do) va
KDE-histogram quan trdc (nét dist xanh) va KDE-histogram quan trdc (nét dit xanh) tai vi tri tram quan trac véi thiz nghiém
khéong dong héa (bén trdi), dong hoa VR (trai-giza), ZH (phdi-giira) va ZHVR (phdi) déi véi cac cdu hinh két hop tham so hoa vat
ly khac nhau
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PL-Bdng 4.1. Chi s6 ddnh gid dw béo ciia cdc phirong dn véi han dy béo 1h, 3h va 6h tai cdc ngudng miea (CTL)

h | Han 1h Han 3h Han 6h

Chi s6 So @b
0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm
mp2_bll cu2 | 084 | 091 | 1.01 | 1.09 | 1.05 | 077 | 088 | 095 | 1.04 | 1.12 | 1.07 | 081 | 094 | 1.02 | 113 | 1.21 | 1.16 | 0.84
Fp] | MP2bI2_cul | 094 | 106 | 143 | 117 | 112 | 083 | 099 | 110 | 116 | 120 | 115 | 0.86 | 1.05 | 118 | 1.25 | 1.30 | 124 | 0.94
mp2_bl2 cu93 | 109 | 1.28 | 1.37 | 143 | 143 | 093 | 115 | 134 | 141 | 146 | 147 | 096 | 121 | 142 | 151 | 157 | 1.58 | 1.09
mp4_bl2 cul | 100 | 1.08 | 114 | 120 | 116 | 097 | 105 | 113 | 118 | 1.23 | 119 | 1.02 | 112 | 120 | 127 | 1.32 | 1.29 | 1.00
mp4_bl2 cu93 | 109 | 1.19 | 1.26 | 1.34 | 126 | 097 | 115 | 124 | 1.30 | 1.37 | 1.28 | 1.01 | 121 | 1.32 | 1.40 | 148 | 1.39 | 1.09
mp8_bl2 cul | 102 | 143 | 119 | 120 | 116 | 104 | 108 | 118 | 1.22 | 1.23 | 119 | 1.09 | 114 | 126 | 132 | 1.32 | 1.28 | 1.02
mp8_bl2 cu2 | 096 | 1.09 | 1.4 | 115 | 114 | 103 | 101 | 113 | 147 | 118 | 117 | 105 | 1.02 | 115 | 119 | 1.19 | 1.19 | 0.96
mp2_bll cu2 | 012 | 0.08 | 0.07 | 0.05 | 0.04 | 019 | 013 | 0.09 | 0.07 | 005 | 004 | 020 | 014 | 010 | 0.07 | 0.06 | 0.04 | 0.12
pop | MP2bI2 cul | 012 | 009 | 007 | 006 | 005 | 017 | 012 | 009 | 0.07 | 0.06 | 0.05 | 018 | 013 | 0.09 | 0.07 | 0.07 | 0.05 | 0.12
mp2_bl2_ cu93 | 013 | 010 | 0.08 | 0.07 | 0.08 | 019 | 014 | 0.1 | 0.09 | 008 | 0.08 | 019 | 014 | 011 | 009 | 0.08 | 0.08 | 0.13
mp4_bl2_cul | 013 | 0.0 | 0.09 | 0.08 | 007 | 022 | 014 | 0.0 | 0.09 | 008 | 007 | 023 | 014 | 041 | 0.10 | 0.09 | 0.07 | 0.13
mp4_bl2 cu93 | 014 | 010 | 0.09 | 0.08 | 007 | 021 | 045 | 0.0 | 0.09 | 0.08 | 0.07 | 022 | 015 | 0.1 | 0.10 | 0.09 | 0.07 | 0.14
mp8_bl2_cul | 013 | 0.0 | 0.09 | 0.08 | 0.06 | 024 | 014 | 0.0 | 0.09 | 008 | 007 | 025 | 015 | 041 | 0.10 | 0.09 | 0.07 | 0.13
mp8_bl2 cu2 | 012 | 008 | 0.07 | 0.05 | 0.04 | 020 | 012 | 0.08 | 007 | 005 | 0.04 | 021 | 013 | 0.08 | 0.07 | 0.06 | 005 | 0.12
mp2_bll cu2 | 085 | 0.91 | 093 | 095 | 0.96 | 0.75 | 0.85 | 091 | 0.93 | 095 | 096 | 075 | 0.85 | 091 | 093 | 0.95 | 0.96 | 0.85
FAR | MP2bl2cul | 088 | 092 | 0.94 | 095 | 096 | 0.79 | 0.88 | 092 | 094 | 0.95 | 096 | 079 | 0.88 | 092 | 094 | 095 | 0.96 | 0.88
mp2_bl2_cu93 | 088 | 0.92 | 094 | 0.95 | 0.95 | 0.80 | 0.88 | 0.92 | 0.94 | 095 | 095 | 0.80 | 0.88 | 092 | 0.94 | 0.95 | 0.95 | 0.88
mp4_bl2_cul | 087 | 091 | 092 | 093 | 0.94 | 077 | 0.87 | 091 | 092 | 093 | 094 | 077 | 0.87 | 091 | 092 | 094 | 0.94 | 0.87
mp4_bl2 cud3 | 087 | 092 | 0.93 | 094 | 094 | 078 | 0.87 | 092 | 093 | 0.94 | 094 | 078 | 0.88 | 092 | 093 | 094 | 095 | 0.87
mp8_bl2_cul | 087 | 0.91 | 093 | 094 | 0.94 | 077 | 0.87 | 091 | 093 | 094 | 094 | 077 | 0.87 | 091 | 093 | 094 | 0.94 | 0.87
mp8_bl2_cu2 | 088 | 0.93 | 094 | 095 | 0.96 | 0.81 | 0.88 | 0.93 | 0.94 | 095 | 096 | 0.80 | 0.88 | 0.93 | 0.94 | 0.95 | 0.96 | 0.88
CSI | mp2_bll cu2 | 007 | 005 | 003 | 0.03 | 002 | 012 | 0.07 | 0.05 | 0.03 | 003 | 002 | 013 | 008 | 005 | 0.04 | 0.03 | 0.02 | 0.07
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Chi sb

N Han 1h Han 3h Han 6h

S0 40 0.lmm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm
mp2_bl2_cul 0.06 0.04 | 003 | 0.03 | 002 | 0.11 0.07 0.04 | 003 | 0.03 | 0.02 | 0.11 0.07 0.05 | 0.03 | 0.03 | 0.02 | 0.06
mp2_bl2_cud3 | .07 0.05 | 004 | 0.03 | 003 | 0.11 0.07 0.05 | 0.04 | 0.03 | 0.03 | 0.11 0.07 0.05 | 0.04 | 0.03 | 0.03 | 0.07
mp4_bl2_cul 0.07 0.05 | 004 | 0.04 | 003 | 0.12 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.13 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.07
mp4_bl2_cud3 | .07 0.05 | 0.04 | 004 | 003 | 0.12 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.13 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.07
mp8_bl2_cul 0.07 0.05 | 0.04 | 004 | 003 | 0.13 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.14 0.07 0.05 | 0.04 | 0.04 | 0.03 | 0.07
mp8_bl2_cu2 0.06 0.04 | 0.03 | 003 | 0.02 | 0.11 0.06 0.04 | 0.03 | 0.03 | 0.02 | 0.12 0.07 0.04 | 0.03 | 0.03 | 0.02 | 0.06




Bang 4.2. Chi so ddnh gid dir b&0 ciia cdc phirong dn véi han dir bao 1h, 3h va 6h tai cdc nguwdng muwea (VR)
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, . Han 1h Han 3h Han 6h
Chi sb So db

0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm

mp2_bl1_cu2 0.85 | 0.88 | 0.98 | 1.03 | 1.10 | 1.09 | 0.82 | 1.01 | 1.15 | 1.21 | 1.26 | 126 | 073 | 0.81 | 0.90 | 0.96 | 1.00 | 0.9

FBI mp2_bl2_cul 1.00 | 115 | 130 | 141 | 151 | 148 | 1.04 | 127 | 141 | 147 | 155 | 150 | 098 | 1.1 | 1.26 | 1.31 | 1.36 | 1.36
mp2_bl2_cu93 106 | 127 [ 149 | 161 | 170 | 174 | 117 | 152 | 1.76 | 1.92 | 201 | 1.96 | 109 | 1.39 | 1.61 | 1.72 | 1.81 | 1.82
mp4_bl2_cul 102 | 113 [ 128 | 136 | 141 | 138 | 1.09 | 131 | 145 | 151 | 149 | 143 | 114 | 1.29 | 143 | 1.48 | 1.48 | 1.39
mp4_bl2_cu93 105 | 120 | 1.36 | 146 | 154 | 151 | 125 | 154 | 1.75 | 1.88 | 1.93 | 1.90 | 126 | 151 | 1.69 | 1.74 | 1.78 | 1.74
mp8_bl2_cul 089 | 097 | 1.08 | 1.13 | 1.8 | 1.17 | 108 | 1.15 | 1.24 | 125 | 129 | 125 | 116 | 121 | 132 | 141 | 143 | 135
mp8_bl2_cu2 093 | 110 | 1.26 | 1.32 | 1.37 | 1.36 | 118 | 1.38 | 1.58 | 1.66 | 1.80 | 1.76 | 1.16 | 112 | 123 | 124 | 1.26 | 1.20
mp2_bl1_cu2 021 | 012 | 0.09 | 007 | 0.06 | 0.04 | 023 | 0.4 | 0.08 | 0.06 | 0.06 | 005 | 022 | 0.5 | 0.10 | 0.09 | 0.07 | 0.06

poD | MP2_bI2_cul 025 | 016 | 012 | 010 | 0.09 | 0.08 | 025 | 017 | 0.3 | 0.08 | 0.07 | 005 | 022 | 015 | 0.11 | 0.09 | 0.09 | 0.09
mp2_bl2_cu93 025 | 047 | 014 | 013 | 012 | 010 | 027 | 019 | 015 | 014 | 012 | 012 | 024 | 018 | 013 | 013 | 0.12 | 0.11
mp4_bl2_cul 024 | 045 | 012 | 009 | 0.07 | 0.06 | 026 | 0.8 | 0.13 | 0.10 | 0.09 | 0.09 | 027 | 017 | 012 | 0.10 | 0.09 | 0.08
mp4_bl2_cu93 025 | 016 | 013 | 012 | 010 | 0.09 | 027 | 019 | 015 | 014 | 044 | 012 | 028 | 0.9 | 045 | 0.13 | 0.11 | 0.10
mp8_bl2_cul 022 | 014 | 011 | 007 | 0.05 | 0.05 | 025 | 015 | 0.12 | 0.10 | 0.09 | 008 | 026 | 0.6 | 0.11 | 0.10 | 0.09 | 0.07
mp8_bl2_cu2 021 | 013 | 010 | 0.08 | 0.06 | 0.06 | 025 | 0.6 | 0.11 | 0.09 | 0.08 | 007 | 0.28 | 0.14 | 0.10 | 0.09 | 0.08 | 0.07
mp2_bl1_cu2 0.75 | 087 | 091 | 093 | 0.95 | 0.96 | 072 | 0.87 | 0.93 | 0.95 | 0.96 | 096 | 070 | 0.81 | 0.88 | 0.91 | 0.93 | 0.94

FAR mp2_bl2_cul 075 | 086 | 091 | 093 | 0.94 | 0.95 | 076 | 0.86 | 0.91 | 0.94 | 0.96 | 097 | 077 | 0.87 | 091 | 0.93 | 0.94 | 0.94
mp2_bl2_cu93 0.76 | 087 | 091 | 092 | 0.93 | 0.94 | 077 | 0.87 | 0.92 | 0.93 | 094 | 094 | 078 | 0.87 | 092 | 0.93 | 0.93 | 0.94
mp4_bl2_cul 0.76 | 087 | 091 | 0.94 | 0.95 | 0.96 | 076 | 0.86 | 0.91 | 0.93 | 0.94 | 094 | 076 | 0.87 | 0.92 | 0.93 | 0.94 | 0.94
mp4_bl2_cu93 076 | 0.86 | 0.90 | 092 | 094 | 094 | 078 | 0.88 | 0.91 | 0.93 | 093 | 0.94 | 0.78 | 0.87 | 0.91 | 0.93 | 0.94 | 0.94
mp8_bl2_cul 0.76 | 0.86 | 0.90 | 0.94 | 0.95 | 0.96 | 0.77 | 0.87 | 0.91 | 0.92 | 093 | 093 | 077 | 0.87 | 092 | 0.93 | 0.94 | 0.95
mp8_bl2_cu2 077 | 088 | 092 | 0.94 | 0.96 | 0.96 | 0.78 | 0.88 | 0.93 | 0.94 | 095 | 096 | 076 | 0.88 | 0.92 | 0.93 | 0.94 | 0.94

csl mp2_bl1_cu2 0.13 | 0.07 | 005 | 003 | 0.03 | 0.02 | 0.5 | 0.07 | 0.04 | 0.03 | 0.03 | 002 | 014 | 0.09 | 0.06 | 0.05 | 0.04 | 0.03
mp2_bl2_cul 0.14 | 008 | 005 | 005 | 0.04 | 0.03 | 014 | 0.08 | 0.05 | 0.03 | 0.03 | 0.02 | 013 | 0.07 | 0.05 | 0.04 | 0.04 | 0.04
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. | Han 1h Han 3h Han 6h
Chi sb So db

0.lmm | Imm | 2mm | 3mm | 4mm | 5mm | 0.I1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm
mp2_bl2_cu93 0.14 | 0.08 | 0.06 | 005 | 0.05 | 004 | 014 | 008 | 0.06 | 0.05 | 0.04 | 0.04 | 013 | 0.08 | 0.05 | 0.05 | 0.04 | 0.04
mp4_bl2_cul 0.14 | 0.08 | 0.05 | 0.04 | 003 | 002 | 014 | 008 | 0.06 | 0.04 | 0.04 | 004 | 014 | 0.08 | 0.05 | 0.04 | 0.04 | 0.03
mp4_bl2_cu93 0.14 | 0.08 | 0.06 | 005 | 0.04 | 004 | 014 | 008 | 0.06 | 0.05 | 0.05 | 0.04 | 014 | 0.08 | 0.06 | 0.05 | 0.04 | 0.04
mp8_bl2_cul 0.13 | 0.07 | 0.05 | 003 | 003 | 002 | 014 | 008 | 0.06 | 0.05 | 0.04 | 0.04 | 014 | 008 | 0.05 | 0.04 | 0.04 | 0.03
mp8_bl2_cu2 0.12 | 0.06 | 0.05 | 003 | 003 | 002 | 013 | 007 | 0.05 | 0.04 | 003 | 003 | 015 | 007 | 0.05 | 0.04 | 0.04 | 0.03




Bang 4.3. Chi ¢ ddnh gid di b&o ciia cdc phirong dn véi han dir bdo 1h, 3h va 6h tai cdc nguwdng muwea (ZH)
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Chi sb So db Han 1h Han 3h Han 6h

0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm

mp2_bll_cu2 157 | 170 | 1.99 | 224 | 245 | 251 | 156 | 212 | 254 | 283 | 3.08 | 3.09 | 113 | 1.21 | 1.31 | 1.43 | 151 | 150

FBI mp2_bl2_cul 168 | 1.92 | 228 | 256 | 283 | 291 | 170 | 245 | 297 | 326 | 347 | 352 | 125 | 145 | 1.61 | 1.70 | 1.79 | 1.74
mp2_bl2_cu93 171 | 201 | 246 | 279 | 313 | 324 | 178 | 267 | 326 | 364 | 3.98 | 403 | 142 | 175 | 1.98 | 213 | 2.21 | 217
mp4_bl2_cul 167 | 173 | 194 | 217 | 228 | 230 | 173 | 251 | 3.01 | 3.26 | 346 | 350 | 163 | 1.87 | 1.96 | 2.00 | 1.99 | 1.90
mp4_bl2_cu93 168 | 1.84 | 212 | 2.37 | 258 | 266 | 1.83 | 270 | 329 | 3.74 | 406 | 406 | 175 | 211 | 228 | 241 | 250 | 2.39
mp8_bl2_cul 1.90 | 167 | 1.80 | 195 | 205 | 205 | 1.68 | 234 | 276 | 299 | 313 | 310 | 172 | 1.78 | 1.83 | 1.91 | 1.99 | 1.90
mp8_bl2_cu2 194 | 173 [ 193 | 211 | 229 | 235 | 1.81 | 246 | 293 | 324 | 351 | 343 | 182 | 1.75 | 1.84 | 1.85 | 1.86 | 1.76
mp2_bll_cu2 050 | 028 | 022 | 020 | 018 | 017 | 036 | 0.26 | 0.21 | 0.18 | 0.17 | 016 | 031 | 017 | 0.12 | 0.10 | 0.08 | 0.08

poD | MP2_bI2_cul 052 | 032 | 025 | 022 | 019 | 019 | 038 | 031 | 0.26 | 0.25 | 022 | 020 | 027 | 045 | 011 | 0.10 | 0.10 | 0.09
mp2_bl2_cu93 052 | 031 | 0.26 | 024 | 021 | 020 | 037 | 030 | 0.26 | 024 | 023 | 021 | 030 | 0.8 | 013 | 0.11 | 0.09 | 0.09
mp4_bl2_cul 052 | 029 | 020 | 018 | 013 | 013 | 038 | 032 | 0.27 | 0.23 | 0.19 | 018 | 035 | 022 | 0.14 | 0.12 | 0.10 | 0.09
mp4_bl2_cu93 052 | 030 | 022 | 020 | 017 | 016 | 0.39 | 032 | 027 | 0.26 | 024 | 023 | 037 | 026 | 0.18 | 0.16 | 0.12 | 0.12
mp8_bl2_cul 062 | 032 | 021 | 018 | 015 | 014 | 037 | 029 | 025 | 0.23 | 021 | 019 | 038 | 021 | 015 | 0.14 | 0.12 | 0.10
mp8_bl2_cu2 061 | 031 | 020 | 016 | 014 | 013 | 0.37 | 028 | 0.23 | 020 | 0.18 | 016 | 041 | 021 | 014 | 011 | 0.09 | 0.07
mp2_bll_cu2 0.68 | 0.84 | 0.89 | 091 | 093 | 0.93 | 077 | 0.88 | 0.92 | 0.94 | 095 | 095 | 073 | 0.86 | 0.91 | 0.93 | 0.94 | 0.95

FAR mp2_bl2_cul 069 | 083 | 0.89 | 091 | 093 | 0.94 | 078 | 0.87 | 0.91 | 0.92 | 0.94 | 094 | 079 | 0.89 | 093 | 0.94 | 0.95 | 0.95
mp2_bl2_cu93 070 | 0.84 | 0.90 | 0.92 | 0.93 | 0.94 | 079 | 0.89 | 0.92 | 0.93 | 0.94 | 095 | 079 | 090 | 094 | 095 | 0.96 | 0.96
mp4_bl2_cul 069 | 0.83 | 0.90 | 0.92 | 0.94 | 0.94 | 078 | 0.87 | 0.91 | 0.93 | 0.94 | 095 | 079 | 0.88 | 0.93 | 0.94 | 0.95 | 0.96
mp4_bl2_cu93 069 | 084 | 0.89 | 092 | 093 | 094 | 079 | 0.88 | 0.92 | 093 | 094 | 094 | 079 | 0.88 | 0.92 | 0.94 | 0.95 | 0.95
mp8_bl2_cul 067 | 081 | 0.88 | 091 | 0.93 | 0.93 | 078 | 0.87 | 0.91 | 0.92 | 093 | 094 | 078 | 0.88 | 0.92 | 0.93 | 0.94 | 0.95
mp8_bl2_cu2 069 | 082 | 0.89 | 0.93 | 0.94 | 0.95 | 079 | 0.89 | 0.92 | 0.94 | 095 | 095 | 078 | 0.88 | 0.92 | 0.94 | 0.95 | 0.96

csl mp2_bl1_cu2 024 | 011 | 0.08 | 007 | 0.05 | 0.05 | 017 | 0.09 | 0.06 | 0.05 | 0.04 | 004 | 017 | 0.08 | 0.05 | 0.04 | 0.03 | 0.03
mp2_bl2_cul 024 | 012 | 0.08 | 007 | 0.05 | 0.05 | 016 | 0.10 | 0.07 | 0.06 | 0.05 | 005 | 014 | 0.07 | 0.05 | 0.04 | 0.04 | 0.03
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. | Han 1h Han 3h Han 6h
Chi so So do

0.lmm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2Zmm | 3mm | 4mm | 5mm | 0.1mm | 1mm | 2mm | 3mm | 4mm | 5mm
mp2_bl2_cu93 0.24 0.12 | 0.08 0.07 | 0.05 0.05 0.16 0.09 0.06 | 0.06 0.05 | 0.04 0.14 0.07 0.04 | 0.04 | 0.03 | 0.03
mp4_bl2_cul 0.24 0.12 | 0.07 0.06 | 0.04 | 0.04 0.16 0.10 0.07 0.06 0.05 | 0.04 0.15 0.08 0.05 | 0.04 | 0.03 | 0.03
mp4_bl2_cu93 0.24 0.12 | 0.08 0.06 | 0.05 0.04 0.16 0.10 0.07 0.06 0.05 | 0.05 0.16 0.09 0.06 | 0.05 0.04 | 0.04
mp8_bl2_cul 0.27 0.14 | 0.08 0.06 | 0.05 0.05 0.16 0.10 0.07 0.06 0.05 | 0.05 0.16 0.08 0.05 | 0.05 0.04 | 0.04
mp8_bl2_cu2 0.26 0.13 | 0.07 0.05 | 0.04 | 0.04 0.15 0.09 0.06 | 0.05 0.04 | 0.04 0.17 0.08 0.05 | 0.04 | 0.03 | 0.03
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Bang 4.4. Chi s¢ ddnh gid di b&0 ciia cdc phirong dn véi han dir bdo 1h, 3h va 6h tai cdc nguwdng mwa (ZHVR)

, . Han 1h Han 3h Han 6h
Chi sb So db

0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2mm | 3mm | 4mm | 5mm

mp2_bll_cu2 196 | 221 | 253 | 281 | 304 | 308 | 1.84 | 264 | 316 | 353 | 3.81 | 3.92 | 111 | 1.18 | 1.26 | 1.29 | 1.36 | 1.30

FBI mp2_bl2_cul 212 | 250 | 292 | 332 | 364 | 3.75 | 195 | 2.80 | 3.34 | 3.70 | 4.00 | 395 | 114 | 126 | 1.39 | 1.46 | 151 | 145
mp2_bl2_cu93 214 | 256 | 3.08 | 348 | 3.77 | 382 | 210 | 3.9 | 389 | 430 | 462 | 470 | 138 | 154 | 175 | 1.83 | 1.88 | 1.87
mp4_bl2_cul 2.06 | 230 | 259 | 281 | 296 | 297 | 197 | 2.84 | 339 | 3.77 | 403 | 399 | 160 | 174 | 1.87 | 1.91 | 1.93 | 1.84
mp4_bl2_cu93 207 | 234 | 271 | 297 | 319 | 321 | 211 | 317 | 388 | 434 | 464 | 472 | 180 | 212 | 232 | 2.38 | 246 | 2.36
mp8_bl2_cul 222 | 208 | 227 | 248 | 260 | 259 | 190 | 2.61 | 3.06 | 3.33 | 351 | 344 | 177 | 173 | 176 | 173 | 181 | 1.73
mp8_bl2_cu2 226 | 215 | 237 | 260 | 2.77 | 281 | 2.08 | 2.86 | 344 | 378 | 403 | 410 | 183 | 1.70 | 1.76 | 1.76 | 1.74 | 168
mp2_bll_cu2 058 | 035 | 028 | 026 | 022 | 021 | 043 | 034 | 0.28 | 0.24 | 022 | 021 | 029 | 020 | 013 | 012 | 0.11 | 0.10

poD | MP2_bI2_cul 0.62 | 038 | 033 | 030 | 0.27 | 025 | 044 | 0.34 | 0.28 | 024 | 022 | 019 | 024 | 014 | 0.09 | 0.08 | 0.07 | 0.07
mp2_bl2_cu93 061 | 038 | 035 | 0.32 | 0.28 | 0.26 | 0.45 | 0.38 | 0.34 | 0.30 | 0.28 | 0.26 | 030 | 0.8 | 0.14 | 012 | 0.11 | 0.10
mp4_bl2_cul 061 | 037 | 028 | 025 | 021 | 020 | 044 | 035 | 0.29 | 0.25 | 0.24 | 022 | 033 | 020 | 012 | 0.10 | 0.09 | 0.08
mp4_bl2_cu93 060 | 0.36 | 029 | 025 | 0.22 | 0.21 | 045 | 037 | 033 | 0.30 | 028 | 027 | 037 | 025 | 017 | 015 | 013 | 0.11
mp8_bl2_cul 0.68 | 038 | 029 | 024 | 020 | 0.18 | 042 | 034 | 0.27 | 0.23 | 0.19 | 017 | 036 | 018 | 0.12 | 0.11 | 0.10 | 0.09
mp8_bl2_cu2 067 | 036 | 027 | 022 | 019 | 017 | 043 | 033 | 0.27 | 024 | 022 | 020 | 042 | 021 | 014 | 011 | 0.09 | 0.08
mp2_bll_cu2 070 | 084 | 0.89 | 091 | 0.93 | 0.93 | 076 | 0.87 | 091 | 093 | 094 | 095 | 073 | 0.83 | 0.89 | 0.90 | 0.92 | 0.92

FAR mp2_bl2_cul 071 | 085 | 0.89 | 091 | 092 | 0.93 | 0.77 | 0.88 | 0.92 | 0.93 | 0.94 | 095 | 079 | 0.89 | 0.93 | 0.95 | 0.95 | 0.95
mp2_bl2_cu93 | 071 | 0.85 | 0.89 | 0.91 | 0.93 | 0.93 | 0.78 | 0.88 | 0.91 | 0.93 | 0.94 | 0.94 | 079 | 0.88 | 0.92 | 0.94 | 0.94 | 0.94
mp4_bl2_cul 070 | 084 | 0.89 | 091 | 0.93 | 0.93 | 078 | 0.88 | 0.92 | 0.93 | 0.94 | 095 | 079 | 0.88 | 0.94 | 0.95 | 0.95 | 0.96
mp4_bl2_cu93 071 | 0.85 | 0.89 | 092 | 093 | 0.94 | 079 | 0.88 | 0.92 | 093 | 094 | 094 | 079 | 0.88 | 0.93 | 0.94 | 0.95 | 0.95
mp8_bl2_cul 070 | 082 | 0.87 | 0.90 | 0.92 | 0.93 | 0.78 | 0.87 | 0.91 | 0.93 | 0.95 [ 095 | 079 | 0.90 | 0.93 | 0.94 | 0.94 | 0.95
mp8_bl2_cu2 070 | 083 | 0.89 | 0.92 | 0.93 | 0.94 | 079 | 0.89 | 0.92 | 0.94 | 095 | 095 | 077 | 0.88 | 0.92 | 0.93 | 0.95 | 0.95

csl mp2_bl1_cu2 0.24 | 012 | 0.08 | 007 | 0.06 | 0.05 | 0.8 | 0.10 | 0.07 | 0.06 | 0.05 | 004 | 016 | 0.10 | 0.06 | 0.06 | 0.05 | 0.05
mp2_bl2_cul 025 | 012 | 0.09 | 0.08 | 0.06 | 0.06 | 018 | 0.10 | 0.07 | 0.05 | 0.05 | 0.04 | 013 | 0.07 | 0.04 | 0.03 | 0.03 | 0.03
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. | Han 1h Han 3h Han 6h
Chi so So do

0.lmm | Imm | 2mm | 3mm | 4mm | 5mm | 0.1mm | Imm | 2Zmm | 3mm | 4mm | 5mm | 0.1mm | 1mm | 2mm | 3mm | 4mm | 5mm
mp2_bl2_cu93 0.24 0.12 | 0.09 0.08 | 0.06 0.06 0.17 0.10 0.08 | 0.06 0.05 | 0.05 0.14 0.08 0.05 | 0.04 | 0.04 | 0.04
mp4_bl2_cul 0.25 0.13 | 0.08 0.07 | 0.06 0.05 0.17 0.10 0.07 0.06 0.05 | 0.05 0.15 0.08 0.04 | 0.04 | 0.03 | 0.03
mp4_bl2_cu93 0.24 0.12 | 0.08 0.07 | 0.06 0.05 0.17 0.10 0.07 0.06 0.05 | 0.05 0.15 0.09 0.05 | 0.05 0.04 | 0.03
mp8_bl2_cul 0.27 0.14 | 0.10 | 0.08 | 0.06 0.05 0.17 0.10 0.07 0.06 0.04 | 0.04 0.15 0.07 0.05 | 0.04 | 0.04 | 0.04
mp8_bl2_cu2 0.26 0.13 | 0.09 0.06 | 0.05 0.05 0.16 0.09 0.07 0.05 0.05 | 0.04 0.17 0.08 0.05 | 0.04 | 0.04 | 0.03




