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Tém tit: Bai bio nay trinh bay két qua nghién ciru Gng dung phin mém TITAN dé nhan dang,

theo doi,

phan tich tic thoi dong cho khu vyc thanh phé HO Chi Minh. Thuit toan

Tstorms2Symprod trong phan mém TITAN duoc sir dung dé xac dinh 6 dong va su di chuyén 6
dong trong 1 gio toi, thong qua do phan hdi vo tuyén ciia ra da Nha Bé thoi gian thyc, dua trén véc
to lam tron TREC. Viéc tich phan theo thoi gian sir dung cac so @6 ban thoi gian Lagrange. Cac so
do tich phan nay trong 60 phut cho ra 10 dy bdo cach nhau khoang 6 phut/ lan. Két qua cua phin
mém dugc kiém ching véi s6 lidu quan tric tai tram, san pham Cmax (d9 phan hoi vo tuyen cuc
dai cua ra da) va anh my v€ tinh Himawari-8. Nghién ctru cho thay phan mém TITAN ¢ thé nim
bét dwoc vi tri, hudng va vén toc di chuyén, quy mé cua cac 6 dong. Piéu nay co ¥ nghia quan
trong trong du bado mua han cuc ngan cho khu vuc thanh pho Ho Chi Minh.

Tir khéa: Phin mém TITAN, 6 dong, Tstorms2Symprod.

1. Giéi thiéu

Trong nhirng nim gan day, cac sy kién mua
16n trong thoi gian ngan da xay ra trén khu vuc
thanh phé HO Chi Minh véi tan suét va cuong
do6 ngay mot lon, thuong giy ra ngdp ung
nghiém trong, tac dong rat 16n dén kinh té xa
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hoi. Biac biét, tinh bat ngd cla nhimg tran mua
l6n nay la nguyén nhén chinh dan dén nhiing tai
nan khong mong mudn ddi véi nguoi dan trong
khu vuc. Vi vay, viéc theo doi sy hinh thanh,
phat trién, huéng di chuyén va kha ning giy
mua cta cac 6 dong phuc vu cho cong tac du
bao cac sy kién mua 16n nay tré¢ nén quan
trong. Trong thap nién 1970, Elvander (1976)
[1] két luan rang ngoai suy tuyén tinh bang sy
tuong quan cheo la phuong phap dang tin cdy
nhit dé thu duoc vecto chuyén dong cho mot
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loat cac dic trung mua déi luu dugc thiy trong
hinh anh radar. Tuy nhién, trong trudong hop
mua d6i luu, khi cac tinh chit 6 dong riéng 1¢
¢6 quy m6 tuong dbi nho va duge xac dinh, ong
luvu y rang ngoai suy bang mdt 6 vudéng nhod
nhét tuyén tinh pht hop véi céc vi tri trong tim
trong qua khir cho thdy hi¢u qua. Vai thap ky
sau, nhitng két luan nay giai thich sy khac biét
co ban trong thiét ké thuat toan dy bao dinh
luong mua (QPF) gitra mot s6 h¢ thong du bao
ctia Bic My va Anh. Trong hdi thao vé du bao
tic thoi 6 dong déi luu [2], Dixon di gidi thidu
mod hinh titan va dugc st dung cho cac nudc
nhu: Hoa Ki, Mexico, Pai Loan, Brazil, Uc,
Nam Phi. Gan diy, phin mém TITAN dugce
ng dung trong cong ngh¢ du bao thoi han ngin
va cuc ngin cac ving ddi luu hoat dong manh
phuc vu cho dich vu khi twgng hang khong tai
Trung Quéc [3].

TITAN c6 thé nhan dang, theo doi, phan
tich va dy bdo cyc ngin dong va mua tir s6 lidu
ra da thoi tiét. TITAN sir dung cac phuong
phap ngiu nhién dua trén sé liéu chup cét 16p
khéi cua dam déng & thoi diém hién tai va
ngoai suy tuyén tinh c6 trong luong tir tap s6
lidu lich sir dé xac dinh sy phét trién cia dam
dong tai thoi diém tiép theo. TITAN hoat dong
trén moi trudng UNIX, LINUX va co thé hoat
dong & hai ché do: thoi gian thuc va lich st
TITAN hién dang dugc st dung réng rai trén
thé gi6i phuc vu du bao mua véi thoi han cuc
ngin, 1lam mua nhan tao, phé mua da va canh
béao cac con déng nguy hiém. TITAN hoat dong
trén dir liéu ra da quét khdi trong hé toa do
Cartesian. N6 dua trén gia thiét cac 6 dong la
mién ba chiéu c6 d6 phan hdi vuot qua ngudng
(30dBz) va so sanh tinh chét cua cac 6 dong tai
thoi diém chup cat 16p va cac thoi diém sau do.
Phuong phap nay dugc goi la phuong phép theo
déi trong tdm. Qua trinh dy bao dua trén viéc
diéu chinh hop nhit mot cach tuyén tinh lich st
phat trién ctia 6 dong ca vé vi tri va kich thudc,
trén co so d6 ngoai suy tuyén tinh cho tuwong
lai. Vi vy, nhom tac gia nghién ctru tmg dung
phan mém TITAN dé nhan dang, theo doi, phan
tich tuc thoi dong tir o phan hdi vo tuyén cua
ra da Nha B¢ thoi gian thuc cho khu vuc Thanh

ph6 HO Chi Minh. Bing thuit toan
Tstorms2Symprod, nghién ctru xac dinh 6 dong,
theo ddi va du bao vi tri 6 dong theo xu hudng.
Sau d6, sir dung sb liéu duoc thu thap tir 5 tram
do mua ty dong, tram khi tuwong va tram do
mua nhan dan tai Thanh phé Hb Chi Minh, san
phiam Cmax cua ra da Nha B¢ va anh may vé
tinh Himawari-8 véi tan suit 10 phat/lugt duoc
sit dung dé so sanh voi két qua ngoai suy cua
phan mém TITAN.

2. Phuwong phap va sb liéu

2.1. Phuong phap ngoai suy 6 déng bang phan
mém TITAN

Pé xay dung phuong phap ngoai suy )
dong, cac gia thiét dugc st dung: O dong c6 xu
huodng chuyen dong theo quy dao thing; O
dong phat trién va suy giam theo mot xu thé
tuyén tinh; Qua trinh sai léch khoi nhimg diéu
trén xay ra mot cach ngau nhién;

Thuét toan Tstorms2Symprod trong TITAN
[4] dugc su dung dé xac dinh 6 dong va sy di
chuyén 6 dong thong qua do phan hdi qua khir
dya trén véc to lam tron TREC (Tracking Radar
Echoes by Correlation: Theo doi su phan hoi
Radar bang phep tuong quan). Tai xu 1y truong
van toc tho (u, v) thong qua viéc giam thiéu (cu /
0x + 0v / dy). Viée tich phéan theo thoi gian sur
dung cac so d6 ban thoi gian Lagrange [5]. Khi
trudng véce to dugc tinh tir cac san pham CAPPI
cua ra da lién ti€p 6 phut/ lan, cac so do tich phén
cho ra két qua du bao trong khoang 6 phut/ lan.

- Phuong phép xéac dinh 6 dong

O dong 1a mot mién lién tuc c6 dd phan hoi
16n hon mét gia tri ngudng 7, va thé tich cla
mién v6i do phan hdi vuot qua mot gia tri ngudng
T,. Gia tri T.xac dinh céc dang khac nhau ctia 6
dong. O day, nghién ctru chon 7, = 50km va T,
= 30 dBz (twong {mg v6i céc qué trinh may dbi
luu quy mo6 vira). Viéc st dung gia tri thé tich
ngudng T, gitip loai nhidu va giir cho s6 luong
cac 6 may & mot s6 lwong vira phai. Cac con dong
dugc xac dinh bang cac da giac (hinh 1).
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Hinh 1. Cac thudc tinh cua 6 dong thoi diém hién tai
va du bao, sir dung da giac [6].

- Theo déi co ban: Khi cac 6 dong di duoc
xac dinh, vao cac thoi diém tudn tu (to va ty+6
phut), chung ta c6 thé ghép d6i chung dé lién
két thanh cac quy dao. Tim kiém cic ving
chf)ng chéo tr thoi diém nay sang thoi diém
tiép theo. Cac 6 o dong hién tai biéu thi mau trang
va cac 6 dong tir 1an quet trudc d6 ¢6 mau vang.

- Dy bdo vi tri 6 dong dua trén xu huong:
Trong TITAN, tAt ca cac du bao déu dua trén
cac xu hudng ngoai suy 6 déng duoc quan tric.
Nghién ctru thyuc hién phép ngoai suy tuyén tinh
¢6 trong sb thich hop dé theo ddi qua khir. Qua
khir dugc hién thi bing mau vang, vi tri hién tai
mau tring va vi tri dy bao mau do. Trong 30
phat TITAN thyc hién 5 dy bao cach nhau 6
phat/ 1an. Co6 thé 4p dung du bao dua trén xu
huéng cho cac thude tinh 6 dong nhu khu vuc
(area) va do phan hdi (volum).

- Danh gida kha nang ngoai suy 6 dong cia
phan mém TITAN: So sanh két qua ngoai suy
xudt ra tr phdn mém TITAN vé6i san pham
Cmax (gié tri cuc dai ciia 6 phan hdi vo tuyén)
ctia radar Nha B¢ thong qua sai s6 thong ké: Sai
s6 trung binh ME, sai s6 trung binh tuyét dbi
MAE, sai sb trung binh toan phuong RMSE.

2.2. 86 liéu sir dung
S6 lidu do phan hdi vo tuyén cua radar Nha

Be luc 19h00, 19h15, 19h30, 19h45 ngay
17/10/2016 dugc dua vao phan mém TITAN:

Béng 1. Thong tin tran mua t6i ngay 17/10/2016 tai

Thanh phd H6 Chi Minh
Tén tram Thoi gian Lugng mua

(mm)

Quang Trung 18:30-19:45 50,5

Ly Thuong Kiét  18:00-19:45 69,2

Cau Bong 18:00-21:30 23,4

Phan Van Khée  18:30-20:00 51,6

Tan Quy Dong 19:00-22:00 17,2

S liéu do phan hdi vo tuyén duogc thu thap
tuong Ung voi tran mua 16n ngay 17/10/2016.
Vi ban kinh quét cta radar la 240 km, 480km
va chu ky quan tric, luu sb ligu 15 phut/lan.
Radar Nha B¢ duoc dat tai Ap 3, xa Long Thdi,
huyén Nha B¢, thanh phd H6 Chi Minh; toa do:
10°39°31”N va 106°43°42”E. Loai radar la
radar thoi tiét Doppler DWSR-2500C.

Dit liéu quan tric mwa dé dbi chung: S6 lidu
nay duoc thu thap tr 5 tram do mua ty dong,
tram khi tugng va tram do mua nhan dan tai
Thanh phd H6 Chi Minh. Sé liéu do Trung tdm
chéng ngap cung cap
(http://www.ttcn.hochiminhcity.gov.vn).  Cac
tram nay bao gébm: Ly Thuong Kiét, Quang
Trung, Cau Bong, Phan Vin Khoe, quan 7 (Tan
Quy Dong).Con mua lon két hop triéu cuong
vao toi ngay 17/ 10/2016 1am ngap nhleu tuyén
duong tai Tp. Hb Chi Minh. Theo s liéu cung
cp cua Trung tdm Chdng ngip Tp. HO Chi
Minh, mua 16n kéo dai tir 18 gio 00 phat dén 20
gio 00 phat, tai Tan Quy Pong (quan 7) ghi
nhan mua kéo dai dén tan 22 gid 00 phut.

Anh miy vé tinh Himawari-8 voi tin suét
10 phit/lugt duwoc st dung dé so sanh véi két
qua ngoai suy cua phin mém TITAN
(http://www.jma.go.jp/en/gms/).

3. Két qué ngoai suy 6 dong
3.1 Két qua ngoqi suy 6 dong

Két qua tir phan mém TITAN véi ngudng
phan hoi (Zmax) 1a 30dBz, TITAN da bét dugc
hai 6 dongnhu trén hinh 2-a (lac 19h00). Voi
thong sb 1an luot: O dong sb 1: cach radar Nha
B¢ 7,5km vé huéng Tay Bic, v6i Zmax la
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49dBz. O dong sb 2: cach radar Nha Bé 3km vé
huéng Dong Béc, v6i d6 phan hdi cao nhit 1a
56dBz. Dén thoi diém 19h15 phit cing ngiy
(hinh 2b), phan mém bét dugc mot 6 dong biéu
thi bang da gidc mau xanh dwong. O déng nay
1a do sat nhdp cua hai 6 dong trudc d6 duoc

a.

biéu thi bang da gidc mau vang. Thong sb cua 6
dong sat nhap nay nhu sau: cach radar Nha B¢
6km vé huéng Bic Tay Bic, v6i Zmax la
56dBz. Ciing trong Hinh 2b ¢ thé du bao 6
may s& di chuyén theo huéng Ty Bic, v6i vén
tdc 1a 2km/h, thé hién bang da giac mau do.

b.

Hinh 2. San pham tir phin mém TITAN lac 19h00 (a) va 19h15 (b) ngay 17/10/2016
(6 dong mau vang 1a qua qkhfr; mau xanh la hiép tai, rr}a‘lu do6 1a ngoai suy,
miii tén do thé hién hudng di chuyén ctia 6 dong).

a.

b.
Hinh 3. San pham tir phin mém TITAN ltc 19h30 (trai) va 19h45 (phai) ngay 17/10/2016
(6 dong mau vang 1a qua 7kh1'r; mau xanh la hié}l tai, rr}éu d6 1a ngoai suy,
mili tén dé thé hién hudng di chuyén cta 6 dong).
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Hinh 4. Anh may vé tinh Himawari cho khu viuc Nam Bé ngay 17/10/2016.

Vao thoi dlem 19h30 phut cung ngay (Hinh
3a), phan mém tlep tuc theo doi 6 dong sat nhap
trén biéu thi bang da giac mau xanh duong.
Thong sb cia 6 dong nay nhu sau: cach radar
Nha B¢ 19km vé huéng Tay Bic, voi Zmax la
57dBz. O dong di di chuyén dung theo huéng
du bdo so véi thoi diém 19h15 va thu nhd
dién tich.

Sang dén thoi dlem 19h45 phut cung ngay
(Hinh 3b) phan mem tiép tuc theo ddi 6 dong
sat nhap. Thong sb nhu sau: cach radar Nha Bé
10km vé hudng Bic Dong Bic, voi Zmax la
48dBz. Téng luong chit long VIL va khdi

luong hat mua déu giam dang ké. Nhu vay co
thé du baotrong thoi diém tir 19h30 dén 19h45
6 dong dd gay mua cho khu vuc trung tim Tp.
HO6 Chi Minh. Theo dy béo, 6 may s& doi
huéng, di chuyén vé phia Pong Nam véi van
toc rat nhanh 20km/h so véi thoi diém hién tai.
Trong 1 gio tiép theo s& gay mua cho khu vuc
Can Gid.

Anh may v¢ tinh Himawari-8 dugc thu thap
tai cac thoi diém 19h00, 19h10, 19h15, 19h20,
19h30, 19h40, 19h50 nhiam danh gia kha ning
du bao ciia phan mém TITAN. Trén anh may vé
tinh phat hién khdi may day dic tai khu vuc
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bong Nam Bo, ton tai trong khoang thoi gian tir
19h00 dén 19h50 ngay 17/10/2016.
Nhan xét:

So sanh v6i dit liéu mua quan tric tai tram
(Bang 1) va anh may v¢ tinh Himawari-8 (Hinh
4) ta c6 nhimg nhan xét sau: Nhu vay san pham
tu phﬁn mém TITAN c6 thé ndm bét duoc vi tri
va huéng di cua cac 6 dong. So sanh véi sb lidu
thue té tai Bang 2, c6 thé thdy tram Ly Thuong
Kiét & khu vyc phia Tay Bic tram Nha Bé va
tram Cau Bong phia Péng Bic Tram Nha Bé
c6 mua bit dau tir 18h00, tiép theo d6 khi 6
dong di chuyén vé phia Tay Bic, sb lidu ciing
cho thay tram Quang Trung c6 mua tré pha hon
lac 18h30. Khi 6 may di chuyén nguoc lai theo
huéng Pong Nam lan luot gy mua tai tram
Phan Vin Khoe (quan 6) va mwa dén mudn hon

o tram Tan Quy Doéng (quén 7). TITAN con xac
dinh duoc cac théng sb cua 6 déng, cho thiy
quy mo va kha ning gy mua cua cac 6 dong la
khac nhau. Tai cung thoi diém, nhung 6 dong
phia Tay Bic c¢6 quy md 16n hon & dong phia
Pong Bic, diéu nay triung khop véi s6 liéu mua
ghi duoc ciia tram Cau Bong nhé hon tram Ly
Thuong Kiét du thoi gian mua tai tram Cau
Bong la dai hon.

3.2 Panh gid két qua ciia pham mém TITAN

San pham cua thuat toan ngoai suy 1 gio
Tstorms2Symprod thu dugc tr phan mém
TITAN duogc so sanh voi san pham CMAX (gia
tri cyc dai cua PHVT theo moi cdt khi quyén
trén mot don vi di€n tich) ctia Radar Nha Be.
Két qua duoc thé hién trén bang 2.

Béng 2. Két qua thudt toan ngoai suy 6 dong tir phin mém TITAN cho ngay 17/10/2016

tai cac tram thudc khu vuc thanh phd H6 Chi Minh.

TITAN CMAX
Tram Lat Long

20:00 20:15 20:30 20:45 20:00 20:15 20:30 20:45
Can Gio 10,38 10691 0,72 0,00 0,00 0,00 033 -0,57 0,12 -0,25
Cu Chi 11,04 106,42 9,53 9,22 8,51 9,56 7,07 504 15,03 11,09
Quén 8-1 10,87 106,69 -1,32 291 -0,52 0,00 4,08 6,39 10,83 11,02
Tan Thong Hoi 10,94 106,50 11,74 9,17 9,22 8,06 9,03 12,53 7,63 4,63
Binh Téan 10,73 106,61 29,60 32,46 0,00 28,60 22,84 23,22 2574 22,63
Quan 7 10,72 106,74 34,23 35,45 35,27 37,02 31,02 30,28 34,93 26,83
Quan 12 10,73 106,64 27,07 27,77 27,55 0,00 27,18 33,73 29,29 15,29
Quan 8-2 10,88 106,69 0,08 3,65 2,05 0,09 0,64 492 492 0,18
Tan Son Hoa 10,79 106,66 15,79 13,74 10,55 10,42 16,83 20,83 20,20 25,03
Nha be 10,66 106,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Mac Binh Chi 10,78 106,70 25,26 29,10 27,04 24,14 18,02 17,36 1839 19,02
Tan Son Nhét 10,81 106,68 15,96 16,13 15,22 15,18 11,64 14,73 24,02 20,85
Thanh Da 10,82 106,74 37,63 29,31 6,28 4,12 35,73 28,93 24,02 2345
Ly Thuong Kiét 10,77 106,66 38,05 40,24 25,58 26,52 37,63 35,20 37,93 30,02
Quang Trung 10,84 106,66 4,51 -1,61 -1,31 -0,66 3,67 0,48 -0,74 0,37
Cau Bong 10,79 106,76 26,29 27,03 27,14 26,29 25,02 28,02 25,02 25,74
Phuéc Long 10,83 106,77 27,16 23,48 27,82 24,60 2593 24,02 2437 19,05
Phan Vian Khoe 10,75 106,66 28,98 32,43 30,57 35,66 30,73 3293 30,63 34,73
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Bang 3. Banh gia két qua ngoai suy 6 dong ciia phin
mém TITAN ngay 17/10/2016(dBz).

Ngay 17/10/2016  ME _ MAE  RMSE
TITAN 1,12 424 1,05

Nhan xét:

Tu s6 liéu xuét ra cua ph?im mém TITAN,
so sanh véi CMAX théng qua céc chi s6 thong
ké ta thay: Chi s6 ME thé hién gia tri duwong
(1,12 dBZ), didu d6 ching t6 két qua ngoai suy
tir phan mém cho gi4 tri 16n hon so véi thuc té.
Gia tri cia MAE cho biét mirc do 1éch trung
binh cua san phim tir phin mém TITAN so véi
CMAX 1a 4,24dBz. Sai s6 binh phuong trung
binhtrong ngoai suy do phan hoi tai cac tram
v6i san pham CMAX 1a 1,05 dBz.

Két luén

Trong pham vi ctiia nghién cuu la khu vuc
thanh phd HO Chi Minh, tir két qua phén tich
trén bai bao dua ra mot vai Kkét luan nhu sau:
San pham tir phan mém TITAN cd thé nam bét
duogc vi tri va huéng di cua cac & dong. DPong
thoi, con xac dinh dwoc cic thong s cua 6
dong, cho thiy quy md va kha ning gdy mua
clia cac 6 dong la khac nhau. Cac chi 6 thong
ké cho thiy, phin mém cho d6 phan hdi cao
hon gi4 tri CMAX, sai s6 hé théng nho 1a co s&
dé hiéu chinh phan mém. Khi so sanh véi anh
mAay vé tinh, san phim cia phdn mém TITAN
c6 d6 phan giai cao hon va cé kha nang du bao
dén timg diém tram. Budc dau cho thdy TITAN

phu hop dé sir dung trong nghiép vu du bao mua
16n han cuc ngén cho khu vire TP. Hd Chi Minh.

Loi cam on

Nghién ctru nay duogc thuc hi€n va hoan
thanh nho sy hd tro cia Pé tai “Xay dung h¢
théng nghiép vu du bao mua 16n han cuc ngin
trén dia ban Thanh phdé H6 Chi Minh”. Téc gia
xin chan thanh cdm on.

Tai liéu tham khio

[1] Elvander, R.C (1976),An evaluation of the
relative performance of three weather radarecho
forecasting techniques. Preprints 17" Conference
on Radar Meteorology, Sealtle, WA, pp, 526-532.
American Meteorological Society, Boston.

[2] Dixon, 2011. Titan: Workshop on Techniques for
Convective Storm Nowcasting, report.

[3] Xinhua Liu, 2017. The short-time forecasting and
nowcasting technology of severe convective
weather for aviation meteorological services in
China, report.

[4] Dixon, M. and Weiner, G. 1993. TITAN:
Thunderstorm Identification, Tracking, Analysis
and Nowcasting — A radar based methodology,
J.Atmos.Oceanic Technol., 10, 785-797.

[5] Staniforth, A. and Cote,J. (1991) Semi-
Lagrangian Integration Schemes for Atmospheric
Models-A Review. Monthly Weather Review,
119, 2206-2223.

[6] Dixon M. and Seed B. (2014). Developments in
echo tracking - enhancing TITAN. ERA 2014-The
eighth European conference on radar in
meteorology and hydrology.



C. Thanh va nnk. / Tap chi Khoa hoc PHOGHN: Cdc Khoa hoc Trdi dit va Moi truwong, Tdp 34, S6 1S (2018) 18-25 25

Application of Titan Software for Recognition,
Monitoring, Instantaneous Analysis of
Thunderstorm for Ho Chi Minh City

Cong Thanh', Vo Thi Nguyen?, Tran Duy Thuc’

"Faculty of Hydro-Meteorology and Oceanography, VNU University of Science
334 Nguyen Trai, Thanh Xuan, Thanh Xuan, Hanoi, Vietnam

2 Sub-Institute of Meteorology Hydrology and Climate Change,
19 Nguyen Thi Minh Khai, District 1, Ho Chi Minh City, Vietnam

3 Viet Nam Institute of Meteorology Hydrology and Climate Change,
23/62 Nguyen Chi Thanh, Dong Da, Hanoi, VietNam

Abstract: This paper presents the identification, monitoring and Instantaneous analysis of
thunderstorms over Ho Chi Minh City area using TITAN software. The Tstorms2Symprod algorithm
in TITAN is used to determine the thunderstorm cells and movement of the thunderstorm cells in the
next hour, through the real-time reflectivity, based on smoothing of the TREC vectors. Integral along
time using Lagrange diagrams. These integral diagrams within 60 minutes create 10 products every 6
minutes. The results of this software is validated with observation data at the station, the Cmax
product (radar maximum reflectivity) and the Himawari 8 satellite image. The results show that the
TITAN model can capture the location, direction and velocity, and the scale of the thunderstorm cells.
This is important for very short-range precipitation forecast for Ho Chi Minh City.

Keywords: TITAN, tstorms2Symprod, thunderstorms.



