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Abstract: This study investigates and assesses the impact of assimilating data types (observed data
surface, sounding, and satellite-derived atmospheric motion vectors — AMVSs) for the Weather
Research and Forecasting (WRF) in forecasting heavy rainfall over Central Highlands region, due
to the impact of hurricane Damrey. The WRF model combined with the Gridpoint Statistical
Interpolation (GSI) system, was started running at 12Z 03/11/2017, and 84h forecasts in advance,
with two kinds for running assimilation "cold start™ and "warm start™, and with the three-dimensional
variational data assimilation (3D-Var) method. The results showed that assimilated cases have
improved forecasting about spatial distribution and amount of rainfall at a 24-hour lead time, in
which, the "warm start" for better forecasting. Notably, the assimilation of AMVs data with the
"warm start" run has improved forecasting quality of heavy rainfall, the POD, FAR, and CSI
indicators are the best at the 24-hour lead time, for rainfall thresholds greater than 80mm.
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Tém tit: Nghién ctru nay xem xét va danh gia anh huong cua viéc dong hoa cac loai s6 lidu (s6 licu
quan tric bé mit, cao khdng, va véc-to gio khi quyén dich chuyén cua vé tinh — AMVs) cho md hinh
Nghién ctru va Du bao Thoi tiét (WRF) trong du bao mua 16n trén khu vuc Tay Nguyén, do anh
hudng cua con bdo Damrey. M6 hinh WRF két hop voi Hé thong dong hoa dir lidu dang diém — GSI
duoc bt dau chay tai thoi diém 12Z 03/11/2017 va dy bao 84h tiép theo, v&i sb liéu quan tric duoc
ddng hoa theo hai kiéu “cold start” va “warm start”, va v6i phuong phap ddng hoa 3D-Var. Két qua
cho théy, cac truong hop déng hoa déu da 1am cai thién duge du bao vé dién va lugng mua & han
24h, trong d6, dong héa kiéu “warm start” cho du béo tot hon. Pang chu ¥, viéc dong hoa s6 liéu
AMV:s véi kiéu chay “warm start” da lam cai thién chét lugng du bao mua lon tdt nhat & han 24h,

thé hién qua cac chi s6 thong ké POD, FAR, va CSI dat tt nhat véi cac ngudng mua trén 80mm.

Tir khod: dong hoa s6 liéu, 3D-Var, WRF-GSI, mua 16n, Tay Nguyén.

1. Mé diu

Vi cac hién tugng thoi tiét cuc doan nhu
mua 16n, bao,..., thi d0 chinh xac cia dy bao
luén duoc quan tam va la can cir quan trong cho
viéc dua ra nhitng quyét sach tng pho kip thoi
dbi voi thién tai. Viéc phat trién cac mé hinh du
bao thoi tiét s6 phi thuy tinh v6i d phan giai cao,
cung véi kha nang tinh toan duoc nang lén, da
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1am cho chat lugng dy bao thoi tiét ngay mot cai
thién (Yang va cs, 2015) [1]. Tuy nhién, nhu da
biét, theo 1y thuyét hiéu tng canh budm
(butterfly effect) cua Lorenz (1963) [2], diéu
kién ban dau vé trang thai khi quyén la yéu t6
quyét dinh dén d6 chinh xac cta dy béao thoi tiét
do nhiing sai s ban dau c6 thé s& bi khuéch dai
sau mot khoang thoi gian tich phan nhét dinh cua
md hinh. Do do, viéc tao ra dugc truong phan


https://doi.org/10.25073/2588-1094/vnuees.4

L.L. Phuong et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 4 (2019) 121-129 123

tich ban dau tot nhat c6 thé mang mot ¥ nghia rat
quan trong, n6 1a muc dich ra doi cua cac phuong
phap ddng hoa s liéu, cling nhu ctia cac hé théng
dong hoa s6 liéu. Trong nhimg nam qua, cac so
dd dong hoa co dién nhu ndi suy t6i wu (OI -
Optimal Interpolation), hay hi¢u chinh lién tiép
(SCM—Successive Correction Method), da dugc
thay thé bang cac k¥ thuat hién dai véi cach tiép
can bién phan, nhu phuong phap dong hoa bién
phan ba va boén chidu (3D-Var va 4D-Var)
(Courtier va cs, 1998; Rabier va cs, 2000;
Mazzarella va cs, 2017) [3-5], va cac bién thé to
hop ciia n6. Cac phuong phap nay thi déu da
duoc tich hop vao trong mo6 hinh Nghién ctru va
Du bao Thoi tiét (WRF), va dugc biét dén véi
tén goi WRFDA (Skamarock va cs, 2008; Barker
va cs, 2012) [6, 7], nhung vi WRFDA chi dugc
phat trién danh riéng cho mo hinh WRF, khong
mang tinh phd cap, nén sé& khong thé sir dung
dugc v6i trudng dau vao tir cac mo hinh khac.
Mot hé thong dong hoa cho phép thuc hién y
tuong nhu vay, do la GSI (Gridpoint Statistical
Interpolation) — h¢ thong dong hoa dir liéu dang
diém, dugc nghién ciru va phat trién boi Trung
tam Thtr nghiém va Phat trién (DTC) cua Hoa
Ky, va hién dang dugc st dung lam hé théng
d6ng hoa dir liéu toan cau (GDAS) nghiép vu tai
Trung tdm Dy bao Mbi truong Qudc gia Hoa Ky
(NCEP) (Yang vacs, 2015; Hu va cs, 2017; Nam
va cs, 2019) [1, 8, 9]. GSI dugc phit trién giong
nhu 1a mot khung dong hoa s6 liéu, ‘ma cho phép
hd trg dua vao nhiéu loai truong nén khac nhau
cia cac md hinh v.d. WRF, GFS, NEMS,
RTMA, CMAQ, va sb liéu quan tric duoc doc
dudi dinh dang PrepBUFR (NCEP) hoac BUFR
(WMO - World Meteorological Organization)
da dugc chuén hoa.

Bén canh viéc nghién ctru va phat trién cac
phuong phap dong héa s liéu, thi viéc danh gia
anh huéng cua s liéu quan trac dung trong dong
hoa cling 1a mot phan hét sirc quan trong. Ngoai
cac nguodn sd liéu quan tric truyen thong nhu bé
mat, cao khong,... thi cadc ngudn so li€u phi
truyén thong nhur s6 liéu vé tinh dang danh dugc
su quan tdm 16n, do luong thong tin phong pht
mang lai, va khong ngimg ting 1én ca vé chit

lugng 14n sb luong cta dir li€u vé tinh (Kidd va
cs, 2009; Yang va cs, 2015) [10, 11].

Nhim muc dich xem xét v6i bd s6 liéu quan
trac dong hoa nao thi chat luong du bao mua 16n
ciia mod hinh WRF s& cho t6t hon? Nghién ciru
nay s& tién hanh chay thir nghiém dong héa s6
liéu bang hé thong WREF-GSI véi phuong phap
3D-Var, voi cac bo s6 liéu quan trac khac nhau
bao gom sb liéu: bé mat, cao khong, va vector
gi6 khi quyén dich chuyén—AMVs (Atmospheric
Motion Vectors) cua v¢ tinh ma c6 dugce b?mg
cach xac dinh sy dich chuyén cua anh may vé
tinh hodc hoi nudc (Forsythe, 2007) [12]. Bé du
bao dot mua l6n xay ra trén khu vuc Tay Nguyén
trong thoi gian con bdo Damrey hoat dong (tu
31/10 dén 05/11 nam 2017). Chi tiét v& ngudn sd
liéu quan tric, va phuong phap sir dung duoc dua
ra & phan 2, két qua va thao luan & phan 3.

2. S6 liéu, phwong phap va thiét ké thi nghiém

Trong nghién ctru ndy, mé hinh WRF phién
ban 3.9.1, phi thuy tinh, véi hé cac phuong trinh
nguyén thay ba chiéu (Skamarock va ccs, 2008)
[5] duoc chay véi diéu kién ban dau va diéu kién
bién xung quanh 1a cta s lidu du bao toan cau
GFS (Global Forecast System) vgi d6 phan giai
ngang 0.5x0.5 d6 kinh vi, dugc tai vé tu
https://www.ncdc.noaa.gov/data-access/model-
data/model-datasets/global-forcast-system-gfs.
M5 hinh dugc ciu hinh vé6i hai mién tinh, tam
mién tinh thi nhat & 15.874 do vi Bac va 107.26
d6 kinh Pong, trong d6 mién d01 ¢ phan giai
ngang 12km v&i 212x212 diém ludi, mién d02 1a
3km v&i 209209 diém luéi (Hinh 1), sé muc
thing dtng 14 38 muc, va thoi gian mé hinh tich
phan 14 30 gidy. Cac so d tham s hoa duoc sir
dung cho mo hinh WRF bao gom: vi vét ly
Thompson, buc xa séng ngin Dudhia, birc xa
song dai RRTM (Rapid Radiative Transfer
Model), bé mit dit Noah, ddi luu Betts-Miller-
Janjic, va so d6 16p bién hanh tinh YSU (Yonsei
University)(http://www2.mmm.ucar.edu/wrf/use
rs/docs/user_guide V3/ARWUsersGuideV3.9.p
df, 1an truy cap cudi: 03/08/2019).
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Viéc ddng hoa s liéu cho mé hinh WRF
duogc thuc hién béng hé théng GSI phién ban 3.6,
v6i phuong phap dong hoa 3D-Var, va véi cac
loai s6 liéu quan tric khac nhau, bao gdm: s6 liéu
bé mat, cao khong, va AMVs. Sé liéu nay duoc
trich xut véi cac mi twong tmg cho mdi loai tir
b6 s6 liéu da duge chuan hoa béi NCEP véi dinh
dang PrepBUFR, lay vé tai https://rda.ucar.edu/
datasets/ds337.0. Chi tiét vé cac diém dit liu co
trong mién tinh dwgc minh hoa nhu trén Hinh 1

va Hinh 2, va cac bién truong nhu trong bang 2.
Nghién ctru chay mo6 hinh trong thoi gian c6 con
bado Damrey hoat dong, thoi diém bat dau chay
mo hinh 1a tai 12Z 03/11/2017 dyu bao cho 84h
tiép theo, v6i ddng hoa dugc thuc hién ngay tai
thoi diém chay mé hinh hay dong hoa kleu “cold
start”, két hop véi cac loai sb lidu quan | trac khac
nhau, va ca khong ddng hoa tao thanh bon truong
hop thir nghiém (bang 1).

Béang 1. M6 té4 cac trudong hop thi nghiém

Tén thi nghiém Mo ta S0 liéu dung dé dong hoa
NoDA Khong dong hoa Khong c6
DA-Obs Bé mat, va cao khong
DA-AMVs DPdng hoa bién phan 3 chiéu Vec-to gio khi quyén dich chuyén cta vé tinh

DA-Obs+AMVs

C4 hai bd so liéu

Bang 2. Cac bién trudng ciia sb lidu quan tric, U, V 13 thanh phan gi6 kinh vi hudng, Q 12 d6 4m tuyét ddi,
P 1a khi ap, va Z 1a do cao dia thé vi

Loai s0 liu Céc bién Tong s6 diém cé trong mién tinh d01
Bé mit P,U,V 77
Cao khong P,Z, UV, Q 27
Vec-to gi6é khi quyén dich chuyén cua vé P.UV 2354

tinh (GOES AMVs)
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Hinh 1. Mién tinh mé hinh WRF va d cao dia hinh (m),
va vi tri s0 liéu quan trac bé mat (cham xanh duong), cao

khong (cham do) dung trong ddng hoa.

96E 99E 102E 105E 10BE 111E 114E 117E

Hinh 2. Vi tri s6 lidu AMVs dugc ddng hoa, gdbm
cac chdm do (<=500mb) va cham xanh duong
(>500mb), tai thoi diém 127 03/11/2017.


https://rda.ucar.edu/

L.L. Phuong et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 4 (2019) 121-129

Thém nita, nghién ctru con thir nghiém chay kiéu
“warm start”, mo hinh ciing dugc chay dong hoa
tai thoi diém 12Z, nhung truong nén 13 truong
du béo cua lan chay trudc do tai 06Z. Két qua
dau ra cia mo hinh s& dugc so sanh danh gia trén
ludi voi s6 liéu mua vé tinh GSMaP (Global
Satellite Mapping of Precipitation), 1y vé tai
https://sharaku.eorc.jaxa.jp/GSMaP/index.htm,
c6 phan giai 0.1x0.1 d¢ kinh vi. Dé d4nh gia kha
nang dy bao pha mua cua cac truong hop, cac
chi s6 thdng k& s& duoc tinh toan gom chi sO
POD (x4c suit _phat hién), FAR (ty s6 du bao
sai), va CSI (dlem s0 thanh cong) (Wilks, 2011)
[13]. Céc chi so6 nay deu ¢ gia tri nam trong
khoang [0, 1], miéu ta vin tit vé& cac chi s6 nhu
Sau:

- POD 14 phan trim cua sb 1an du bao hién
tugng co xay ra trén tong s 1an quan tric dugc,
1y twong 1a bang 1.

- FAR cho biét ty 1& du bao khong ctia mo
hinh (mé hinh du bio c¢6 nhung thuc t& hién
tugng khong xay ra), 1y tuong 1 bang 0.

- CSI giéng nhu POD nhung dua thém vao
ca sb 1an du bao sai, do d6 can béng hon POD
hoic FAR, 1y tuong 1 bang 1
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Hinh 3. Hi¢u cac truong phan tich cua céc truong hop
dong hoa va khong dong hég tai thoi diém 12Z
03/11/2017, trén mién tinh d02.
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3. Két qua va thao luin

Trén hinh 3 1a hiu cac trudong phéan tich tinh
trung binh trén cac muc 850, 700, 600, 500, va
300mb ciia cac truong hop dong hoa va khong
ddng hoa. Co thé thiy rang truong hop DA-Obs
cho nhiét do thién cao hon so v&i khong dong
hoa, va anh huong chu yéu trén ving phia nam
ctia mién tinh d02, cling dé hiéu béi c6 mot tram
cao khong tai d6 (Hinh 3, trén cung). Gioé vi
hudng thi cho thién thap ¢ phia nam, va thién cao
& phia béc, trong khi gi6 kinh huéng cho thién
cao & phia tiy va thién thip & phia dong. Véi ty
1€ xao tron hon nudc thi cling twong ty nhu nhiét
dd, nhung xu thé nguoc lai, cho thién thép. Vi
truong hop DA-AMVs dua vao dong hoa trudng
gi6 nén dé dang nhén ra sy thay dbi chu yéu xay
ra voi céc truong gid, va cling cho thién cao hon,
¢6 thé nhan ra rang sy thay doi nay 1a dong déu
hon so voi DA-Obs, 1y do boi AMVs ¢6 nhiéu
dir ligu hon. Con véi truong hop DA-
Obs+AMYVs, nhu 1a sy hoa hop cta hai truong
hop ddng hoa DA-Obs va DA-AMVs, nén su
thay dbi ctia thong tin cac trudong s& nhidu hon,
dac biét la véi truong gié (Hinh 3, dudi cung).

él‘;mp (K). ave(850,,300) QVAPOR (g/kg)
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Hinh 4. Tuong ty nhu hinh 3 nhung cho kiéu chay
“warm start”.
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Hinh 4 ciing tuong ty nhu vay, la hiéu cua
cac trudng hop dong hoa kiéu “warm start” va
khong dong hoa. Tuy nhién, sy thay ddi clia cac
truong nhiéu hon so voi trén Hinh 3, va co vé
nhu thong tin ¢6 sy phan tan (nhiéu) ting Ién,
didu nay ciing d& hiéu boi day 1a thoi diém sau
thoi diém ban dau 6 gio, sai s6 cia cac truong sé
khuéch dai ting dan theo mbi budc thoi gian mo
hinh tich phén.

Hinh 5 la két qua du bao lwong mua tich liy
24h cua h¢ théng md hinh WRF-GSI trén mién
tinh d02 véi ba han du béo 24h, 48h, va 72h, Voi
thoi diém bit dau chay mé hinh 13 tai 12Z
03/11/2017 trong thoi gian hoat dong cua con
bdo Damrey, va dugc dong hoa véi ba nguon sb
liéu quan trac khac nhau. So sanh vai s6 liéu mua
vé tinh GSMaP da duoc trich xuat tuong tng, thi
c6 thé nhan thay ring cac trudng hop déu cho du
bao khu vurc xuat hién mua gidng nhau, khéc biét
chi thé hién qua lugng mua. Trong d6, mua dy
bao cua cac trudng hop dong hoa c6 xu huéng
tiém can gan hon dén voi GSMaP (hinh 6), va
hai trrong hop DA-Obs va DA-Obs+AMVs cho
du béo vé lwong mua kha twong dong véi nhau
& tat ca cac han du bao, con véi truong hop DA-

AMVs thi ¢6 xu huéng du bao khu vuce c6 lugng
mua >100mm nhiéu hon céc treong hop khac.

O han 24h, nhin chung cac trudong hop déu
da du bao duoc khu vyc xuat hién mua tuong dbi
s&t 50 voi s lieu GSMaP trén ca dat lién va trén
bién, dic biét, dd nam bét tét duoc khu vuc co
lugng mua >20mm. Ddi voi khu vue co luong
mua >100 mm, cac trudng hop déu co xu hudng
cho du béo dién mua 16n hon so véi thuc té &
phia bac cia Duyén hai Nam Trung B9, trong khi
do6, tai phia nam thi dién mwa nho hon. O han
48h, céac truong hop cho du bao vé dién mua 16n
hon mua GSMaP, cu thé, mua chi yéu tap trung
& ntra phia bac cua mién tinh, trong khi du bao
cho mua xuét hién trén hau hét toan mién tinh.
Theo s lieu GSMaP, khu vyc c6 lugng mua
>50mm tap trung chu yéu & phia bac cua Tay
Nguyén va Duyén hai Nam Trung B9, va cac
truong hop DA-Obs va DA-Obs+AMV nam bit
khé tot ving mua nay. Tuong ty nhu han 48h, ¢
han 72h, du bao cua cac truong hop ciing ¢6 dién
mua md rong hon so véi thuc té, nhat 1a truong
hop DA-AMVs. Du bao vé luong mua ciing
chua tdt, cac truong hop déu c6 xu hudng co
lwong mua 16m hon.

NoDA DA-Obs DA-AMVs DA-Obs+AMVs
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Hinh 5. Luong mua 24h (mm) cua sb liéu GSMaP, va du bao md
hinh trén mién tinh d02 ciia cac truong hop NoDA, DA-Obs,
DA-AMVs va DA-Obs+AMVSs, G cac han du bao 24h, 48h va

72h, vé6i thoi diém bt dau chay tai 127 03/11/2017.

Hinh 6. Hiéu luong mua 24h (mm) cua du bdo md
hinh trén mién tinh d02 cua cac truong hop dong
hoa va s liéu GSMaP, ¢ cac han dy bao 24h, 48h
va 72h, vai thoi diém bit dau chay tai 1227
03/11/2017.
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Hinh 9. Céc chi s6 théng ké POD, FAR, CSI.
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Nhu di thoéng tin trong phan thiét ké thi
nghiém, ngoai viéc dong hoa s6 liéu cho md hinh
ngay tai thoi diém chay, thi nghién ctru con chay
thir nghiém kiéu “warm start”. Két qua du bao
luong mua ciia mo hinh trén mién tinh d02 véi
ba han du béo duqc thé hién trén hinh 7, thém
dudi ky hiéu “ ws” dé phan biét. So sanh giita
cac trudng hqp du bao cho thay, su tuong dong
cling thé hién & khu vuc xuét hién mua. Tuy
nhién, khac voi truong hop “cold start” (hinh 5),
0 day hai truong hop DA-Obs_ws va DA-
Obs+AMVs_ws cho két qua du bao luong mua
kha twong dong & han 48h va 72h. Nhin chung,
cac truong hop c6 xu hudng du bao khu vue xuit
hién mua nho hon thuc té & han du bao 24h (hinh
7). vé lwgng mua, thi dg bdo ciing da nim bt
kha t6t khu vuc co lvong mua >20mm, con voi
khu vuc c6 lwgng mua >100mm thi 1€ch vé phia
bic so voi thuc té, nhung d¢ 1éch nhd hon so véi
cac truong hop ddng hoa kiéu “cold start”. Cj han
48h, giong nhu hinh 5, du bao cho mua xuét hién
trén gan nhu toan mién tinh, dbi voi khu vuce co
lwong mua >50mm, cac trudng hop déu ndm bét
chua tdt, ngoai trir truong hop DA-Obs ws di
cho du bao tdt hon. Con véi han 72h, thi du bao
cling ¢6 xu hudng 16n hon thuc té ca vé dién va
luong mua (hinh 8).

Phan tiép theo s& str dung cac chi s thong ké
POD, FAR, va CSI, dé danh gi4 kha ning du bao
cac pha mua cia mo hinh chay voi cac truong
hop s6 lidu dong hoéa khac nhau. Két qua tinh
toan cac chi s duoc biéu dién bang biéu db trén
hinh 9, v6i truc tung 1a gia trj cta chi sé va truc
hoanh 1a cac ngudng mua chia theo mdi khoang
10mm tir 0 dén 200mm. O day, toan bo s6 diém
ludi cia mo hinh va s6 liéu GSMaP nam trong
khu vue Tay Nguyén da dugc trich xuat dé ding
trong tinh toan nhiam dam bao dung lugng mau,
s6 diém khoang 7201.

Véi ngudng mua nho hon 20mm, & han 24h,
cac truong hop "cold start" voi dong hoa DA-
Obs va DA-Obs+AMVs di cho céc chi s6 thong
ké POD va CSI tot hon cac truong hop khac
(g6m ca khong dong hoa, va dong hoa chay kiéu
"warm start"). Véi ngudng mua nim trong
khoang 20-80mm, truong hop DA-Obs_ws cd
hai chi s6 POD va CSI dat cao nhat (POD khoang

0.6-0.95; CSI khoang 0.5-0.9). Con voi cac
nguong mua 1én hon 80mm, trudng hop DA-
Obs+AMVs_ws cho ca ba chi s6 tot nhat. Chi s6
FAR cua truong hop DA-AMVs_ws dat thap
nhat (khoang 0.25-0.6) vi cic ngudng mua nam
trong khoang 80-150 mm. Nhu véy, c6 thé dua
ra két ludn riang truong hop dong héa “warm
start” voi s6 liéu AMVs da cho cai thién vé du
bao mua 16n tét hon cac trudng hop khac.

Céc chi s cua cac truong hop dong hoa &
hai han dy béo 48h va 72h ¢6 su bién dong nhiéu
hon, nguyén nhan 1a do lugng mwa quan tric da
giam xudng (Hinh 5), va md hinh cho du bao
khéng. Tuy nhién, van c6 thé nhan ra rang céc
truong hop dong hoéa “warm start” cho chi sb
FAR tét hon cd.

4. Két luan

Trong nghién ciru ndy, cac loai s6 liéu quan
tric khac nhau di duoc dong héa cho md hinh
WRF theo phuong phap 3D-Var béi hé thong
dong hoa GSI. Bé khao sat va danh gia anh
hudng cia cac loai s6 liéu déng hoa dbi voi du
bao mua 16n cia m6 hinh WREF, trén khu vuc
Tay Nguyén, do anh hudng ctia con bdo Damrey.
Hé théng mé hinh WRF-GSI duge bat dau chay
tai thoi diém 12Z 03/11/2017 va dy bao 84h tiép
theo, voi s6 liéu quan tric dugc dong hoa theo
hai kiéu “cold start” va “warm start”. Qua viéc
Phan tich va danh gia, co thé rat ra duge céc
nhén xét nhu sau:

Cac truong hop dong hoa déu cho du bao
mua tuong 601 tt vé dién va luong mua & han
24h so v6i s6 liéu mua GSMaP, trong d6 cac
truong hop c6 dong hoa kiéu “warm start” cho
du bao t6t hon so véi “cold start”.

Viéc dong hoa sb liéu AMVs véi kiéu chay
“warm start” da lam cai thién chét luong vé dy
bao mua 10n, cac chi sé thong ké dat tot nhat &
han du bao 24h, vdi cac ngudng mua 1én hon
80mm. Véi cac han du bao 48h va 72h, cac chi
$6 ¢6 su bién dong nhiéu hon do mé hinh da cho
du bao khdng, tuy nhién so voi “cold start” cac
truong hop dong hoéa “warm start” van cho chi
s6 FAR tdt hon.
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Lo1i cam on

Nghién ctu nay dugc thyc hién va hoan

thanh voi sy hd trg cua Dé tai nghién ciru khoa
hoc KC.09.15/16-20, thudc chuong trinh KC.09,

Bo

Khoa hoc va Cong nghé. Tap thé tac gia xin

chan thanh cam on.
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