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Tém tit: Bai bdo trinh bay mét s6 két qua sir dung truong dir bdo tir mé hinh khu vue phan gidi
cao WRFE-ARW lam dau vao cho mé hinh mé phéng dwong di ciia béng tham khéng, nham muc dich
dinh hudng vi tri can quan trdc cho trude, vi du nhw ngodi Bién Bong hay cdc viing miii chuwa c6 div
liéu quan trac. Véi truong duw bdo khi tiwong cho truée, mé hinh mé phong dwong di (trajectory) cho
phép truy ngueoc (backward) dé xdc dinh diém tha béng tham khong ieng véi vi tri can quan trac cho
truée. Céc két qua thir nghiém ban dau déi véi mode dw bdo xuédi (forward) ciia mé hinh mé phong
duwong di ciia nghién ciru trong thang 4 nam 2019 khi so sanh cu thé véi quy dao cia bong tham
khéng quan trdc cia Pai Khi twong cao khéng. Bén canh dé mét sé danh gid bé sung voi két qua
dy bdo tir mét mé hinh mé phong dwong di khdc (CUSE Truong dai hoc Cambridge, Anh Quéc)
dwoe thie hién cho thdy tinh phit hop ciia mé hinh tinh todn dwong di trong nghién cieu va lam tién
dé cho cdc bai todn dinh hiéng tha bong tham khéng tang cuong dén cdc vi tri dinh trede trong

nhitng nghién ciru tiép theo.

T khoa: M6 hinh WRF-ARW, mé hinh hudng, quan trdc tham khong.

Ban Bién tép nhan bai: 12/03/2019 Ngay phan bién xong: 20/5/2019 Ngay dang bai: 25/05/2019

1. Mé diu

Hién nay cong nghé khinh khi cau vé6i kha
nang bay trén tang binh luu va tich hop tram thu
phat thong tin cho phép tmg dung trong cac van
dé gdm giam sat, dan duong, tim kiém ctru ho va
do dac thong sd vat Iy moi trudng tang khi
quyén. M6 hinh tich hop khinh khi cdu véi cac
mod hinh tau lugn, du hoac phuong tién bay
khong nguoi 1ai hay may bay khong nguoi lai
(UAV - Unmanned aerial vehicle) va c6 kha
nang diéu khién dé kéo dai thoi gian hoat dong
trén khong trung duoc 1a HAPS - High Altitude
Pseudo-Satellites hay 1a mdt dang tram tya vé
tinh, thuong 1la mot may bay khong nguoi lai
dugc dit & d cao tir 20 dén 50 km va tai mot
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diém c6 dinh so véi Trai dit) va dinh hudng hoat
dong, co thé thu hdi sau khi hoan thanh cac do
dac [3, 6].

Vi van dé néu trén, viéc tmg dung mo phong
va du bao hoat dong cuia cac ludng khi trong tang
binh luu, lam dau vao viéc du bao hanh trinh cta
bong, tim vi tri tha bong va diéu khién duy tri
HAPS trong thoi gian dai 1a can thiét. Trong
nghién ctru nay s& trinh bay mot sé két qua sir
dung truong dy bao tr mo hinh khu vuc phan
giai cao WRF-ARW lam dau vao cho md hinh
mo phong duong di cua bong tham khong va
phuc vu muc dich dinh hudng vi tri can quan tric
cho trudce. St dung truong du bao tir mé hinh khi
tuong cho trude, moé hinh md phong duong di
(trajectory) duoc gi6i thidu trong phan II cua bai
bao. Mot s6 két qua ban dau dugc dua ra cung
cac so sanh véi quy dao thuc té dugc dua ra
trong phé‘m III. Bén canh d6, quy dao du bao
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cling dugc danh gia chéo véi mot mo hinh mo
phong duong di cua bong trong nghién cttu so
véi thue té.

2. Thiét ké thi nghiém

2.1. M6 hinh so tri khu vuwc WRF-ARW

Trong nghién ciru sir dung hé théng mé hinh
khu vec WRF véi nhan dong luc ARW phién
ban 3.9.1.1 do Trung tam dy bdo moi trudng
qudc gia My (NCEP) phat trién (goi tat 1a WRF-
ARW). M6 hinh WRF-ARW ciing dugc thu
nghiém va ap dung trong nghiép vu tai Viét Nam
trong cac linh vyc dy bao thoi tiét va du bao bio.
M6 hinh WRF-ARW dugc nghién ctu va ap
dung phd bién tai Viét Nam nhirng nim vira qua,
cac cong trinh dién hinh c6 thé ké dén gdm trong
nghién ctru dy bao thoi tiét va bao [1] hay trong
viée ap dung va du bao t6 hop [7]. Chi tiét hon
vé m6 hinh WRE-ARW c¢6 thé tham khao trong
[2,4].

Thir nghiém thiét 1ap hai ludi tinh 15km va
5km cho md hinh WRF-ARW, s6 90 muc thang
dtng va du bao dén han 72h. Pd cao nhit cia
mé hinh x4p xi 40km. Ddi véi du bao chuin
(control), cac lya chon vat Iy cho mo6 hinh WRF-
ARW bao gdom: so do Kain-Fritsch (KF) cho
tham s6 héa ddi luu, so dd bic xa séong ngin
Goddard, so @b tham s hoa 16p bién cia Mellor-
Yamada-Janjic (MYJ), so dd vi vt Iy may khép
kin 6 bac WSM6 va so dd rbi bé mat 1a Janjic
Eta. Truong gio dy bao tr m6 hinh WRF-ARW
s€ dugc st dung lam dau vao cho md hinh mo
phdéng duong di (trajectory) trong muc 2.2.

2.2. M6 hinh mé phong duong di

Theo Stohl [5] quy dao cua mdt phan tur khi
(g voi gia thiét twong ung khi 4p cho Bong
tha) dugc miéu ta boi phuong trinh sai phan:

X~ v(X,t) (1

dt

trong d6 X ki hi€u tmg véi vector vi tri cua

phan tir khi, v 13 truong gid va t 1a thoi gian. Viét
lai duéi dang tich phan cho bién X
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X(t) = X(to) +f 'U(X, t)dt (2)

to

Phuong trinh nay c6 thé giai lap sir dung gio
trung binh gitta diém X(to) va diém dén tiép
X(t;) theo cong thirc cho budc 1ap thir nhat tng
v6i trudng gi6 tai diém X(to):

X1(t) = X(ty) + vX(ty)At (3)

Tai budc lap thur i dugce tinh tur gid tri ¢ tha
i-1 theo cong thic

Xi(t;) = X(t) +%[vX(t0) +uxiiepae @

2.3. 86 ligu diéu kién bién, quan tric va cdc
truong hop thir nghiém

Trong nghién ctru, sé lidu dy béo toan ciu
GFS (My) véi d6 phan giai 50km x 50km dugc
sir dung lam diéu kién ban dau va diéu kién bién
theo thoi gian cho mo6 hinh WRF-ARW va duogc
cap nhat 3 tiéng mot lan. Cac két qua dy béo gid
chi tiét 10 phit mot 1an cia md hinh WRF-ARW
cta ludi du bao Skmx5km tai cac muc tir bé mat
dén do cao xép xi 40km duoc st dung lam dau
vao cho mo hinh du bao quy dao (muc 2.1).

Pé so sanh két qua du bao quy dao, s6 lidu
quy dao bong tham khong su dung trong quan
tric cao khong [9] duoc thu thap cho cac trudng
hop thir nghiém &p 00Z va 12Z tir ngiy
01/04/2019 dén 31/04/2019. DPau vao cho md
hinh quy dao dugc 13y tir truong du bao gid cua
mo hinh WRE-ARW du bao 12 tiéng trude do
(hinh 1).

Quy dao cua bong tham khong duogce su dung
nhu 13 quan tric dé so sanh véi quy dao md
phong tinh todn trong muc 2.2. Ngoai ra quy dao
tinh toan ciling dugc so sanh voi mo hinh dy bao
kha phd bién Cambridge University Spaceflight
(CUSF) Landing Predictor phién ban 2.5 cua
Truong dai hoc Cambridge cua nudc Anh (tham
khao trén trang web https://predict.habhub.org).
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00z ngay 18/4/2019
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Trirong gid (u,v) du bao 12h

12z ngay 18/4/2019

Hinh 1. Minh hoa viéc sir dung dw bao tir mo hinh WRF-ARW lam dau vao cho mé hinh

3. Panh gia két qua

Hinh 2 minh hoa truong gi6é cua mo hinh toan
cau GFS (diéu kién bién) va gi6 chi tiét tir mo
hinh khu viec WRF-ARW tai cac muc co ban
500hPa va 200hPa. Tir s6 liéu du bao trudng gio
ctia GFS (tai op 00z trong ngay 18/04/2019) cho
thdy dong gi6 di qua khu vyc mién Bic nudc ta
(bao gdbm Ha Noi) & muc 500hPa c6 hudng thinh
hanh 1a huéng Tay, véi van toc tir 15 - 20m/s. O
muc 200hPa, hudng gio thinh hanh qua khu vuc

500mb Wind & Geopotential Height

.1

nay van la huéng Tay, vén tde gié qua khu vuc
tir 20 - 30 m/s. Vi s liu truong gio chi tiét
WREF - ARW, trén muc 500hPa va muc 200hPa,
hudng gi6 thinh hanh ciing 13 gié Tay, van tdc
gi6 khi di qua khu vuc dang xét lan luot 1a 15 -
20m/s va 20 - 30m/s. Vi diéu kién gié nén trong
ngay 18/04/2019, bong tha tir khu vuc Ha Noi
vé co ban s& c6 qui dao di 1én rdi di chuyén tir
Tay sang Pong tai cac muc ting cao hon 5km.

(b)

vare
Analysis
07he - 18042018

200mb Wind & Geopotential Height
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500hPa va 200hPa luc 00z ngay 18/04/2019
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Tiép theo, danh gia tir sb liéu quy dao tir bong
tham khong, s6 liéu du bao va s6 liéu tir mo hinh
CUSF dugc thong ké dudi bang 1 va hinh 3 cho
théy: vé co ban, theo thoi gian, $6 liéu du bao va
s6 liéu CUSF déu cho khoang thoi gian bong bay
tir myc 500hPa 1én dén muc 200hPa la trong 22
phut, nhiéu hon sé liéu tir quy dao cua bong
tham khong 1a 3 phut; tic voi sb liéu quy dao
cua bong, tr myc 500hPa dén muc 200hPa, bong
bay trong khoang 19 phut. So véi sb liéu quy dao
ctia bong, thoi gian dé bong 1én dugc dén muc
500hPa cta sb liéu du bao tré hon 12 phut, con
s6 liéu CUSF 1a 13 phut; twong ty véi muc
200hPa, do tré lan luot 1a khoang 15 phut va 16
phut. V& toa d6 ciia bong tham khong, sb lidu
quy dao bong, s6 lidu du bao va sd liéu tir mod
hinh CUSF déu cho toa d¢ kha twong dong. Cac
s6 lidu du bao déu cho chénh léch voi quy dao
ctia bong 14 0,01 d6 tng voi sai sé khoang dudi

lkm. Riéng s6 liéu du bao, tai muc 500hPa cho
toa do gén nhu trung voi toa do thuc cia bong.
Tai muc 200hPa, sb liéu du bao co sai sd 0,06
d6 so voi quy dao ctia bong. Vé do cao bong, sb
lidu du bao c6 két qua gin nhu tring véi qui dao
bong. Trong khi d6, s6 liéu tir mé hinh CUFS
cho d6 cao bong thap hon 100m so voi quy dao
thuc cua bong. Vé quy dao chung cua bong tinh
tir muc 1000hPa dén muc 10hPa, ca hai sb liéu
du bao déu cho quy dao turong dong véi quy dao
thuce té cua bong. Pidu nay duoc thé hién thong
qua biéu db va duong bay cta bong trén hinh 3
va hinh 4, 5; trong do, cac vong cung rng voi
cac muc do cao khac nhau (don vi m) va cac
hinh quy dao theo chiéu ngang cia bong tham
khong va quy dao du bao. Co thé thay, sb liéu
du bao va sd liéu tir CUSF luén cho quy dao
rong hon kha nhiéu so véi s6 liéu thue té va chi
gan dung & cac muc khi ap tang thap.

Bdng 1. Théng s6 chi tiét dw bdo vi tri béng tir quan tréc cao khéng, mé hinh dw bdo quy dao sir
dung diéu kién bién tir mé hinh WRF-ARW va du bao tir mé hinh CUSF

Kinh Vi do D6 cao b6 cao Kinh Pécao Gio du
Kinh Vi do Vi do
Thoi do bong bong bong Cao bong do béng bao tir
do bong bong bong
gian Cao Cao khéng Duw bao bong CUSF WRF
khong khong (m) Dybio Dy bdo (m) CUSF CUSK (m) (m/s)
2019-04-
18 105,941 21,013 5868,207 105,833 21,030 2300 105,824 21,039 1940
00:07:36
2019-04-
18 106,082 21,048 10242,470 105,933 21,013 5850 105,925 21,027 5660 15-20
00:19:30
2019-04-
18 106,088 21,050 11167,450 105,939 21,013 6050 105,932 21,027 5750
00:20:10
2019-04-
18 106,212 21,031  12440,932 105,999 21,022 8000 105,997 21,036 7505
00:26:42
2019-04-
18 106,322 20,964  19855,500 106,211 21,037 12450 106,218 21,047 11550 20-30
00:41:30
2019-04-
18 106,311 20,958  17811,728 106,226 21,032 12800 106,243 21,042 12500
00:42:40
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SO LIEY QUY BAO BONG THAM KHONG SO LIEU DU BAO
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Hinh 4. 86 liéu dw bdo ngay 18/04/2019 phién 00UTC. Ki hiéu hinh khinh khi cau va dwong xanh
nhat g véi vi tri ciia béng tham khong, dwong mau xanh tham vmg véi quy dao duw bdo va
dwong mau tim ung voi quy dao dy bao tir CUSF.
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Mot s6 danh gia thém dua vao dudng bay cia
bong cao khong (ki hiéu la KKC), quy dao du
bao (ki hiéu 1a duong tinh toan tir hé thdng HPC)
va sb liéu tir md hinh CUSF (lay tir trang web
http://predict.habhub.org) (hinh 6) cho thay tir
diém duogc tha dén mot nira quang dudng bong

BaC 301

Hinh 5. 86 liéu du bdo ngay 18/04/2019 phién 12UTC. Ki hiéu twong ti hinh 4.

bay dugc, quy dao cua bong cua ca 3 déu gan
nhu tring v&i nhau. O nira quang duong sau, két
qua tinh toan du bao trén hé théng HPC cho di
chuyén cua bong léch vé huéng Béc so voi quy
dao thuc té cua boéng va cua mo hinh CUSF.
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Hinh 6. 86 liéu dw bdo ngay 11/04/2019 phién 00UTC. Ki hiéu tiong tw hinh 4

Trong Bang 2 dwa ra sai s6 trung binh (Mean
Error) theo do phan giai thoi gian ting 10 phit
tinh tir thoi diém tha bong tir 01/4/2019 dén
30/4/2019, céc obs 00z va 12z (62 mau) cho thay
trong giai doan do cao thép (30 phut di‘iu), sai s
khi str dung s6 liéu WRF-ARW thép hon so véi
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sir dung sb liéu GFS (giir c6 dinh trong 1 tiéng
do chi ¢c6 s6 lidu 3 tiéng mot) Gmg voi cac muc
thap chiu anh hudng ciia 16p bién khi quyén. Khi
bong 1én cao, sai sb giita viée st dung GFS va
WRF-ARW khéc nhau khong nhiéu do tinh chat
6n dinh cua khi quyén trén cao.
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Bdng 2. Sai s6 cia kinh dé, vi dé va do cao trung binh theo dg phdn gidi thoi gian 10 phiit, diw
bdo 1 tiéng, don vi km, tir 01/4/2019 dén 30/4/2019, cdic obs 00z va 12z

Thoi gian
du bao tinh
tir lic bat

Lat WRF Lon_WRF Height WRF Lat GFS Lon_GFS Height GFS

diu tha

béng

+10 0.31 0.26 0.15 0.35 0.29 0.16
+20 0.30 0.31 0.16 0.33 0.35 0.16
+30 0.33 0.29 0.12 0.30 0.34 0.14
+40 0.25 0.28 0.17 0.26 0.27 0.18
+50 0.28 0.26 0.19 0.29 0.30 0.2
+60 0.25 0.28 0.20 0.26 0.27 0.19

4. Két luan

Nghién ciru trinh bay mot sé két qua thu
nghi¢m tinh toan quy dao bay (trajectory) cua
bong tham khong str dung so d6 sai phan trung
tam theo thoi gian va truong gio chi tiét tir mo
hinh khi tugng khu vuc WRF-ARW. Dy bao tur
mo hinh toan cdu GFS chi ¢6 thé cung cip véi
budc thoi gian 3 tiéng mot 1an va tai cac muc co
ban, viéc ha quy mo bang mo hinh WRF-ARW
cho phép cép nhat dy bao truong gioé véi budce
thoi gian tir 5-10 phut va chi tiét theo muyc thang
dumg dén do cao 1hPa (46 cao nhat ma GFS cung
cap lam diéu kién bién). Cac két qua da duoc so
sanh thyc t& v6i quy dao cua bong tham khong
quan trac khi tugng va tir du bao ciia mé hinh
CUSF budc dau cho thay tinh phu hop cia mé
hinh dy bdo quy dao trong nghién ctu dua ra.
Trong mo hinh CUSF dang st dung dau vao
(truong giod) tir md hinh GFS nén khong chi tiét
bang viéc sir dung trudong gié du bao mo hinh
WREF-ARW va mét s6 phan tich danh gia cho
thdy tinh phu hop so véi thuc té ciia quy dao
bong trong nghién ciru hon so véi két qua tir mod
hinh CUSF. Ngoai han ché trong viéc dua ra cic

thong tin danh gié sai sd truong gié ciia GFS va
WRF-ARW, nghién clru nay la mai thtr nghiém
mod phong quy dao dya trén truong gidé cia mod
hinh WRF-ARW va chua tinh dén su chénh léch
ap suat ciia bong va ap suat moi truong ciing nhur
tbc d6 thiang dimg riéng cua bong dé xac dinh
thém qua trinh can bang dong luc cia bong va
du bao viée ding-nd ciia bong nhu trong mod
hinh CUSF. Cac hé thong mé phong dong luc
cin bang bong s& duoc dua ra trong thir nghiém
tiép theo. Viéc két qua du bao quy dao bong phu
hop 13 co s dé xac dinh trude cac vi tri bong
quan tric can tha t6i, vi du cdn quan tric bd sung
trén khi quyén khu vuc Vinh Bic B9, Gmg véi
truong gid du bao cho trude tr md hinh WREF-
ARW c6 thé ap dung tich phan nguoc (back-
ward) cua mo hinh dy bao quy dao va xac dinh
duoc vi tri can tha bong ban dau dé dat duge do
cao va vi tri theo thoi gian dinh trude. Céc
nghién ctru t6i s& danh gid chi tiét hon vé van dé
du bao backward nguoc theo thoi gian cua mo
hinh dy bao quy dao véi bong tham khong va
tinh té1 nhitng ddc tinh riéng biét cua tung loai
bong.

Loi cadm on: Bai bdo mé ta mét phan két qua cia Dé tai ma sé6 VI-CN.04/17-20 thuéc Chirong
trinh Khoa Hoc va Cong Ngh¢é cdp quéc gia vé Cong nghé vii tru giai doan 2016-2020, Vién Han
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USING HIGH RESOLUTION WIND FORECAST FROM WRF-ARW
MODEL IN TRAJECTORY SIMULATION FOR THE ADDITIONAL
UPPERAIR OBSERVATING

Pham Hong Quang', Du Duc Tien?, Pham Hong Cong!,
Mai Khanh Hung?, Dang Dinh Quan?
!Centre for Informatics and Computing, Vietnam Academy of Science and Technology
*National center of hydro-meteorological forecasting

Abstract: The paper presents some results using the wind fields from the high resolution region
model WRF-ARW as the input for trajectory simulation. The initial test results in April 2019 which
were being compared both to real upper air balloon (from Aero Meteorological Observation of Viet-
nam) and the simulations of Cambridge University model (CUSF landing predictor version 2.5)
shows the capabilities in using WRF-ARW model and trajectory model (backward mode) to help se-
lecting the landing off positions of the meteorological upper air balloon (drop-oriented problems)
which can provide more observations over the sea or mountainous areas and therefore can provide
more information for data assimilation processes of meteorological models in near futures.

Keyword: WRF-ARW, trajectory model, upperair observation.
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