A R ABETRER AR ABH 3 R R TR Hey B

she lF R ek HR
2+ % % 1 MOTC-CWB-100-M-15
HEPM100£ 17 1p 5100127 31 P
ok EE RS =

PR T RTINS BTN S

R R L g

AR KR F T R 2 (B 4R ¢

WA RS R BRI F ALK B 10

P ER R 100# 11 % 30 P




KR P E WAL L TRL

O LI 2

N L A S s s T
15

P E e

MOTC-CWB-100-M-15

EN-R

LA L A

CERY

REBHE
£ R

2 E100# [ EHAF [100# 17 19 3 100 £ 12 7 31 P

P EF
(_E‘i = F ;u)

3,200 + ~

HiFER FE (%) F% (%) e (9%)
91.7% 849 91.6%
ws ia R ) D) £ 5 (%)
al 2935+ & 2690 + ~ 91.6%
TH AL A A By Eh g
_ M et
£ S AN
FLR P iz RN
i AR
FE R e FD v

dE e M AR

L F %k TR A(CWBIGFS) ~ = A% A TR
(3DVAR) * 27k 2 % 5 T 45 & BLiPI(GPSRO) ~ &b B /T
TR 3F

AFHEETT P B G = 1 - IR EHF C GPSRO
BRI RS 80 % X § AR b BT PRE B
f# GPSRO BLRI¥>T Bk BL/ZTFAFNE & 2 f 6 B> 12 4
ERURCE CECELR R IP-Ch-d-cf W oWl b N TR - o
= 3. GPSRO BLip| T L » 2 CWB/GFS & 5Lt 7 T ke v eh
¥ A TP S AR = 50 GPSRO BRI T AL B B 0 e
i = v BB EH CWB/GFS 5% #1447 GPSRO 7 kL LRl
A o MB-RIRT GSI k SLenTE R BLRIEL o

PR,

oy

I it GPSRO 37 &4 ¢ BLiR] J R $430 Be b B S TR AR
F B B om ¥ GPSRO 375 5 LB » Fo 1tk SL € T RT R
Wb PRETRAFG LG R A H LR L B
PR L re BREL IR REN R 22 E IR R
GPSRO BRI T L 7 BN HFR T R S E 3E - 7 B
oo RGR R TSNTEAR o ¥ b o e it GPSRO BLRIETEE
B IRTRILE B > FRIVHR T AR e (WA R A
B B R EHRTARS FRELF RS KT RS
¥ % ) GPSRO H75f 5 BLIRI TR » #-§ S 2 We b RS TRAF
FORE D G B




¥ 8-2LAR 2 5L GPSRO BLBIG » T 1k 5L F sk
Ao 2 z&sfrﬁ%ma‘ﬁﬂ'&?ﬁfﬂﬁﬁ&%&w»ﬁ@ - F
FitenifE ity FH AL T - HEt o dr e BT &
ABEZBLEBILA R A 4> WAR K TR DA FEILE MR
FRRA S R i £ 2 R BT 0 kg L
% i?uf‘f S T ‘f«-rrv??&"’”ﬂfdm" EHE R 4 PR
T FR-karmy MY E g‘]-%fﬁ_ TE IR h P
A M LT X NS TERAR LR B F R I
FORL G RE R LA RPFE AT KA T
ﬁ? WA e N AL o

d 3t p a CWB/GFS #5-5% #*% GPSRO E‘u? R g

GSI & sip T34 0 3% CWBIGFS & Sk 4778 3R 4
MAILH P F A - LG o BB RAP T AEL L B
S E LR L 0 B F s &2 CWB/IGFS #2550 4 %) Bt
L Tﬁ N 'f;’ e ﬁé ‘:’k”-&% ﬁ—' rﬂ% X ’f‘-"x X \ﬁu? ‘5—; ° Lbﬁ/?'l%f—

ZEpT H-g VIR TGSk SN TEPRLRIGEL T B %E“»/?'J j R
| &0 cost-function F x> 2 2 ¥ ikwé] BLR G o~ D
cost-function F gt o T BLIPIFFA LG PR L g
CWBJ/GFS #:3 5 #&a » @ vf;swéfm\ o 152 AR BT 1
T OER kAT SR

K

”'ii‘

?3

LT T

w4

A kg kg

*\?LiJr’v’ﬂ % B0 2 GPSRO BRI 7k e e B2 05N 2
Be b BT EIEAR 0 R % T R GPSRO B H S AL T
TIEHER NIRRT R S e € R EOTHRGY 2Rk B
J;_?F'ﬁﬁ gmmﬁ 3‘“‘5,%’:"‘!:"1 a%ég-;_zm "fp*_’ A RIEY R
i3 ?Eiﬁxt%p_&,g:} FH & ,E S 2 — o

e VR r:\ o #-2RAR 2 3L en GPSRO LB »
CWB/GFS I it & 5o> iz 4430 I * GPSRO LRl F 4L #ich 3 &
Hengh Ao Bk 7 2 3E % 3t H B 2hag = 5L GPSRO
BRI TR > R e 1Y % e RO BLIBI TR o

$0 8 2 CWB/GFS #5558 2 A 4 ji B pLipl g2 £ o) &
&5 GPSRO 47845 2 pLip|28 4 ¢ 4= H B @ X 5 > u* gL HiF
TR R B AL 8 GSI E SR AR E R R ek
7 CWBIGFS Hi-3% 4% ¢ ez fApipls 4 o

FERLEP [(51)
it R %) (+7)

& 3t & 2 R
(% { &% K
2 FUEHK)




B &

JER oo,

FIF B 2 B & i e e

'

...10

.12

R S e

N

=

.41

A2

.48



&

fe it GPSRO 47 8¢ 5 BLip| AL ¥ e b B/ FF 4R B 55 > F B Bt % GPSRO 47 8¢
ﬁﬁm@»kﬂﬁaggéwh% M b PRSI G Lo RS A E F b
Pt B S G B G R PR RN ki1 &8 £ F) 5 B Y GPSRO BRI T
e 7 N R R )i,J SLen¥ ¥ A Bl o BGE T WES IR o T b A i
GPSRO BLBI# > 8 h P 38R DERPEL > FRILA X 2% e (T2 R A
IREFLBK R SHRT AL FRE R G SR TH R 9 % ) GPSRO 475 5 LRI T
Ao B FHN L Wk BSIERG BRE e B

¥t #-2EAR 2 5L GPSRO BB ~ it % ,?fw B % BT AR BLhE B
MREFRR R ES Rg  RE TR DL %% ol (7 AR g o H 4 A 45 b
PEETEARFZSURRAEZ A TAZRFRATI ML ELMEF fHL K
%mé%iﬁaﬂﬁﬁflhmﬁﬁﬁw&:uﬁmmﬁﬁﬁ%?+w?fﬁ SERIBES )
Hp* 3 PRGOS L FRLF T SEFE N 3 TG R A r
2+ *%f% Lz X SR AL E %@% BRDEERARG IR BS L LHP
A ARF > ARV IR s BRIEL 07 3t e e o

d 3P CWB/GFS H#-538 $3% GPSRO BRI F Ty H_ig * GSI & SLp Z_aplipliE

£ > ¥ CWB/GFS [k ens 775 4F 2 L A T2 pm.f TA- T LB ENFE R

2R Z - Y e R BRI L > G F i &3 CWB/GES -5t A B adt Lk s 3

H kB bki By FOT Aot T2 BPFAL o 2 BERREAR T R RE GSI kSR T

LRI A TR A BRI ] 6D cost-function T gk o v R TR BLIRIG A oD

cost-function ?‘11% o P EBLPIFEA IR A P B i * 2 CWB/GFS #5385 a0 Y
RS R SRR v FRR a7 YR~



Abstract

Assimilation of GPS RO observational data will have certain impacts on the typhoon track
prediction. Through a systematic comparison of sensitivity experiments, we find that the
refractivity observation of the GPS RO data has a positive impact on the track forecasts of
recurved typhoons, particularly during the period when the typhoons are recurving along
their tracks. The positive impact on track forecast results from the better capture of the
synoptic-scale flows as the GPS RO observations are assimilated into the model, thereby
improving the prediction of the steering flow of typhoons. On the other hand, the negative
impact on track forecast by the GPS RO refractivity data results from the violation of the
spherical symmetry assumption of the local refractivity operator, as the GSP RO ray passes
through a region with stronger horizontal gradient of temperature and moisture such as the
inner core of typhoons.

When the GPS RO data from non-FS3 satellites are included in the data assimilation system,
results show that these non-FS3 GPS RO data become more important as time increases, and
it is essential to include these non-FS3 GPS RO data in the daily operation in the future.
Through a comparison study between the FS3 and non-FS3 RO data, we find that their data
impacts on daily weather forecast are similar, and the non-FS3 RO data have a larger
uncertainty at upper levels and a slightly negative bias at low levels. The negative bias at low
levels from non-FS3 RO data may result from the lower amount of sampling data and the
higher sensitivity of data impact by the quality control algorithm. These non-FS3 GPS RO
data may have a slightly negative impact on the day-5-and-longer forecasts of the CWB/GFS
model for the summer hemisphere, but this slightly negative trend is not statistically
significant and could be reduced by improving the observational error variance in the future.

The CWB/GFS observational error variance currently uses the default configuration in the
GSI data assimilation system, which is based on the NCEP/GFS model characteristics, which
may not be appropriate for the CWB/GFS. By performing the statistics of the refractivity
difference between the model first guess and the observation in July and December 2010
(representing the summer and winter climate), we estimate the typical observational error
variance of the CWB/GFS model among different seasons and different regions (northern
hemisphere, southern hemisphere, and the Tropics). The CWB/GFS model observational
error variance shows a smaller contribution to the cost function by upper-level GPS RO
observations, compared to the GSI default setting for the NCEP/GSI, and a larger
contribution to the cost function by lower-level GPS RO observations. A new set of
weighting function used at the GSI system based on the CWB/GFS model observational error
variance should be more appropriate for the CWB/GFS model as assimilating the GPS RO
data, and more in-depth research is needed in the future to consolidate this findings.
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2 pATE TR e NCEP w1 AR = BUBLR] en% % (Cucurull et al.
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L2 TR - 5 éﬂ’?fﬁ-lb»?k (Spherical Symmetry Assumption) ° ¢t — BFK f— 4
< FHARTF R 2E GPSRO Ewlp ALE T AT IR A S (TR LSRR
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NOAA-18 fFk “74% el & BUp] T4 ~ § BRI AL - AIRS #74% e 3¢ T4 ~ 4R
= 5. (FORMOSAT-3/COSMIC) *7#t #ed78+ & (bending angle) % 3745 (refractivity)
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HY X, a2 F x, s ¥ F3F B ¥ FFL> L8 (background error
covariance matrix ); H & BB & + 50, » BRSO & BURIEZ 2 2 £ %=L ( observation error
covariance matrix ) ; @ J, A4 R IEEIE o TR FEIFLITHE F X=XX 0 B F 5
%5

1 Tp-1 T -1

J =K B'x+(H(x, +x)-0,) O™ (H(x, +x)-0, )+ J.

B HL- BREEFIEF P N Fieyd

c

J =%{XTB_1X+(HX—(OO ~Hx,)) O~ (Hx (o, —be))}+J

T & Bl 378 (observation innovation) » 0=0, - HXp,* B} ;A ¥ H 3
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GSI #u ] 1t B s ph i & B4 18 Lk - BATR g y=Bx kit
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DS R A AU B X R y B AT AT S T A R
V,J =B 'x+H!'O0"(Hx-0)
V,J=B"y+B H,0'(HBy -0)=BV,J

_oH

~ T o
= '»m H ETF,,‘E'_ e e
x| Hx #

2R, s HAPHN A R Ay S v H,

oz MREEBE F o GSI B g Ea kR o R LK E YA
(Conjugate-gradient) » F "% Rf#AZS A& * 10T 2 3% fRhoo] 1 3R

FABEK X =y'=0> BT REHFE AT H I S
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v,J"=B'x"'+H'O" (Hx”’1 —o): y"'+H'O™ (Hx”’1 —o)
V,J" =BV,J"

IR P ARSEER k) BT R X TR B R
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RS D - i AR 2 R e
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Typhoon KALMAEGI teotal track error Typhoon PARMA total track error
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Typhoon ALL total track error
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gr]i’ﬁ Eﬁ'ﬁ*p Eﬁf&m’fi‘q/mli”’w#&‘%X% H g FiE- R b SRR WA enpE R
Bolig & kadih o RIT L P EE % 4 1) GPSRO BRI T AT

BO6oFiPHEh ZETRL Z ABRAFRFILEFTOFE -d B7 o FiERkh
% 2010102000 & 2010102212 3 $ifenif3R £ M > £ H B cross 354 > A L H A &
ﬁﬂ%ﬂl e FH R o TR Rk B E_% 2008092806 1 2008093000 Hp B 5 4 S5 Hp > gt pF
A E TR mﬁ}:ﬁﬁp ° "f LA REE R 2 AT Ie A MR L R 0 T
?'ip‘ GPSRO T #3 He b & $ 8 B cnflet > 4o@ 7 -

16



TYPHOON MEGI improvement by GPSRO
72hr forecast track error
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GPSRO Fr it # 3% & — 478+ 5 (1D refractivity) - §] * i&48 2 2 F i* GPSRO F#LpF » A
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TYPHOON SINLAKU improvement by GPSRO
72hr forecast track error
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2010101800 ., MEGI Asymatr
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2010101800 Typhoon MEGI steering flow menti2 and mgps2
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201008 ECMWF Analysis H monthly mean at 500hPa
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Typhoon MELOR, 500 mb Height
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