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2 o FHIF(2008)F ] MMS 3DVAR J57%: 5[
/& GPS RO ~ AMSU ~ QuikSCAT ¥} & fE 2003
FEALERAN 2004 FEHUECFIREEAYREE - SREUR
GPS RO ¥P7KE i A HARICE - QuikSCAT A B
TRRERTHE - AMSU $ES{SAI8 A HIREIUE -

58 2002 FEBRYAHETIB/EE FE(Dropwindsonde
Observations for Typhoon Surveillance near the
Taiwan Region, DOTSTAR) » F|FH A& 55%
2 TSR BN RSN EAVEDH - AT E R
KRR HEDRE ~ B ~ SR o iHY
ERL - Wu et al. (2007)31 1 25 ( G IE K HTHYRE
{E[Z& > [FEl{k DOTSTAR &z X ERETIREE - 3%
g JE B 1S TR B A T - B (2008) F A
WRFDA #E1T[EMEE 5 7 8 5 [E{E QuikSCAT
G R B AR S 98 R e A H B S - [
{EATE R R RAa RS 78 RN [ A Rl
fEE 2006 FEZE e E(Bilis) F1H K (Kaemi)ig



—H5ZH

JEVSS T I SR PN B 22 (BB R S TR TS

GrE Ll Ebt e R n] RIE R E L TR
R - BRIEM B RS A R HEs
2 - B BT S ST — BN R 5O B — e
JEE 2T B - B DR R S EHE R A
K F TR i - A ST BIVIE RS E L
AU B RME B &5 R 1T 5 0 DLEME GPS
RO R ER T - 1B 2008 APk H1HE {1
ZE o KAfFeHF WRFDA (Weather Research and
Forecasting model data assimilation system) /5% »
[F{b GTS &K - GPS RO Hr5REH} » SSM/I
VP IH R BLKR B ~ QuikSCAT Ja e B 2
ZH) ~ RSB - SRR
I G R G PR R SR THER A DA -

— ~ BRIRIRMEEERTET
(=) EHAR

1. FORMOSAT-3 GPS RO

2006 £F 5 /8 B B [F] & {FHY FORMOSAT-
3/COSMIC & » REBINNE IS - AR
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BBHEGHE > U REAS RAR LT
T8 - UREERS (S S HACHL -
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fill4H (None) » 2= = e Rl 28 2 {8 Rl HI RS 18
ER7ZHL None FESGRAZAVELAE - RECERGEEEE
455 EPH ~ CGTS ~ SSMI ~ OSCAT 5 None (£
JELERE EUEL 45 5 » CGTS ~SSMI ~OSCAT &5 None
{3 e R4S SR - CGTS ~Drop 5 None % »
SSMI i None FH1EL < g pRi{lE 2515 5E 77 1 > 0613
PR{EZE A SSMI 81 None 4554010 EPH BiL CGTS

®= ZfEpREZREERHAEPH ~ Drop ~ CGTS » SSMI ~ QSCADFIFERIH (None) TH#BS I aRZHILE ST (EERLH/
PEHIZED © EEE/NR 1 (B252) ForERRERIE
REE JRUE 3

EPH|Drop |CGTS SSMT |QSCAT EPH|Drop |CGTS [SSMI |OSCAT |EPH|Drop|CGTS |SSMI1
0h 0.98 |1.67 ]0.92 0.97 ]0.91 1.02 1142 j1.15 Q1 1.05 1.02 |1.37 ]1.07 10.99
6h 10.96 |1.34 |1.01 |1.01 |1.00 1.12 |1.81 J1.46 1.01 ]0.33 1.71 3.65 0.75 |1.55
12h [0.91 J1.66 [0.73 0.91 [0.85 1.26 |1.26 [3.35 0.54 0.45 1.64 |1.87 |1.13 ]0.75
18h |0.84 ]1.89 [0.74 [0.73 ]0.81 0.74 10.78 10.22 ]0.85 0.23 1.76 |1.63 |1.2 1.09
24h 10.80 |2.20 |1.07 |1.14 ]0.69 1.76 13.67 |5.5 4.64 2.6 10.9 |5.87 |1.36 [2.69
30h [0.94 |2.83 [0.76 ]0.88 0.58 0.05 0.71 J1.03 J0.16 |L.15 2.66 |1.43 [0.29 ]0.93
36h [0.93 2.50 ]0.68 1.04 ]0.70 1.23 ]1.05 0.42 0.79 0.76 3.22 |1.35 [0.79 |L.15
42h [0.96 2.14 ]0.80 0.99 |0.75 3.53 13.91 j0.89 [J1.56 0.82 4.11 |1.38 |1 1.39
48h 10.95 2.07 [0.64 1.06 0.77 0.59 10.9 10.77 0.56 0.82 3.15 ]0.54 10.35 ]0.63
S4h 10.97 |1.96 |0.78 |1.01 ]0.77 2.57 |11.99 10.87 J1.07 |1.63 2.3510.77 0.54 |1.07
60h ]0.98 |1.93 |0.74 |1.01 ]0.80 3.27 |3.83 |1.39 0.39 0.95 2.13 ]0.89 [0.63 [1.08
66h 10.95 |1.89 10.81 0.97 10.84 3.89 15.88 10.88 1.17 |[3.31 .18 |1 0.59 |1.22
72h 10.95 [1.94 0.78 ]0.94 ]0.85 124 2.52 143 [1.13 0.97 2.06 |1.01 0.68 |1.08
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¢ None 75 0625 PR {EZE IU4H & EG(EPH ~Drop
CGTS ~ SSMI)E3{E}> None -

(Z) BEREHIER

I Pl AL PSR EEE -
R RBEFHINLEAR F E R BN 2 o %
AR TR 0625 HREZE - LR g R -
JHGEVIE RS — ~ = RHVFEPRIEHEAE R - [ERIiesa
s 774 L mfaatsr BS (Bias Score) » & BS {H
KIS 1B » FoniE B TEH (over prediction) ;
HHEZHY - & BS {H/NR 1B ForATHREA 2
(under prediction) - 2. ETS 547 (Equitable Threat
Score )& ETS > 0 Fon B Hlrts o #IFH#  ETS=
| FREERTER » ETS < 0 HIERF 4 E RIS
TIHTEER © RTP R RS E D PIER © 24 /NI

2O
aff R

PR

Z+ABME R

ZRPHE 0~1 mm f5 5/ > 1~50 mm F§ Ry
PR > 50~130 mm 7@ £ KRR > 130~200 mm FF fy 52
Pl > 200~350 mm FE Ky RZERK - KL 350 mm i £y
RSN ©

1. 0625 #SF{E=R

TEHEEE — KRB &S vEra 31 (8 8(a) )
ORPE Ry 72 mm - FAH BB B BRh TE R IE A
FErRLE - Hi AR EE A > LHE EPH R E
e ARAE S 269 mm [ [& 8(c) )+ SSMI e AR E{E
Ky 85 mm RHETEE (E 8(d) ) - PRERERTHE
WIFU - A~ NG ER Sy SSMI 2 ETS 1857 Ft s
ETS 1§7rfc=A 0.52 » KAl EPH 2 ETS 15
Iy iei=i(0.46) » BS 13535l - BRT SSMI £
PR & TR YD » HA BB B Fy B ETH R - Drop
CGTS MBFETHEA » Hrp EPH B1 SSMI [ PRifSE

FVU 0625 MR E ZEAEHEEE — K (Day2) 155 = R(Day3).2 24 /NEF RIS FRTEHS5) - HHASF ™ Equitable Threat

Score Hzim * [&ZFr Bias Score A 2 HYAH EETHER

Day?2 Equitable Threat Score Bias Score

Rainfall (mm) | 1 5 10 20 50 1 5 10 | 20 | 50
None 0.2110.33[ 0331026 [ 021 |1.24|1.43[1.48]1.34(1.05
EPH 0.2810.30( 0.38 | 0.50 | 0.46 | 1.25]1.44(1.37(1.14|0.79
Drop 0.12]0.17( 0.23 | 0.29 | 0.33 | 1.76 |2.17 (2.17 [ 2.05 | 1.18
CGTS 0.180.13 | 0.08 | 0.08 | 0.24 | 1.712.21 (2.03 [ 1.94 | 1.28
SSMI 0.3010.52( 0.52 | 0.52 | 0.34 | 0.85]1.06 [ 1.05]0.94]0.48
Day3 Equitable Threat Score Bias Score

Rainfall (mm) | 1 5 10 20 50 1 5 10 | 20 | 50
None 0.25( 0.17| 0.09] 0.01f 0.00] 0.57| 0.38] 0.19] 0.04( 0.00
EPH 0.22] 0.16] 0.13( 0.08[ 0.00] 0.47] 0.39] 0.32 0.23[ 0.04
Drop 0.38( 0.32| 0.24| 0.20[ 0.10] 1.03| 1.00| 0.83] 0.74( 0.37
CGTS 0.42( 0.41| 0.40| 0.43( 0.38] 1.08[ 1.25| 1.22| 1.38| 1.35
SSMI 0.37) 0.34] 0.32[ 0.29( 0.05] 0.88] 0.85] 0.73| 0.62[ 0.11
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(b)None (max=467 mm)

2 S+ AME %
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(g)EPH (max=1018 mm) (h)SSMI (max=518 mm)
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9 JEVERE R E B B R [ o (a)-(dRF AELH] - None ~ EPH ~ OSCAT 1545E55 K 24 /NEE (7 H 27 H 0000
UTC ~7 [ 28 H 0000 UTC) EHREFTE » (e)-(h){F 5L « None ~ EPH ~ SSMI #5565 =5 24 /N5 (7 H
28 H 0000 UTC ~7 H 29 H 0000 UTC) Rk E - BB SN £ 5 E 4R A 30 mm -

SN H AV e S (S eSS - EPH B2 OSCAT
SrEa BRI B R BATIEUN - HAE R
D fm AL > (AR Ay 55 5 A I 5 A 1 e T A
W& - [ff EPH %1 OSCAT F1&{mra (H R E
L EERBUASGERINE AL o M ERR T
R o~ KdE sy EPH 2 ETS 1557 » ETS
Tors 045 0 REMANE OCSAT 153805
(0.3) > BS f35rabflith > JEEBREAMMSEZ
W BUR EPH Y1 OSCAT [ BT -

R = KBUIIE R iz e (8 9(e) > E
F PR (EAE R AL BN R R LI - SRl E R
652 mm > ZNAHEE B B L I AR e PR 2
B R HIE B R A 1 EPH 91 SSMI
PHEEBFETNEEEN (B 9(g)h) ) #HA
[E{t SSM/L E2 GPS RO BfeH{iE 15 Fe g AT 8
None 5zHI52%8E - BN AR T SSMI HJ ETS
For#EsS - BS 19oratflith » BT SSMI LIS
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—&%=A

‘m\¢

R H B

TR

41
KA AR RREREEEESS — K (Day2) 15 = K(Day3).Z 24 /Nif ERAIERI TR 57
Day2 Equitable Threat Score Bias Score
Rainfall(mm)| 1 5 | 10 | 20 | 50 | 130 {200 | 350 | 1 5 | 10 [ 20 | 50 | 130|200 | 350
None 0.030.04|0.25(0.30]0.28|0.23]0.22|0.29]1.03 [ 1.00 | 1.06 | 1.32 | 1.51 | 1.31 | 1.07 | 1.07
EPH 0.01(0.15{0.35(0.42 | 0.36 | 0.45 | 0.28 | 0.15]0.92|0.86[0.93 | 1.19[1.26 | 1.51 | 1.16 | 0.85
Drop 0.06 (0.280.32(0.15]0.23|0.17{0.21 | 0.29]1.06 | 1.05 | 1.17 | 1.58 | 1.60 | 1.65 | 1.24 | 1.70
CGTS 0.080.15]0.240.23{0.20|0.19]0.25]0.29]1.07 | 1.00 | 1.08 | 1.38 | 1.71 | 1.69 | 1.03 | 0.93
SSMI 0.08 {0.03]0.06(0.12]0.18|0.15]0.18|0.211.07 | 1.16 | 1.37 | 1.74 | 1.61 | 1.45 [ 1.19| 1.22
OSCAT 10.05[0.15]0.23{0.38|0.35(0.33]0.28|0.30]1.05|1.06|1.02|1.27|1.42|1.25[0.83]0.89
Day3 Equitable Threat Score Bias Score
Rainfall(mm)| 1 5 | 10 | 20 || 5O | 130 || 200 | 350 || 1 5 | 10 || 20 | 50 | 130 | 200 | 350
None 0.10 [ 0.08 | 0.06 [ 0.04 | 0.15] 0.15]0.170.06]1.06 | 1.07 | 1.12 | 1.20 [ 1.17 | 1.12 | 1.46 | 2.53
EPH 0.10 {0.07 | 0.05(0.16 | 0.10 | 0.08 { 0.11 | 0.00| 1.06 | 1.06 | 1.09 | 1.15 | 1.09 | 1.06 | 1.58 | 3.00
Drop 0.10 {0.05{0.08 | 0.15]0.07 | 0.00 [ 0.09 | 0.02]1.06 | 1.05 | 1.07 | 1.11 { 0.96 | 0.94 | 1.35 | 2.81
CGTS 0.10 [ 0.09 | 0.06 [ 0.03 | 0.01 | 0.12 {0.14|0.02]1.06 | 1.07 | 1.11 | 1.18 | 1.21 | 1.36 | 2.14 | 6.86
SSMI 0.10 {0.08 | 0.05(0.31|0.26 | 0.20 | 0.18 | 0.13] 1.06 | 1.07 | 1.10 | 1.11 | 1.08 | 0.85 | 1.06 | 1.16
OSCAT 10.10{0.080.05{0.03]|0.03{0.11]0.17|0.06]1.06 |1.07|1.12|1.20|1.23 |1.36|2.28 | 6.35
P plafsE e (2 HfE -

3. &BReRE
5 ik 55— SR M I 2 Bl A SR B0 A SR AL 0 3 [
(& 10(a) ) » e KFEFIE fy 665 mm © [K] None
CGTS B SSMI 1545 L Y e VRS (< e » (5 P PR 70
MTE RS SR A& - Horp EPH RISEER 2 BRI TH
e - aEp R PR (i B B P B L B AR HIAE 2
(& 10(b) J» Drop PRIHEJES B2 MR » HEJEAT:
e R A PRI - SR A L&A
FErd ([E 10(c) ) - BS 50 Hfh& R AN - 2541
HEAEZEAPRE > BB THE > ETS 150 ~ /]
PR By Drop #75(0.27) » TR Ay B EiHIFE R
RA Drop ATHHE] > 5 ~ KM EALE CGTS
FE=(0.29) » Hrft DL Drop 81 CGTS [ HEE

s = KBV i s ([E 10e) )

F S B A (ELAE P BB L > e KPP = Ry 833
R Drop %1 CGTS A5 THERE F Bl LR HIFE
PR 10(g)(h)] » (B EHD /] » HoAl B BRI S e
TRERICTRARAYERE » AR L B TR (4
10(f) J > #5LL Drop THHER 24 /N Bliz (EFR 1L
% 18 /NIFHIBE R F ML BAFLLEL » Drop 1 fEH]
FY R Pl B B i (i EAN B PRI R AR AT - A H
Fr R R SRR RN SRS B R 4
H o

mm °
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(b)EPH (max=285 mm)

(c)Drop (max=863 mm)

F=+AIE R

(d)CGTS (max=787 mm)

100 F

8 F

a0

10

10 e R B 5 EEE TR EE o (a)-()KRF AR - EPH ~ Drop ~ CGTS M55 — K 24 /N (9 H 27 H 1200
UTC ~9 A 28 H 1200 UTC) & » (e)-(h){RFE BELH] ~ None ~ Drop ~ CGTS FlFE: =K 24 /Ni% (9
H 28 H 1200 UTC ~9 H 29 H 1200 UTC) ZFHErR & » BUHIELEER &S E 4R EE A 30 mm o

oy

RN AR REER RS —R(Day2)Z 24 /NiF RIEME R THER ST

Day?2 Equitable Threat Score Bias Score
Rainfall(mm)| 1 5 10 | 20 | 50 | 130 (200|350 1 5 10 | 20 | 50 [ 130 | 200 | 350
None 0.04| 0.00{ 0.00| 0.01| 0.14| 0.24| 0.15| 0.05] 1.02| 0.89| 0.82| 0.80| 0.97| 2.12| 4.54|12.67
EPH 0.00[ 0.00{ 0.00| 0.00| 0.05| 0.18| 0.12| 0.00] 0.64| 0.56| 0.52| 0.49| 0.47| 0.64| 1.02| 0.00
Drop 0.10 0.10 0.11| 0.18| 0.27| 0.15| 0.10{ 0.07] 1.06| 1.06| 1.07| 1.12| 1.32{ 2.73| 5.98|11.20
CGTS 0.03| 0.00{ 0.00| 0.05| 0.23| 0.29| 0.27| 0.11] 1.00| 0.82| 0.76| 0.74| 0.78| 1.47| 2.87| 7.47
SSMI 0.09| 0.00{ 0.00| 0.04| 0.14| 0.24| 0.15| 0.04] 1.05| 0.96| 0.89| 0.83| 0.92| 2.08| 4.55|14.47
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30°N

28°N

26°N

24°N

20N F2- K2 ES
-3-K2 EQ
20°N =4- K3 ECS 7
-5- K3 ECQ
18°N =6 K3 ESQ 7

-7- K4 ECSQ
1 1 =l 1 1 1 1
114°E 116°E 118°E 120°E 122°E 124°E 126°E 128°E

13 BRI R (BIR:) Bt 2 BRCE - fsC 1 S5 K2 EC~2 R K2 ES~3 R K2 EQ~4 F
K3 ECS~5 B K3 ECQ -~ 6 1 K3_ESQ ~ 7 5 K4_ECSQ - 45 24 /N0 —2k -

Ft BUEREZE—EAEE dropsondes &t i 55 —fH4[E] {1 dropsondes 2 Bl - BiftEE— K (Dayl) ~ F5 K
(Day2) ~ =R (Day3) IR EansE (Bfr - AH)

%—JH| K2 ED |K3 EDC | K3 EDS | K3 EDQ |[K4 EDCS|K4 EDCQ|K4 EDSQ|K5 EDCSQ

Dayl 104 93 65 116 60 111 51 69
Day2 132 98 115 100 149 92 112 135
Day3 149 70 109 157 131 82 108 85
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ABSTRACT

This study uses the Weather Research and Forecasting (WRF) model and its data assimilation system
(WRFDA) to assimilate various observations (including FORMOSAT-3 GPS RO data, DOTSTAR dropsonde
soundings, SSM/I, QuikSCAT, and GTS conventional soundings) for understanding the impact of these data
on numerical weather prediction. Five cases in 2008, including two Mei-yu cases and three typhoon cases, are

selected for this impact study.

The model initial increments show that assimilation with SSM/I data (both surface wind speed and
precipitable water) or GTS data produces more humidity increments than those from other observations.
Temperature increments, however, are larger for assimilation with GPS RO data or GTS data than other
observations. Assimilation with dropsonde soundings or QuikSCAT data (near-surface oceanic wind velocity)
obtains the most significant wind increments. Based on the results of Mei-yu and typhoon simulations,
assimilation with GTS data or SSM/I data appears to give the best performance, while QuikSCAT data also
have some improvement on typhoon forecasts. Assimilation with GPS RO data does not have a clear impact
on typhoon track forecast. However, assimilation with GPS RO data or SSM/I data appears to give the
improved performance for rainfall prediction. The simulation without assimilating observations in general

gives the worst rainfall prediction.

Dropsonde soundings show more dominant impacts when the GPS RO data are also assimilated. In
cycling experiments with the GPS RO data, significant improvement in prediction is also found in
combination with other observations. From the sensitivity tests, single GPS RO sounding in the vicinity of

typhoon circulation may have a considerable impact on typhoon prediction.
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