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(a)

(b)
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Dataset: FNL-GPS—-Dom1 RIP: tmc Init: 0000 UTC Thu 14 Sep 06 Dataset: FNL-GPS—-Dom1 RIP: GPS—points Init: 0000 UTC Thu 14 Sep 06
Fest: 0.00 h Valid: 0000 UTC Thu 14 Scp 06 (0800 LST Thu 14 Scp 06) Fest: 0.00 h Valid: 0000 UTC Thu 14 Scp 06 (0800 LST Thu 14 Scp 06)
Temperature at k—index = 23 Temperature XY= 72.8, 89.1 to 57.1, 75.9
(diff. from case=FNL-control, time= 0.00) (diff. from case=FNL-control, time= 0.00)
90 E 100 E 110 E 120 E 130 E 140 E 150 E 160 E
a 150 [ ﬁ@ Ty T 7 I T 15.0 T T T T T T
140 i i N 7 ' 14.0
130 13.0
120 120 A
H
110 11.0 550
100 100
9 2.0
E
80 280
5
0 270
=
60 60
50 50
40 40
30 30
20 20
10 L 0
<:¢ H
0.0 ==:3 Li sty 1.149] 1 1 T 1
o 100 200 300 400 500 600 700 800 900
NE Distance (km) SW
CONTOURS: UNITS=°C LOW= -1.0000 HIGH= 0.50000 INTERVAL= 0.50000 CONTOURS: UNITS=°C LOW= 0.0000 HIGH= 1.0000 INTERVAL= 0.50000
Model info: V3.7.4 Grell ~ MRF PBL  Simple ice 45 km, 23 levels, 135 sec Model info: V3.7.4 Grell ~ MRF PBL  Simple ice 45 km, 23 levels, 135 sec
Dataset: FNL-BDA-Dom?2 RIP: tmc Init: 0000 UTC Thu 14 Sep 06 Dataset: FNL-BDA-Dom?2 RIP: tmc Init: 0000 UTC Thu 14 Sep 06
Fest: 0.00 h Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06) Fest: 0.00 h Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 086)
Temperature at k—index = 23 Temperature XY= 62.0. 73.0 to 97.0. 73.0
(diff. from case=FNL-control, time= 0.00) (diff. from case=FNL-control, time= 0.00)

c 90 E 100 E 110 E 120 E 130 E 140 E 150 E 160 E
160 EXTFT T P T

@ -

Height (km)

S

> asbl 10 S . st L] (L. i
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
W Distance (km) E
CONTOURS: UNITS=°C LOW= —3.0000 HIGH= 14.500 INTERVAL= 0.50000 CONTOURS: UNITS=°C LOW= —1.0000 HIGH=32.500 INTERVAL= 0.50000
Model info: V37.4 Grell ~ MRF PBL  Simple ice 45 km, 23 levels, 135 sec Model info: V3.7.4 Grell ~ MRF PBL  Simple ice 45 km, 23 levels, 135 sec

B 3 HHEEE GPS FI BDA Hha#I A AN K PERE R E AR EAZR (FEKEER 0.5°C) - GPS Hig
Jk Control Tl - ()fEEfE (U5 23 J& > 4938 AR ) JREGHVKFERE - H GPS R ITHRER
AU B R R DAL 8y (/N - 0 ) B > MI(b)fEREEEE (24.3°N, 119.2°E) [ffAT/E &R AB HYRE
T E 22 - BDA BE Control HEg > (o)fEEg (35 23 J& » €938 AR ) RSV PERSE
FI()EMZERL (24.3°N, 119.2°E) AT ELR AB HDRETE HHH AR © (EH5E— /@488 45km & -
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Dataset: F‘NL GPS Dom1 RIP: Init: 0000 UTC Thu 14 Sep 06
Fest: 0.0 Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06)
Water vapor mlxmg ratio at pressure = 850 hPa

(diff. from case=FNL—control, time=0.00)

100 E 120E 130 E

@) « S

110 B

140 E

150E 160 E

70

60

50

40

30 E)d

i 5 awdl 10 S
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

OURS: UNITS-g k™' LOW= ~2.3000

CONTC HIGH- 18000  INTERVAL=_0.10000
Model info: V3.7.4 Grell = MRF PBL

Simple ice 45 km, 23 levels, 135 sec

Dataset: FNL— BDA Dom2 RIP: qvp
Fest: 0.00 Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06)
Water vapor mlxmg ratio at pressure = 850 hPa

(diff. from case=FNL—control, time= 0.00)

(c) - wE _lox

Init: 0000 UTC Thu 14 Sep 06

110E  120E  130E 140E 150E 160 E

> awll 10 8
90 100 110 120 130 140 150

CONTOURS: UNITS=g
Model info: V3.7.4 Grell

! LOW=-0.20000
MRF PBL

HIGH= 31000  INTERVAL=_0.10000
Simple ice 45 km, 23 levels, 135 sec

Dataset: FNL— GPS Dom1 RIP: GPS—points
Fest: 0.00
Water vapor mlxmg ratio

D

Fest:
Water vapor mlxmg ratio XY=

@
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Init: 0000 UTC Thu 14 Sep 06

Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06)
8, 89.1 to 57.1, 75.9

(diff. from case=FNL-control, time= 000)

5
g
=]

3
°

Height (km)
¢ X
B

3.0
20
10
0.0 L
o 100 400 500
NE Distance (km) SW

kg™ LOW= —24000  HIGH= 0.0000
MRF PBL

INTERVAL=_0.10000

CONTOURS: UNITS=g
Model info: V3.7.4 Grell Simple ice 45 km, 23 levels, 135 sec

ataset: FNL-! BDA Dom2 RIP: Init: 0000 UTC Thu 14 Sep 06
0.00 Valld 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06)

62.0, 73.0 to 97.0, 73.0

(diff. from case=FNL—control, time= 0.00)
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3
°

Height (km)
2
3

0 100 200 300 400 500 600 700 8OO 900 1000 1100 1200 1300 1400 1500
W Distance (km) E

CONTOURS: UNITS=g kg™ LOW=_0.0000

HIGH= 37000  INTERVAL= 0.10000
Model info: V3.7.4 Grell ~ MRF PBL

Simple ice 45 km, 23 levels, 135 sec

4 HsEEE GPS I BDA EERHIIEIEINI/K FURATE (FERMEIER 0.1 gkg ) /KPR E L H M AR

GPS EEgk Control B (a){FJEE/& 850hPa i _F/K5E

RETEAKFERE MI(D)EMRER(24.3°N, 119.2°E)

FIATEE AR AB HYKRUR S TLEEE S ZSR - BDA HERK Control 5% - (c)fE/E/E 850 hPa [ /KRS

EEHY/K PR E > FIEREREE (24.3°N, 119.2°E) 4T

—JE 48k 45km EkY -

WHER AB WKRUR S EE S AR - (A%
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Dataset: FNL—control RIP: Track all 6h
Fest: 72.00 h
Terrain height AMSL

v+ HE =5k

Init: 0000 UTC Thu 14 Sep 06

Valid: 0000 UTC Sun 17 Sep 06 (0800 LST Sun 17 Sep 08)

60 |-

Ay

1950

| 1800
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1500
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900

750

600

450
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150

ENEEEEEEEEEEEEE T 0

50 60

Model info: V3.7.4 Grell MRF PBL

50‘\W—YS’\|
70 80

Simple ice

90 100 110 120

45 km, 23 levels, 135 sec

5 RG24 (B ERTHER 72 /NEFAYRS IS Ko R AVEBUIIRS (X E] - 1| For i FEBIHIES £ OBS ~ 2 %R Control
B8 ~ 3 % GPS Hl ~ 4 3R BDA g - 5 3R GPS-BDA g - [ P& (KHISERITE R 6 /N - (/]

BB, 45km ZK) -

FEE o 45T B BRIBLEE 72 /IS HO S H SRR IR TH R S

(% 2) ET GPS MR MR TE
A Y3 B Control fi1 GPS i K2 BDA
Fil GPS-BDA EERLLEIGAT » 1 72 /NP RS
EAFELYR D 3~4 A HL /1A BDA AYE B BDA
Al GPS-BDA RIEFES - H KRR VRS (K »
72 INEEEIRI R (E R4 8T Control BFERATEL > T
PAKaE 80~90 A H % » B BDA HfjA e
REVEREE EHAVE - 28T - AEEESEER
72 /NI EEASEEEER 2P 150 km» ATFE(E GPS

HEER T A ZifE— 2P Control FER

F£2  IEEGRE(EZEAE 24 /NEE - 48 /N ~ 72 /NEEG
JEV S PR AR TR s 2 2 L -

S e
24 h 48 h 72 h
( Shanshan )
Control 81.9km | 120.2km | 139.1 km
GPS 81.2km | 1189km | 136.5 km
BDA 40 km 42.6km | 51.6km
GPS-BDA 40 km 37.6 km 47 km
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Fest:  0.00 Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06) Fest: 0.0 Valid: 0000 UTC Thu 14 Sep 06 (0800 LST Thu 14 Sep 06)
Sea—level pressure Sea-level pressure

Horizontal wind vectors at k-index = 23 Horizontal wind vectors at k—index = 23
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The Impact of Assimilation with a Bogus Vortex and Radio
Occultation Refractivity Data on Simulation of Typhoon
Shanshan (2006) Using MMS 4DVAR

Ching-Yuang Huang"? and Chun-Tze Wu'
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(manuscript received 7 December 2011 ; in final form 29 September 2012)

ABSTRACT

This study employs the MM5 4DVAR to investigate influences of assimilation with GPS radio
occultation (RO) data and a bogus vortex on initial analysis and prediction of Typhoon Shanshan (2006). In
this study, the bogus data assimilation (BDA) includes sea-level pressure, 3-D wind, and surface balanced
gradient wind and radial inflow component of a symmetric cyclone. The BDA appears helpful to intensify

the initial typhoon and maintain its vertical structure.

Results of the experiments show that assimilation with GPS refractivity data improves the initial field in
the vicinity of the RO surroundings but with smaller magnitudes as compared to those from the BDA which
significantly improves the weak initial typhoon vortex from the control experiment without BDA.
Assimilation with GPS refractivity data only has some minor impacts on the track and intensity prediction.
However, the combined assimilation with both GPS refractivity data and a bogus vortex further improves the

track from BDA only. This in turns improves the skill scores on prediction of severe rainfall over Taiwan.

Key words: 4DVAR, Bogus Data Assimilation (BDA), GPS RO Refractivity



