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Super Typhoon Jangmi (2008)

Gusts 160 'mph
I‘ab'_.g-'.nﬁnt NW at "M 'mph

http:lfwww. nownews .com




23.0

22.0

ﬁg. 1000

17 500

s &

~------- <#- Rainfall(mm)

| © 2000
«@1500

] ©1000

| ®500
‘?10

LA BN BN NN LA BN

119.5 1200 1205 121.0 1215 122.0

‘--..'\'\'\‘\“\\\ LY

5001

600 A

700 A

N NAX X

N\ \ A NX

\§§§“'

Ny

H\"H,

Pt

T4

ffffff

topht

WRERY:

R

i 22 m/s*kg/kg

2 —>

---------- I‘I‘ I 3
115E 120E 125E

10%Kg Kgist

0

-20

-40

-80

-120

c)cross profile of moisture flux and div.(23N)

8504

950 1
1000 -

A9 7 .

120E

5 §5x S Al it

T >

A

>

=

125F

106Kg Kgist

-100

-0.2Kg Kglpas?

T

Kg Kg'ms?



JErupdr o e

o)Talwan Station Raintall(7-9Aug2009) \
o 5

5N 7" dencies recced-breaking

a0 o opa.(m)
2000

s i 81000
L o

2N fseenas ainfallimm}
82000

40-50-day ISO
Monsoon Gyre(10-30-day)

Typhoon circulation

Accumulated rainfall

Hﬁw 120E 121E 122 ll’llllllll
/
/
Iy
Iy
P e ;’f
/
/
/
/
/
>
2 ki 2
e 5,

\

\

I
/

/
7/
P d

C.-C. Hong



Impact of COSMIC on Hurricane
Ernesto (2006) Forecast by WRF/DART

With COSMIC Without COSMIC

(by Y. Chen, UCAR)


Presenter
Presentation Notes
Effect of assimilation of COSMIC data on Hurricane prediction. Left with COSMIC, right w/o COSMIC.  Integrated cloud liquid from model output is shown in grey shades. 


Impact of COSMIC on Hurricane
Ernesto (2006) Forecast

With COSMIC GOES Image
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GOES Image from Tim Schmitt, SSEC


Presenter
Presentation Notes
.. . And now compreed to the GOES image of the same storm


WRF/DART ensemble assimilation of COSMIC
GPSRO soundings

WRF/DART ensemble Kalman filter data assimilation system
36-km, 36-members, 5-day assimilation

Assimilation of 171 COSMIC GPSRO soundings (with nonlocal obs
operator, Sokolovskiey et al) plus satellite cloud-drift winds

Independent verification by ~100 dropsondes.

171 COSMIC
GPSRO soundings
during 21-25 August
e 2006
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Genesis of Hurricane Ernesto (2006)

Continuous data assimilation during genesis stage with WRF EnKF system



Verification of WRF/DART analysis by about 100 dropsondes
during the Ernesto genesis stage.
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WRF/DART Configuration at CWB

DART EAKF algorithm, 32 members, CWB 45km grid
DART Adaptive ensemble inflation, fixed localization
CWB operational WRF namelists setting

CWB operational data, including radiosondes, aircraft data,
satellite cloud winds, TC bogus data, TC position data, satellite
thickness data, GPS RO refractivity.

Assimilation experiments for Morakot

Assimilation from 00Z 3 to 18Z 8 August, 2009 with 2-hourly
cycling.

36km analysis grid

48h Forecast with nests 36/12/4km starting at August 7 00Z.
CTL run: Assimilate CWB conventional observations

GPS run: CTL run + COSMIC refractivity data.
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24h forecast of 24-h accumulated rainfall (Aug 7-8)

24h Prep forecast, ctl, Aug 7-8

24h Prep forecast, gps - ctl, Aug 7-8
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Presenter
Presentation Notes
Shading: PV (in PVU) at low-level (9th model level ~ 800mb over ocean)
Contour: Sea level pressure (in hPa)
Hurricane symbol (white) is the observed cyclone position at that time (only after Aug. 25)
EXC: is the experiment with GPS and satellite winds, CTL: is the experiment with only satellite winds


Rain Probabillity Forecast (August 7-8 002)

robability forecast (%, >500mm, Aug 7-8 007),

CTL Probability forecast (
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Presentation Notes
Shading: PV (in PVU) at low-level (9th model level ~ 800mb over ocean)
Contour: Sea level pressure (in hPa)
Hurricane symbol (white) is the observed cyclone position at that time (only after Aug. 25)
EXC: is the experiment with GPS and satellite winds, CTL: is the experiment with only satellite winds


®)
Track errors of 48h forecasts (August 7 - 9 002)

Ensemble forecasts from 0QUTC 7 August, CTL Ensemble forecasts from 00UTC 7 August, GPS
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Presentation Notes
Shading: PV (in PVU) at low-level (9th model level ~ 800mb over ocean)
Contour: Sea level pressure (in hPa)
Hurricane symbol (white) is the observed cyclone position at that time (only after Aug. 25)
EXC: is the experiment with GPS and satellite winds, CTL: is the experiment with only satellite winds


Latitude (deg)

Data Density for COSMIC and
COSMIC-II Options: A, B, C, and D

QOccultation Density vs Latitude: 14 Day Simulation
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Distribution of RO soundings in a day
G A B

FORMOSAT-3/COSMIC COSMIC-IIA
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Different color shows availability of RO soundings at different hours of the day.

(from Bill, UCAR)



Nature Run from MM5 with ECMWEF Initial condition
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Typhoon track recurvature was reproduced
The track is close to the best track

Note that no official intensity observation is available
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Forecast Experiment Design

3DVAR cycling data assimilation time window

GFS 1 day 2 days 3 days 4 days 5 days
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Data Assimilation

C: Conventional oo 1 >
: GPS RO (current) ree forecast

A: COSMIC lla
: COSMIC lIb

e WRF-Var (3D-Var) /WRF with GFS IC and LBC

— B.E.: generated from one month forecast
of September, 2006 (NMC)

— 169 x 157 x 38, ptop = 10 hPa

— Assimilation performed on 36-km grid,
1hr update cycle, over two-day period.




Convention Data Are Assimilated As Well

SOUND upper air Satellite wind (SATOB)
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The horizontal and temporal distribution of these data are
consistent with actual observations (location/time, and with
realistic errors )



Simulated RO Refractivity Data

GPS OBS_ERR Based on Chen-Kuo
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For GPSRO refractivity, the observation errors vary with height and latitude
(Chen and Kuo, 2005).

RO soundings are simulated from the nature run as local value, no ray tracing
simulation.



Intensity Forecast

Intensity of Shanshan, 2 Days DA Time-window
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Track forecast errory km

Track Forecast Errors

Track Forecast Errors of Shanshany, 2 Days DA Time-window
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Track Forecast Errors
Improvement against control (conventional data) forecast

Percentage of improvement of track forecast

Forecast C+G C+A C+B
0 ~ 1 day 9.5 75.8 36.7
1 ~ 2 day 29.0 74.7 37.5
2 ~ 3 day 36.3 86.9 44.4
Mean 25.0 79.1 39.5

« FORMOSAT-3 only shows visible improvement over Control.
« COSMIC-IIA shows significant improvements over control.
« COSMIC-IIAis superior to COSMIC-11B



Outlook

 Current COSMIC sounding distribution is NOT

optimal for tropical pred

iction. We have the

lowest data density over the tropics.

Future mission (e.g., COSMIC-II) will

substantially increase the data density over

the tropics (factor of 10)

e UCAR, under sponsorshi
conducting an OSSE stuc

0 of NSF, will be
y to examine the

impact of COSMIC-Il on~

'yphoon Morakot.



Typhoon track error ratio

= EXP track error/None track error

Kalmaegi (2008)

Fung-Wong (2008)

Jangmi (2008)
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Molave typhoon
Initial time:2009-07-16-00:00

Typhoon Molave
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Parma typhoon
Initial time:2009-10-02-00:00
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Melor typhoon
Initial time:2009-10-02-00:00
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Typhoon Kalmaegi (2008)
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MM5 V3.7.4 (45-km, 15=km, 5-km)
MM5 4DVAR V3 (BDA in domain-01)
Physics: Simple ice, Grell Cumulus scheme, MRF PBL

COSMIC REF and Bogus SSM/I OWS and Bogus
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Experiment Framework

Experiment

Mean Track Error

Num of obs Time(HR)
(3 days Mean Track Error) 24 48 79
NONE (292) - - 56 245 606
D (136) 847 0-0.5 105 110 209

11139,10426,
D+IWV (198) 4457 5270 1,2,3,4 80 173 362
9982,9774,

D+OWS (147) 4153,5954 1,2,3,4 93 154 210
D+REF (113) 6,2,7,4,4 0,1,2,3,4 97 73 181
D+REF+OWS (99) 91 85 132




ETS

Threat Score
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RO data application in CWB-WRF

Domain of CWB WRF e WRF-ARW with WRF-
B aie T - —rwanver v MR VC];
. s, . df 3 nested domain of
45/15/5 km

P
...........

™ e Use WRF-Var inner RO
«  data assimilating
technique

— Assimilate local
refractivity

80E WE 100E 110E 120E 130E 140E 150E 160E



COSMIC RO Data used in

CWB-WRF
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Typhoon Sinlaku (2008)
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Typhoon Hagupit (2008)
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Typhoon Jangmi (2008)

TYPHOON — JANGMI

WRF TYPHOON TRACK FORECAST (08092412—08092800) 46KM LIMIT
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Track Forecast Errors for
Sinlaku, Hagupit & Jangmi
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Simulation Setup for Morakot

OP2 run
— NOGPS
— GPS

Relocation+BOGUS_v13+DFl
— NOGPS
— GPS

Run Time . 2009080300~2009080918
Comparison . 2009080318~2009080918
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Evaluating the impact of COSMIC GPS RO data on the prediction of Typhoon
Morakot, using the CWB 45-km operational WRF system (OP2) and the another
system with digital filter, from 080318 — 080918 (a week long period).
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GPS RO is shown to have an impact on typhoon track prediction, particularly, after
36-h. The impact is even more robust with the use of digital filter initialization.
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Assimilation design for Morakot
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Presentation Notes
圖   同化模擬實驗之流程圖。
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Presentation Notes
圖   FORMOSAT-3/COSMIC掩星觀測資料之分佈圖。同化窗區為080512-16UTC，共有22點(實心圓形)掩星觀測的折射率探空資料。
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Presentation Notes
圖   台灣中央氣象局最佳路徑(黑線，標記B)與同化模擬實驗之莫拉克颱風路徑圖。標記“1”為控制實驗(NONE)之模擬路徑，標記“2”為同化COSMIC掩星觀測資料，標記“3”為同化虛擬渦旋(BDA)，標記“4”為同時同化COSMIC掩星觀測資料及虛擬渦旋，每6小時標記一點。
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圖   台灣中央氣象局最佳路徑與同化模擬實驗之莫拉克颱風路徑誤差圖。
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Presentation Notes
圖   2009/08/06 00UTC - 2009/08/09 00UTC之72小時累積雨量分佈圖(等值線)，(a)為CWB觀測，(b)為NONE，(c)為COSMIC，(d)為BDA，(e)為BDA+COSMIC。等值線間距為100毫米。
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Presentation Notes
圖   FORMOSAT-3/COSMIC掩星觀測資料之全球分佈圖。觀測時間為2009/08/05 0000UTC - 2009/08/12 0000UTC，共七天。
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Presentation Notes
圖   根據6顆在72度傾角，6顆在24度傾角的設定，進行七天模擬之COSMIC-II掩星觀測資料全球分佈圖。
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圖   同化模擬實驗範圍內掩星觀測資料之每小時觀測量。
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圖   觀測系統模擬實驗之流程圖。
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圖   觀測系統模擬實驗之流程圖。


‘Morakot OSSE (WRF ; 3DVAR) _ WRFV3.1.1
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圖   模式三層巢狀網格之示意圖。
表   模式設定與物理參數化方法。
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Presentation Notes
圖   掩星觀測資料之分佈圖。(a)為COSMIC觀測於080600-04UTC，(b)為COSMIC-II之四小時模擬觀測，(c)為COSMIC-II及GALILEO之四小時模擬觀測。
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Presentation Notes
圖   Nature Run於初始時間(080600UTC)分別與各模擬實驗(NONE，COSMIC，COSMIC-II，COSMIC-II+GALILEO)之折射率均方根誤差隨高度的變化。
表   Nature Run於初始時間(080600UTC)分別與各模擬實驗(NONE，COSMIC，COSMIC-II，COSMIC-II+GALILEO)之均方根誤差。
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Presenter
Presentation Notes
圖   Nature Run之模擬路徑(黑實心圓)與觀測系統模擬實驗之莫拉克颱風路徑圖。標記“1”為控制實驗(NONE)之模擬路徑，標記“2”為同化COSMIC掩星資料，標記“3”為同化COSMIC-II掩星資料，標記“4”為同化COSMIC-II及GALILEO掩星資料，每6小時標記一點。
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圖   Nature Run之模擬路徑與觀測系統模擬實驗之莫拉克颱風路徑誤差圖。
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圖   2009/08/06 00UTC - 2009/08/09 00UTC之72小時累積雨量分佈圖(等值線)，(a)為Nature Run，(b)為NONE，(c)為COSMIC，(d)為COSMIC-II，(e)為COSMIC-II + GALILEO。等值線間距為100毫米。


CONCLUSIONS

» The real case simulation results indicate that the GPS
RO data have some positive impacts on typhoon track
prediction, which In turns improve the ensuing rainfall
prediction over local regions.

» The OSSE studies for F7/C2 tend to support the positive
Impacts of the GPS RO data on typhoon track prediction
under current deployment plan. *

» Advanced data assimilation with
more reliable RO data information
will be helpful for further improvement
of typhoon prediction.
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