
FORMOSAT-3/COSMIC Follow-on
 

 
    

 

 
     

(Four-Dimensional Variational Data Assimilation, 4DVAR)

(FORMOSAT-3/COSMIC)

2009 8 (Morakot)

 

 

(Observing Systems Simulation Experiments, 

OSSE) (FORMOSAT-3/COSMIC Follow-on Mission)

2008 7 (Kalmaegi)

MM5

 
 

.  

2500

1897 2003 383

3 4

 

9



(

)

 

(Global Positioning System, GPS)

(Radio Occultation, RO)

( 2004)

(Anthes et 

al.2000) GPS

Rocken et al.(1997) Kuo et 

al.(2004 2005) GPS RO

GPS RO

(Kuo et 

al.2005) Kursinski et al.(1995)

GPS RO 6

10%-20

5% Ware et al.(1996) 11 GPS RO

5 40

1 Leroy(1997)

GPS RO

(European Center for 

Medium-Range Weather Forecast, ECMWF)

20 Kuo et 

al.(1998)

GPS RO

(National Center for Environmental Prediction, 

NCEP)

GPS RO

GPS RO

(FORMOSAT-3/COSMIC) GPS RO

GPS

/ (NSC/NSPO)

(NOAA)

(FORMOSAT-3/COSMIC Follow-on 

Mission, COSMIC-II)

(Observing Systems Simulation 

Experiments, OSSE) COSMIC-II

 

.  

1) GPS  

GPS

(Low Earth Orbiting satellite, LEO)

�(a)

Abel 

(refractive index, n) (

)  

 
a x nr

  

(refractivity, N) Thayer (1974)

 

 
(N) (P) (T) (PW)

 

2)  

The 

Fifth-Generation NCAR/Penn State Mesoscale Model

MM5

MM5 �

Arakawa-Lamb B

(nesting)

 

10



(4DVAR)

MM5 Zou et al. (1997)

(MM5-adjoint)

(cost 

function)

(JB) (JO)  

 

B O

Xb Yr tr n

H

 

.  

1)  

(Morakot)

40 /

(CWB)

8 00 8

14

2884

1996 (Herb) (1987

) 900

673 26 195

 

MM5 3.7

NCEP Global Forecast 

System (GFS) Model

23.5

120 151×151

45 15 5 35

2009 8 6 0000UTC 72  

2)  

(None) 080600-03UTC GPS (GPS1

6 ) 080600-04UTC GPS (GPS2

11 ) 080600-05UTC GPS (GPS3

15 ) ( )

(0806 00UTC~0807 00UTC)

( 984hPa) (

960hPa)

(0807 00UTC~0808 00UTC)

GPS3

(0808 00UTC~0809 00UTC)

GPS

 

(BDA) 080600-03UTC

GPS (BDA+GPS1)

080600-04UTC GPS (BDA+GPS2)

080600-05UTC GPS

(BDA+GPS3)

( 954hPa)

GPS

( )

11



2323 2461  

.  

(Observing Systems Experiment, 

OSE)

(

)

 

MM5

27.1 118.6 Domain 1

222×128 45 Domain 2

184×196 15 Domain 3

151×181 5 28

2008 7 15 1200UTC 84

(ECMWF Reanalysis TOGA) 4DVAR

(Nature Run) (None) 2008

7 16 0000UTC 72

(National 

Centers for Environmental Predication, NCEP)AVN

(ray tracing model) (Chen et al., 

2006) Zou et al. (1999)

Abel

 

GPS

Nature 

Run Domain1 20 30 40 50

GPS GPS

60 28 18 15

4DVAR 0 60 120

OSSE1 OSSE2 OSSE3

OSSE4  

Nature Run ( )

GPS

Nature Run

72

GPS  

.  

2004 FORMOSAT-3 /          

COSMIC 32

293-328  

Anthes, R. A., C. Rocken, and Y.-H. Kuo, 2000: 

Applications of COSMIC to meteorology and 

climate.Terr. Atmos. Oceanic Sci., 11, 115-156. 

Chen, S.-H., F. Vandenberghe, and C.-Y. Huang,           

2006: Error characteristics of GPS retrieved 

refractivity using a simulation study. J. Meteor. Soc. 

Japan, 84, 477-496. 

Kuo, Y.-H., X. Zou, S.-J. Chen, Y.-R. Guo, W.  Huang, 

R. Anthes, D. Hunt, M. Exner, C. Rocken, S. 

Sokilovskiy, 1998: A GPS/MET sounding through 

an intense upper-level front, Bull. Amer. Met. Soc., 

79, 617-626. 

Kuo, Y.-H., T.-K. Wee, S. Sokolovskiy, C.      Rocken, 

W. Schreiner, D. Hunt, and R. A.  Anthes, 2004: 

Inversion and error estimation of GPS radio 

occultation data. J. Meteor. Soc. Japan, 82, 

507-531. 

Kuo, Y.-H., W. S. Schreiner, J. Wang, D. L. Rossiter, Y. 

Zhang, 2005: Comparison of GPS radio 

occultation soundings with radiosondes. Geophys. 

Res. Lett., 32, L05817, 

doi:10.1029/2004GL021443. 

12



Kursinki, E. R., G. A. Hajj, K. R. Hardy, L. J. Romans, 

and J. T. Schofield, 1995 Observing tropospheric 

water vapor by radio occultation using the global 

positioning system, Geophs. Res.  

Letter, 22, 2365-2368. 

Leroy, S. S., 1997: Measurement of geopotential height 

by GPS radio occultation, J. Geophys. Res., 102, 

23,429-23,465. 

Rocken, C., R. Anthes, M. Exner, D. Hunt, S. 

Sokolovskiy, R. Ware, M. Gorbunov, W. Schreiner, 

D. Feng, B. Herman, Y.-H. Kuo, and X. Zou, 1997: 

Analysis and validation of GPS/MET data in 

theneutral atmosphere. J. Geophys. Res., 102, 

29849-29866. 

Ware, R. et al., 1996: GPS sounding of the atmosphere 

from low eatth orbit: preliminary results. Bull. 

Amer. Meteor. Soc., 77, 19-40. 

Zou, X.,W. Huang and Q. Xiao, 1997: A user’s guide to 

the MM5 adjoint modeling system. NCAR 

TN-437+IA. MMM division, NCAR, 92pp.

Available from UCAR Communications, P.O. Box 

3000, Boulder, CO 80307.  

Zou, X., F. Vandenberghe, B. Wang, M. E. Gorbunov, 

Y.-H. Kuo, S. Sokolovskiy, J. C. Chang, J. G. Sela, 

and R. Anthes, 1999: A raytracing operator and its 

adjoint for the use of GPS/MET refraction angle 

measurements. J. Geophys. Res., 104, 

22301-22318. 

 

 

 

 

 

 

 

 

CASE U(m/s) V(m/s) T(k) Q(g/kg) P(hPa) REF 

None 3.022142 2.787241 1.089327 0.9018794 0.8323193 5.254050 

OSSE1 3.023534 2.791294 1.088773 0.8968028 0.8322029 5.220981 

OSSE2 3.022944 2.788458 1.089191 0.8989035 0.8322901 5.235379 

OSSE3 3.022658 2.788548 1.089293 0.8998078 0.8322888 5.242388 

OSSE4 3.022428 2.788331 1.089390 0.9008186 0.8323182 5.246998 

 

 

 

 

 

 

 

 

 

 

 

 2008 7 16 0000UTC Nature Run

13



 

 

 

 

 

 

 
 

 

 GPS

CWB Best Track

(2009080600-0900UTC)

(CWB Best Track) None

GPS1 080600-03UTC GPS

GPS2 080600-04UTC GPS

GPS3 080600-05UTC GPS

6  

 GPS

CWB Best Track

(2009080600-0900UTC)

(CWB Best Track) BDA

BDA+GPS1 080600-03UTC

GPS BDA+GPS2

080600-04UTC GPS BDA+GPS3

080600-05UTC GPS

6  

14


