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Sixth FORMOSAT-3/COSMIC Data Users’ Workshop

30 October — 1 November 2012
UCAR Center Green Campus

3080 Center Green Drive, Building #1 (CG-1)

Boulder, Colorado U.S.A.

Agenda Last Updated: 26 October 2012*
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9:00-12:00
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Tiger JY Liu — National Space

i g : Organization
2:00:2:20 Opening Remarks Chia-Pei Chou — TECO Houston
Shu-peng Ben Ho —
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9:20-9:50 NASA's Global Environmental Remote Sensing Program Jack Kaye — NASA
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Weather Forecasts
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10-40-11:00 COSMIC-2: A Platform for Advanced Ionospheric Paul Straus — The Acrospace
’ ’ Observations Corporation
11:00-11:20 | New Science Opportunitics on COSMIC-2/FORMOSAT-7 | Anthony Mannucci — JPL/Caltech
11:20-11:40 Some K(_:y: Challenges in climate sciences with a GPS Graeme Stephens — NASA
perspective
11:40-12:00 A Status Report on the Development of the ATOMMS Rob Kursinski — Broad Reach
’ ’ Remote Sensing System Engincering
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13:00-14:00 | (Chair: Anthony Mannucci — JPL/Caltech)

13:00-13:30 | CDAAC: Current Status and Future Plans Bill Schreiner - UCAR/COSMIC
13:30-14:00 ‘ Session 2 Discussion

14:00-14:15 ‘ Break
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Scientific Applications and Data Validation (CG-1, Center and North Auditoriums)
(Chair: William Randel - NCAR/ACD and Co-chair: Josep Maria Aparicio — Environment

Canada)

14:15-14:30

Reproducibility of GPS Radio Occultation Data for Climate
Monitoring: Profile-to-Profile Inter-comparison of CHAMP
Climate Records 2002 to 2008 from Six Data Centers

Shu-peng Ben Ho —
UCAR/COSMIC
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Assimilations of GPS radio occultation data with vertical
thinning

Shu-Ya Chen — UCAR/COSMIC

Preliminary Studies of the Applications of HHT (Hilbert-
Huang Transform) on FORMOSAT-3/COSMIC GOX
Payload Trending Data

Chen-Joe Fong — National Space
Organization (NSPO)

Discussion on the global features and trends of the
tropopause derived from GPS/COSMIC RO data

Tingting Han — Ezhou Polytechnic
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Shu-peng Ben Ho —
UCAR/COSMIC

Characteristics of Global Precipitable Water in ENSO
Events Revealed by COSMIC Measurements

Ching-Yuang Huang — National
Central University

Forecast Sensitivity of Typhoon to GPS RO Observations
using WRF adjoint

Ching-Yuang Huang — National
Central University

Space System for Disasters Research including GNSS
Receivers for TEC Measurements

Anatoliy Lozbin — Institute of Space
Techniques and Technologies

Warming in the tropical tropopause layer estimated from
GPS radio occultation data during 2001-2010

Sanjay Mehta — RISH. Kyoto
University

Calibration of Temperature of Tropopause/Stratosphere
(TTS) from Microwave Measurements using Radiosonde
Types Identified by Radio Occultation Data

Liang Peng — UCAR/COSMIC
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Jens Wickert — GFZ Potsdam
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A feasibility study of the radio occultation electron density
retrieval aided by ionospheric data assimilation model

Xinan Yue - UCAR/COSMIC

Student Posters

Role of sensible and latent heat fluxes from the ocean in the
genesis of Cyclone Nargis (2008)

Validating estimates of the width of the tropical belt from
reanalyses with FORMOSAT/COSMIC radio occultation
data

Assimilation of FORMOSAT-3/COSMIC electron density
profiles into a coupled Thermosphere/Ionosphere model
using ensemble Kalman filtering

The effects of 3D error covariance for an ionospheric data
assimilation model

Vanessa Almanza — University of
Hawaii at Manoa

Nicholas Davis — Colorado State
University

I-Te Lee - NCAR/HAO

Chi-Yen Lin — CU-CIRES, NOAA-
SWPC

Initial atmospheric refractivity profile results from airborne
GPS radio occultation measurements during PREDICT

Brian Murphy — Purdue University

Ocean Wave Slopes from GPS and XM-Radio Reflections
for Sea Salt Salinity (SSS) Corrections

Nicole Quindara — Purdue
University

Height-Integrated Pedersen Conductivity in both E and F
regions from COSMIC Observations

Inference of meridional neutral winds and zonal electric
fields from NmF2 and hmF2 observations

Cheng Sheng — University of Texas
at Arlington

Yang-Yi Sun - CIRES-CU, NOAA-
SWPC

The impact of COSMIC radio occultation data on the
prediction of typhoon Morakot

Matthias Trattler — University of
Graz

Data Assimilation of COSMIC GPS Radio Occultation
(RO) soundings impacts on the rainfall simulation of a Mei-
Yu event during TIMREX (2008)

Airborne and Spaceborne GPS Radio Occultation Signal
Strength and Performance Comparison

Detection of ionospheric sporadic-/ layer by using signal to
noise ratio data of GPS radio occultation technique

Chuan-Chi Tu - University of
Hawaii

Kuo-Nung Eric Wang — Purdue
University

Wen-Hao Yeh — National Central
University
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Session 4:
8:30-12:00

RO Applications for Meteorology/Weather Forecast (CG1, Center Auditorium)
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Improvement of Rainfall Ensemble Forecast of Typhoon
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RO Applications for Climate (CG-1, Center Auditorium)
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’ ; Assimilation of GPS RO Data for Tropical Cyclone B
8:45-9:00 Prediction with HWRF Chunhua Zhou - NCAR
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Typhoon Approaching Taiwan University
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2210100 Assimilation System for GPS RO Data Assimilation HuiLin—-NCAR
10:00-10-15 Impact of Quality Control and Data Thinning of GPS RO Ming-En Hsieh — Taiwan Typhoon
. . Data in WRF-Var on Typhoon Track Forecast and Flood Research Institute
10:15-10:30 | Break
Impact of assimilating COSMIC GPS RO moisture and f AT :
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Antarctic cyclones
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; ; : Environment Canada
Radiance Bias Correction
11:15-11:30 Assimilation of GNSS RO refractivity data into the ]IMA Hiromi Owada — Japan
: N global NWP system Meteorological Agency
11:30-12:00 Session 4 Discussion
12:00-13:15 Lunch (CG-1)

(Chair: Rob Kursinski - BRE and Co-chair: Thomas Birner - CSU)
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Longitudinal dependence in the inter-annual variation of the

Sanjay Mehta — RISH. Kyoto

13:15:13.30 temperature anomalies University
13:30-13:45 Intercomparison of GPS-RO temperature soundings with Carl Mears — Remote Sensing
T collocated measurements from AMSU Systems
Quantifying the deep convective temperature signal within Thioriias Biftier — Colotado Stafs
13:45-14:00 | the tropical tropopause layer (TTL) using co-located University
measurements from CloudSat and COSMIC d
. i Structural Evolution of the Madden-Julian Oscillation from
1H00-14:15 1 O8MIC Radio Occultation Data Zhén Zsng - UCARICOSMIC
. . COSMIC Validation and Potential Benchmark Status in the <
151430 NOAA Products Validation System (NPROVS) teheiy e HORAS AR
14:30-14:45 Towards improved corrections for radiation-induced biases | Bomin Sun —

in radiosonde observations

NOAA/NESDIS/STAR

14:45-15:00

Global Assessment of Radiosonde Systematic Temperature
Biases in the Lower Stratosphere using COSMIC. CHAMP,
and GRACE from 2001 to 2010

Shu-peng Ben Ho —
UCAR/COSMIC

15:00-15:15

Break

Detection of cold region in the stratosphere and its seasonal
variation over higher latitudes using

151951530 COSMIC/FORMOSAT-3 satellite observation during Wity Kartnair —~Uniivessity'of Defhi
2007-2011
15:30-15:45 Monthly climatologies of geopotential height and Olga Verkhoglyadova — JPL/Caltech

geostrophic wind from ten years of GPS RO data

15:45-16:00

Separation of the lapse rate and cold-point tropopauses in
the tropics and the impact on cloud top — tropopause
relationships

Laura Pan — NCAR

A Deep Convection Climatology over the Central Amazon

Antonio Alciélio Amorim da Rocha

16:00-16:15 | derived from COSMIC Radio Occultations Water Vapor ~ Universidad de Estado do
Profiles Amazonas
16:15-16:30 Estimating the Low Latitude Free Tropospheric Water Rob Kursinski — Broad Reach
U Vapor Feedback using COSMIC GPS RO Data Engineering
16:30-17:00 = Session 6 Discussion
17:15 Bus to restaurant leaves from CG-1 front door.
18:00 Banquet for all registered workshop participants and speakers at Golden Lotus restaurant.

Day Two: Wednesday, 31 October 2012 (Parallel Sessions)




Sixth FORMOSAT-3/COSMIC Data Users’ Workshop

30 October — 1 November 2012

UCAR Center Green Campus, CG-1

Session 5:
8:30-12:00
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Erin Griggs — University of
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Processing and application of GPS radio occultation data at
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X and TanDEM-X
9 3 EUMETSAT Radio Occultation Observation With Metop- i g
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10:00-10:15 Occultation Retrievals: A Simulation Study Chi Ao —JPL
10:15-10:30 | Break
10:30-10:45 Detection of tropospheric ducts with GPS radio occultation Sergey Sokolovsliy -
: ’ UCAR/COSMIC
. ; n 2 ; Russell Stoneback — University of
10:45-11:00 | Specifying the Equatorial Ionosphere using DINEOFs Texas it Dallas
{ifidiss | THEOICH Secaiiry i the OGS polle el adio- Estel Cardellach — ICE-CSIC/IEEC
occultation technique to precipitation events
11:15-11:30 Global 3'-D Tonospheric Ellec!ror.l Density Reanalysis based Xinan Yue — UCAR/COSMIC
on Multi-Source Data Assimilation
11:30-12:00 Session 5 Discussion
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Session 7:
13:15-17:00

13:15-13:30
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Use of Radio Occultation Data in Ionospheric Assimilation
Algorithms

Impact of COSMIC Radio Occultation Ingestion on GAIM
Electron Density Profile Specification

Geoff Crowley — ASTRA

Mark Butala — NASA JPL
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Study of the Accuracy and Spatial-Temporal Resolution of

13:45-14:00 Tonospheric Data Assimilation due to Ingestion of RO Gary Bust - JHUAPL
Observations from Satellite Constellations
14:00-14:15 Upper Atmosphere Data Assimilation With an Ensemble Tomoko Matsuo — University of
’ ’ Kalman Filter Colorado. Boulder/NOAA
" . Advanced assimilation of ground- and space-based . . S
14:15-14:30 observations for ionospheric specification Alex Chartier — University of Bath
AN Daytime Climatology of lonospheric NmF2 and hmF2 from -
14:30-14:45 COSMIC data Alan Burns — NCAR
14:45-15:00 Break
15:00-15:15 lS):;l:]l(r Cycle and Seasonal Variations of the Ionospheric F2 Liying Qian - NCAR/HAO
Coordinate investigation of the F2 layer stratification at
15:15-15:30 low-latitude ionosophere: results from the COSMIC and Bigiang Zhao — IGGCAS
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15:30-15:45 First Results from the GPS Compact Total Electron Content | Rebecca Bishop — The Aerospace
o . Sensor (CTECS) on the PSSCT-2 Nanosat Corporation
i . Amplitude morphology of GPS radio occultation data for Cheng-Yung Huang — National
15:45-16:00 : ;O
sporadic-£ layers Central University
16:00-16:15 Morphology of Sporadic E Layer Retrieved from COSMIC | Yen-Hsyang Chu — National Central
: o GPS Radio Occultation Measurements University
On the occurrence of the equatorial F-region irregularities
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Session 8:
8:30-11:00

COSMIC-2 and Future Missions (CG-1, Center and North Auditoriums)
(Chair: Jens Wickert — GFZ Potsdam and Co-chair: Dan Mamula - NOAA)

8:30-8:50

Observations and predictions of atmospheric rivers: Current
capabilities and future challenges associated with extreme
precipitation

Marty Ralph - NOAA
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Approaching the First GNSS Operational Radio

Chen-Joe Fong — National Space

8:50:9:05 Occultation Satellites Mission Carrying TriG Receiver Organization (NSPO)
9:05-9:20 Development of the next generation GRAS instrument Jacob Christensen - RUAG Space
9:20-9:35 CICERQ: Community Initiative for Continuing Earth Radio Tom Yunck — GeoOptics Inc.
Occultation
Quality assessments of GPS receiver clocks onboard § B
9:35-9:50 COSMIC and GRACE satellites based on orbit TZ“, Pang Tseng GPSARC
= % 2 National Central University
determination using GPS
9:50-10:00 Break
. . An Instrument Suite for Neutral and Ton-drifts, Equivalent Loren Chang — National Central
10:00-10:15 o ol
Temperatures, and Composition University
Dave Rainwater — University of
10:15-10:30 | Filling a Data Gap in the Ionosphere Texas Applied Rescarch
Laboratories (ARL:UT)
1:sp10s: | SHos mdioccoutation st F2; Recent results and Jens Wickert — GFZ Potsdam
activities related to future missions
10:45-11:00 | FORMOSAT-7/COSMIC-2 Status Report Dan Mamula — NOAA

11:00-12:00
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(Chair: Bill Kuo — UCAR/COSMIC and Co-chair: Tiger JY Liu — National Space

Organization)

Workshop adjourns

*agenda is subject to change
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Impacts of GNSS RO Observations on Prediction of Typhoon Morakot:
An OSSE Study for COSMIC-2

Ching-Yuang Huang™? and I-Tzu Chen'

'Department of Atmospheric Sciences, National Central University, Jhong-Li, Taiwan
2GPS Science and Application Research Center, National Central University, Jhong-Li, Taiwan

Abstract

This study utilizes OSSE (Observing System Simulation Experiments) to investigate the impact of
GNSS RO observations on typhoon prediction for COSMIC-2. The case chosen for impact study is the
Morakot typhoon (2009) that affected Taiwan significantly. To reasonably represent the natural state,
the MM5 4DVAR with bogus data assimilation (BDA) was used to simulate Morakot.  This natural run
at the integration time of 12 h then provides the atmospheric conditions for a 2-D ray-tracing model to
generate the refractivity and bending angle soundings, given RO events in a hypothetical period during
COSMIC-2.

To highlight the impact from OSSE without the identical-twin problem, another model, WRF, is
initialized by the NCEP global reanalysis and is integrated for 72 h as the control run. For the
assimilation run, the simulated RO soundings are assimilated by WRF 3DVAR. There are about 120 RO
points in the regional model domain in a 2-hour assimilation window. Both control run and assimilation
run are verified against the natural run. It was found that the improvement on Morakot track prediction
increases with more assimilated RO refractivity or bending angle soundings from COSMIC-2 (GPS
and/or Galileo). Furthermore, assimilation with local bending angles appears to outperform that with
local refractivity by about 10%. This, in turn, further improves the simulated patterns of severe rainfall
over Taiwan.
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Characteristics of Global Precipitable Water in ENSO Events
Revealed by COSMIC Measurements

Wen-Hsin Teng?, Ching-Yuang Huang®?", Shu-Peng Ho?, Ying-Hwa Kuo?, and Xin-Jia Zhou?
1Department of Atmospheric Sciences, National Central University, Jhong-Li, Taiwan
2GPS Science and Application Research Center, National Central University, Jhong-Li, Taiwan

1. Introduction

The derived temperature and water vapor profiles from Global Positioning System (GPS) radio
occultation (RO) data are proven to be useful for various climate and meteorological applications.
COSMIC and ECMWF water vapor profiles agree within 0.05 g kg! above 2 km and 0.2 g kg* below 2
km [Ho et al.,2010].

Despite local and regional comparisons between COSMIC water vapor profiles and in situ
observations [Ho et al., 2010a], and other satellite data (e.g., Wick et al. [2008]), global and long-
term assessments of COSMIC PW over remote oceans, especially during ENSO events, are still
unavailable.

This study is the first attempt to characterize the global PW distributions from COSMIC during the
ENSO events and conduct inte tellite PW i pecially over oceans. The five-year RO
data cover three ENSO events (one El Nifio and two La Nifia). We validate GPS RO PW against those
from SSM/I and AMSR-E.

2. The Data and Methodology

Data from 2007 to 2011 (binned into 72 x 36 global grids) include:

GPS RO retrieved specific humidity,

SSM/I and AMSR-E estimated PWs (taken from Remote Sensing System),

NCEP global reanalysis, the gridded global precipitation rate from GPCP,

outgoing longwave radiation (OLR), and SST.

We only use the available RO retrievals with perigee heights below 1 km. To calculate COSMIC
PW, we integrate the specific humidity upward from the lowest tangent point to the retrieved
maximum height (60 km) and compensate the layer of void data from the perigee height to the
surface by filling the same water vapor value obtained at the perigee height.

Year ‘1007 2008 2009 2010 2011

Total amounts 639033 649588 646551 493204 412811
Perigee height 465941 486337 485766 367146 307833
< 1km (72.9%) (74.9%) (75.1%) (74.4%) (74.6%)

3. Global Zonal and Spatial COSMIC PW Distributions During

the ENSO Warm and Cold Events
a. Global Variation of Mean Latitudinal COSMIC PW

Fig. 1. Zonal mean distribution of
COSMIC PW (mm) for monthly mean at
March, June, September and December
in 2007-2011, and also zonal yearly mean
PW differences from 2007 to 2011
lower right).

*The peak of zonal mean PW follows
the seasonal variation of the ITCZ.

*The latitudinal variations of zonal
mean PW are of similar magnitude.

*The COSMIC PW anomalies in 5 years
are within 1.5 mm.

U )
Latiude

* During the ENSO events (2007, 2009
and 2010), most of the tropical
regions are dominated by positive PW
anomalies, while the negative PW
anomalies dominate in the other two
years (2008 and 2011).

AW (mm)

——a0

——omt

0
I T
Law

b. 2007 La Nifia (cold event) &
2009 El Nifio (warm event)

(c) and (d) as in (a) and (b) but for December 2009
to February 2010.

* Tropical variations of COSMIC RO PW and SST
are in very good agreement. Strong vertical
convection is observed over Amazon, which is
also of high COSMIC PW values .

(b . —

4. Global inter-satellite PW comparisons for the Eﬁso'e'vents

2007 2008 DJF monthly mean 2009.2010 DJF monthly mean

ce[m=zar s a[me=3% Fig. 3. The scattering plots of monthly mean PW
! Sl Gl Sllel o for COSMIC, SSM/I and AMSR-E in 5°x 5° grids
zo go o for three winter months in 2007-2008 (cold event)
S 9 Y| o and 2009-2010 (warm event).
'g?“ o mean =160 g” men=200
0 & ::: = 0 m° : . * For both 2007 cold event and 2009 warm
COSMC PW (mm) COSMIC PW (mm) event, the COSMIC PWs are highly correlated
Iy with those from SSM/I and AMSR-E with the
Fojmenem o Foo| el correlation coefficient equal to 0.985 and
H G 3 H a 0.986, respectively.
'; | 2 g 2 " *The RMS differences of inter-satellite PW are
2 o wma®l @ 5227 | less than 3 mm. But, COSMIC PW exhibits
% % negative mean difference (or bias).

G NG
COSMIC PW (mm) COSMIC PW (mom)

7 Lot e
Fig. 7. Time variations of monthly mean PW (mm) in 2007-2011 for COSMIC, SSM/I and AMSR-E.
P
Fig. 2. Seasonal average of the winter months = h EAVA AR AN
from December 2007 to February 2008 (the cold A . ) -\t "\ 4 VN y
ENSO event) for (a) SST (" C), (b) COSMIC PW (mm), (3 (d v |1 ¥ -
A4

3COSMIC, University Corporation for Atmospheric Research, Boulder, USA

Fig. 4 . Zonal seasonal mean PW and the

o 4 differences among COSMIC, AMSR-E and
H H SSM/I in the cold and warm event.

Ey E,

g Z * Very similar latitudinal variations.
3 WU et Thoses 3 * Differences among COSMIC, AMSR-E,
4 4

—— AMSRE - COSMIC

and SSM/I are within 3 mm (5 mm)
outside (inside) the tropics.

R T )
Latise

5. PW anomaly during the ENSO events

The inter-satellite (COSMIC, AMSR-E and SSM/I) PW anomalies for climate variability:

*The COSMIC PW anomaly for the warm
event exhibits a significant increase in the
central Pacific, which is in good agreement
with those from AMSR-E and SSM/I.

g R )
Lostude

* As revealed by COSMIC, the large positive

el PW: ies have occupied the eastern
—— Australia, where a historically torrential
’-4 flood was experienced.

=

Fig. 5. Seasonal average anomaly of PW (mm)
in the winter months from COSMIC for (a)
2009 warm event, (b) 2010 cold event; (c) and

Fig. 6. Scatter plots of seasonal average anomaly of £
PW (mm) in the winter months for the 2009 warm =
event (a, b), and for the 2010 cold event(c, d) .Red 2
line in each panel indicates the linear regression. ¢m 5

6. Time series differences of Tai i
COSMIC, SSM/I and AMSR-E
PW from 2007 to 2011

We quantify the time series differences
among COSMIC, SSM/I and AMSR-E in the period g
of 2007-2011 for smaller local regions and global “ -10
latitudinal zones, and find: C]

15 PW (mm)

AMSRE PW (mm)

10 [ 10 (‘;;m [] 10
COSMIC PW (mm) COSMIC PW (mm)

* The significant PW variations in EEP are associated with annual cycles. In EWP, the lower PW
amounts in 2007-2008 and 2010-2011 winters well correspond to the two cold ENSO events.
*The consistent PW time series among the three satellite data sets clearly demonstrate the
signals of convection activity associated with the cold and warm ENSO events.

70

< x / N

e cosmic

0 0
- P ——cosmic
——amsre
i P e Bt
10 Euuatera‘vésler:facfc(EWFJ s | Equatorial eastern Pacific (EWP) = ssmi
(0°-10°5, 150°€-170°) o |_(0%10°5, 120°W-140°W

2007 2008 2009 2010 20m 002 2007 2008 2009 2010 20m 2012

Fig. 8. Latitudinal variations of monthly mean PW (mm) in 2007-2011 for COSMIC, SSM/I, and AMSR-E.

7. Concluding remarks

* For the three ENSO events, the COSMIC monthly mean PW is in a very high correlation (up to
0.98) with those from SSM/I and AMSR-E over the ocean. The PWs from the three different
satellites also have similar latitudinal variations.

* The inter-satellite PW anomaly patterns nicely concur on major ENSO signals. Although the PW
anomaly correlation is not particularly high, it is encouraging for COSMIC with available RO daily
observations less than 2000.

* In the selected cold pool and warm pool regions, PW retrievals from COSMIC, SSM/I and AMSR-E
show very similar trends. All the three inter-satellite PWs indicate a reduced peak in the cold pool
and a raised peak in the warm pool during the active phase of 2010 warm event.

* These inter-satellite comparisons show a consistent trend of latitudinal variations in monthly
mean PW from 2007 to 2011 that displays similar ENSO signals in the cold and warm events.
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1. Introduction

OSSEs (Observing System Simulation Experiments) may be applied to assess the impact of
observations on numerical prediction thru denial or combination of specific data. Another
robust tool has been developed as FSO (forecast sensitivity to observation) framework thru
application of an adjoint model and observation operators (Langland and Baker, 2004). This
study attempts to explore FSO using WRF-adjoint and the GPS RO refractivity operator to
highlight the impact of GPS RO data from COSMIC, relative to conventional radiosonde

soundings, on Fanapi typhoon (2010) track prediction.

2. Methodology and Experiments
a. Methodology

Details of the FSO method for are given by Langland and Baker (2004) in which the impact of

observations can be evaluated by adjoint with different observations as shown in Figure 1.

Xut

Fig. 1. FSO procedure.
Predication differences
x, between the runs with and
X, without data assimilation
Obs. can be compared with the
% truthat T hour time .
-06hr 00hr Thr

We first define the prediction from -06 h to 00 h as X,, assimilation with the observations at
00 h with the first guess X,, as X,, and their predictions after T hours are X,; and X,
respectively. The NCEP global reanalysis is chosen as the true state and their prediction
errors are given by e, and e, . For the data impact, we may define a cost function Ir=

%((xf —x¢),C(x7 — x;)) where C is a co-variance matrix, and then take derivative of the

ar |

cost function with respect to x; to obtain o
r

) a
the observation sensitivityé.and observation impact é(y — H(xp)) *

b. Experiments

2
This study uses the total dry energy (x,x) = %ﬂ'f [u'z +v%+ %) 0+ (L) p'Z]dZ as

pCs.

the cost function. In addition, we also select the horizontal-wind prediction error in the
region (see Fig. 2), in which most flow steering takes effect, as the cost function | =
%ﬂj’[u'2+v'2]d2‘. where u’and v’ are the prediction error of u and v in simulation of

Typhoon Fanapi (2010) during 1612- 1912 September.

Fig. 2. Inner domain is selected for calculation
of the cost function in the steering-flow region.
The outer domain is the WRF model simulation
domain at resolution of 45 km in 151x151 grids
with 41 vertical layers.

. Fig. 3. Simulated typhoon tracks in
every 6 hours and the best track

B Track (e

co-variance error CV3 (CV5).

4. Results
a. 6-h forecast

Figure 4 shows the impact of observations on the cost function using the total dry energy.
Figure 5 shows the impact of observations on on the cost function using perturbation
kinetic energy in the steering-flow region. As seen in Fig. 4, assimilations of U and GPS RO
refractivity have larger positive impacts (i.e., larger negative errors) for the total dry energy.

For the other defined impact, GPS data appear to outperform other observations.

1 ) ‘

' 'num;;;x”sgu«mpg;;

Fig. 4. Sum of the
impacts on total dry
energy (cost function)

(b) different observation
types. GPS RO data
appear to give larger
positive impacts.

T T————

a
and % using the adjoint model, and finally
o

from CWB (black). Blue lines are for
no-assimilation run and red (green)
for assimilation run with background

for 6-h forecasts in Fig. 3,
for (a) different variables,

Fig. 5. Sum of the impacts =
on perturbation kinetic energy »
in the steering-flow region i
(cost function) for 6-h H
forecasts in Fig. 3, for (a) é
£

T ——

different variables, (b)
different observation types.

GPS RO data appear to give
the largest positive impacts. i . i
Sl B | R LR
(0] o oy
= - — = - Fig. 6. Average implc? of GPS
- o= r— By RO data on perturbation
o — ‘ s kinetic energy in the steering-
ol 4 |-obS t flow region (cost function) for
e § | o 6-h forecasts, (a) 16122, (b)
= J— } o 17122, (c) 18127, (d) 1912 Z.
- [} ‘l 0 The average (per data) is
= taken on each vertical layer.
[e———
© wwer o @,
o
e o
——— o
. st
e o €
—_— -
R
- -
" ~
' -
- ~
—— - -
3 3 u ¥ . T B DIV TR0 T Fig. 7. As Fig. 6 but for the

impacts of SYNOP observations.

The impact results indicate that larger impacts of GPS RO data are on upper levels for
both perturbation kinetic energy in the steering-flow region (Fig. 6) and total dry energy
(not shown), while SYNOP observations near coasts have more evident impacts which in
fact are larger on lower levels (not shown).

b. 24-h forecast

Figures 8 and 9 are similar to Figures 4 and 5, respectively, but for 24-h forecast. The
impact on 24-h prediction is significantly greater than on 6-h, indicating the accumulative
effects of observations with increasing prediction time.

) L)
it i -
HE i Fig. 8. Asin Fig. 4 but for
i i i 1 24-h forecast. GPS RO data
g give the largest positive
H ': i impacts.
§|‘ i
%3 O | ]l P "

EEZEE Y [T I ]

@ ®)

iT r

El J i -

H ! { 1 Fig. 9. Asin Fig. 5 but for
il | i 24-h forecast. GPS RO data
g i | i i | | H give the largest positive

3] ey g impacts.
& Il_l _;_ll..l.. :

b § “"H!‘,H'w!zi”!'fl[;g

5. Conclusions and future studies

For cost functions defined as total dry energy and the prediction error of perturbation
kinetic energy in the steering-flow region, Sounding, GeoAMV and GPS RO data all have
positive impacts. GPS RO data gives significantly positive impacts on the latter (cost
function) and may further improve the typhoon track prediction.

On average (per data), larger positive impacts of GPS RO data occur on upper levels,
while conventional soundings are on lower levels.

More observation types need to be investigatedin order to illustrate the relative
impacts of GPS RO data.

FSO of bending angle will be compared with FSO of refractivity using OSSE for F7/C2.

References
Langland, R. H. and N. L. Baker, 2004: Estimati
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The traditional global ionosphere map (GIM) provides a series of “snapshots” of the total electron
content (TEC), which blends with a part of the plasmasphere. The use of the
FORMOSAT-3/COSMIC (F3/C) radio-occultation (RO) and non-RO data provides an opportunity
to study the ionosphere and plasmasphere individually. The global plasmasphere map (GPM)
constructed from the F3/C non-RO absolute TEC shows the structure and motion of the
plasmasphere, while the redefined GIM blended with F3/C RO data and the plasmasphere-free
ground GPS data shows the global ionospheric content below 800 km altitude. The ionosphere
and plasmasphere monitoring also reveal the interaction between them.

RS R 2hm R
Electron density profiles of FORMOSAT-3/COSMIC at E-Layer

Cheng-Yung Huang®, Tung-Tuan Hsiao? Ho-Fang Tsai*, We-Hao Yen®
'GPS Science and Application Research Center, National Central University, Taiwan.
“Department of Information Technology, Hsing Wu Institute of Technology, Taiwan.

Department of Electrical Engineering, National Central University, Taiwan.

The accuracy of GPS RO electron density is still need to be improved, due to errors of
approximation of spherical symmetry of electron density in Abel-inversion, misestimate top
electron density and others. A method combining with 1Hz ionospheric and 50Hz atmospheric
excess phase data is developed to fix the bias for lower ionospheric electron density (E-Layer).
The method is validated by simulation with IRI1-2007 model and function well in
FORMOSAT-3/COSMIC RO data except little cases. The comparisons of electron density profiles
with IRI and ionosondes will be showed and the special cases will also be discussed in this study.
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