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Bill Schreiner

America
Email: schrein@ucar.edu

UCAR

Precise orbit determination, GPS radio
occultation, CHAMP/GRACE RO data
processing and analysis.

Tomoko Matsuo

USA
Email : tomoko.matsuo@noaa.gov

University of Colorado at Boulder /
NOAA-Space Weather Prediction Center,
USA

Data assimilation of
ionospheric/thermospheric parameters,
thermosphere-ionosphere coupling

Scientist I
Jens Wickert Germany Group leading scientist, GPS radio occultation, CHAMP/GRACE
Email: wickert@qgfz-potsdam.de Helmholtz Centre Potsdam RO data processing and system
GFZ German Research Centre for development, GPS Project management,
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in GPSARC RO summer camp and discuss about the application of precise orbit determination of
FORMOSAT-3/COSMIC and FORMOSAT-7/COSMIC

7422 F# 51§ ° Lecture for students. The given topicis “GPS RO Excess Phase Processing.”
wit

The uncertainty of computing excess phase is mainly caused by the determined
FORMOSAT-3/COSMIC orbit and clock. Additionally, the orbit accuracy is highly related to the
satellite attitude control. The zero-differenced data process produces less noise than single- and
double-differenced data process. Since the above uncertainties, the COSMIC-derived bending angle
noise is higher than the METOP-derived one. The use of 5-sec GPS clock will slight improve the

noise in the zero- and single-differenced data processing.

&g W

The above factors will affect the retrieval of atmosphere profile. Therefore, in the
FORMOSAT-7/COSMIC-2 mission, the improvements of orbit accuracy, clock stability and attitude
control over FORMOSAT-3/COSMIC are expected. If FORMOSAT-7/COSMIC-2 equips with the
ultra-stable oscillator, it will be helpful for the zero-differenced data process. With the GNSS

development, we need to modify software for FORMOSAT-7/COSMIC-2 and improve the quality
control.

RS A

Discussion about error sources of precise orbit determination and satellite attitude control.
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Some Aspects of
Inversion of GPS RO Signals

Bill Schreiner
S. Sokolovskiy, Janet Zeng, D. Hunt, B. Kuo

UCAR COSMIC Program Office
www.cosmic.ucar.edu

Aug 23, 2012 Seminar at NCU/Taiwan

Upper stratosphere and lower troposphere are regions C .
of maximum uncertainty for GPS RO inversions 2MIC
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Neutral Atmospheric Profile QC

*« COSMIC data from Jan-Feb 2009

- Green failures due to poor quality of L2 signal
- Tan failures due to large departures from climatology
- Red failures due to problem with rising occultation tracking
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Biographical Sketch: Tomoko Matsuo

(a) Professional Preparation:

Hokkaido University, Sapporo, Japan, Geophysics, B.Sc. 1995

Nagoya University, Nagoya, Japan, Physics, M.Sc. 1998

State University of New York, Stony Brook, Atmospheric Sciences, Ph.D. 2003

(b) Appointments:

2007-Present Research Scientist Il, Cooperative Institute for Research in
Environmental Sciences, University of Colorado, Boulder

2003-2007 Visiting Scientist, Institute for Mathematics Applied to Geosciences,
National Center for Atmospheric Research

1999-2003 Graduate Research Assistant, HAO/NCAR

1998-1999 Visiting Research Scientist, Space Environment Center/NOAA

1997-1998 Research/Teaching Assistant, SUNY, Stony Brook

(c) Publications Related to This Proposal:

Matsuo, T., I. T. Lee, and J. L. Anderson, Thermospheric mass density specification
using an ensemble Kalman filter, Journal of Geophysical Research, under review.

Matsuo, T., Upper atmosphere data assimilation using an ensemble Kalman filter, AGU
monograph on modeling the IT system, under review.

Sun, Y. Y. T. Matsuo, E. A. Araujo-Pradere, J. Y. Liu, Ground-based GPS observation
of SED-associated irregularities over CONUS, Journal of Geophysical Research,
under review.

Lee, I. T., T, Matsuo, A. D. Richmond, J. Y. Liu, W. Wang, C. H. Lin, J. L. Anderson, M.
Q. Chen, Assimilation of FORMOSAT-3/COSMIC electron density profiles into
thermosphere/lonosphere coupling model by using ensemble Kalman filter, Journal of
Geophysical Research, under review.

Matsuo, T., M. Fedrizzi, T. J. Fuller-Rowell, and M. Codrescu, Data assimilation of
thermospheric mass density, Space Weather, 10, S05002,
doi:10.1029/2012SW000773, 2012

Matsuo, T., E. A. Araujo-Pradere, Role of thermosphere-ionosphere coupling in a global
ionosphere specification, Radio Science, 46, RS0D23, doi:10.1029/2010RS004576,
2011.

Matsuo, T., D. W. Nychka, and D. Paul, Nonstationary covariance modeling for
incomplete data: Monte Carlo EM approach, Computational Statistics and Data
Analysis, 55, 2059-2073, 2011.

Matsuo, T., and J. M. Forbes, Principal modes of thermospheric density variability:
Empirical orthogonal function analysis of CHAMP 2001-2008 data, Journal of
Geophysical Research, 115, 10.1029/2009JA015109, 2010.

Matsuo, T., and A. D. Richmond, Effects of high-latitude ionospheric electric field
variability on global thermospheric Joule heating and mechanical energy transfer rate,
Journal of Geophysical Research, 113, 10.1029/2007JA012993, 2008.

Matsuo, T., A. D. Richmond, and G. Lu, Optimal Interpolation analysis of high-latitude
ionospheric electrodynamics using empirical orthogonal functions: Estimation of
dominant modes of variability and temporal scales of large-scale electric fields,
Journal of Geophysical Research, 110, 10.1029/2004JA010531, 2005

Matsuo, T., A. D. Richmond, and D. W. Nychka, Modes of high-latitude electric field
variability derived from DE-2 measurements: Empirical Orthogonal Function (EOF)
analysis, Geophysical Research Letters, 29, 10.1029/2001GL014077, 2002.
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(d) Synergistic Activities:

Session convener:
IUGG (session: data assimilation and ensemble forecasting for weather and climate),
Melbourne, Australia, 2011;
IUGG (session: data assimilation and space weather session), Perugia, ltaly, 2007;
IAGA (session: data assimilation techniques for the ionosphere-thermosphere
magnetosphere system), Toulouse, France, 2005

Panelist:
CEDAR workshop data assimilation panel discussion, Santa Fe, NM, 2006;
International Space Science Institute (ISSI) science team for 3d ionospheric modeling
Bern, Switzerland, 2005-2006

Proposal Reviews:
NASA Geospace Science proposal peer-review panels and mail-in external reviewers
NASA Heliophysics Guest Investigators Program peer-review panels;
NSF Aeronomy Program mail-in external reviewers;
NSF Antarctic Aeromony and Astrophysics Program peer-review panels;
NSF Coupling, Energetics, and Dynamics of Atmospheric Regions Program peer-
review panels;

Paper Reviews:
Journal of Geophysical Research; Monthly Weather Review;
Geophysical Research Letter; Tellus; Mathematical Geosciences;
Annals of the Institute of Statistical Mathematics; Space Weather

(e) Collaborators and other Affiliations:

Collaborators and Co-Editors:
Akmaev R. (NOAA); Amm, O. (Finnish Meteorological Institute); Anderson, B. J.
(APL/JHU); Anderson, J. L. (NCAR); Araujo-Pradere, E. A. (CU-Boulder/NOAA);
Aruliah, A. (UCL); Bahcivan, H. (SRI); Buchert, S. C. (Swedish Institute of Space
Physics); Codrescu, M. (NOAA); Cosgrove, R. B. (SRI); Crowley, G. (ASTRA);
Fedrizzi, M. (CU-Boulder/NOAA); Forbes, J. M. (CU-Boulder); Fuller-Rowell, T. J.
(CU-Boulder/NOAA); Fujii, R. (Nagoya Univ.); Gjerloev, J. W. (Univ. of Bergen);
Heinselman, C. J. (SRI); leda, A. (Nagoya Univ.); Knipp, D. L. (CU-Boulder); Lee, I. T.
(NCU); Lin, C. H. (); Liu, J. Y. (NCU); Lu, G. (NCAR); McCready, M. A. (SRI);
Maruyama, N. (CU-Boulder/NOAA); Marsh, D. (NCAR); Nychka, D. W. (NCAR); Paul,
D. (UC-Davis); Raeder, J. (UNH); Richmond, A. D. (NCAR); Smith, A. K. (NCAR);
Stolle, C. (TUD); Sun, Y. Y. (NCU); Vanhamaki, H. (Finnish Meteorological Institute);
Wang, W. (NCAR); Yoshikawa, A. (Kyushu Univ.)

Graduate Advisors:
A. D. Richmond (NCAR); M. A. Geller (SUNY-Stony Brook)

Postdoctoral Sponsors:
D. W. Nychka (NCAR); J. L. Anderson (NCAR)
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Thursday, Aug 23, 2012 GPS RO Summer Camp 1

UNDERSTANDING DATA ASSIMILATION

APPLICATIONS TO IONOSPHERIC RADIO OCCULTATION
Tomoko MATSUO (aka — #AEEREF)

University of Colorado, Boulder
Space Weather Prediction Center, NOAA

Thursday, Aug 23, 2012 GPS RO Summer Camp 5

Data Assimilation

Combining Information

prior knowledge of the state of system

empirical or physical models

Thursday, Aug 23, 2012 GPS RO Summer Camp 7

Bayes Theorem

observation ) i T }
likelihood I ( Yy | ’
probability distribution of y when x have a given value

posterior
p(x|y) < p(y|z)p(x) -




Dr. Jens Wickert

Helmholtz-Zentrum Potsdam

Deutsches GeoForschungsZentrum GFZ
Sektion 1.1, GPS/GALILEO-Erdbeobachtung
Telegrafenberg, A17 20.03

14473 Potsdam

Tel.: +49 331 288-1758

Fax: +49 331 288-1111

E-Mail: jens.wickert@qgfz-potsdam.de

Wissenschaftliche Interessen:

« GPS-Radiookkultation der elektrisch neutralen und ionisierten Atmosphére

« Bodengestltzte GPS-Atmosphéarensondierung (Atmosphére/lonosphére),
GPS-Reflektometrie/Scatterometrie, GPS-Empfangertechnik

« Entwicklung von Auswertesoftware fiir boden- und satellitengestiitzte GNSS-Messungen
und deren Anwendung unter Echtzeitaspekten

« Geodasie/Satellitengeodasie, Geophysik, Atmosphéren-/lonosphéarenforschung,
GNSS-Seismologie, Erdsystemforschung, interdisziplinare Forschungsprojekte

« Planung, Realisierung und Betrieb von Satellitenmissionen mit GNSS-Komponenten

« Einwerbung von Drittmitteln fiir Forschungsprojekte auf nationaler und internationaler
Basis bei unterschiedlichsten Projektforderern und Leitung der damit verbundenen
Forschungsprojekte

« Publizieren und Popularisieren von wissenschaftlichen Ergebnissen

« Wissenschaftliches Programmieren mit FORTRAN und IDL

9
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o Arbeiten mit LATEX, MS Office, COREL, HTML

« Digitale Fotografie und Bildbearbeitung (mit Adobe Software, z.B., Photoshop, Illustrator,
und Premiere)

« Popularwissenschaftliche Vortrage (z.B. URANIA) Satellitenmissionen,
Antarktisiiberwinterung

« Autor und Fotograf fur popularwissenschaftliche Zeitschriften (u.a. MARE, Themen
Antarktis, Kaiserpinguine)

« Sprachen: Englisch, Russisch (sehr gut/fliessend), Lettisch, Franzosisch (Grundlagen)

10



rg_«k

B FRELT

# &4 | Dr.Jens Wickert

AVEE - 2P E R AT HPH |FFT R
(GPSARCQC)

P B | 2012#8* 22p % 2012# 87" 25 P

Al L 3
dg

727 Y v Lo
ITE 2 e ©

FARE AP

1. »v101.08.22 453 & A0 & kT4 2w oM

Recent Results from GFZ and future Prospects -

4. P LA
Wit :

iEK IR 0 Jens A AN i eE

A R B AT E iR 5

% GPS F S g * ot 3 &
P F oh5sk 0 GFZ chiis% 5

DT 201245 & B Y 3k 2 i > GPSARC 2 GFZ & 8 (=8 i s

*+101.08.23 »+ ¢ & « & S1-713 3% > #3548 P "GPS Reflectometry: Short Introduction
and Activities at GFZ” - & = 3+ S1-702D ;i > 48 P = GNSS Reflectometry: Introduction,

3. »7101.08.24 7 = 03:00 £ ¢ & ~ 5 GPSARC % A3tk A Kk & 1722 GPS & & Ji * HjF < ine

I
FoEr

GNSS Observation Infrastructure
(Observation on dlffelent scales in space and time feasible)

GPS GLONAS Qzss BEIDOU
Galileo ‘
P bi

GNSS Earth Observation is SIgnlflcantly changlng:
The major Challenges:

+ New satellite navigation systems

+ Complex and new receiver platforms

+ Real-time data transmission and analysis

+ New observation techniques

A kg2 GFZ+

/n

(RS

.......

3 —
’ Airships, \
Aircrafts
P e Orceons  ialo)
©.9. GRACE-C) g ona
(e9 ) \\\‘ ” round networks . i
v‘\“ < ,”V Bouys, ships
GFZ Chong Li, NCU & wervnourz
August 23, 2012 GEMEINSCHAFT

11



12



Curriculum Vitae: Shu-Peng Ben Ho

National Center for Atmospheric Research, Atmospheric Chemistry Division
University Corporation for Atmospheric Research, COSMIC Program

2450 Mitchell Lane, Boulder, CO 80301, USA

Phone: +1-(303) 497-2922, Fax: +1(303) 497-2920,

E-mail: spho@ucar.edu

Education:
Ph. D. Atmospheric science, May 1998, University of Wisconsin-Madison,
M.S., Atmospheric science, May 1995, University of Wisconsin-Madison
M.S., Meteorology, May 1992, Rutgers-the State University of New Jersey
B.A., Computer Science, May 1987, Feng Chia University, Taichung, Taiwan

Professional Experiences:

2008/03- UCAR/COSMIC, NCAR/ACD, Project scientist Il

2005-2008: UCAR/COSMIC

2002-2005: NCAR/ACD, Project scientist |

2001-2002: NCAR/ACD, Associate Scientist IlI

1998-2001: Analytical Service & Materials, Inc., in affiliation of NASA Langley Research Center,
Hampton, VA, Research Scientist

1993-1998: Department of Atmospheric and Oceanic, University of Wisconsin-Madison, Research
Assistant
1990-1992: Department of Meteorology, Rutgers-the State University of New Jersey,
Research Assistant

Professional Activities
Member of the American Meteorological Society
Member of the American Geophysical Union
Member of the International Society for Optical Engineering

Awards and Recognitions:

Member of international working groups, the World Climate Research Programme (WCRP) Global
Energy and Water Cycle Experiment (GEWEX).

Member of international working groups, the World Climate Research Programme (WCRP) Global
Stratospheric Processes and their Role in Climate (SPARC)

January, 2012: Invited visiting to the GPS Scientific Application Research Center in National
Central University, Taiwan from 5 to 15 January, 2012.

February, 2012: Selected in “Who is who in American” for 2013 issue.

June, 2011: Selected in “Who is who in American” for 2012 issue.

May, 2011: invited to join the WCRP SPARC group.

13



March, 2011: invited to attend the World Climate Research Programme (WCRP) Global Energy
and Water Cycle Experiment (GEWEX) Radiation Panel (GRP) workshop and the ESA Data
User Element (DUE) programme’s global Vapour project in Frascati, Italy.

November, 2010: invited to be a Contributing Author for the Fifth Assessment Report 2 of the
Intergovernmental Panel on Climate Change (IPCC WGI AR5S).

June 2010: Invited visiting to the GPS Scientific Application Research Center in National Central
University, Taiwan from June 5 to July 2, 2010.

March 2009: Invited to workshop on the “Assessment of Small Satellite Missions to “Meet the
Needs of the Earth Sciences”, University of Colorado Laboratory for Atmospheric and
Space Physics (LASP).

July 2009: Selected in “Who is who in American” for 2010 issue.

June 2008: Selected in “Who is who in American” for 2009 issue.

April 2007: Special Contribution to UCAR COSMIC Mission Award.

April 2007: Selected by “Who is who in the World” for 2008 issue.

May 2006: Selected in “Who is who in American” for 2007 issue.

Internal:

December 2006: UCAR Outstanding Accomplishment Award for Scientific and Technical
Advancement (for the MOPITT project).

September 2006: Key Contributor to UCAR COSMIC Program Award.

October 2008: COSMIC Special Recognition Award for coordinating COSMIC Student Program.

Externally Funded Collaborations:

1. Principal Investigator: Validation and Calibration of MSU/AMSU Measurements and
Radiosonde Observations Using GPS RO Data for Improving Stratospheric and Tropospheric
Temperature Trends, NOAA, NAO7OAR4310224, POP: 08/01/07-07/31/10 (300K/ for three
years, finished).

2. Principal Investigator: Satellite and Ground-Based Validation of TES Tropospheric CO
Products, NASA, NNX07AB52G, POP: 01/15/07-01/14/10 (600K for thee years).

3. Co-Principal Investigator: A Climate Virtual Observatory (CVO): Online Data Fusion & Analysis
for Climate Variability & Change, POP: 04/01/08-03/31/09 (350K for two years finished).

4. Co-Principal Investigator: UCAR-NOAA Collaborative Planning for an Operational Radio
Occultation (RO) Mission, NOAA NESDIS, 2009-2011 (on going).

5. Co-Principal Investigator: Climate Trends and model Evaluation by Radio Occultation
Trendeval: Analysis, Detection and Attribution of Atmospheric Climate Trend and Climate
Model Evaluation based on Data Records from Radio Occultation, Research Project Proposal
to the Austrian Science Fund, 2009-2011, POP: 07/01/10-06/30/12 (on going).

6. Principal Investigator: Construction of Consistent Microwave Sensor Temperature Records and
Tropopause Height Climatology Using MSU/AMSU Measurements, GPS RO Data and
Radiosonde Observations, NOAA, POP: 07/01/2009-06/30/2012 (600K for three years, on
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going).

7. Co-Principal Investigator: Operational processing of COSMIC Radio Occultation Data,
2011-2015 (on going).

8. Consultant: NASA FBAR project, 2010-2013 (on going).

9. Co-Principal Investigator: Applications and Construction of Climate Data Records for Global
Climate Change Studies, China-973 project, China, 2010-2014 (on going).

10. Principal Investigator: RO-Calibrated AMSU Brightness Temperature CDR, NOAA (dole
source contract, 50K/year, on going).

Professional Service:

2006 — present: NOAA climate contact for COSMIC

2006 — present: NASA TES/Aura Science Team, Member

2008 — present: NASA sounding science team, Member

2006 — present : Multi-center RO trend analysis team, Member

2007 — present : NOAA climate data record science team, Member

2010 — present : NOAA climate data record science team, lead of GPS RO data
2005 — present : Professional Journal Reviews:

Atmospheric Chemistry and Physics

Atmospheric Environment

Environmental Chemistry

Geophysical Research Letters

Journal of Geophysical Research-Atmospheres

IEEE Transactions on Geoscience and Remote Sensing

2008 — present : Proposal review for NASA

2006 — present : Internal review for NCAR ACD and UCAR COSMIC proposals
Organizer of the Workshop on the Applications of GPS Radio Occultation to Climate,
NCAR Foothills Laboratory, Building #1 Atrium Conference Room 3450 Mitchell Lane,
Boulder, CO 80301 March 17-18, 2008.

Supervisor of COSMIC student program, 2008

Organizer and Co-chair of the COSMIC-NOAA meeting in AMS, 2008.

Program Committee of COSMIC 2009 International Workshop

Coordinator and moderator of the UCAR/COSMIC Seminar Series, 2009-

Chair of NCAR Asian Listening Meeting breakout section, 2008

Chair of COSMIC scientific applications section in the COSMIC/NCAR/UCAR retreat,
20009.

Chair and panel member for the Science Opportunities for COSMIC-II,
COSMIC/NCAR/UCAR retreat, 2010, Lake Shore Lodge and Conference Center, Estes
Pak, CO.

Committee of NCAR Asian circle Meeting, 2009-present.

Organizer and Co-chair of COSMIC-NOAA climate meeting in AMS, 2008.

15



®  Organizer and Co-chair of COSMIC-NOAA climate meeting in AMS, 2009.

®  Organizer and Co-chair of COSMIC-NOAA climate meeting in AMS, 2010.

o Chair of student poster competition of COSMIC international workshop, Boulder, CO,
USA, October, 2009.

] Panel member of NCAR Asian circle Meeting, 2010

® Director of the Student Program for 2011 COSMIC student trip and workshop, Taipei,
Taiwan.

° Organizer and Co-chair UCAR/COSMIC workshop the RO inversion and climate
workshop in Estes Park, CO, USA from 28th March to 3rd April 2012, together with the
CGMS International Radio Occultation Working Group (IROWG).

° Lead of the WCRP (World Climate Research Program) GEWEX Radiation Panel (GRP)
water vapor profile climate data record assessment.

® Chair for the climate section in the 5 FORMOSAT-3/COSMIC Data Users Workshop &
ICGPSRO, April, 2011, Taipei, Taiwan.

® Co-Chair of student poster competition of the 5.n FORMOSAT-3/COSMIC Data Users
Workshop & ICGPSRO 2011, April, 2011, Taipei, Taiwan.

® Co-Chair for the COSMIC workshop of the GPS RO Data Processing for Climate
Applications, Estes Park, CO, USA from 28th March to 3rd April 2012.

[ ) RO inversion and climate workshop, September, Boulder CO., 2011. [l Member of the
WCRP (World Climate Research Program) SPARC global temperature profile climate
record assessment.

®  Chair of Workshop Organizing Committee for the sixth COSMIC users workshop, 2012.

® Chair for the climate section in the 2nd IROWG Workshop 28 March 3, April 2012, CO,
U.S.A.

® Moderator of the section of Inventory and requirements on data records and reference
data working group for the GEWEX water vapor assessment workshop, September,
25-28, 2012, Germany.

Supervisory Experiences:

2007-2008: supervisor of Dr. Wenying He, COSMIC/UCAR visiting scientist from Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China.

2008-present: supervisor of Xinjia Zhou, COSMIC/UCAR visiting scientist from Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China.

2008-present: supervisor of Dr. Patrick F. Callaghan, COSMIC/UCAR post-graduate
scientist.

2009-2010: supervisor of Professor Jie Xiang, ACD/NCAR, COSMIC/UCAR visiting scientist
from Department of Atmospheric science, Nanjing University, Nanjing, China.

2009-2010: supervisor of Dr. Junmei Zhang, COSMIC/UCAR visiting scientist from Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China.

2009-2011: supervisor of Teresa VanHove, COSMIC/UCAR associate scientist.
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2010-present: co-supervisor of Jerry Raj, Ph. D. student from the National Central University,
Taiwan.

2010-present: supervisor of Wen-Hsin Teng, student visitor from the National Central
University, Taiwan.

2011-present: supervisor of Dr. Liang Peng, COSMIC/UCAR visiting scientist from Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China.

2010-present: co-supervisor of Dr. Barbara Scherllin-Pirscher, a NCAR ASP postdoctor
scientist, who is originally from University of Graz, Austria.

2010-present: co-supervisor of Dr. Zhen Zang, NCAR COSMIC project scientist.

2011-present: co-supervisor of Mr. Riccardo Biondi, Ph. D. visitor from DMI.

2012-present: co-supervisor of Ms. Xu Xu, Associate Professor visitor from China

Hosting Scientific Visitor:
2010, July: Dr. Andrea Stenier, research scientist from WegC, Graz
2012, July: Dr. Uli Foelsche, Associate Professor from WegC, Graz

Publications:

Thesis

1. Shu-peng Ho, An Expert System for Validation and Screening of Air Quality data. Master
Thesis. Rutgers-the State University of New Jersey. 1992.

2. Shu-peng Ho. Atmospheric Profiles from Simultaneous Observations of Upwelling and
Downwelling Spectral Radiance. Ph. D. Thesis, University of Wisconsin - Madison, March
1998.

Referred Journal Articles:

1. Ho, S.-P., Construction of a Consistent Microwave Sensor Temperature Record in the Lower
Stratosphere Using Global Positioning System Radio Occultation Data and Microwave
Sounding Measurements, J. Geophy. Research, 2012 (submitted).

2. Ho, S. P., The Sixth FORMOSAT-3/COSMIC Data Users’ Workshop: Current Developments on
the Applications of COSMIC from the Troposphere to lonosphere and the Potential Impacts of
COSMIC-2 Data, BAMS, 2012 (ready to submit).

3. Mears C., J. Wang, S.-P. Ho, L. Zhang, and X. Zhou, Total Column Water Vapor, [In “States of
the Climate in 2010]. Bul. Amer. Meteor. Sci., 2013, (ready to submit).

4. Wen-Hsin Teng, Ching-Yung Huang, S.-P. Ho, Ying-Hwa Kuo, and Xin-Jia Zhou,
Characteristics of Global Precipitable Water in ENSO Events Revealed by COSMIC
Measurements, J. Geophy. Research, 2012 (accepted).

5. Biondi, R., S.-P. Ho, W. Randel, T. Neubert and S. Syndergaard, 2012: Tropical cyclone cloud
top detection using GPS bending angle, J. Geophy. Research (submitted).

6. Scherllin-Pirscher B., C. Deser, S.-P. Ho, C. Chou, W. Randel, and Y.-W. Kuo, (2012), The
vertical and spatial structure of ENSO in the upper troposphere and lower stratosphere from
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GPS radio occultation measurements, GRL, VOL. 39, L20801, 6 PP., 2012,
doi:10.1029/2012GL053071.

7. Ho, S.-P., Doug Hunt, Andrea K. Steiner, Anthony J. Mannucci, Gottfried Kirchengast, Hans
Gleisner, Stefan Heise, Axel von Engeln, Christian Marquardt, Sergey Sokolovskiy, William
Schreiner, Barbara Scherllin-Pirscher, Chi Ao, Jens Wickert, Stig Syndergaard, Kent B.
Lauritsen, Stephen Leroy, Emil R. Kursinski, Ying-Hwa Kuo, Ulrich Foelsche, Torsten Schmidt,
and Michael Gorbunov (2012): 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, J. Geophy. Research. VOL. 117, D18111, doi:10.1029/2012JD017665,
2012.

8. Steiner, A. K., D. Hunt, S.-P. Ho, G. Kirchengast, A. J. Mannucci, B. Scherllin-Pirscher, H.
Gleisner, A. von Engeln, T. Schmidt, C. Ao, S. S. Leroy, E. R. Kursinski, U. Foelsche, M.
Gorbunov, Y.-H. Kuo, K. B. Lauritsen, C. Marquardt, C. Rocken, W. Schreiner, S. Sokolovskiy,
S. Syndergaard, and J. Wickert,Quantification of Structural Uncertainty in Climate Data
Records from GPS Radio Occultation, ACP (accepted).

9. Mears, C., J. Wang, S.-P. Ho, L. Zhang, and X. Zhou, 2012: [Global Climate] Hydrological cycle,
Total column water vapor [in “State of the Climate in 2011”]. Bull. Amer. Meteor. Soc., 93(7),
S25-S26, doi:10.1175.

10. Zeng, Zhen, S.-P. Ho, S. Sokolovskiy (2012), The Structure and Evolution of Madden- Julian
Oscillation from FORMOSAT-3/COSMIC Radio Occultation Data, J. Geophy. Research
(accepted).

11. Biondi, R., W. Randel, S.-P. Ho, T. Neubert, and S. Syndergaard, 2011: Thermal structure of
intense convective clouds derived from GPS radio occultations, in press ACP, 2011.

12. Mears, C., J. Wang, S.-P. Ho, L. Zhang, and X. Zhou, 2011: [Global Climate] Hydrologic cycle,
Total column water vapor [in “State of the Climate in 2010”]. Bull. Amer. Meteor. Soc., 92(6),
S41-S42, doi:10.1175/1520-0477-92.6.S1.

13. Ho, S.-P., IPCC ARS5 report (invited).

14. lllingworth, S. M., Remedios, J. J., Boesch, H., Ho, S.-P., Edwards, D. P., Palmer, P. |., and
Gonzi, S.: A comparison of OEM CO retrievals from the IASI and MOPITT instruments, Atmos.
Meas. Tech., 4, 775-793, doi:10.5194/amt-4-775- 2011, 2011.

15. Ho, S.-P., Y.-H. Kuo, X.-J. Zhou, P. Callaghan (2011), The Use of the
COSMIC/FORMOSAT-3 Global Positioning System Radio Occultation Data as Global
Reference Observations in Orbit and Their Applications in Meteorology, Horizons in Earth
Science Research, Vol. 5, B. Veress and J. Szigehty, Eds. NOVA Publishers, in press (invited).

16. Ho, S.-P., Zhou X., Kuo Y.-H., Hunt D., Wang J.-H., (2010b), Global Evaluation of Radiosonde
Water Vapor Systematic Biases using GPS Radio Occultation from COSMIC and ECMWF
Analysis. Remote Sensing. 2010; 2(5):1320-1330.

17. Ho, S.-P., Ying-Hwa Kuo, William Schreiner, Xinjia Zhou (2010a), Using Sltraceable Global
Positioning System Radio Occultation Measurements for Climate Monitoring [In “States of the
Climate in 2009]. Bul. Amer. Meteor. Sci., 91 (7), S36-S37. (invited).
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18. Mears C., J. Wang, S.-P. Ho, L. Zhang, and X. Zhou (2010), Total Column Water Vapor, [In
“States of the Climate in 2009]. Bul. Amer. Meteor. Sci., 91 (7), S29-S31 (invited).

19. Ho, S.-P., M. Goldberg, Y.-H. Kuo, C.-Z Zou, W. Schreiner (2009c), Calibration of
Temperature in the Lower Stratosphere from Microwave Measurements using COSMIC Radio
Occultation Data: Preliminary Results, Terr. Atmos. Oceanic Sci., Vol. 20, doi:
10.3319/TA0.2007.12.06.01(F3C), 2009.

20. Ho, S.-P., W. He, and Y.-H. Kuo (2009b), Construction of consistent temperature records in
the lower stratosphere using Global Positioning System radio occultation data and microwave
sounding measurements, in New Horizons in Occultation Research, edited by A. K. Steiner et
al., pp. 207-217, Springer, Berlin, doi:10.1007/978-3-642-00321-9_17.

21. Ho, S.-P., G. Kirchengast, S. Leroy, J. Wickert, A. J. Mannucci, A. K. Steiner, D. Hunt, W.
Schreiner, S. Sokolovskiy, C. O. Ao, M. Borsche, A. von Engeln, U. Foelsche, S. Heise, B.
lijima, Y.-H. Kuo, R. Kursinski, B. Pirscher, M. Ringer, C. Rocken, and T. Schmidt (2009a),
Estimating the Uncertainty of using GPS Radio Occultation Data for Climate Monitoring:
Inter-comparison of CHAMP Refractivity Climate Records 2002-2006 from Different Data
Centers, J. Geophys. Res., doi:10.1029/2009JD011969.

22. Ho, S.-P., D. P. Edwards, J. C. Gille, M. Luo, G. B. Osterman, S. S. Kulawik, and H. Worden,
2009: A global comparison of carbon monoxide profiles and column amounts from
Tropospheric Emission Spectrometer (TES) and Measurements of Pollution in the
Troposphere (MOPITT), J. Geophys. Res., 114, D21307, doi:10.1029/2009JD012242.

23. He, W., S.-P. Ho, H. Chen, X. Zhou, D. Hunt, and Y. Kuo, 2009: Assessment of radiosonde
temperature measurements in the upper troposphere and lower stratosphere using COSMIC
radio occultation data, Geophys. Res. Lett., 36, L17807, doi:10.1029/2009GL038712.

24. Deeter M. N., D. P. Edwards, J. C. Gille, L. K. Emmons, G. Francis, S.-P. Ho, D. Mao, D.
Masters, H. Worden, V. Yudin, and James R. Drummond, 2009:The MOPITT version 4 CO
product: Algorithm enhancements, validation, and long-term stability, J. Geophys. Res., 115,
D07306, doi:10.1029/2009JD013005.

25. Anthes, R. A., P. Bernhardt, Y. Chen, L. Cucurull, K. Dymond, D. Ector, S. Healy, S.-P. Ho, D.
Hunt, Y.-H. Kuo, H. Liu, K. Manning, C. McCormick, T. Meehan, W. Randel, C. R. Rocken, W.
Schreiner, S. Sokolovskiy, S. Syndergaard, D. Thompson, K. Trenberth, T.-K. Wee, Z. Zeng,
The COSMIC/FORMOSAT-3 Mission: Early Results, Bul. Amer. Meteor. Sci. 89, No.3,
313-333, DOI: 10.1175/BAMS-89-3-313, 2008.

26. Ho, S.-P., Y. H. Kuo, and S. Sokolovskiy, Improvement of the Temperature and Moisture
Retrievals in the Lower Troposphere using AIRS and GPS Radio Occultation Measurements,
Journal of Atmospheric and Oceanic Technique, doi: 10.1175/JTECH2071.1, 1726-1739,
2007.

27. Ho, S.-P., Y. H. Kuo, Zhen Zeng, and Thomas Peterson, A Comparison of Lower Stratosphere
Temperature from Microwave Measurements with CHAMP GPS RO Data, Geophy. Research
Letters, 34, L15701, doi:10.1029/2007GL030202, 2007.

28. Ho, S.-P., D. P. Edwards, J. C. Gille, J. Chen, D. Ziskin, M. N. Deeter, and G. L. Francis,
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Estimates of the Global 4.7 ym Surface Emissivity from MOPITT Measurements and their
Impacts on the Retrieval of Tropospheric Carbon Monoxide Profiles, J. Geophy. Research, Vol.
110, No. D21, D21308.10.1029/2005JD005946, 2005.

29. Lamarque, J.-F., Khattatov, B. , Yudin, V., Edwards, D. P., Gille, J. C. , Emmons, L. K.,
Deeter, M. N. , Warner, J., Ziskin, D. C. , Francis, G. L. , Ho, S.-P. , Mao, D., Chen, J.,
Drummond, J. R, Application of a bias estimator for the improved assimilation of
Measurements of Pollution in the Troposphere (MOPITT) carbon monoxide retrievals, J.
Geophys. Res., Vol. 109, No. D16, D16304 10.1029/2003JD004466, 2004.

30. Edwards P. D., et al., Observations of carbon monoxide and aerosols from the Terra satellite:
Northern Hemisphere variability, J. Geophys. Res., VOL. 109, D24202,
doi:10.1029/2004JD004727, 2004.

31. Ziskin, D., S.-P. Ho, Jason Zou, Debbie Mao, Empirical Corrections to Instrument Artifacts in
the MOPITT Data Stream, NCAR/TN-466+STR, 2004.

32. Deeter M. N., L. K. Emmons, G. L. Francis, D. P. Edwards, J. C. Gille, J. X. Warner, D. Ziskin,
S.-P. Ho, V. Yudin, J.-L. Attie, D. Packman, J. Chen, and D. Mao, Observational Carbon
Monoxide Retrieval Algorithm and Selected Results for the MOPITT Instrument. J. Geophys.
Res., 108(D14), 4399, do0i:10.1029/2002JD003186, 2003.

33. Emmons L. K., M. Deeter, J.-L. Attie, D. P. Edwards, J. C. Gille , S.-P. Ho, B. Khattatov, J. —F.
Lamarque, J. Warner, V. Yudin, D. Ziskin, J. S. Chen, D. Mao, J. Drummond, P. Novelli, G.
Sachse, M. Coffey, S. Kawakami, Y. Kondo, N. Takegawa, Validation of MOPITT CO retrievals
with aircraft in situ profiles, J. Geophy. Research, 109(D3), D03309, 10.1029/2003JD004101,
2003.

34. Ho, S.-P., B. Lin, P. Minnis, and T.-F. Fan, Estimates of cloud vertical structure and water
amount over tropical oceans using VIRS and TMI data, J. Geophys. Res., 108(D14), 4419,
doi:10.1029/2002JD003298, 2003.

35. Deeter, M. N., L. K. Emmons, G. L. Francis, D. P. Edwards, J. C. Gille, J. X. Warner, D. Ziskin,
S.-P. Ho, V. Yudin, J.-L. Attie, D. Packman, J. Chen, and D. Mao, J. R. Drummond, P. Novelli,
Evaluation of operational radiances for the Measurements of Pollution in the Troposphere
(MOPITT) instrument CO thermalband channels, J. Geophys. Res., 109(D3), D03308,
10.1029/2003JD003970.

36. Lamarque J.-F., D. P. Edwards, L. K. Emmons, and J. C. Gille, O. Wilhelmi, C. Gerbig, D.
Prevedel, M. N. Deeter, J. Warner, D. C. Ziskin, B. Khattatov, G. L. Francis, V. Yudin, S.-P. Ho,
D. Mao, and J. Chen, Identification of CO plumes from MOPITT data: Application to the August
2000 Idaho-Montana forest fires, Geophysical Research Letters, 30(13), 1688,
doi:10.1029/2003GL017503, 2003.

37. Ho, S.-P., Smith, W. L., and Huang, H. L. The Retrieval of Atmospheric Temperature and
Water Vapor Profile using Combined Satellite and Ground Based Infrared Spectral Radiance
Measurements. Applied Optics, 41, 4057-4069, 2002.

Papers in preparation
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38. Ho, S.-P., Y.-H., Kuo, Construction of a Consistent Microwave Sensor Temperature Record in
the middle Troposphere (Channel 7) using Global Positioning System Radio Occultation Data,
Radiosonde, and Microwave Sounding Measurements, ch7., J. Geophy. Research.

39. Ho, S.-P., Y.-H., Kuo, W. C. Schreiner, D. Hunt, C. R. Rocken, 2009: Estimates of the
Long-term Stability of GPS RO Derived Variables: inter-comparison of COSMIC and CHAMP
results, J. Geophy. Research, to be submitted.

40. Ho et al., Sampling error estimation from the GPS RO missions, MMC, ACP.

41. Qiang Fu and S.-P. Ho, Using GPS RO data for the CMIP5 assessments.

42. Ho, S.-P, Enhancement of the AIRS Troposphere and Stratosphere Temperature Climate
Data Records using Global Positioning System Radio Occultation Data (7 years), ACP (or JGR)
paper.

43. Ho, S.-P., the ionsphere effect on the netural atmospheric temperature profiles, JGR.

44. Ho, S.-P., Y.-H., Kuo, An Assessment of the Seasonal and Diurnal Variation of the
Radiosonde Systematic Temperature Biases in the Lower Stratosphere using GPS RO Data.

45. Ho, S.-P., Inter-comparing the RSS, UAH, and STAR TLS, PANS.

46. Kumar, V., S. K. Dhaka, R. K. Choudhary, S.-P. Ho, and K. K. Reddy, Climatology of coldest
temperature in troposphere and stratosphere: A study using COSMIC/ FORMOSAT-3 satellite
observations, JGR.

Other Referred Articles:

1. William L. Smith, H. L. Huang, M. S. Whipple and S.-P. Ho, UW-CIMSS Physical Retrieval
System Science Document for AIRS/AMSU/MHS, AIRS science team document, Jet
propulsion Laboratory, NASA, Pasadena, Calif., 1996.

2. Ho, S.-P., Smith, William L.; Huang, Hung-Lung Retrieval of atmospherictemperature and
water-vapor profiles by use of combined satellite and groundbased infrared spectral-radiance
measurements, NASA Center: Langley Research Center, 2002, NTRS: 2005-09-29, Document
ID: 20020069237.

3. Ho, S.-P., B. Lin, P. Minnis, T. F. Fan, Estimation of Cloud Properties over Oceans Using VIRS
and TMI Measurements on the TRMM Satellite, NASA Technical Report 2000.

4. Lin, B. P. Minnis, B. Wielicki, Y. X. Hu, S.-P. Ho, Overcast clouds determined by TRMM
measurements, NASA Technical Report, NASA Center: Langley Research Center, NTRS:
2004-11-03, Document ID: 20000090515, 2000.

Other Publications and Proceedings

1. Ho, S.-P., J. C. Gille, D. P. Edwards, M. N. Deeter, J. Warner, G. L. Francis, D. Ziskin, Retrieval
of surface skin temperature from MOPITT measurements: validation and impacts to the
retrievals of tropospheric carbon monoxide profiles Geoscience and Remote Sensing
Symposium, 2002. IGARSS apos;02. 2002 IEEE International Volume 6, Issue, 2002 Page(s):
3177 - 3179 vol.6,

10.1109/IGARSS.2002.1027122.
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. Ho, S.-P., David P. Edwards, John C. Gille, Jarmei Chen, and Daniel Ziskin National Ctr. for
Atmospheric Research (USA) Improvement of the global surface emissivity from MOPITT
measurements and its impacts on the retrievals of tropospheric carbon monoxide profiles, Proc.
SPIE, Vol. 5652, 124 (2004); DOI:10.1117/12.579046.

. Lin B., Patrick Minnis, Shu-peng Ho, Jianping Huang, and Alice Fan, Ice Water Path and
Overlapping Frequency of Tropical Overcast Clouds, IUGG 2003 Japan. (proceeding)

. John C. Gille, David P. Edwards, Juying Warner, Merritt N. Deeter, Gene L. Francis, Shu-peng
Ho and Daniel Ziskin, SPIE’s third International Aaia-Pacific Symposium on Remote Sensing
of the Atmosphere, Environment, and Space, 23-27 October 2002, Hangzhou, China.
(proceeding)

. Louisa Emmons, John C. Gille, David P. Edwards, Merritt N. Deeter, Juying Warner, Gene L.
Francis, Shu-peng Ho, Validation of MOPITT Retrieval of Carbon Monoxide, IGARSS 02
annual meeting, Toronto, Canada, 24-28 June 2002.

. Merritt N. Deeter, John C. Gille, David P. Edwards, Jean-Luc Attie, Juying Warner, Gene L.
Francis, Shu-peng Ho and Daniel Ziskin, Quantitative Radiance Validation for the MOPITT
Instrument, IGARSS 02 annual meeting, Toronto,Canada, 24-28 June 2002

. Bing Lin, Patrick Minnis, Bruce Wielicki, Yongxiang Hu, and Shu-peng Ho. Overcast clouds
determined by TRMM measurements. IRS, 24-29 July, 2000 Saint Petersburg, Russia.
(proceeding)

. Young, David F., Minnis, Patrick, Lin, Bing, Ayers, J. Kirk, Shu-Peng Ho, Albrecht, Bruce A. -
Rifkin, Hollis - Fairall, Chris W. - Garreaud, René. Cloud and Radiation Properties Derived from
Satellite Data During the Fall 1999 CIMAR-5 and EPIC Cruises. CLIVAR Pan-American Pl
Meeting. (proceeding)

.W. F. Feltz, W. L. Smith, S.-P. Ho, T, J. Schmit, X. L. Ma, H. B. Howell : Combined Surface and
Satellite Infrared Measurements of Atmospheric Temperature and Water Vapor Profiles.
Proceedings of the 10th Symposium on Meteorological Observations and Instrument, Phoenix,
AZ, January 11-16, 1998. (proceeding)

10. William L. Smith, S. A. Ackerman, D. H. DeSlover, W. F. Feltz, S.-P. Ho, R. O. Knuteson, H. E.

Revercomb, and S. A. Clough. ARM Science Applications of AERI Measurements,

Atmospheric Radiation Measurement (ARM) Science Team Meeting, San Antonio, TX March

3-7,1997. (proceeding)

11. Valery A. Yudin, John C. Gille, David P. Edwards, Merritt N. Deeter, Shu-peng Ho, and Louisa

K. Emmons, Data assimilation of carbon monoxide in the troposphere, Proc. SPIE, Vol. 6299,

62990K (2006); doi:10.1117/12.680968, Remote Sensing of Aerosol and Chemical Gases,

Model Simulation/Assimilation, and Applications to Air Quality, SPIE, Sunday 13 August 2006,

San Diego, CA, USA.

12. Ho S.-P., Xinjia Zhou, Ying-Hwa Kuo, Doug Hunt, Cheng-Zhi Zou, Construction of a

Consistent Microwave Sensor Temperature Record in the Lower Stratosphere Using Global

Positioning System Radio Occultation Data and Microwave Sounding Measurements, joint

2010 CWB Weather Analysis and Forecasting and COAA 5" International Ocean-Atmosphere
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Conference, June 28-30, 2010, Center Weather Bureau, Taipei.

Invited Talk

1. Ho, S.-P, GPS RO-MSU calibration and data record, 2008: NOAA-NIST Workshop on
Calibration for Climate-Quality Time Series, Camp Springs, MD, Jan 14, 2008.

2. Ho, S.-P., Validation and Calibration of Microwave Sounders' Lower Stratosphere Temperature
Trend using GPS RO Data, COSMIC/FORMAST-3, 4, Dec. Taipei, Taiwan, 2006.

3. Ho, S.-P., Climatological Validation of Microwave Lower Stratosphere Temperature using GPS
RO Data, invited seminar given in National Central University, May 8, 2006, Taiwan.

4. Ho, S.-P., Validation and Calibration of MSU/AMSU Measurements using GPS RO Data for
Improving Stratospheric Temperature Trend Analysis, invited seminar given in National
Technical institute, May 10, Taiwan, 2006.

5. Ho, S.-P., Comparability and reproducibility of RO data, Workshop on the Applications of GPS
Radio Occultation to Climate, NCAR Foothills Laboratory, Building #1 Atrium Conference
Room 3450 Mitchell Lane, Boulder, CO 80301 March 17-18, 2008.

6. Ho, S.-P., Validation of Microwave Sounders' Lower Stratosphere Temperature Trend using
GPS RO Data, NOAA-COSMIC climate meeting, 14th Symposium on Meteorological
Observation and Instrumentation, San Antonio, TX 14-18 January 2007.

7. Ho, S.-P, Construction of Consistent Temperature Records using Global Positioning System
Radio Occultation Data and Microwave Sounding Measurements, NOAACOSMIC climate
meeting in AMS, New Orleans, LA., 20-24 January 2008.

8. Ho, S.-P, Applications of COSMIC RO to Climate Studies, NRC-CES meeting, Boulder, CO,
Sep.22-23, 2008.

9. Ho, S.-P. “Enhancement of the AIRS Troposphere and Stratosphere Temperature Climate Data
Records using Global Positioning System Radio Occultation Data”, tele-conference
presentation to JPL, Feb. 17 2010

10. Ho, S.-P., Construction of a Consistent Microwave Sensor Temperature Record in the Lower
Stratosphere Using Global Positioning System Radio Occultation Data and Microwave
Sounding Measurements, 2010 Workshop on Climate Data Records from Satellite Microwave
Radiometry, March 22-24, 2010 at the NOAA Science 12 Center, in Silver Spring, MD.

11. Ho, S.-P., Using Sl-traceable Global Positioning System Radio Occultation Measurements for
Climate Monitoring, 2010 CMOS-CGU Congress, Ottawa, Canada.

12. Ho S.-P., Xinjia Zhou, Ying-Hwa Kuo, Construction of a Consistent Microwave Sensor
Temperature Record in the Lower Stratosphere Using Global Positioning System Radio
Occultation Data and Microwave Sounding Measurements, June 17, 2010, Center Weather
Bureau, Taipei (invited).

National and international Conference Presentations
1. Ho, S.-P., Y. H. Kuo and S. Sokolovskiy, Improvement of the Temperature and Moisture
Retrievals in the Troposphere using AIRS and GPS Radio Occultation Measurements, Satellite
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Remote Sensing Symposium for celebration of CIMSS 25" Anniversary, Madison Wisconsin,
11-13 July, 2005.

2. Ho, S.-P., Y. H. Kuo and S. Sokolovskiy, Improvement of the temperature and moisture
retrievals in the tropospheric using AIRS, AMSU and GPS RO measurements, Second
GPSRO Users' Workshop 22-24 August 2005 — National Conference Center - Lansdowne,
Virginia.

3. Merritt Deeter, John Gille, David Edwards, Shu-peng Ho, Valery Yudin, Louisa Emmons and
Dan Ziskin, Planned Improvements to the MOPITT CO Product, AGU Fall Meeting, 5-9
December 2005, San Francisco, CA, USA.

4. Ho, S.-P., John C. Gille, David P. Edwards, and Daniel Ziskin, Improvement of Global MOPITT
4.7 ym Surface Emissivity by using MODIS Measurements and its Impacts on the Retrieval of
Tropospheric Carbon Monoxide Profiles, MODIS science team meeting, 13-15, July, Baltimore,
DC, 2004.

5. Emmons, L. K, M. Deeter, D. Edwards, D., J. Gille, D. Ziskin, G. Francis, V. Yudin, S.-P. Ho, P.
Novelli, J. R. Drummond, AGU Spring Meeting Montreal, Canada, 17-21, May, 2004.

6. Ho, S.-P., John C. Gille, David P. Edwards, Juying Warner, Merritt N. Deeter, Gene L. Francis
and Daniel Ziskin, Calibrating MOPITT Radiances Using Sea Surface Temperature and
Determining Land Surface Temperature and Emissivities Satellite Calibration workshop, D. C.
Washington, 20-21, November, 2003.

8. Ho, S.-P., John C. Gille, David P. Edwards, Juying Warner, Merritt N. Deeter, Gene L. Francis
and Daniel Ziskin, Improvement of the Retrieval of Surface Parameters from MOPITT
Measurements and their Impact to the Retrievals of Tropospheric Carbon Monoxide Profiles,
AGU Fall Meeting, San Francisco, 8-12 December, 2003.

9. Louisa Emmons, John C. Gille, David P. Edwards, Merritt N. Deeter, Juying Warner, Gene L.
Francis, Shu-peng Ho, The Distribution of Tropospheric Carbon Monoxide Observed by
MOPITT, IGAC Conference, Sep 18-25, 2002.

10. Gille, J. C., J. Drummond, D. Edwards, J.-L.Attie, D. Merritt, L. Emmons, G. Francis, B.
Khattatov, J.-F. Lamarque, G. Mand, J. Warner, S. P. Ho. The MOPITT experiment on Terra:
early results and prospects. SPIE 46w annual meeting, San Diego, California, USA, 29 July -
3 August 2001.

11. Warner J., J. C. Gille, J. R. Drummond, D. P. Edwards, M. N. Deeter, G. L. Francis, D. C.
Ziskin, M. W. Smith, D. Grant, L. R. Mayer, C. Cavanaugh, J. S. Chen and S.-P. Ho. MOPITT
cloud detection and its validation. SPIE 46w annual meeting, San Diego, California, USA, 29
July - 3 August 2001.

12. Ho, S.-P., John C. Gille, David P. Edwards, Jean-Luc Attie, Merritt N. Deeter, Juying
Warner, Gene L. Francis and Daniel Ziskin, The Role of the A Priori Information in the
Retrieval of CO Profiles from Terra-MOPITT Measurements, 11th Conference on
Satellite Meteorology and Oceanography, Madison, Wisconsin, 15-18 October 2001.

13. Ho, S.-P., Lin, Bing, Minnis, Patrick. Estimation of Cloud Properties over Ocenas Using VIRS
and TMI Measurements on the TRMM Satellite. Fifth Symposium on Integrated Observing
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Systems, 81st AMS Annual Meeting, Albuquerque, New Mexico, 14-19 Jan 2001.

Ho, S.-P., Lin, Bing, Minnis, Patrick. Estimation of the Seasonal Variation of the Liquid Water
Path and the Frequency of Cloud Overlapping by using TMI and VIRS data over Ocean -
more Validation and Results. CERES 2000 Fall meeting, Huntsville, AL 20-22 Sep, 2000

Ho, S.-P., Lin, Bing, Minnis, Patrick. Estimation of the Seasonal Variation of the Liquid Water
Path and the Frequency of Cloud Overlapping by using TMI and VIRS data over Ocean.
CERES 2000 spring meeting, Hampton VA. 2-4 May, 2000

Ho, S.-P., Estimation of Tropical Nonprecipitating Cloud Overlapping by using Microwave,
Visible and Infrared Measurements in Oceanic Environment. American Geophysical Union
2000 Spring Meeting, Washington, DC. 30 May - 3 June 2000.

Ho, S.-P., Seasonal Variation of the Cloud Overlapping by using Microwave, Visible and
Infrared Measurements over Ocean. Gordon Research Conference on Solar Radiation and
Climate, Connecticut College, New London, Connecticut. 24 — 29 June. 2000.

Ho, S.-P., Smith, W. L., and Huang, H. L. A Study of Vertical Resolution of Simultaneous
observations of upwelling and downwelling spectral radiance. Optical Remote Sensing and
Fourier Transform Spectroscopy, Satan Barbara CA. 21-25 June, 1999.

Ho, S.-P., Smith, W. L., and Huang, H. L. Combined Satellite- and Surface-Based Infrared
Atmospheric Profile Retrieval. Optical Remote Sensing and Fourier Transform Spectroscopy,
Satan Barbara CA. 21-25 June, 1999.

Ho, S.-P., Smith, W. L., and Huang, H. L. Atmospheric profiles from simultaneous
observations of upwelling and downwelling spectral radiance. Symposium on Integrated
Observing Systems, 3rd, Dallas, TX, 10-15 January 1999.

Ho, S.-P., Smith, W. L., and Huang, H. L. The determination of smoothing parameter for
sounding retrieval for GOES radiance measurements. Symposium on Integrated Observing
Systems, 3rd, Dallas, TX, 10-15 January 1999.

Doelling, D. R., S,-P. Ho, W. L. Smith Jr., P. Minnis, Initial Cloud Properties Derived from GMS
over the Tropical Western Pacific 9th Annual Atmospheric Radiation Measurement (ARM)
Science Team Meeting, San Antonio, TX, 22-26 March, 1999.

Louis Nguyen, Patrick Minnis, J. Kirk Ayers, William L. Smith, Jr., and Shu-peng Ho.
Intercalibration of Geostationary and Polar Satellite Imager Data Using AVHRR, VIRS, and
ATSR-2 Data, AMS Conference on Atmospheric Radiation, 10 th, Madison, WI, 28 June - 2
July, 1999.

W. F. Feltz, W. L. Smith, R. O. Knuteson, H. E. Revercomb, H. Woolf, H. B. Howell, and S.-P.
Ho. AERI Temperature and Water Vapor Retrievals: SGP CART Seasonal Statistical
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spectral radiance. NASA Langley Research Center, Hampton, VA. 28 Sep 1997.
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SPIE 6299, 62990K, 2006.
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Shu-peng Ho., D. Edwards, Validation of TES CO profiles using MOPTT CO Products, AURA
validation meeting, Boulder CO., Oct. 2006.
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63. R. Biondi, S.-P. Ho, S. Syndergaard, T. Neubert, Tropical Cyclone Detection using GPS Radio
Occultation Data, IUGG XXV General Assembly Earth on the Edge: Science for a
Sustainable Planet, Melbourne, Australia 27 June - 8 July 2011.

64. Ricardo Biondi, S.-P. Ho, Convective Systems Analysis using GPS Radio Occultation, 3rd
International Colloquium - Scientific and Fundamental Aspects of the Galileo Programme 31

28



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

August - 2 September 2011, Copenhagen, Denmark.

Ho, S.-P., Assessment of Systematic Biases of Radiosonde Moisture Measurements using
Global Positioning System Radio Occultation from COSMIC, GEWEX/ESA DUE GlobVapour
workshop on long term water vapour data sets and their quality assessment, 8 — 10 March
2011 - ESAJ/ESRIN, Frascati, Italy (invited).
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Current Developments on the Applications of COSMIC from the Troposphere to Stratosphere
and the Potential Impacts of COSMIC-2 Data

Shu-peng Ho

COSMIC, University Corporation for Atmospheric Research, P.O. Box 3000, Boulder, CO
80307-3000

i &
Since the launch of the COSMIC constellation in 2006, FORMOSAT-3/COSMIC has provided more
than 3.2 million Global Positioning System (GPS) radio occultation (RO) soundings (~1500
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soundings per day) to support research and operational numerical weather prediction (NWP).
COSMIC data processed by the COSMIC Data Analysis and Archive Center (CDAAC) have been
widely used by meteorology, climate, and ionospheric communities. As of June 2012, more than
1,900 researchers from 63 countries have become registered users of the data. The success of
COSMIC has also prompted U.S. agencies to move forward with a follow-on RO mission (called
FORMOSAT-7/COSMIC-2, hereafter COSMIC-2) with Taiwan that will launch six satellites into
low-inclination orbits in early 2016, and another six satellites into high-inclination orbits in early
2018. Being developed by JPL, the GNSS RO payload, named TriG (Tri-GNSS), is designed to
track RO signals from the GPS, GLONASS, and Galileo systems. It is expected to track up to
12,000 high-quality profiles per day after the two constellations are fully deployed. The COSMIC-2
soundings are expected to have better signal-to-noise ratios than those of COSMIC, which would
provide an unprecedented capability to explore new applications for weather, climate, and
ionospheric communities. The objective of this talk is i) to highlight accomplishments and discuss
the remaining challenges in the areas of RO data applications; and ii) to summarize potential new
applications that can be explored using COSMIC-2 data.

B X ¥ K £ R A HH 2 28 K A% EZ B R A

DEPARTMENT OF ATMOSPHERIC SCIENCES AND GRADUATE INSTITUTE OF ATMOSPHERIC PHYSICS,
NATIONAL CENTRAL UNIVERSITY
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I i Dr. Shu-Peng Ben Ho Since the launch of the COSMIC constellation in 2006,
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Speaker COSMIC’ Unwersnty Corporatlon for Global Positioning System (GPS) radio occultation (RO)
Atmospherlc Research, USA. soundings (~1500 soundings per day) to support research and

operational numerical weather prediction (NWP). COSMIC
data processed by the COSMIC Data Analysis and Archive
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Theme : Bridge to the future; and Bridge to other communities

The purpose of this workshop is to provide a forum for scientific discussions between the RO
community and the weather, climate, and space weather communities, which is crucial to
capitalizing the scientific opportunities provided by past, current, and future RO missions. A
dialogue between RO data providers and data users is also important to ensure optimal use of
RO data for research and operational applications.

Background

1.Since the launch of COSMIC in 2006, we have organized five COSMIC Data Users Workshop, to
discuss accomplishments in:

-RO operation and algorithm development

-Meteorology application

-Climate

-lonosphere

through accessing COSMIC data from CDAAC.

What have we accomplished ? What are outstanding issues remaining?
Who are using these data/who are not ? Help users to better use the RO data.

Progression of Tangent Point for a Setting (desending) Occultation

Tangent point

Limb sounding of atmosphere
as LEO rises or sets with
respect to GPS satellites

Global observations of:
Pressure, Temperature, Humidity
Refractivity
lonospheric Electron Density
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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*

Day One: Tuesday, 30 October 2012

8:00-9:00

Registration (CG-1, Lobby)

| Session1:

9:00-12:00

Progr tic (CG-1, Center and North Auditoriums)
(Chair: Bill Kuo -UCAR/COSMIC)

Tom Bogdan — UCAR
Tiger JY Liu — National Space

i g : Organization
2:00:2:20 Opening Remarks Chia-Pei Chou — TECO Houston
Shu-peng Ben Ho —
UCAR/COSMIC
9:20-9:50 NASA's Global Environmental Remote Sensing Program Jack Kaye — NASA
9:50-10:20 The Important Role of Satellite Data in Advancing the Louis Uccellini — NCEP/NOAA
Weather Forecasts
10:20-10:40 | Break and Group Photo
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
12:00-13:00 | Lunch (CG-1)

Session 2:

CDAAC Operations (CG-1, Center and North Auditoriums)

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

Session 3:
14:15-16:00

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




Sixth FORMOSAT-3/COSMIC Data Users’ Workshop

30 October — 1 November 2012
UCAR Center Green Campus, CG-1

Tropical tropopause variability observed in GPS data and

14:30:14:45 links with stratospheric water vapor William Randel.~NEAR
X X The Impacts of GPS Radio Occultation Data on the . B
THASEIS:00 Analysis and Prediction of Tropical Cyclones Bill Kuo ~UCAR/COSMIC
- - Probing a hurricane's eye with the GPS radio occultation Panagiotis Vergados — Jet
15:00-15:15 ; :
technique Propulsion Laboratory
15:15-15:30 Turbulence Locations and Intensities from Radio Lakshmi Kantha — University of
: . Occultation Soundings Colorado. Boulder
15:30-15:45 | Assimilation of GNSS Radio Occultation Data at GRAPES Yan Lm - Cluna Meteorological
Administration
Reconstructing the GPS Refractivity Profiles inside the i s
15:45-16:00 | Atmospheric Boundary Layer with MODIS Cloud-top- Bt Xae = Texas/Adch. Universily

temperature over Subtropical Eastern Oceans

— Corpus Christi

16:00-17:00

17:00-18:30

Student Poster Introductions (CG-1, Center and North Auditoriums)
(Chair: Zhen Janet Zeng — UCAR/COSMIC and Co-Chair: Pay-Liam Lin - NCU)

Poster Session and Reception (CG-1, South Auditorium and Lobby)

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

Calibration of Microwave Temperature in the Lower
Stratosphere from 2001 to 2010 using GPS RO Data

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
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Techniques and Technologies
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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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Inclusion of atmospheric profiles from GNSS radio
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GNSS for Global Earth Observation: The European
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Jens Wickert — GFZ Potsdam

Statistic analysis of the ionospheric topside scale height
based on COSMIC RO measurements

Xu Xu - UCAR/COSMIC

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
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GPS radio occultation measurements during PREDICT
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for Sea Salt Salinity (SSS) Corrections

Nicole Quindara — Purdue
University
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fields from NmF2 and hmF2 observations

Cheng Sheng — University of Texas
at Arlington

Yang-Yi Sun - CIRES-CU, NOAA-
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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)
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Kuo-Nung Eric Wang — Purdue
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Session 4:
8:30-12:00

RO Applications for Meteorology/Weather Forecast (CG1, Center Auditorium)
(Chair: Ching-Yuang Huang - NCU and Co-chair: Anthony Reale - NOAA/STAR)

Improvement of Rainfall Ensemble Forecast of Typhoon

Session 6:
13:15-17:00

RO Applications for Climate (CG-1, Center Auditorium)

8:30-8:45 Morakot (2009) from Assimilation of GPS RO Refractivity | Xingqin Fang - UCAR/COSMIC
Data
’ ; Assimilation of GPS RO Data for Tropical Cyclone B
8:45-9:00 Prediction with HWRF Chunhua Zhou - NCAR
9:00-9:15 Relative impact of GPSRO observation on forecast error Thomas Auligne - NCAR
9:15-9:30 Impacts of GNSS RO Observations on Prediction of Ching-Yuang Huang — National
’ ’ Typhoon Morakot: An OSSE Study for COSMIC-2 Central University
i y The Impact of Data Assimilation on the Simulation of Pay-Liam Lin — National Central
9:30-9:45 A ; i
Typhoon Approaching Taiwan University
SRS Recent Improvements to WRF/DART Ensemble p—
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 :
10:30-10:45 | temperature profiles on Polar WRF simulations of West krancls Ql‘lcnf’ BERCThe Ohio
o State University
Antarctic cyclones
Impact of GPS radio occultation data on the analysis and
10:45-11:00 | prediction of an intense synoptic-scale storm over the Shu-Ya Chen — UCAR/COSMIC
Southern Ocean near the Antarctic Peninsula
Further Explorations of the Meteorological Value of Radio Jossn Matia ABATiCio.—
11:00-11:15 | Occultation Data: The Strength of the Constraints to the ._p pa
; ; : 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.
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Session 5:
8:30-12:00

RO Data Processing (CG-1, North Auditorium)

(Chair: Chi Ao - JPL and Co-chair: Estel Cardellach - ICE-CSIC/IEEC)

An Analysis of the Short-Term Stability of GNSS Satellite

Erin Griggs — University of

8:30:845 Clocks Colorado
Processing and application of GPS radio occultation data at
8:45-9:00 GFZ: recent results from GRACE-A, MetOp-A, TerraSAR- | Florian Zus — GFZ Potsdam
X and TanDEM-X
9 3 EUMETSAT Radio Occultation Observation With Metop- i g
9:00-9:15 A and Metop-B in Orbit Axel von Engeln - EUMETSAT
5 ; : 2 4 y Hans Gleisner — Danish
Q- Q- o 3
9:15-9:30 Simplified generation of radio occultation climatologies Meteorological Institute
9:30-9:45 Measun::ment noise and how to deal with it in data Tac-Kwon Wee — UCAR/COSMIC
processing
. . Systematic Residual Ionospheric Errors in Radio i )
9:45-10:00 Occultation Data and a Potential Way to Minimize them S o
i X On the Resolution and Noise Characteristics of GPS Radio .
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
12:00-13:15 Lunch (CG-1)

Session 7:
13:15-17:00

13:15-13:30

13:30-13:45

RO Data Applications for Ionosphere (CG-1, North Auditorium)
(Chair: Paul Straus — The Aerospace Corporation and Co-chair: Geoff Crowley — ASTRA)

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
GIRO
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
16:15-16:30 | during solar minimum using radio occultation Brett Carter — RMIT University
measurements
16:30-17:00 Session 7 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 Three: Thursday, 1 November 2012

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

Wrap up Discussions (CG-1, Center and North Auditoriums)
(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.

References
Ho, 5., X. Zhou, Y-H. Kuo, D, Hunt, and J.-H, Wang (2010}, Global evaluation of radiosonde water vagor systematic biases using GPS radio
and ECMWF analysis, A 13201330, doi:10.3390/RS2051320.
Wick, G. A, Y.-H. Kuo, F. M. Ralph, K. Wee, and P. J. Neiman (2008), Intercomparison of integrated water vapor retrievals from SSM/I and
(COSMIC, Geophys. Res. Lett., 35, 121805, doi:10.1029/2008GL035126.
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Forecast Sensitivity of Typhoon to GPS RO Observations using WRF adjoint
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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
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= - — = - 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.
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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.
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Ho-Fang Tsai', Tiffany Ho?, Cheng-Yung Huangl, Jann-Yenq Liu**

'GPS Science and Application Research Center, National Central University, Taiwan.
*Taiwan Analysis Center for COSMIC (TACC), Central Weather Bureau, Taiwan.
*Institute of Space Science, National Central University, Taiwan.

*National Space Organization, Taiwan.

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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e Peer-review paper:

o Yang, S.-C., S.-Y. Chen, S.-H. Chen, C.-Y. Huang and C.-S. Chen, 2013:
Evaluating the impact of the COSMIC-RO bending angle data on predicting
the heavy precipitation episode on 16 June 2008 during SOWMEX-10P8. Mon.
Wea. Rev., submitted.

e Oral presentation in the international conference:

o Yang, S.-C., S.-Y. Chen, S.-H. Chen, C.-Y. Huang and C.-S. Chen, 2013:
Evaluating the impact of the COSMIC-RO bending angle data on predicting
the heavy precipitation episode on 16 June 2008 during SOWMEX-IOP8. 2013
93" American Meteorology Society Meeting, Austin, Texas
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In this work, we focus on using FORMOSAT-3/COSMIC (F3C) data to analyze

vertical thermal structures of the atmosphere below 40 km altitudes; and to
study the coupling mechanisms between the stratosphere and the troposphere.

2 kFL

3.1. Stratosphere-Troposphere Coupling Studies Using F3C

Sudden tropospheric cooling and induced stratospheric warming were found during the
22 July 2009 total solar eclipse. Can the 22 July 2009 hallmark also be seen in other
major solar eclipses? Here we hypothesize that the tropospheric cooling and the
stratospheric warming can be predicted to occur during a major solar eclipse event.
In this work we use the FORMOSAT-3/COSMIC (F3C) Global Positioning System
(GPS) radio occultation (RO) data to construct eclipse-time temperature profiles before,

during, and after the passages of major solar eclipses for the years 2006-2010. We use



four times a day of meteorological analysis from the European Centre for Medium
Range Weather Forecast (ECMWEF) global meteorological analysis to construct
non-eclipse effect temperature profiles for the same eclipse passages. The eclipse effects
were calculated based on the difference between F3C and ECMWEF profiles. A total
of five eclipse cases and thirteen non-eclipse cases were analyzed and compared. \We
found that eclipses cause direct thermal cooling in the troposphere and indirect dynamic

warming in the stratosphere.  These results are statistically significant.  Our results

show -0.6 to -1.2 °C cooling in the troposphere and 0.4 to 1.3 °C warming in the
middle to lower stratosphere during the eclipses. This characteristic
stratosphere-troposphere coupling in temperature profiles represent a distinctive

atmospheric responses to the solar eclipses.

Major solar eclipses such as total solar eclipse and annular solar eclipse arise from
direct block out of incoming solar radiation by the moon to the atmosphere [Zirker,
1980; Lindsey et al., 1992; Pasachoff, 2009].  This sudden drop in the incoming solar
radiation causes the cooling of the surface and higher up, resulting in the changes of
atmospheric temperatures. These temperature variations drive changes in pressures and
winds [Ballard et al., 1969; Anderson et al., 1972, Founda et al., 2007; Gerasopoulos et
al., 2007; Kameda et al., 2009; Wang and Liu, 2010], and induces vertically
propagating gravity waves [e.g., Chimonas, 1970; Chimonas and Hines, 1971; Seykora
et al., 1985; Zerefos et al., 2007]. Solar eclipse also changes the ionosphere total
electron density [Le et al., 2009]. Treumann et al. [2008] described the physics of
electric discharges in the atmospheric gases, and average altitude profiles of
temperature and mass density from the surface to 150-km altitude.

Though the troposphere and the stratosphere are regarded as a coupled system

[Holton et al., 1995], the effects of the eclipse on this coupled system is not well
known, due to the lack of observational data from the troposphere to the stratosphere
when the lunar shadows move through the atmosphere.

Wang and Liu [2010] used F3C data to study the atmospheric effect of the 22 July
2010 total solar eclipse. They found a significant cooling through the troposphere
and a distinctive warming in the lower stratosphere. This sudden tropospheric
cooling and stratospheric warming appeared as a hallmark in the coupled



stratosphere-troposphere system during the 22 July 2009 total solar eclipse. Can the
22 July 2009 hallmark also be seen in other major solar eclipses? Here we
hypothesize that the tropospheric cooling and the stratospheric warming can be
predicted to occur during a major solar eclipse event. The motivation for this study
is to use F3C GPS RO data, together with the daily ECMWF global meteorological
analysis, to demonstrate that the tropospheric cooling and stratospheric warming

feature is indeed a hallmark during a major solar eclipse.

The results of this work has been published as a chapter in a book entitled “Dynamic
Coupling Between Earth’s Atmosphere and Plasma Environments”, Springer, 2013.

Following is a photo figure of this book.
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3.2. Vertical Temperature Profiles Variability in the Lower Troposphere

Long-range transport of the Saharan dust plumes is a pronounced feature
occurring during May-September of each year over the tropical North Atlantic
atmosphere [Dunion and Veldon, 2004]. Hence, the impacts of these transporting
Saharan dust plumes and

its associated Saharan air are of great importance for weather predictions [Pratt and



Evans, 2009] and climate assessments [Mahowald and Luo, 2003].

Previous studies have shown that Saharan dust plumes exert influences over the
tropical North Atlantic atmosphere by changing vertical wind shear [Dunion and
Veldon,

2004], vertical thermodynamic stability [Dunion and Veldon, 2004; Wong and

Dessler,

2005; Dunion and Marron, 2008; Jury and Santiago, 2010], water vapor content [Dunion
and Marron, 2008], and sea surface temperatures [Evan et al., 2009]. These results were
mostly derived based on limited radiosondes launched from fixed islands [Dunion and
Marron, 2008] and ships [Nalli et al., 2005], and aircraft sampling [Calson and Prospero,
1972; McConnell et al., 2008]. Most of the observations were made around the
western boundary (80°W — 60°W) and the eastern boundary (~ 20°W) of the
tropical North Atlantic atmosphere [Sun et al., 2009].

As such, detailed observations for the long-range transport Saharan dust plumes

in the longitudes between 20°W, where dust plumes leave the Sahara Desert and enter

the North Atlantic atmosphere, and 60°W, where dust plumes have traveled over the

40 degrees in longitudes and are about to enter the North Western Atlantic regions,
remain elusive. Currently, only satellite observations are able to provide high
density measurements over the vast open ocean regions.

The benefits of using satellite data over the tropical North Atlantic
atmosphere, that were not available in previous works, have been shown recently.
Wu et al. [2006] and Sun et al.  [2009] showed that the assimilation of the Aqua
AIRS satellite data

during the Saharan dust outbreaks enables the models to make more realistic predictions

of hurricane tracks than the predictions without the usage of the Aqua AIRS data.

3.3. Comparison of F3C Data With Radiosondes

1) Following is a table (Table 1) showing the warm years (red colored) and



cold years (blue colored) since 2006 until present. This table is an extract
from a report by US Climate Prediction Center. In this work, we use F3C
data to understand the atmospheric responses in the vertical during these

very different years.



|Year| DIF | 3FM |FMA[MAM| AM3I | M33 | 33A [ 3As |AsOo|sON]OND| ND3 |

2006/-0.9]1-0.7]-0.5) 0316 | 313 | 314 ] 315 | 316 | 0.5]10.8]1.0] 1.0
2007] 0.7 | 316 J 0314 J 0315 ) 0316 J 0316031 |-0.6]-0.9]-1.1]1-1.2]-1.4
2008]|-1.5]-1.5]-1.2]1-0.9|-0.7]-0.5] 0316 | 0315 ] 0324 J 0315 ] 0317 | 03 1:
2009] 031< J031; Jo319}jo0315) 314 | 317 }0.5]0.6]0.7]1.0]1.4] 1.6
2010/ 1.6 1 1.4 1.1]1 0.7 | 315 J03156]-0.8]-1.2]-1.4]-1.5]-1.5]-1.5

2011|-1.4]1-1.3]-1.0}-0.7| 0317 J 0315 J 0315 | 0315 | -0.6]-0.8]-1.0]-1.0
2012|-0.9]1-0.7]-0.5] 0316

Table 1.

Most of the previous works on the analysis of the past ENSO events generally
employed the use of the meteorological reanalysis data. For example, data
taken from NCEP, UKMO, ECMWEF, etc, are frequently used to derive
understanding of ENSO events.

However, as Figure 1 shows that direct measurements of vertical temperature
profiles from radiosondes in the stratosphere is rare. In a sharp contrast, direct

profile temperature measurements in the upper troposphere contain more data
than those shown in the stratosphere (Figure 2).
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Figure 1. Availability of direct profile of temperature measurements in the
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range between 35 and 40 km from radiosondes (red crosses) and F3C

profiles (blue circles) for January 2012.
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Figure 2. Availability of direct profile of temperature measurements in the
altitude range between 5 and 10 km from radiosondes (red crosses) and F3C

profiles (blue circles) for January 2012.

We have continued working on this line of analysis, to understand the accuracy
of the F3C data when compared with the radiosondes in the different layers of

the atmosphere and different regions of the world.

Currently, we have obtained detailed radiosonde data for the period from Apr
2006, when the F3C was launched, to July 2012. We have also created gridded
RO data based on F3C data and all F3C post-processed profiles. Based on this
rich data set, we expect to work out spatial and temporal accuracy analysis for

11



the F3C data since Apr 2006.

2) Other works are ongoing (please refer to the table shown in section 5.

A 13

We have continuously worked on the use of F3C data to elucidate the working
of the atmosphere from surface ocean/land, through troposphere and to the
stratosphere. We intend to produce good results following these works, which

can be useful for understanding the coupling processes in the atmosphere.

eale et al. [2009] reported positive impact of assimilating AIRS in forecasting tropical
cyclones.  Wang [2010] combined profiles of temperature measurements from F3C with
aerosol index (Al) data from OMI to show that profiles of temperature response to the
Saharan dust outbreaks exhibit pronounced warming of the atmosphere at altitudes
below 5 km, with the maximum warming of 3-5 K occuring around 2-3 km altitudes.
It is very encouraging to see that the enhanced spatial coverage of the Aqua

AIRS and the F3C Global Positioning System (GPS) radio occultation (RO) data over the
tropical North Atlantic atmosphere provide more detailed observations of the transporting

dust plumes than were previously available from the conventional data [Wong et al., 2009;
Huang et al., 2010]. These additional data were able to improve predictions of hurricane
tracks.  In this work we use the F3C GPS RO data to reveal temperature variations of the
transporting dust plumes.  We compare F3C with Aqua AIRS observations. We also
compare and contrast these satellite observations with meteorological analyses from the
National Centers for Environmental Predictions (NCEP), the United Kingdom Met Office
(UKMO), and the European Centre for Medium Range Weather Forecast (ECMWF), in the
days with and without Saharan dust outbreaks. These comparisons highlight the importance
of the changing temperature structures associated with the long-range transport Sahara dust
plumes which are not often seen by the meteorological analyses (as shown here) but

prominently feature from the F3C and the AIRS observations.
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2008 /8/15/4 UT, f= 6.50 MHz, Azi = 180.0, Ele = 45.0, d Ele = 5.0
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20117 4/23/4.50 UT, f= 21.15 MHz, Azi= 190.5, Ele = 20.2, HPA= 0.0
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BAT BREGAZ T 09 By NS0 SL3 B 4o F ¢

# ¥ % % : LINUX Ubuntu
TIE-GCM #£ A Bk A& © TIE-GCM 1.92

— > AEAEE
#4148 4T TIE-GCM zﬂﬂbf‘ﬁ%ﬁa@i F A A RBATEAB AT B o 4o ¢
& TIE-GCM # R 42 X 45 > & HKAVFE X BH TIE-GCM # R, o9 58 ~

I AE 5w B 69 GPI Bk ~ #3234 F3/C ionPhs #% % 89 B4 A ASCIT #4 X, 2L &
HWFRELRALY FIC BT - BT B EIITH > RMBPAEH —E R
B2 BATRECSEHMNE -

1. 5% TIE-GCM B X 89 R+ 7% qrj.F° A4t sfminl6_37 #H X8 F X »
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EEEAFABEUV E 16 ZF 37T BAEARYLHMAE - SEHF X0 TF
a. MELBR Y4 qriF #% » f£ init_qrj 8482 X4804721%% » MwE & £ 16 37
S o T AT

subroutine init_qrj

integer :: m,n
real ::f_16_37 1& 3% Jo pb AT

b. 384517 I An AT R XA Gl F 23 ho ey 347 ) -
| 1.27e+00, 2.04e+00, 4.11e+00, 5.70e+01, 1.78e+01,
| 2.03e+01, 8.79¢+01/)

! cmq modify 2011-01-27
open(unit=17 * file="sfminl6_37")
read(17 » *) f_16_37
close(17)
do n=16 °® Ilmax
sfmin(n)=sfmin(n)*f_16_37
enddo

! end modify

!

! transfer units of cross section to cm”2

b AT KX 69 BT » 424 sfminl6_37 4 F © P T AE K5 EUV #

16 £ % 37 & B uy S HAEER -

. 5% TIE-GCM # X 89 &R ¥ 7% oplus.F° LA &4 oplus_phi # X & F X
FERX T LSRBAZ N ARG EEARE - BEAFT AT
a. ¥ 888 /T 1% » Hhu A T A2 A G0 F) !

real :: fen(lonO:lonl) ! was tb

real :: phid_123

real :: phin_123

real :: phid_fact

real :: phin_fact

open(unit=64319,file="oplus_phi')
read(64319,*) phid_fact
read(64319,*) phin_fact
close(64319)

phid_123=phid*phid_fact
13



phin_123=phin*phin_fact

b. X% £F NLATHERE T RTEABERRF HIERIy) -
endif
fed(i) = phid_123*a(i)
fen(i) = phin_123*a(i)
if (chi(i,lat)-0.5*pi >= 0.) then
s EPUTHE R BT > 824 oplus_phi  EBP T # TR R o2
% > oplus_phi ENFE—TABRMAERERER  ZF_TARMEHR

. B8 TIE-GCM # X & R %4 % util.F :

ZAE ¥ % %4 LINUX Ubuntu * B4 2 TIE-GCM 1.92 &) R %5 #5 util.F » BA%E %
EYTER TR o 15 ELIE 894 £ 17 A util-ubuntu-linux F > 582 H X 5 %
utilF #% £ P9 % 291 ~ 318 ~ 341 ~ 359 ~ 395 ~ 412 #u 445 47 ¥ * K& F & LINUX
LA N B FH linux > flde @ 4§ F 201 4T © #elif LINUX 2% #elif linux °
B AT &A1 4E A 89 TIE-GCM $hAT45 B % % tiegcm1-92-qrj_cmq-sfmin2

. 4T TIE-GCM # X > I i & GPI /743 2 F10.7 ~ 81 B & F10.7 34 -
Cross-tail potential ## Hemispheric Power £ # i :
a. A input 2 #AE o XM X namelist input 4§ £ ¥ ¢
START=079°0°0
STOP= 079°0°3
45 24% M GPl E#H4E £ (GPLNCFILE 4-#) > @ A~{&A CTPOTEN -
HPOWER ° F1074w F107A %3 -
b. #ft sfminl6_374% & > $AT TIE-GCM £ R -
Jtiegem1-92-qrj_cmg-sfmin2 <get_gpiinp >write06.dat
get_gpiinp & & input %248 & 1 89 write06.dat 4% £ W B 54 & GPI Fi4F
Z F10.7 (F107) ~ 81 B #9 F10.7 “F34(F107A) ~ Cross-tail potential (CTPOTEN)
#v Hemispheric Power (HPOWER) % 2~ # {8 -
c. #E write06.dat % write06_pre-processO.dat > B % AE LI E R 5
write06.dat °

. 47 nc_write_process_tec Fortran 22X A4 nc_process-ut_time
259148 M 69 input X F4E °
a. BEIX—BL A preinputl Y X FA4% 0 AR BZ 4T :

2008-080_081 AR F 808
24 ECHOBFE AL » BE24/ BT

b. # % pre-inputl % input’ 3 4T nc_write_process_tec Fortran #2 R, ° #y A\ :

cp pre-inputl input
14



N

J/nc_write_process_tec <input
c. MATRMR > TAEBST & &4 — 184 % nc_process-ut_time 89 B BiL2
script * AR Z B R AE B STF 4 0 4v  nc_2008-080_081-00_00--- % o

2 22 ok hidb A
B v

# X
a. f£ionPhs #6E B4k T > EIX— ML A files X FH > HENEE—ITAB
8% T ionPhs 8948 RE# > F — 4T UL A ionPhs I £ 5%k « ik T ¢
AT count-files Fortran #2 5\, » #i\ : /count-files
iz X Y F4E 0 8N ¢ rm files-temp
WANTE o PP — AL A files 89X FAE © LN 24 B 4T 49 ionPhs %
ESCE 3R
b. 34T calib-cosmic-to-cor_cz Fortran #2 &, * #4T & 45 Efv s .
B\ /calib-cosmic-to-cor_cz
PATZ RO AEH C ARE =R GPS A B BB AN ~.cor #% -
o B2 R e L1 ~ L2498 £ £ 4818 =95 X excess phase B HHEF~.cz
1% -

. #F R FIEH TIE-GCM £ KX & F3C & ¥
a. AT TIE-GCM A X, > 5% B Y %‘%& ;l‘ K RE > BEEAF R 10 4 ey R

BAF o B BRAT R B ST XL AF 6948 T 8 B A o 48 Bl 89 namelist input
2K

HIST=  0°0°10 € #HF&RI0ON4EEEFH -
OUTPUT="2008-080_081-st_00.nc" * 'to'

'2008-080_081-st_08nc' > 'by' * 'I' &HEEHLERFAHIEREE -
MXHIST_PRIM = 18 & #tr4s £ &k % 77 A\ 1818 05 ) 25 B RGN 8)

b. #A sfminl6_37 % > AT TIE-GCM # K » do iy A
Jtiegem1-92-qrj_cmqg-sfmin2 <search_F3C_data.inp >write06.dat
search_F3C_data.inp & X input %4 -

c. #MAT nc_process-ut_time B EHibf2 5 > #AES B ¢
® ¥ % nc_process-ut_time &4 R 0 doBy N :

chmod 777 nc_process-ut_time
0 HHEFTAMBH=ZF~cor i~z HEZBAHIAFB k-
® FIBETZIRMMEET K RFIA

Is *.cz >files

Jcount-files

rm files-temp

I Z AR files XFAE > HNEBP A RM IR REBATI K -
© THBHNTEALTH a de TIEGCM B F & 4 °

2008-080_081-st_00.nc % 4% % o
15



e T 1 B % T % A % ¥ % A& # nc_write_ hist
calib-cosmictotie-abv10km_altmax-10min 18 Fortran #2 =, °
® T BT FEH nc_2008080_081-00_00 % # £ » B & L A
nc_write_hist Fortran #2 R, 89 83 A4E ©
® # v — {8 &% % altminmax # X FH E > H & #H F A
calib-cosmictotie-abv10km_altmax-10min Fortran #2 =, > £ A 24 F :
100. 150. 30.
Hop o AT EERE B & EHEE (km) 2R3 FLHEE 2
Ty~ R o HZEE%RE LEO 1 GPS TR B4 b BAkwy &
ek B (km)° B & ZEMEE R AR S ZFL TIE-GCM # X 6948
£ BIRA T EHENRE =R B BEE R TEC @ s TRk
89 B 4w K B 2 30 km SAGR D HH B ey pE R o
® 34T nc_process-ut_time £2 5 * #\ ¢ /nc_process-ut_time
b #2 F AT nc_write_hist ¥ calib-cosmictotie-abv10km_altmax-10min
Fortran 2 X » 3t B B8t B4 EFH MM E » LA & TIEGCM
#E A AR 0 $ R4 £ TEC °
® FFR TIE-GCM #9444 B % £ ~alt-min_max X F45 XA H ¥ ah
PR -BE BEIZFAANLMIBA fort-~17 B~ 16 E > 5 7l
oM A fort 17 fort. 164 &> BBIRE LI L HEA fort- 094 & -
RABN
rm 2007-079_080-st_*.nc
rm alt-min_max
rm fort.17
rm fort.16
cat fort-*.17 >fort.17
cat fort-*.16 >fort.16
rm fort-*.17
rm fort-*.16
d. 4T find_cosmic_data_assimilation Fortran #2 X, » F 3k 3L 22 3 b7 25 64 F- 34
GEMAETHNMAY —REXHEI & RO ERARFILR
TIE-GCM #£ R,  #AF 5 B
®© # x — B % A preinput2 & X F ¥ £ > 1 &

find_cosmic_data_assimilation Fortran #2 R4 input # % - E N 2
5] -
30. -30. 7. 17.

Rty 4 BE R RTEERB ISR (N R (N)-
& B R S0 B ey A 46 B R (hr) fu s REFR] (hr) e A # pre-input2
A input’ B B A4 find_cosmic_data_assimilation Fortran #2 X &9 4%
£ % input °

® EyA
16



cp pre-input2 input

J/find_cosmic_data_assimilation <input

W input 4% EFo a9 YA B TAF BT 0 files R (PTA
WEWI k) A filestotal © H A H I b 2 A A&
files_assimilation.17 #4177 % files T 14 # 2 files_assimilation.17 #% %
AN

rm input

rm fort.18

rm fort.17

cp files files-total

cp files_assimilation.17 files

rm files_assimilation.17

18 files #5 E B 5 A SR EIAER TIE-GCM 42 R 6948 488 Ffu 5] %k -

17
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y HEZHEMESLH
PATRAEIE S B34 F A A A assimilation-process1Fv process-copy?2 i 1Bl
#2 - assimilation-process1#2 & & A R st & R F) 2 245 B T &9 cost function °
process-copy2f2 F- Rl A R B H T2 £ LA RMIRErec 8 288zt 8

cost function °

. assimilation-processl1#2
assimilation-process1#2 57 5 & = B3 23 AFE F 9 N 2 F &~ 0 3
B LIRS F &R ¢

a. AKX 2B AT TIE-GCM T8k 8 3 ¢
chmod -R 777 .
cp sfmin16_37-1.09 sfminl6_37 ERAEEUV $16% $37E K Buy 4
HAEE o

cp oplus_d1.0_n1.0 oplus_phi CRE g R AR A R S R ey
THREHE -
Jtiegecm1-92-qrj_cmq-sfmin2 <tiegcm1-92-1-2008-080-0.inp

>write06.dat
R T R GSWM Bk 241 7% Hough mode %% - 4854 2 ER
THZBWBEEEREEFRENH > 74— 18 Primary history ¥ 4 4% ©
Jtiegecm1-92-qrj_cmq-sfmin2 <tiegcm1-92-2-2008-080-0.inp
>write06.dat
CRETHER GSWM EHR#79 Hough mode £#t o LA3% B 4948 fE
Primary history #% £/ AR B EFRE A RFIE Bt — B TR E
FRESA » 25 ROEAEE U FER T o TR A 8P HiTa
A8 F]) e
rm sfminl6_37 CHBRAEEZ EUV 2 HETAH -

b. #1A TIE-GCM ¥ i 09 T8k % T FR B A - B 43% B FORMOSAT-3#,]
Z 4 2 TEC » & A& R 2 TEC M#E %
cp alt-min_max-250_450-05 alt-min_max < #24 alt-min_max #J X
F 4% % B & # 3 A\ calib-cosmictotie-abv10km_altmax-10min Fortran #2 &,
alt-min_max # £ ¥ % =M8@ %4 LEO #1 GPS #1 Z A4 b » BAka) 4
KB (km) > #H% % A5 km UAF#E 3T B4 £ TEC -
./nc_process-ut_time CiEATHRE TEC B4t o # H 89 ~ tec
1 E LR 3ATR A HE F3/C BRI 2 A% X 2 TEC ° #i th 89 ~ abvtec 1 %
RAIRFEG -
rm files_flag B A o
/files_cosmic_tec-write <initial_tec <initial_tec 1% % M

RATEF T 0 4 xxxxxxx ° AT 7% files_cosmic_tec-write 1% € & & — 18
18



files_tec #25 °

chmod 777 files_tec &P B IR o

[files_tec AT files_tec 25 > LA H ~ tec 4%
£ A~ xxxxxxx.tec (HRIFAT4 8 initial_tec P %) °

rm files_tec CUT A Rfn FEIEE

rm fort.17

rm fort.16

cat fort-*.17 >TIDE-assimilation-fort.17
rm fort-*.17
cat fort-*.16 >TIDE-assimilation-fort.16

rm fort-*.16

3 H 431 T 89 cost function

./getapha_general < initial_tec < getapha_general Fortran
#2 X 3t & alt-min_max 4§ £ 42 AT21EMA % % & $& E R 89 OTEC cost function °
F 4 initial_tec AEIE B4 e9#E £ o

cp Jcost.dat Jcost-general.dat &Jcost-general.dat W & OTEC
cost function 1& °

rm Jcost.dat

cp getapha_diff getapha_diff-general & getapha_diff-general K
#5148 path Z A X g1l e9 4 2 TEC £ -

rm getapha_diff

./getapha_peakheight_scale < initial_tec <
getapha_peakheight_scale Fortran # X 3t B A€ a9% 2 F 4 > £ OTEC &
KA B K cost function ° $24 initial_tec SAGEHRAE BIE 948 £ -

cp Jcost.dat Jcost-peakheight.dat & Jcost-peakheight.dat WA
ARG 0 ik o A R R A Fe mAE 1% 69 OTEC & K1 % & cost function
18 -

rm Jcost.dat

cp getapha_diff getapha_diff-peakheight <
getapha_diff-peakheight M 2% %4 2 F 424 X 1 Rl6y) OTEC K A&
rm getapha_diff CUAT HBRIEE -

rm *2007.tec

rm -f 2008-080_081-st_*.nc

rm *.cor *.cz *.geo

19



2. process-copy2# A
process-copy2#2 5 Al R A BAE ERF > RN BT !

cp ~/1/tiegcm1-92-1-2008-080-0.inp . CHEABTE SR -

cp ~/1/tiegcm1-92-2-2008-080-0.inp . CHEABAT— B S84 -
cp ~/1/sfmin16_37-1.80 . €EUV £-#4% -

cp ~/1/oplus_d1.0_nl.0 . CaMERMeEE SR E S
1%

cp ~/1/initial_tec . CRARBEMENTFAX
FAE -

cp ~/1/alt-min_max-250_450-05 . WT B B Bk B R R 2 A
cp ~/1/nc_process-ut_time . B X 2 TEC 242
Pf- °

cp ~/1/files . CHREAEN B X e @ = RA% £
I

cp ~/1/nc_2008-080_081-* . &nc_write_hist Fortran #2 5\, Z #j A
1% °

cp ~/DA/exe/tiegcm1-92-qrj_cmgq-sfmin2 . € TIE-GCM # X 3 4THE -
cp ~/DA/exe/files_cosmic_tec-write . T A% Y fortran
A e

cp ~/DA/exe/nc_write_hist .

cp ~/DA/exe/calib-cosmictotie-abv10km_altmax-10min .

cp ~/DA/exe/getapha_general .

cp ~/DA/exe/getapha_peakheight_scale .

cp ~/DA/cor_cz/2008.080/*.cor . AR =9k ~ cor B AHHE o
cp ~/DA/cor_cz/2008.080/*.cz . AR = ~.cz BAHAE °

Hb o ~/1/B#A  AHFE—ELIHUEF > F—REZLHOEH L - 5—
K FEd~/1/BHARP BRI TFB sk ARG R IO SHME
BP 5] LA AT assimilation-process1#2 5 * 3+ E 2 #AE A T & cost function ° &
P9 LA 6 77 TR AE 8K 8 cost function @34 F 548 0 RAFREILZ S HME -
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i CDAACH AT it 42> Mg

FEFEA - fAFE o o2 g4 dhmetadata R ESF 0 R
Yk FORAZR e & T2 - o CDAAC 485% & LEOPOD #2542, (5 » < § 2 ¢
YhFoFARR T o225 E 24 (occTab) »ikm AL X FHE P
(atmospheric occultation objects: atmObj) - 1 2 T 3t & 45 % 4 i* (ionspheric
occulation objects: ionObj) > & Wk~ § 2 T HK F FALRE € * o

?%%ﬁ&%ﬁﬂﬁﬁpmHﬂbﬂﬁéiéﬁﬁﬁﬁ%%ﬁﬁﬁﬁﬁﬁ’
TR TR LR VL RBFEAEFT > GER/EFFERALT VA
w30 fenge ik 5w 30 fpnt R ERE R BB AR -FEEE ST EA LT
AR L7 - perl PP (R |- AR ALS A A brh i 4T ) o
Pl s FETHAR EE B o1 iTE 4395 podGps @ * £_opnGps -
createlonOccObjs.pl: 1 & j&_occTab » » &FE N FEHF 2 PR A E T E o M
b A BB BRI B B BLRIPERY R KT S foT S5 5 > @ B2 GOX
T MfeE i (leoAtt) Ridz o PRI 5 - A28 %5 - B perl # 3= & B )
% > ¥ ionObj -

R FEZFELL AP SRR A FRHELANNAS D MR TR

AR R BELR] TR 2 opnGps A & P s R IR E o 2 i e TR0 - 4
BTG R TG RE TR AR S PRRTAE £ o B2 PR 4
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Home .
5.0 - Ionosphen’c ocﬁc. p‘rocess

brnFil brnPol
F-3.9igsOrb I l
F-3.11
gpsPod

F-3.10 codOrb
* F-5.4

F-3.1 55 corDch

iguOrb r 5.4
\ atec.pl F-5.11
F55 codDch
mulCal

51 F-4.8
createlonOccObjs*.out PodGps
* F51 ‘

F-4.22

52 i i
comClr lon oD

F-3.14

1 [54
atec*.out
* F-4.19 F-5.7
54 podObs odTec
F-4.10
leoAtt
comClk -
e F-5.6
3 F-4.21
N * F-52 leoDcb
F-2,1_(|) ( 572 53 jonPhs IE00ID —
brnFi \processOcc50PN.p)
F-4.8 \ 53 55 ) =
podGps gmrion*.out makeLeoch_p brnFil

. ( *
processOcc50PN*.out | ({ 5.3 makeLeoDcb*.out
gmrion.pl

F-5.11
F-5.8
iSond1
F-5.3 -
59 ionPrf

L-5.6
5.7
F-3.11 v
gpsPod 5.9 F513 ; 5.8 isond12db.pl
F-3.12 geniriPrf.pl iriPrf isondeStats.pl
F-3.13

updateTEC*.out
gpsClk
- L-5.7
brnPol h“_"d%’ﬁ
Bt ~ CDAAC ¥ 5.0 % 3tk 74l adLin 42 o

F-4.10

5.6
leoAtt updateTEC.pl

F-4.23
leoPod

F-4.25
leoClk

F-5.9

L-5.9 isonrp

geniriPrf*.out

RRE R

Both | TR

gpsPod | GPS #uiF F3uAh » GPS firk w2 J2000 & Hqrig &

File format: Bernese STD format

podGps 7z GPS-LEO frk B R 5 4p LBl € - 1§52~ > & opnGps
L GOX 4 o * 3t — X L 42K > 4 4% & LEO POD #24 > & &
LEO # % #uif -

File format: BINEX format Ox7f format

leoAtt LEO fFk X fi 8> 7 Wi X i ~#kc~ LEO 4 «H ECEF &1k
fri# & o * %y #4 LEO POD 424 f2 5 LEO $if ~ # 24 TIP 425 3+
ETIPHe v 259 attPlt Bk LEO % fith > 3%4h 5 GFZ
TEhiEh E RS

File format: txt

occTab CFERHBERFEL o FERAG HEFATETRT (B
) (one dump of data for one LEO)

File format: netCDF format
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doleoO This file is used to schedule calling of the leoOrb program which

computes LEO orbits (positions and velocities of a Low Earth Orbiter
with respect to time).

File format: Perl

o R AR L L T

I A

=

createlonOccObjs*.out

7e 45 createlonOccObjs.pl 3# » % &J2 (% % %)

ionObj

lonospheric occultation object file. Contains file names
of all data needed to process an ionospheric occultation

(excess phase + inversion).

4?*5,/5 A1 5 o,

createlonOccObjs*.out

$conld ="1"

@gpsPodfiles =

(‘/pub/cosmic/levellb/gpsPod/gpsPod_2010.305.00.00.2880_2010.2640_std");

@leoClkfiles =

(‘/pub/cosmic/levellb/leoClk/leoClk_2010.305.001.01_2010.2640_clk’);

$leold ='921";

@IleoPodfiles =

(‘/pub/cosmic/levellb/leoPod/leoPod_2010.305.001.01_2010.2640_std");
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@Irfiles
(/pub/cosmic/levella/podGps/2010.305/podGps_2010.305.001.01.01_bnx');
@mirfiles =(";

$occld =745,

$occPrn ='31"

$occtag ='C001.2010.305.22.35.G31";

$setting =1,

$startTime ='972685715";

$stopTime ='972686155";

A FE

1~ 5B % f2 0 occTab 22 doleoO Htp B 4% % A %) 2_% % occTabfile £2

doleoOfile

2.1 * PubFile 247 occTabfile, ¥ P~ {8 ¥t B e ;‘ 7 3 dumpid {= leoid.

3.7~ 18 occTabfile 5% » 3 (for creating ionObyj)

4.7 * PDF:NetCF B gz occTabfile, & B~ {7 #1 % 72 5] 4 $ s eh % i
(1)occ_id, early_occ,late_occ, occ_type, occ_sat,

ion_start_time,ion_stop_time,setting,occ_yr,occ_doy,occ_doy,occ_hr,occ_min.

5%—@?] * Bk % 2 9 occTab ¥ doleoO «4p B 4% % 4 %] 2 & 5 occTabfile &2

doleoOfile

6.i7¢ * PubFile 247 occTabfile, ¥ B~ {8 ¥t B 0™ ;ﬂ F 3 dumpid {- leoid.

7.2~ 8 occTabfile =4 * 7 2t (for creating ionObj)
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8.1t * PDF::NetCF ™ £z occTabfile, & B~ 17 #r 3 T2 Il Ap $ s e dic
(1)occ_id, early_occ,late_occ, occ_type, occ_sat,

ion_start_time,ion_stop_time,setting,occ_yr,occ_doy,occ_doy,occ_hr,occ_min.
9. Loop function

10.7¢ * PubFile B fx i ik % 70 18 3| (73 24~ 45 14 ionObj

(1)~ t¥ occtab(s)

(2)3p T A_SION_OCC = RION_OCC(setting)(s)

(3)2~ 1 = S ID: IrAntID f= mrAntID I 435 L = ™ §¢ 3¢ 3 22 podfiles, >~ {7 4p /&
e % (irfiles(s), mrfiles(s)

(4) R 17 enF 3 ~ ionObj.

Excess phase(#&3E4p i)

AR ol S F R E THRERFHA 2o LH S FHEH o
LAP-NCiE- R ?ﬂ%fé_ BB P F R ORARA A §RT R 20 THLKAZIAR 4T
TR AL B o d WU H T F RS R g Aoz o TR R

AR Lok A

CDAAC™ processOcC50PN.pl#z; 1 & iz & =~ § frR sk 2 QA= o v IF
ffrBemese f25¢J %k & o 7 0% 5 L Bemese f23¢ 2 ifBernese 425 it 7
B o #gBernese 423\ iR p 1% Bernese 423 0 2 5iECDAAC * B2 A k o
P W RIEAR S S RIIARS 0 Y- AT EARS B S FAREA S LR
XA TE DA A

AF @ o K250 Hz B4 ehGPS < § BBl 74 (opnGps) ~ X

F_&
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fLiEh £ i th(leoAtt ) iz £POD #2R #7112 GPS {rLEO #iif (gpsPod fr
leoPod) ~GPS Fé ik L E (FPFrcomClr; {4 &d2comClk) % LEO PF4k ik
41 (leoClk) » &~ FAFF = (atmPhs) o E{7- XL ehifit & - H

- MPLFELE PR Tk p - 3 Y PGPS fFE g s{e ¥ - REte Y g
4 GPS fFh it 5L o P B @ A2 Ap R R B ST M2 @ T AR AP LR
Bia- &4 PAPFLEC Pgkin £37 - 1 BB F RGPS BRIE ¥ ki - b
o SRS S FARARSER (- BRE R Y LRI E A Rap e ) E

# 3 & | [Schreiner et al., 2005] -

& TYK G 0 RILL §)5fk epodGps Bk opnGps  fie £ ¢ FALE K

$p4p = (ionPhs)

&
R
Ay

P-5.2 _|"

processOcc50PN.pl

F-2.10 —

W= ~ processOCC5OPN.plt 42 5% @ 7 &t Ay F° L 2 i A2 1] o

21



processOcc50PN.pl

L-5.2

F-2.10

Bl= ~ processOCCS5OPN.plpt 72 5% g2 + F & T2 IR AR

processOCCSOPN.pl @ 22 = 3k fr+ F 2 23540 4% o

RN AR BH A F Dk 2 AR o BB TR A

gl

d X E - AR XA A E S RGP adg - L

-

s

WA F R R A AL T A T %8 Z ' GENPHSS50PN #%5¢ o
Az Ve 5 CDAAC #7138 » fevd® 3 3 Bernese  #f Bernese #z;% 17 iz & 4z
FR 4P 7o %5 Bernese #%;% ehép & 4LRY| % 1 Bernese 4z;% - g% + ¥ CDAAC §

FIEB N2 p Bernese At o
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lib gw

strict.pm
warnings.pm .
PubFile.pm Smplet
Dplib.pm parent
RUNBPE.pm

protoMission

TimeClass.pm
GetVersion.pm

PDL.pm crd2abb
PDL::NetCDF createDirs
Tempdir.om B5session
’ Getopt::Long catleoAttFast
processOcc50PN.pl ’ BernTools.pm getStdDmp
B5setup
findCrx
igsSnx2sta
catcomClk
1 Jools.pm cachefid
| BJTools.pm e
1 Cwd.pm indPrevDump
{ Time::HiRes
{ English.pm updateFromFile
{ DBif.pm new
{ FileHandle.pm updateDB_badPrf

= ~ processOcc50PN.plyt 42.5¢ #7 ¢ 7 2 perlficie -

Wb | THRE

gpsPod GPS #uif 73t 4% » GPS fmk B o 2 J2000 & &frit A&

File format: Bernese STD format

leoAtt LEO 5 % it %8> 7 A X e ~ %k -~ LEO % 7 ECEF &
fri# B o * ki r4 LEOPOD #24 f2 5 LEO #uif ~ 24 TIP 425 3+
ETIP 4% 3 % > 259 attPlt B4% LEO % 4 > 3%4h 5 GFZ
s E A RS

File format; txt

gpsClk GPS P#4k i £ & > Bernese CLK #23% » B~p iguOrb

brnPol b #hi I+ %8k > Bernese ERP # ;¢

leoPod ML s fe 2 J2000 & fRfei# & - Bernese STD 5
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leoClk ML PR AL E

comClk ~ | 30 #/ B~ 2. GPS f#k% Prék i £ (&

comClr (FH 4 PP LA BRFRE FB-NERATTR - 2 F RS LR
R PR

opnGPS | 50 Hz P~ GPS = § BLip| 7 42
Atmospheric occultation data in a simple custom binary format. This
data file contains all high rate atmospheric data sent us by the GNSS
receiver on the LEO.

atmObj Atmospheric occultation object file. Contains file names of all data
needed to process an Atmospheric occultation (excess phase +
inversion).

brnFil 7 MnfEk 2 X R AL S By 0 Bernese STA 25¢ -

hAfeN Y Bk T mAp i S, (brnFil) ¢ > MLiEE 2 H E 2 R

’ft‘

e OCCaa; 2 ¥ X2 L 2Fm !t chPOD X & o

\\\Xr

FARLFE (6B E) B o fFEIMTIHERR

20 SATHAR R ATR B B2 T

B 0t

processOcc50PN *.out 245 processOCc50PN.pl 3 » 2 mJd? (4 15 4%)

atmPhs

AR

Fow o~ SARGRAR B RLIFRATE 2 g I AR T
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i

RS NN EA 5
X TR T D N B4
j%ﬁ, A A bl BT
FORLE v
Y- E LR B RBITOR ik 99.5% - 6days for 1years atmphs
TR R SHcE TRk stieqz|  100%  |profiles. 6sec/per RO
B
¢ & % = d R Langrange # B
# B0ne-D VAR & JRF & 43 100% IDVAR d 37533 B 0% f R4z 4R
0 = 2 v YA - N
ARNCRER B R) a5 %%%ﬁﬁ%ﬁiﬁi&;l&#ﬁ‘iéiﬁ
FEAp i+ 0 ¥oicd Fortran 425458 o
PTIE R LT R 2 o rT AR
I RESHE 2 &F 0 100%

B (QC) A5\
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o

#%2 7% 75 (processOcc50PN.pl)

#!/ops/tools/bin/perperl

#

## Copyright (c) 1995-2004 University Corporation for Atmospheric Research
## All rights reserved

#

my $pkgdoc = <<'EOD'; # Save package level doc
# %%

# @file processOcc50PN.pl

#

# This is the script which creates one excess phase file given an occ object.
# It takes an atmospheric/ionospheric occ object as input and creates an

# atmPhs/ionPhs excess phase file as output.

# It also updates the database with information from the excess phase file.
# This script works for OPEN LOOP data.

#

# @author Bill Schreiner
# @status

# @since 04/26/2005

# @version $URL:
svn://ursa.cosmic.ucar.edu/branches/cdaac_3.1/src/genXphase50PN/processOcc50PN.pl $ $ld:
processOcc50PN.pl 13792 2011-04-22 19:39:07Z vanhove $

# @cdaacTask no

# @usage processOcc50PN.pl [atm|ion]Obj_llI1.YYYY.DDD.HH.MM.GGG_SSSS.VVVV_pl
[mission] [--parmsfile=parms1_pl]
#@ [--(no)db] [--(no)clean] [--(no)test] [--menu] [--dbonly] [--lvs=108]

# @example processOcc50PN.pl atmObj_CHAM.2002.213.00.06.G09_0001.0002_pl
--parmsfile=processOcc5.parms1 --test

#@ Input is the name of an atmObj/ionObj file.

#@ By default, run script and clean out tmpdir. The mission can optionally be specified.
#@ If the mission is not specified, then the environment variable 'cdaac_mission' is
consulted

#@ instead. Itis a good idea to specify the mission, since perperl can get confused if
#@ multiple missions are running at the same time.

#@ If --nodb is specified, do not populate the database.

#@ If --dbonly is specified, only populate the database.

#@ If --noclean is specified, then don't clean out tmpdir.

#@ If --test is specified, then use the GPSUSER directory in the CVS area

#Q@ otherwise (default) use GPSUSER from /ops/tools/parms

#Q@ If --Ivs is set, then use specified antenna pcv's

#@ If --menu is specified, then do not run the Bernese programs,

#@ just set up the directory structure and call the MENU program

#@ this is used to edit the *.INP files for the program

#Q@ If --debug=pgm is set (eg --debug=GENPHS50PN) then run up until this

#Q@ program is to be called, but instead of calling it, output a file containing

#Q@ the full path to the input file for that program. This allows easy debugging
#Q@ of that program (provided it is compiled with -g, of course!).

# @log $log$

# */

EOD

$|++;

#/** @call perllib::BernTools.pm:catcomClk */
#/** @call perllib::BernTools.pm:findCrx */
#/** @call perllib::BernTools.pm:igsSnx2sta */
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#** @call perllib::Dplib.pm:protoMission */

#/** @call perllib::Tools.pm:cachefid */

#** @call perllib::BernTools.pm:B5setup */

#** @call perllib::BernTools.pm:getStdDmp */
#/** @call perllib::BernTools.pm:catlecAttFast */
#/** @call perllib::BernTools.pm:B5session */
#** @call perllib::BernTools.pm:createDirs */
#/** @call perllib::BernTools.pm:crd2abb */

#/** @call database::DBif.pm:updateDB_badPrf */
#/** @call database::DBif.pm:new */

#** @call perllib::Dplib.pm:parent */

#** @call perllib::Tools.pm:findPrevDump */
#/** @call database::DBif.pm:updateFromFile */
#** @call perllib::Dplib.pm:simplefn */

#/**{8 i 73 3% processOcc50PN.pl [atm|ion]Obj_lII1.YYYY.DDD.HH.MM.GGG_SSSS.VVVV_pl
[mission] [--parmsfile=parms1_pl][--(no)db] [--(no)clean] [--(no)test] [--menu] [--dbonly] [--Ilvs=108] */
#** atm: KRE ion SEE ¥/

#/** mission: EFRTE/

use lib qw(. /ops/tools/lib /ops/tools/bern5/BERN/BPE); # Add current directory to include path
use strict; # Uptight version of perl

use warnings;

use PubFile;

use Dplib;

use RUNBPE;

use TimeClass;

use GetVersion;

use PDL;

use PDL::NetCDF;

use Tempdir;

use Getopt::Long;

use BernTools;

use Tools;

use BJTools;

use Cwd;

use Time::HiRes qw(gettimeofday tv_interval);

use English;

use FileHandle;

STDOUT->autoflush(1); # Set pipes to immediate flush
STDERR->autoflush(1); # Set pipes to immediate flush

no warnings 'once'; # get rid of 'used only once' warnings for variables in obj:: and parms::
# MRREERAB L
if (@ARGV < 1) {

print $pkgdoc;

exit -1;

}

#
## Deal with command line options
# ¥ command line #3#1E, T ABEHER

my $parmsfile = 'processOcc5.parms1’; # default
my $lvs =" # use absolute pcv's

my $dbonly =0;

my $db =1; # populate database

my $clean =1; # clean out tmpdir
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my $test =0; #setto1 totest with GPSUSER from CVS directory. Set to 0 for production use
from /ops/tools/parms
my $menu =0; #setto 1torunthe menu program, useful in filling out *.INP files
my $debug ="; # set to the name of the Bernese FORTRAN program to debug
GetOptions ("parmsfile=s"  => \$parmsfile,
"db!" =>\$db,
"dbonly!" =>\$dbonly,
"clean!" =>\$clean,
"menu!"  =>\$menu,
"lvs=s" =>\$lvs,
"debug=s" =>\$debug,
"test!" =>\$test) || die "Cannot parse command line options!";

# Input file

# infile AWM AN BRIES, MRLEES mission, BIFEAREEEHHH mission EER
my $infile = shift;

my $mission = shift;

$ENV{cdaac_mission}=$mission if(defined($mission));

# Check mission
die "Please set environment variable: cdaac_mission to eg champ (or specify mission on the command
line)"

unless (defined($ENV{cdaac_mission}));

# ME mission RERELERE
do "/ops/tools/lib/DBif.pm"; # do this at run time to make sure mission is set correctly!

# netcdf object
# E&E ncobj ¥, 2E&EH
my ($ncobj);

#

## Extract some initial vars.

# {£F PubFile REMM DS, WHEMTEREAZHN (Sfiletype, $yr, $doy, $leoid, $hr, $min,
$occsat, $occtag, $leoname)

my $pub = PubFile->parse($infile);

my $inpath = $pub->fullpath;

die "Cannot find input file: $infile" unless (-e $inpath);

my ($filetype, $yr, $doy, $leoid, $hr, $min, $occsat, $occtag, $leoname) =
($pub->filetype, $pub->yr, $pub->doy, $pub->leoid, $pub->hr, $pub->min, $pub->occsat,
$pub->occtag, $pub->leoname);
my $leonum = $BernTools::satidmap{$leoname};
my $yr2d = sprintf("%02d", TimeClass::two_digit_year($yr));

print "Starting processOcc50PN for File = $infile\n";

# # gettimeofday E A t0 B8, R¥I1T script A
my $t0 = [gettimeofday];

# use prototype mission

# FIRFERR mission, uc & upper case, IEFREEKRE
$mission = $ENV{cdaac_mission};

my $missionuc = uc $mission;
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#protoMission : HEKREBEE REKERE , FIARE cosmicrt FEH REHKETE cosmic,
my $protomission = Dplib::protoMission($mission);

my $protomissionuc = uc $protomission;

# ARAENRELELCFRERZ.......( missionuc, protomissionuc)

## Read in occ obj

package obj;

do $inpath;

package main;

#

## Read in parms

# If the user has the OPSTOOLS environment variable set, use parms files from there.
# 1#E1E OPSTOOLS H %

my $parmsdir = $Dplib::parmsdir;

$parmsdir =~ s|/ops/tools|SENV{OPSTOOLS]}| if (exists(SENV{OPSTOOLS}));

# MBENRAEEE test (test mode) , BIEAET B &

# If the user runs in --test mode, use local parms file D. Hunt 1/12/2009
my $sredir = cwd();

$parmsdir = Dplib::parent($srcdir) if ($test);

die "Cannot find input parmsfile: $parmsfile” unless (-e "$parmsdir/genXphase50PN/$parmsfile”);
package parms;

# Use 'do’ instead of 'require' since this forces the parms file to be read every time.

# This is important when using perperl! D. Hunt 2010.1.11

do "$parmsdir/genXphase50PN/$parmsfile”;

package main;

#
## Set variable for processing with absolute/relative phase centers
# SREREEE, absolute/relative phase centers....(For Bernese)

my $satabsrel = $lvs ? "SATELLIT.${lvs}" : "SATELLIT.";
my $phafilerel = $lvs ? "${missionuc}.PHA.${lvs}" : "${missionuc}.PHA";

#

## Get subver, Output file

# ZBWHE file 8 type & atmPhs = ionPhs

my Soutfiletype = ($filetype =~ /atm/) ? "atmPhs" : "ionPhs";

# H GetVersion::GetVersion JRE# HHY sub version

my $subver = GetVersion::GetVersion (‘genXphase50PN', $parmsfile, $outfiletype, $infile);
my ($subType, $version) = split(/\./,$subver);

# BIBLL LB, A PubFile->new E4£ &5 outfile B9 PubFile #14F

my $outfile = PubFile->new (FILETYPE => $outfiletype, OCCTAG => $occtag, SUBVER =>
$subver)->fullpath;

# MNEAESE dbonly, BlEM UPDATEDB function( 48 Perl & %17 )
goto UPDATEDB if ($dbonly);

# Create temp directory
# B3 temp B#.
my $tmpdir;

# use eval to trap errors. close after execution.
# eval M AIEFEEMNFHRRA Perl ETHET, BHERADY

eval {

## Assemble LEO info
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my $prochist = '"GENPHS5 1.0 "

#

## Format times

# #Ita1L startObj, stopObj % 0,0

# WARIZ obj:setting, LA TimeClass #I#AMEXE startObj B2 stopObj

my ($startObj,$stopObj) = (0,0);

if ($obj::setting == 1) { # Setting
$startObj = TimeClass->new->set_gps($obj::startTime)->inc_sec_gps(-$parms::occOverTop);
$stopObj = TimeClass->new->set_gps($obj::stopTime)->inc_sec_gps($parms::occOverBot);

}else { # Rising
$startObj = TimeClass->new->set_gps($obj::startTime)->inc_sec_gps(-$parms::occOverBot);
$stopObj = TimeClass->new->set_gps($obj::stopTime)->inc_sec_gps($parms::occOverTop);

}

# Hif§ startGps E2 stopGps
my $startGps = $startObj->get_gps;
my $stopGps = $stopObj->get_gps;

# H startObj BUH start Year, start Day of Year, Hour, Minute, Second

my ($startYr, $startDoy, $hour, $minute, $second) = $startObj->get_yrdoyhms_gps;
# B startyear F start day of year SRif month R day ..

my ($month, $day) = TimeClass::find_date ($startYr, $startDoy);

# Rt BB BEH date BEERBH enddate
my $date = $startObj->get_yrdoy_gps;
my $enddate = $stopObj->get_yrdoy_gps;

# TEH dates [E%, ¥#E date, enddate, enddatep1 £ ZFHA L BEFI

my @dates = ($date);

my $enddatep1 = TimeClass->new->set_gps($stopGps)->inc_sec_gps(86400)->get_yrdoy_gps;
push @dates, $enddate unless ($enddate == $dates[0]);

push @dates, $enddatep1;

#

## Fiducial data overlap

# EH startGps B stopGps
$startGps += -$parms::fidOver+1;

if ($parms::proctype == 0) { # DOUBLE DIFF
$stopGps += $parms::fidOver-1;
}else {

$stopGps += $parms::fidOver;
}
## Call getStdDmp to get gpsPod files for processing
# 1R startGps B stopGps, f#f BernTools kR gpsPolfile, gpsClkfile, gpsPodfile it 2=\ £ F
my ($gpsPolfile, $gpsClkfile, $gpsPodfile) = BernTools::getStdDmp($startGps, $stopGps);

#

## Decide whether to process delta or double differences
# RE Delat & Double difference, AT B#IATERE...
my $fidtrpfile = ";

my S$fidtrptext = 1;

my %binexfiles = ();

my @scriptList = ();

my ($obsfil1,$obsfil2) = (","); # occ

my ($obsfil1r,$obsfil2r) = (","); # ref

my $occantid="00";

my $refantid="00";
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# EHES
my $scriptname = Dplib::simplefn($0);
if ($test) { #AIFE mode
my $foo = "$srcdiry TEMPDIR";
$tmpdir = \$foo;
mkdir $$tmpdir || die "Could not make TEMPDIR in " . cwd() . "\n";
Yelse {# I[EE mode
$tmpdir = Tempdir->new($scriptname);
$Tempdir::delete = 0 unless ($clean); # remove temp dir after run unless --noclean is specified

}
system "rm -rf $$tmpdir/*";  # start from scratchlJ&Bx temp B #%

# Double differences —)XZ= ({B1£ CDAAC HREH)
if ($parms::proctype == 0) { # DOUBLE DIFF

print "Double Difference Processing\n";

# Fiducial Data Ready
## Get fiducial trop file
# B startGPS, stopGps BFEAZ K fidTrp, I E{E—ER B filecahce.
my $filecache = Tools::cachefid("fidTrp", $startGps, $stopGps);
# # filecahce FTER SR YH4SIE which(($filecache->{START} <= $stopGps) &
($filecache->{END} >= $stopGps))
my @trpfiles = map { $filecache->{LIST}[$_]} list which(($filecache->{START} <= $stopGps) &
($filecache->{END} >= $stopGps));
unless (@trpfiles) {
my $tStartStamp = TimeClass->new->set_gps($startGps)->get_stamp_gps;
my $tStopStamp = TimeClass->new->set_gps($stopGps)->get_stamp_gps;
die "No fidTrp file found covering the time span from $tStartStamp to $tStopStamp";
}

$fidtrpfile = $trpfiles[$#trpfiles];
$fidtrptext = {"BERNTRP.TRP" => $fidtrpfile};
# 1R¥% mission, EXEHITH script
@scriptList = ($protomission eq 'gpsmet') ? qw(BXOBV3 GENPHS50PN) : qw(BXOBV3 CODSPP
GENPHS50PN);
die "Cannot process atmGps files, only opnGps files. Please use processOcc5.pl" if
($obj::occhrfiles[0] =~ /atmGps/);

#

## Get BINEX fiducial data ready for bernese

# %{B#E bernese B binex ith T 35 & ¥

# HBULE

my ($stat) = ($obj::fidGpsfiles[0] =~ m/fidGps_(\W\w\w\w)\./);

die "Cannot determine station name from input file: $obj::fidGpsfiles[0]" unless defined($stat);

my $dat =";
if (@obj::fidGpsfiles) {
my $offset = 0;
foreach my $file (@obj::fidGpsfiles) {
my $realfile = PubFile->parse(Dplib::simplefn($file))->fullpath; # swap in current mission,
PUBNAME D. Hunt 1/12/2009
open (IN, $realfile);
my $size = -s $realfile;
read (IN, $dat, $size, $offset);
close IN;
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Soffset += $size;

}
$Sbinexfiles{"${stat}${doy}A.${yr2d}0"} = sub {$dat};

if (defined($obj::occhrfiles[0]) && $obj::occhrfiles[0]) {

my $pub = PubFile->parse($obj::occhrfiles[0]);

$occantid = $pub->ant;

$obsfil1 = $obj::occhrfiles[0];

$obsfil2 = $obj::occhrfiles[1] if (defined($obj::occhrfiles[1]));
}
if (defined($obj::refhrfiles[0]) && $obj::refhrfiles[0]) {

my $pub = PubFile->parse($obj::refhrfiles[0]);

$refantid = $pub->ant;

$obsfil1r = $obj::refhrfiles[0];

$obsfil2r = $obj::refhrfiles[1] if (defined($obj::refhrfiles[1]));

}
}else {
die "No fiducial files found for prefix fidGps, station $stat";
}
}
#—IRZE with hr clocks/ BXZE
elsif ($parms::proctype == 1 || $parms::proctype == 3 ) { # delta diff with hr clocks or zero-difference
processing
if ($parms::proctype == 1) {
print "Delta Difference Processing with HR clocks\n";
}else {
print "Zero-difference processing\n";
}

# occClk clk file
my @clkfiles = ();
$gpsClkfile = "$$tmpdir/BERNCLK.CLK";

if (SENV{versionMode} =~ /real/) {
# EHFTERESR
my $pub = PubFile->parse($obj::lecPodfiles[$#{$obj::leoPodfiles}]);
my $clrsubver = GetVersion::GetVersion ('leoOrb5', ", "comCIr");
@clkfiles = PubFile->new(FILETYPE => 'comCIr', DUMPID => $pub->dumpid => SUBVER =>
$clrsubver)->fullpath;
die "No comClk files found" unless (@clkfiles);
# BIER
symlink $clkfiles[0], $gpsClkfile;

}else {
## Use cachefid to get list of comClIk files to concatenate together.
my $filecache = Tools::cachefid ("comCIk", $startGps, $stopGps);
@clkfiles = map { $filecache->{LIST}$_]} list which((($filecache->{START} <= $startGps) *
($filecache->{END} >= $stopGps)));
die "No comClk files found" unless (@clkfiles);

# cat comClIk files together
if (@clkfiles > 1){
BernTools::catcomClk($gpsClkfile, \@clkfiles);
}else {
symlink $clkfiles[0], $gpsClkfile;
}
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}
# EZ sciptList # GENPHS50PN

@scriptList = qw(GENPHS50PN);

die "Cannot process atmGps files, only opnGps files. Please use processOcc5.pl" if
($obj::occhrfiles[0] =~ /atmGps/);

if (defined($obj::occhrfiles[0]) && $obj::occhrfiles[0]) {

my $pub = PubFile->parse($obj::occhrfiles[0]);

$occantid = $pub->ant;

$obsfil1 = $obj::occhrfiles[0];

$obsfil2 = $obj::occhrfiles[1] if (defined($obj::occhrfiles[1]));
}
if (defined($obj::refhrfiles[0]) && $obj::refhrfiles[0]) {

my $pub = PubFile->parse($obj::refhrfiles[0]);

$refantid = $pub->ant;

$obsfil1r = $obj::refhrfiles[0];

$obsfil2r = $obj::refhrfiles[1] if (defined($obj::refhrfiles[1]));

}
# BEEE, —IXE with IGS clocks
elsif ($parms::proctype == 2) { # IONOSPHERE, OR deltadiff with IGS clks

# must convert full path mrfiles and Irfiles to local PUBNAME and mission for testing
# D. Hunt 1/12/2009
my $mrfilesO = eval { PubFile->parse(Dplib::simplefn($obj::mrfiles[0]))->fullpath };
my $lirfilesO = eval { PubFile->parse(Dplib::simplefn($obj::Irfiles[0]))->fullpath };
if (defined($mrfiles0) && (-s $mrfiles0) && (!defined($parms::skipmrdata))) {
my $pub = PubFile->parse($obj::mrfiles[0]);
$occantid = $pub->ant;
$obsfil1 = $mrfilesO;
if (defined($obj::mrfiles[1])) {
$obsfil2 = PubFile->parse(Dplib::simplefn($obj::mrfiles[1]))->fullpath;
$obsfil2 = undef if (I-s $obsfil2);
}
} elsif (defined($Irfiles0) && -s $irfilesO) {
my $pub = PubFile->parse($obj::Irfiles[0]);
$occantid = $pub->ant;
$obsfil1 = $lrfilesO;
if (defined($obj::Irfiles[1])) {
$obsfil2 = PubFile->parse(Dplib::simplefn($obj::Irfiles[1]))->fullpath;
$obsfil2 = undef if (I-s $obsfil2);
}
}else {
die "No MR or LR LEO Data Available\n";
}
# EZ sciptList # GENPHS50PN
@scriptList = qw(GENPHS50PN);
print "lonospheric Occultation Processing, L4=L1-L2 OR\n";
print "Delta Difference Processing with IGS Clocks\n";

## Set up necessary environment variables and the standard options hash
## for RUNBPE
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#

# EZFTE BernTools:B5setup FTEE
# Save time objects

my $tstart = $startObyj;

my $tstop = $stopObyj;

# Determine if an attitude file is available. If so, set up INP file

# and directory structure to point to it. D. Hunt 9/22/2004

# Get a list of the names of the leoAtt files from /pub needed for this run
# If leoAtt files unavailable, try getting levelO/chpAcc files

# If no attitude files found, then use default pointing

my @leoattfiles = ();

my S$attfile;

my ($Time, $Att);

# Do this in post-processing only. D. Hunt 11/22/2006
if (SENV{versionMode} =~ /post/) {
for my $dat (@dates) {
push (@leoattfiles, sort PubFile->new(FILETYPE => "leoAtt", DATE => $dat, LEO =>
$leoid)->glob);

}
} else { # For real time, only use current and previous dump files. D. Hunt 11/22/2006
my $dumpid = PubFile->parse($obj::leoPodfiles[-1])->dumpid;

my $prevdumpid = Tools::findPrevDump ($dumpid);
push (@leoattfiles, PubFile->new(FILETYPE => "leoAtt", DUMPID => $prevdumpid)->glob)
if (defined($prevdumpid));

push (@leoattfiles, PubFile->new(FILETYPE => "leoAtt", DUMPID => $dumpid)->glob);
}
if (@leoattfiles !=0) {

$attfile = "$$tmpdi/BERNLEO.ATT";

# Uncomment for old (perhaps more correct, but very slow) catleoAtt

# ($Time, $Att) = BernTools::catleoAtt(\@leoattfiles, $leoid, $attfile, $startGps-10, $stopGps+10,
"att", "rat", "sad", "ang");

# New fast catleoAtt written in C
BernTools::catleoAttFast(\@leoattfiles, $leoid, $attfile, $startGps-10, $stopGps+10);
}else { # Post-Processed, chpAcc or leoAtt
$attfile = PubFile->new(FILETYPE => "chpAcc", YR => $yr, DOY => $doy,
HR => 0, MIN => 0, DUR => 1440)->fullpath('nocreate’);
}

my @attinfo = ();
if (-s $attfile) {
@attinfo = (LEO.ATT' => $attfile);  # for createDirs
}else {
print "\nNo leoAtt files found ..... USING Default Attitude\n\n";
}

# For GPS/MET, use L1P1 phase not L1CA.
my $useli1ca = ($protomission eq 'gpsmet') ? 0 : 1;

# For GPS/MET, use L1
#my $usel1cafid = ($protomission eq 'gpsmet’) 2 0 : 1;
my $usel1cafid = 0;

# For GPS/MET, Minimum epochs
my $minepo = ($protomission eq 'gpsmet’) ? 0 : 30;
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# REFSAT for ZD case
my $refprn = ((!defined($obj::refPrn)) || ($obj::refPrn == -999)) ? 0 : $obj::refPrn;

# GPSUSER is in the CVS directory if --test is specified, otherwise its in /ops/tools/parms
my $gpsuser = $test ? "$srcdirrfGPSUSER" : "$Dplib::parmsdir/genXphase50PN/GPSUSER";

# Switch in the correct PUBNAME and MISSION. Do not use the full path
# name from the atmObj. D. Hunt 1/8/2009

$obsfil1 = PubFile->parse(Dplib::simplefn($obsfil1)
$obsfil2 = PubFile->parse(Dplib::simplefn($obsfil2)
$obsfil1r = PubFile->parse(Dplib::simplefn($obsfil1r)
$obsfil2r = PubFile->parse(Dplib::simplefn($obsfil2r)

>fullpath if ($obsfil1);
>fullpath if ($obsfil2);
->fullpath if ($obsfil1r);
->fullpath if ($obsfil2r);

PNt

my $opts = BernTools::B5setup ($gpsuser, $tstart, $$tmpdir,
{(MISSION => $missionuc,
USEL1CA => $uselica, #0
USEL1CAFID => $uselicafid, #0
MINEPO  => $minepo,# 0
LEONAME => $leoname,
LEONUM  => $leonum,
PROCTYPE => $parms::proctype,

OBSFIL1 => $obsfil1,
OBSFIL2 => $obsfil2,
OBSFIL1R => $obsfil1r,

OBSFIL2R => $obsfil2r,
GENRES  =>"$$tmpdir/GPSDATA_Q/THIS/ORB/ex.nc",
STARTDOY => $doy, # day of year

LI1 => $parms::ilink[0],
LI2 => $parms::ilink[1],
LI3 => $parms::ilink[2],
Li4 => $parms::ilink[3],
LS1 => $parms::isml4[0],
LS2 => $parms::isml4[1],
LS3 => $parms::isml4[2],
LS4 => $parms::isml4[3],
LN1 => $parms::isml4n[0],
LN2 => $parms::isml4n[1],
LN3 => $parms::isml4n[2],
LN4 => $parms::isml4n[3],

LAWINOPT => $parms::l4winopt,

INOCHKL2SLIP => $parms::inochkl2slip // 0,

IREFL3L1 => $parms::irefl3I1 // 0,

ISACLK  => $parms::isaclk,

FIXREFGAP=> $parms::fixrefgap,
FIXREFOUT=> $parms::fixrefout,
REFMAXTOL=> $parms::refmaxtol,

IDUR => $parms::idur,
NDEG => $parms::ndeg,
CFITTOL => $parms::cfittol,
IRL => $parms::intreflink,

SUBTYPE => $subType,
VERSION => $version,
SETTING => $obj::setting,
LEOID => $leoid,
DUMPID =>"1",

GNSSID  => $obj::conid,
OCCSAT  => $obj::occPrn,
REFSAT  => $refprn,
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SAMPLING => $parms::fsamp,
MAXZEN  => $parms::fmaxzen,
SATABSREL=> $satabsrel,
STARTGPS => ($tstart->get_mjd),
STOPGPS => ($tstop->get_mijd))});

$$opts{FASTMENU} = 1;  # speed processing
# $$opts{DEBUG]} = 1; # Turn off debug to reduce number of kids spawned
$$0pts{NOCHDIR} = 1;

#

## Specify and create directory hierarchy for BPE.

## (mostly just the CAMPAIGN directory).

## $tree contains a hash structure which is used by createDirs to create the necessary
## directory tree.

# Make sure session includes fiducial overlap
$tstart->inc_sec_gps(-$parms::fidOver+1);
if ($parms::proctype == 0) { # ZIRE
$tstop->inc_sec_gps($parms::fidOver-1);
}else {
$tstop->inc_sec_gps($parms::fidOver);

}
#
## Only include station info for double difference processing. D. Hunt 2/21/2007
#
my S$crdfile_string;
my @stainfo = ();
if ($parms::proctype == 0) {

my $datep = TimeClass->new->set_yrdoy_gps($date)->inc_sec_gps(-86400)->get_yrdoy_gps;

if (SENV{versionMode} =~ /real/) {

$crdfile_string = ReadFidTab5::makeBerneCrd($tstart->get_gps, '1GS00', {DISTANCE =>

3650});

}else {

$crdfile_string = ReadFidTab5::makeBerneCrd($tstart->get_gps, '1GS00', {PRECISE => 1,

DISTANCE => 3650});

}
@stainfo = (
"BERNCRD.CRD" => sub { $crdfile_string },
"BERNABB.ABB" => sub { BernTools::crd2abb ($crdfile_string) },
"BERNSTA.STA" =>sub { BernTools::igsSnx2sta($datep) }
);
}

my $pubname = defined(SENV{PUBNAME?}) ? $ENV{PUBNAME} : ‘/pub’;

# Get leoclk and leopod full paths using the correct PUBNAME and MISSION from
# environment variables. Do not use the full path from the atmobj!
# This allows one to run this in a test configuration
# D. Hunt, 1/8/2009
# 1R3I% PUBNAME Fl MISSON E8 leoclok 1 leopod HYFEEERE
my $leoClkfile = PubFile->parse(Dplib::simplefn($obj::leoClkfiles[0]))->fullpath;
my $leoPodfile = PubFile->parse(Dplib::simplefn($obj::leoPodfiles[0]))->fullpath;
my $tree =
{

STATUS => sub {}, # empty file

GPSTEMP  => {AUTO_TMP => 1},

GPSDATA_Q => {THIS => {ATM => $fidtrptext,
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DATPAN => 1,

OBS =>1,
ouT =>1,
ORB => {"GPS.CLK" => $gpsClkfile,
"LEO.CLK" => $leoClkfile,
"GPS.STD" => $gpsPodfile,
"LEO.STD" => $leoPodfile,
@attinfo,
"GPS.ERP" => $gpsPolffile},
SOL =>1, # map of Bernese names for input normal

equations files to CDAAC names
RAW => \%binexfiles,
STA => { @stainfo,
"BERNPHA.PHA" =>"cp
$pubname/$mission/config/brnFil/$phafilerel”,
"BERNCRX.CRX" => BernTools::findCrx($yr, $mission),
"LEOOCC.STA" =>"cp
$pubname/$mission/config/brnFil/${missionuc}.$occantid. STA",
"LEOREF.STA" =>"cp
$pubname/$mission/config/brnFil/${missionuc}.$refantid. STA",
"BERNSTA.STA" =>sub { BernTools::igsSnx2sta($date) },
"ITRFCODE.BLQ" => "cp $ENV{X}/GEN/ITRFCODE.BLQ",
"SESSIONS.SES" =>
sub { BernTools::B5session
("$ENV{X}/SKL/SESSIONS.SES", $tstart, $tstop) 1)}

h

# Create a directory hierarchy, including symlinks to files and directories and
# generated files under $$tmpdir according to $tree.

# BN B , WE tree B tmpdir B

BernTools::createDirs ($$tmpdir, $tree);

system "chmod -R 0777 $$tmpdir";

#
## Now call the menu program (and exit) if requested by the user
#

#.

#Useful for debug...

#chdir ("SENV{XQ}");

#foreach my $key (sort keys %ENV) { print "$key => $ENV{$key}\n"; }
#exec "gdb SENV{XQ}/menu" if ($menu);

H

MENU:

exec "$ENV{XQ}/menu $ENV{U}/PAN/MENU.INP" if ($menu);

printf "Elapsed = %5.2f\n", tv_interval ($t0); $t0 = [gettimeofday];

#
## Run all scripts in newly created processing area
#

# Set things up for debugging the specified program
if ($debug) {
$opts->{DEBUG_PGM} = $debug;
$opts->{DEBUG} = 1;
}
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my $pid = 1;
# Run all scripts
BRI
# 1T scipt! (GENPHS50PN)
for my $script0 (@scriptList) {
my ($script, $optdir) = split (\_/, $script0);
$optdir = "THIS" unless (defined($optdir));
$$opts{OPT_DIR} = $optdir;
print "Executing script: $optdir:$script...";
$$opts{FASTMENU} = 0 if |($script eq "GENPHS50PN");  # no speed processing
$Sopts{CMD_PATH} = '/ops/schrein/bin’' if (exists(FENV{OPSTOOLS}) && $ENV{OPSTOOLS} =~
/schrein/ && $script eq "GENPHS50PN");

# Run local build of GENPHS50PN if --test. D. Hunt 12/31/2008
$$opts{CMD_PATH} ="' if ($test && $script eq "GENPHS50PN");

RUNBPE->new(%$opts, SCRIPT => $script, PID => $pid++)->copyUarea->run;
printf "Elapsed = %5.2f\n", tv_interval ($t0); $t0 = [gettimeofday];
if ($script eq 'CODSPP') {
die "ProcessOcc5.pl ERROR: BAD CODSPP Solution" if (-s
"$$tmpdir/GPSDATA_Q/THIS/OUT/CODXTR.DEL");
}
}

}; # close of eval for trapping errors

#3| HEERRFAE

if (@) {
my Serrstr = $@;
# Add failed attempt to badPrf database
DBif->new->updateDB_badPrf($outfile, $errstr)->close if (!$test);
die $errstr;

}

# Update badPrf db if file not created.

# WMRFITHEIR, BIEF badPrf db.

unless (-s "$$tmpdir/GPSDATA_Q/THIS/ORB/ex.nc") {
# Add failed attempt to badPrf database
DBif->new->updateDB_badPrf($outfile, "Excess phase file not created")->close if (!$test);
die "Excess phase file not created";

}

#
## Get info from netCDF file

my $bad = 0;

my $errstr ="";

eval {
# PDF::NetCDF->New —1{& NetCDF By¥14, 5@ ncobj
$ncobj = PDL::NetCDF->new (">$$tmpdir/fGPSDATA_Q/THIS/ORB/ex.nc");
# HU8 NetCDF #14# (ncobj)f &
my $12min = $ncobj->getatt('l2min')->at(0);
my $refrms = $ncobj->getatt(refrms')->at(0);
my $refmax = $ncobj->getatt('refmax’)->at(0);
my $fidoccrms = $ncobj->getatt(‘fidoccrms')->at(0);
my $fidoccmax = $ncobj->getatt(‘fidoccmax’)->at(0);
my $fidrefrms = $ncobj->getatt(‘fidrefrms')->at(0);
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my $fidrefmax = $ncobj->getatt(‘fidrefmax’)->at(0);
# RMEEFIRENAEHE, ZEFFTAAEE errstr, 345 bad 555 1, MUMEETRERHHEBRAS
if ($12min < $parms::minrefl2snr) {
$errstr .= "Failed: LOW L2 SNR ON REFERENCE LINK: $I2min < $parms::minrefl2snr";
}
if ($refrms > $parms::refrmstol) {
$errstr .= "Failed: BAD L4 RMS FOR LEO REFSAT LINK: $refrms > $parms::refrmstol";
}
if ($refmax > $parms::refmaxtol) {
$errstr .= "Failed: BAD L4 MAX RESIDUAL FOR LEO REFSAT LINK: $refmax >
$parms::refmaxtol";
}
if ($fidrefrms > $parms::fidrmstol) {
$errstr .= "Failed: BAD L4 RMS FOR FIDUCIAL REFSAT LINK: $fidrefrms > $parms::fidrmstol";
}
if ($fidoccrms > $parms::fidrmstol) {
$errstr .= "Failed: BAD L4 RMS FOR FIDUCIAL OCCSAT LINK: $fidoccrms > $parms::fidrmstol";
}
if ($fidrefmax > $parms::fidmaxtol) {
$errstr .= "Failed: BAD L4 MAX RESIDUAL FOR FIDUCIAL REFSAT LINK: $fidrefmax >
$parms::fidmaxtol";
}
if ($fidoccmax > $parms::fidmaxtol) {
$errstr .= "Failed: BAD L4 MAX RESIDUAL FOR FIDUCIAL OCCSAT LINK: $fidoccmax >
$parms::fidmaxtol";

}

if ($errstr) {
$bad = 1;
}else {
$errstr = "OK";

}

# Write to netcdf file.

# IBHEHBREFAZEA NetCDF ERAFHF
$ncobj->putatt (Socctag, ‘fileStamp'); # add complete occ id as global attribute
$ncobj->putatt ($parmsfile,'parmsfile'); # add parameter file name as global attribute
$ncobj->putatt (UCAR/CDAAC','center'); # add processing center as global attribute
$ncobj->putatt ($bad, 'bad");
$ncobj->putatt ($errstr, 'errstr');
$ncobj->close;

—_~ o~~~

|3

# SIHEERAR

if ($@) {
$errstr .= "Failed: Cannot read netCDF file: $@";
system "mv $$tmpdir/GPSDATA_Q/THIS/ORB/ex.nc $outfile.unreadable";
# Add failed attempt to badPrf database
DBif->new->updateDB_badPrf($outfile, $errstr)->close if (!$test);
die $errstr;

}

# WMRHITEEER, BIFEH badPrf db.

if ($bad) {
print "Badness found: \n$errstr\n”;
# Add failed attempt to badPrf database
DBif->new->updateDB_badPrf($outfile, $errstr)->close if (I$test);
die $errstr;

}
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# Write file to pub, print "FILE CREATION".

# 33 File.

system "rm -f $outfile" if (-e $outfile);

system "mv $$tmpdir/GPSDATA_Q/THIS/ORB/ex.nc $outfile™;
print "FILE CREATION: ", Dplib::simplefn($Souffile), "\n";

#

## Update the database for this occ

#

# MREEZ , AL TEN UPDATEDB
UPDATEDB:

# update the database
DBif->new->updateFromFile($outfile)->close if (!$test);
print "Done\n";

exit;
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comClr_YYYY.DDD.LLL.NN_SSSS.VVVV_clk Clock offset values for each GPS satellite during the
period specified in the file name. The clock values
are kept at the same rate as the high rate fiducial
data (one second).
podCrx_YYYY.DDD.LLL.NN.TT_crx.gz Raw L1 and L2 pseudo-range and carrier phase
tracking data in CRX format
podTec_Il1L.YYYY.DDD.HH.MM.UUUU.GGG.TT_SSSS | Absolute total electron content from the POD
VVVV_nc antennas (including ionospheric occultations).
ionObj_II1L.YYYY.DDD.HH.MM.GGG_SSSS.VVVV_pl lonospheric occultation objects
ionPhs_IIILYYYY.DDD.HH.MM.GGG_SSSS.VVVV_nc lonospheric excess phases and auxiliary data used
for generating ionospheric profiles.
ionPrf_IIILYYYY.DDD.HH.MM.GGG_SSSS.VVVV_nc lonospheric profiles of electron density (CDAAC)
iriPrf_IlILYYYY.DDD.HH.MM.GGG_SSSS.VVVV_nc iri profile for corresponding ionPrf
® T
¢ Fop
ednPrf_IIILYYYY.DDD.HH.MM.GGG_SSSS.VVVV.mat | Ionospheric profiles of electron density.(GPSARC)
ednPrf_IIILYYYY.DDD.HH.MM.GGG_SSSS.VVVV.png | Image file of Ionospheric electron profiles.
2. % FAERlE R B~ TR
o @?l »
¢ P
gpsBit_II11.YYYY.DDD.HH.MM.GGG_SSSS.VVVV_txt GPS navigation data modulation bits used for processing open
loop data in the lower troposphere
atmPhs_I11LYYYY.DDD.HH.MM.GGG_SSSS.VVVV_nc | Atmospheric excess phases and auxiliary data used for
generating atmospheric profiles.
® T
i ¢ P
atmPrf_II1ILYYYY.DDD.HH.MM.GGG_SSSS.VVVV_nc | Atmospheric profiles of bending angle, refractivity,
and dry temperature.(GPSARC)
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ionPhs

podTec

DID;

ionObj

comClr
comClk

® DFD % = & -exphaseSD_sh.m

podCrx

internal
podtec variables
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® DFD % - & -abel_sh.m

internal internal
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® DFD % = & -pickref.m

2. X FEcde K FH AN FE A
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atmPhs = atmPrf

L2 _smooth

Read_AtmPhs
Impact PhaseMatching 1.2

= Bad Prf (L2 Bending angle)

Reference RO LC_Ton_Calibration

Draft_Ambiguity Optimize BemdingAngle

Fix_GpsBit

Smooth_ExPhase

Bending Angle,
Refractivity,

Impact PhaseMatching Pressu re;
\ElBending Angle) Dry Temperature

Optimize Exphase

I~ R REB
® CentOS 6.3 64bit
® CDAACA4.00
® Gfortran4.4 > netcdf-4.0.1
® Octave3.6.1 ™ ix A2 HApik E 2 ~ octedfl.2 14 _F R A (Mit4k)

AN ARF LB ERE
1. AFEiRE_F % % Octave3.6.1 7 F iRk 2 H Apix 2 2 ~ octedfl.2 11+ 4%
* o (X EALR Aotifék)
2. % £ GPSARC p 2 3 B & /i # 2 GPSARC1.00 I CDAAC4.00— A% F 4
®  4-GPSARC 7 i #25" & 45H) GPSARC1.00.targz 4f H ¥ 7f 47 (ex.
/home/cosmicops) - f# &k g
[cosmicops@gpsarcl]$ tar —zxvf GPSARC1.00.tar.gz > 2R %516 A
4 — % GPSARC1.00 =1 p 4 ©
® r 33| GPSARC1.00 P & B 4niE (7% % -
[cosmicops@gpsarcl]$ cd GPSARC1.00
® rik3|root KL e T K netedf-4.0.1
[cosmicops@gpsarcl GPSARC1.00]S su root



[root@gpsarcl GPSARC1.00]# cd netcdf-4.0.1

® 3 {7 install_netcdfsh #-netcdf-4.0.1 % %3 T /x P 45T o
[root@gpsarcl netcdf-4.0.1]#./install_netcdf.sh

® netcdf-4.0.1 % K= = {5 > & ) root ¢ EE’_—*Ff ¥ > % 3| cosmicops &

B R R RS SR

[root@gpsarcl netcdf-4.0.1]# exit
[cosmicops@gpsarcl GPSARC1.00]$ cd ioninv

® 34 {7 install.sh #-T 3Lk & /F Bl 25" compile ¥ % £ 1 & /r P &
T o
[cosmicops@gpsarcl ioninv]S ./install.sh

® DAL FHEANFERIL v - &P &I 7T roam
ParTRRE X FF Ficdle Brefzss o
[cosmicops@gpsarcl ioninv]$ cd ../roam

® 3 {7 install.sh #-~ § & @iz ¥ m B e 425" compile T % £ 1 & 72 P
BT oo
[cosmicops@gpsarcl roam]$ ./install.sh

® ik FEiY e el E ER éﬁé s Pl - K P & iRy
Config.pm 2 &3 ¥_%k # GPSARC p i FOR B mengt AR
ioninv.pl 2 groam.pl 4 %] 2 GPSARC m%ﬁé] Fatciet x5 F fc
2] 6 Bl e AR E 1450 0 a2 R fed 447 3% 40 ~ /pub/cosmicrt
/config/Config.pm 7 CDAACA.00 st 47 ¥ > T2 & % fien® 527 &

£ o

S BB P

1. 4% CDAAC Tl 2 A2 F Jii A2 L fx B> daemons ©
[cosmicops@gpsarcl]$ daemons.pl —start

2. # {7 CDAAC T pF Tl R d2Z AR K- -7 3L & /7 * ionPhs—>ionPrf
[cosmicops@gpsarcl]$ fileNotify.pl YYYY.DDD cosmicrt --prefix=ionPhs

3. HiFEriieH ¥ ’L‘L/pub/cosmicrt/IeveIZg/ednPrf/YYYY.DDD [ ) |
GPSARC p A F A ETAE A 2 TR

4. 3 {7 CDAAC “~'PB?? 7 ﬁi@fiﬁ athhseathrf
[cosmicops@gpsarcl]s fileNotify.pl YYYY.DDD cosmicrt --prefix=atmPhs

5, i v ’L‘+,/pub/cosmicrt/leveIZg/atmPrf/YYYY.DDD [ )
GPSARC p A F AR A A 2 TR
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Octavesd. 6. 3 % 4% F

. &rmitgeec £.F 52 4.4 KA 2 F R AR yun install geedd
Z ko

2. A% yum install & #E& { 32T 22 D glibe, glib-common,
ghostscript-devel, lcm-devel % -

3. TEMT KSR To-devel 4% (ex, atlas, atlas-devel), I iz
B %%
Blas—>lapack—>atlas = libdap = libnc = cln = ginc =2 glpk 2>
fltk >fftw3d = hdfb = ImageMagick = ImageMagick-ct++ = qhull
- qrupdate—> ufsparse
(=04 % 7 fie B %2 http://pkgs. org/ T )

4. T {' Octaved. 6.3 * kAL octave-3. 6. 3. tar. gz I % %
(ftp://ftp. gnu. org/gnu/octave)

5. T i{‘octcdf-1.1.5. tar. gz
(http'//octave sourceforge. net/octedf/)

6. & » octave % st¥ % % octdf

$ octave
octave:1> pkg install octcdf-1.1.5. tar. gz


http://pkgs.org/
file:///C:/Users/jmwu/Documents/octave-3.6.3.tar.gz
ftp://ftp.gnu.org/gnu/octave
http://octave.sourceforge.net/octcdf/
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3.1.1 #“#EsE;2 ART ( Algebraic Reconstruction techniques, ART)

i#4_1970 & Gordon et al #74& 1118 * ’ﬁt?f g3 7R ¥k Ko 1986
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3.1.2 B #ct i 22 (MART)

2 #c#ikcE 2 (Multiplicative Algebraic Reconstruction techniques,

2.
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B- WA 4@ R IF L TR AR A 7%”&;‘«@_:7‘&‘}'13* IRI-model *#& i o

MART i# & i (Raymund et al., 1993)4-T :

j’k Xa" /al

kel ok G

I B

n
Zan ><X|k (3-14)
=1

12 TEC B 7= %%
j R R

k+1 PR -
(TR kL ey BT S B A

X
k . T SR P A S 3
Xjp tgitk=eh% jBRail+ A

Ci: % i BrTN2TF 3

Ik

Ac i B b Q) 8 1 BEAAY 1B R PRICE

2 ¥ i BELOGER -

13



MART & & 1% g4 chk Rgz b -
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