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Abstract

Applications of the Global Navigation Satellite Systems (GNSS) to Earth Sciences are
numerous. The International GNSS Service (IGS), a voluntary federation of government
agencies, universities and research institutions, combines GNSS resources and expertise
to provide the highest—quality GNSS data, products, and services in order to support
high—precision applications for GNSS-related research and engineering activities.

This IGS Technical Report 2018 includes contributions from the IGS Governing Board,
the Central Bureau, Analysis Centers, Data Centers, station and network operators,
working groups, pilot projects, and others highlighting status and important activities,
changes and results that took place and were achieved during 2018.

This report is available in electronic version at
https://files.igs.org/pub/resource/technical_reports/2018_techreport.pdf.

The IGS wants to thank all contributing institutions operating network
stations, Data Centers, or Analysis Centers for supporting the IGS. All
contributions are welcome. They guarantee the success of the IGS also in
future.


https://files.igs.org/pub/resource/technical_reports/2018_techreport.pdf




Contents

Executive Reports

Governing Board
G. Johnston

Central Bureau
A. Craddock, D. Maggert, M. Connally, R. Khachikyan, D. Stowers

n Analysis Centers

Analysis Center Coordinator

M. Moore, S. Masoumsi, T. Herring

Center for Orbit Determination In Europe

R. Dach, S. Schaer, D. Arnold, L. Prange, S. Sidorov, A. Susnik, P. Stebler,
A. Villiger, A. Jiggi, G. Beutler, E. Brockmann, D. Ineichen, S. Lutz,

A. Wild, M. Nicodet, J. Dostal, D. Thaller, W. Séhne, J. Bouman,

1. Selmke, U. Hugentobler

Natural Resources Canada

S. Banwville, P. Collins, B. Donahue, S. FElson, R. Ghoddousi-Fard,
M. A. Goudarzi, Y. Mireault, F. Lahaye

European Space Operations Centre

No report submitted

15

23

25

31

47



GeoForschungsZentrum

B. Mdnnel, Z. Deng, P. Sakic, A. Brack, T. Nischan, A. Brandt, M. Bradke,
M. Ramatschi

Geodetic Observatory Pecny
No report submitted

Centre National d'Etudes Spatiales/Collecte Localisation Satellites

F. Perosanz, S. Loyer, F. Mercier, G. Katsigianni, A. Mezerette,
H. Capdeville, L. Versini, J .C. Marty, A. Santamaria

Jet Propulsion Laboratory

D. Murphy, W. Bertiger, A. Dietrich, D. Hemberger, D. Kuanyg,
P. Ries, A. Sibois, A. Sibthorpe

Massachusetts Institute of Technology

No report submitted

National Geodetic Survey
S. Yoon, J. Saleh, B. Stressler, J. Heck, K. Choi, S. Hilla, M. Schenewerk

Scripps Institution of Oceanography
No report submitted

United States Naval Observatory
S. Byram, V. Slabinski, J. Tracey, J. Rohde

Wuhan University
C. Shi, M. Li, Q. Zhao, J. Geng, C. Wang,Q). Zhang

55

61

69

75

79

87



EUREF Permanent Network

C. Bruyninz, E. Brockmann, A. Kenyeres, J. Legrand, T. Liwosz,
R. Pacione, W. Séhne, C. Vilksen

SIRGAS
L. Sdnchez

m Data Centers

Infrastructure Committee
1. Romero

Crustal Dynamics Data Information System
C. Noll

GSSC Global Data Center

J. Ventura-Traveset, V. Navarro, I. Romero

Scripps Institution of Oceanography
No report submitted

Institut National de I'Information Géographique et Forestiére

No report submitted

Korean Astronomy and Space Science Institute

No report submitted

Wuhan University
Q. Zhao, M. Li, J. Geng

95

109

127

129

133

151

155



BKG Regional Data Center
M. Goltz, P. Neumaier, W. Sohne, A. Stiirze, E. Wiesensarter, J. Dostal

v Working Groups, Pilot Projects

Antenna Working Group
A. Villiger

Bias and Calibration Working Group
S. Schaer

Clock Products Working Group
No report submitted

Data Center Working Group
C. Noll

GNSS Monitoring Working Group

No report submitted

lonosphere Working Group
A. Krankowski, M. Hernandez-Pajares

Multi-GNSS Working Group
P. Steigenberger, O. Montenbruck

Space Vehicle Orbit Dynamics Working Group
No report submitted

Reference Frame Working Group

No report submitted

159

167

169

175

183

185

191



Real-Time Service 199

A. Riilke, L. Agrotis, A. Hauschild

RINEX Working Group 209
K. MacLeod and L. Agrotis
Tide Gauge Benchmark Monitoring Working Group 213
T. Schéne, R. Bingley, A. Craddock, Z. Deng, M. Gravelle, J. Griffiths,
M. Guichard, D. Hansen, T. Herring, A. Hunegnaw, M. Jia, M. King,
M. Merrifield, G. Mitchum, M. Moore, R. Neilan, C. Noll, E. Prouteau,
L. Sdnchez, A. Santamaria—Gdmez, N. Teferle, D. Thaller, P. Tregoning,
S. Williams, G. Wéppelmann
217

Troposphere Working Group
S. Byram






Part |

Executive Reports






IGS Governing Board
Technical Report 2018

IGS in 2018:
The IGS Governing Board Chair Report

G. Johnston

IGS Governing Board Chair, Geoscience Australia

1 Introduction

2018 was an important year for the IGS. For the first time the IGS community celebrated
it biannual members workshop Asia, with the event being hosted by Wuhan University in
the lovely city of Wuhan, China. This workshop, held in October 2018, bought together
researchers from all over the world, with a very strong contingent from China, to discuss
the current work program of the IGS and plans for the future. The geographical location
of the workshop also made it appropriate to strongly consider the role of Beidou in the
multi-GNSS future that the IGS is embracing. The workshop was a real success and the
IGS extends its thanks to Wuhan University for hosting such a fine event.

2018 also signaled a changing of the guard within the IGS Central Bureau (CB), with the
long standing Director of the CB, Ruth Neilan, moving on to other endeavors after serving
the IGS community since its inception, and before. The contribution Ruth has made to
science and society through the IGS cannot be underestimated. The IGS wish her well for
the future. Thanks also go out to Steve Fisher who finished up with the CB after many
years of service.

Allison Craddock has now taken on the role of Director of the IGS CB. Please join with
me in congratulating Allison and providing her with as much support as possible. The
IGS is an extremely diverse collaborative program, and it is the CB that provides the
coordination that keeps it together. Thanks also go to JPL / NASA for their continued
support of the CB function.

Lastly, I'd like to acknowledge the appointment of Felix Perosanz to Vice Chair of the
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IGS Governing Board. The Vice Chair position has been created as an acknowledgment
of the increasing outreach role of the Governing Board, and the increasing diversity of
participation in the IGS. The Vice Chair, Working closely with the Chair and Executive
committee, will assist with the representation of the IGS at the many forums where IGS
participation is of value.

2 1GS Highlights in 2018

2.1 IGS 2018 Workshop in Wuhan, China

The latest IGS Workshop, with the theme of "Multi-GNSS through Global Collaboration”
took place 29 October to 2 November, 2018. The workshop was hosted locally by Wuhan
University at the East Lake Conference Center in Wuhan, China, and was the first IGS
Workshop to be held on the Asian continent. Over 300 individuals participated in the
sessions.

The workshop featured two keynote presentations:

e "Introduction to BeiDou-3 Navigation Satellite System” presented by Yuanxi Yang
of the State Key Laboratory of Geo-Information Engineering, based in Xi’an, China.

e "BeiDou Augmentation and its Future” presented by Liu Jingnan, an Academician of
the Chinese Academy of Engineering, based at Wuhan University in Wuhan, China.

Videos, posters, and plenary presentation slides will be made available on the IGS web-
site.

2.2 Membership Growth and Internal Engagement

In 2018, IGS membership reached 329 Associate Members, representing 45 countries.
The 36-member IGS Governing Board guides the coordination of over 200 contributing
organizations participating within IGS, including 108 operators of GNSS network tracking
stations, 6 global data centers, 13 analysis centers, and 4 product coordinators, 21 associate
analysis centers, 23 regional /project data centers, 14 technical working groups, two active
pilot projects (i.e., Multi-GNSS and Real-time), and the Central Bureau.

In order to best understand who among the listed members are still active, the Central
Bureau and Elections Committee Members conducted an online campaign asking all Asso-
ciate Members to verify their continued interest in participating in the IGS, and to update
their contact information. Further engagement with the Associate Membership included
removing the 10-person-per-organizaiton cap in favor of a case-by-case review of Associate
Member applications.


http://www.igs.org/about/am

3 IGS Operational Activities

A comprehensive overhaul of Associate Member engagement documents, including elec-
tions and other mentions in the IGS Terms of Reference, will take place in 2019.

2.3 New Working Group on Precise Point Positioning Ambiguity Resolution

A new IGS working group that will focus on PPP with ambiguity resolution (PPP-AR)
was established at the IGS Workshop in Wuhan. It will be chaired by Simon Banville
from NRCan in Canada. An important issue of IGS orbits and clocks is its use in PPP
in response to user requirements for ambiguity resolution in areas such as LEO satellites,
frequency transfer, ionosphere tomography, coordinate time series, and surveying. As
proposed, a PPP AR WG would analyze the feasibility of combining products.

3 IGS Operational Activities

3.1 Network Growth

As of the end of 2018, the IGS Network has 507 stations, of which 280 are multi-GNSS (63
stations added multi-GNSS capabilities this year) and 195 are real-time GNSS. Delivery
of core reference frame, orbit, clock and atmospheric products continued strongly, with
further refinement of the Real-Time Service and considerable efforts being targeted towards
development of standards. Development of the IGS capacity to operate with multiple
GNSSs also continued, with additional Galileo and BeiDou satellite launches bringing
those constellations closer to operational status.

Over 500 IGS Network stations are maintained and operated globally by many institutions
and station operators, making tracking data available at latencies ranging from daily
RINEX files to real-time streams available for free public use. The transition of the
IGS network to multi-GNSS capability was highlighted in the 2018 Workshop, with all
working group chairs introducing multi-GNSS topics in their splinter sessions. Significant
effort on behalf of the MGEX Pilot Project and Working Group has also continued, with
approximately 55% of IGS network stations being capable of tracking multiple GNSS
constellations (GPS + GLONASS -+ one other) (December 2018).

3.2 Product Generation and Performance

Joint management of the IGS ACC by Michael Moore of Geoscience Australia and Tom
Herring of the Massachusetts Institute of Technology continued, with operations based at
Geoscience Australia in Canberra, Australia. The ACC combination software is housed on
cloud based servers located in Australia and Europe, and coordination of the IGS product
generation continues to be carried out by personnel distributed between GA and MIT.


http://www.igs.org/network
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The IGS continues to maintain a very high level of product availability.

3.3 Preparation for a Third Reprocessing

At the 2018 workshop, it was decided to carry out a third reprocessing, in time for a
contribution to the ITRF2020. In light of this, the ACCs (Moore, Herring) are planning a
3-day workshop to take place April 2019 at the German Research Centre for Geosciences
(Deutsches GeoForschungsZentrum, GFZ) in Potsdam, Germany. Representatives from
IGS Analysis Centers will also participate in a joint GGOS-IERS Unified Analysis Work-
shop to take place October 2019 at Université Paris Diderot in Paris, France.

3.4 Data Management

The Crustal Dynamics Data Information System (CDDIS) at the NASA Goddard Space
Flight Center registered the following user activity in 2018:

e Total of 1.4B files equating to 121 TBytes GNSS data
e Total of 16M files equating to 43 TBytes GNSS products
e Average of 116M files equating to 10 TBytes GNSS data from 18.8K hosts per month

e Average of 16.4M files equating to 3.5 TBytes GNSS products from 13.8K hosts per
month

3.5 Standards Development Support and Adoption of RINEX V3.04

The IGS continues to contribute to the development of international standards related to
GNSS, principally through participation within the RTCM (Radio Technical Commission
for Maritime Service), where IGS leads the RINEX working group, as well as participating
within the standards activities related to real time systems. Maintenance and further
development of the RINEX data exchange standard continues to take place in cooperation
with RTCM-SC104, and has led the recent release of RINEX 3.04. The GB agreed in
2018 to adopt the official RINEX V3.04 format, handling the ability for 9-character id
and fixing the definition of GNSS reference time scales. The RINEX Working Group has
assumed leadership in maintenance and further development of the RINEX data exchange
standard, in cooperation with RTCM-SC104, and has led the recent release of RINEX
3.03. The RINEX Working Group has worked in cooperation with the IC to prepare a
plan to transition from RINEX 2.x to RINEX 3.x. The IGS Network map was enhanced
to provide information about stations providing data in RINEX 2 and RINEX 3 formats,
which may be viewed in real time at: http://www.igs.org/network . Additional work
is being undertaken to determine the best path forward for compressional algorithms and
the associated utilities that are compliant with modern Operating Systems.


http://www.igs.org/network
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As announced by RINEX Working Group Chairman Ken MacLeod (of Natural Resources
Canada) in IGSMAIL-7713, The International GNSS Service (IGS) and Radio Technical
Commission Maritime Service, Special Committee -104 (RTCM SC-104) RINEX Working
Group announce the availability of RINEX 3.04. Data Center Working Group is working
on integrating long filenames, RINEX3 data into operational archives. The Troposphere
WG is also incorporating long names in its SINEX.

The Receiver INdependent EXchange (RINEX) is an internationally recognized Global
Navigation Satellite System (GNSS) observation and navigation data format. The first
version of RINEX was developed in 1989, to support a European, Global Positioning
System (GPS) data collection campaign. The key objective was to develop an open
and human readable (ASCII) GNSS data format that removed the need of specialized
decoders/interpreters for each GNSS receiver type. Under the leadership of Werner Gurt-
ner (Astronomical Institute, University of Bern, Switzerland) and Lou Estey (UNAVCO,
Boulder, Colorado, USA), RINEX evolved from version 1 to 2 and then to 3. Since 2013
(RINEX Version 3.02) the RINEX GNSS format has been maintained by the RINEX
Working Group, which consists of members from the International GNSS Service (IGS),
Radio Technical Commission for Maritime Service, Special Committee 104 (RTCM-SC104)
and the GNSS industry.

The current RINEX 3.04 release supports all publicly available signals, including the
United States’ GPS, Russia’s GLONASS, Europe’s Galileo, China’s BeiDou, Japan’s
Quasi Zenith Satellite System (QZSS) and the Indian Regional Navigation Satellite Sys-
tem (IRNSS) constellations. RINEX 3.04 contains updates to support planned GLONASS
CDMA signals, as well as new BeiDou III and QZSS II signals. In addition to the new
signals, the RINEX 3.04 text has been edited to improve the description of messages,
fields and overall readability. The RINEX 3.04 data standard documentation is available
from the following addresses: ftp://igs.org/pub/data/format/rinex304.pdf,ftp://
igs.org/pub/data/format/rinex304-release-notes.pdf and http://www.rtcm.org/
differential-global-navigation-satellite--dgnss--standards.html.

3.6 Scientific Applications of IGS Data and Analysis Products Session at
AGU 2018

The IGS organized a session at this year’s American Geophysical Union (AGU) in Wash-
ington, DC. The Session, number G021: "Scientific Applications Enabled by the Inter-
national GNSS Service (IGS) and by Improvements to GNSS Products,” was convened
by Gary Johnston on behalf of former Governing Board member Geoffrey Blewitt of the
University of Nevada Reno, USA, with IGS Governing Board and Executive Committee
member Rolf Dach of the University of Bern, Switzerland.

The description of the session is as follows: "For nearly 25 years, products of the In-
ternational GNSS Service (IGS) have increasingly enabled a broad diversity of scientific


https://lists.igs.org/pipermail/igsmail/2018/007709.html
ftp://igs.org/pub/data/format/rinex304.pdf,ftp://igs.org/pub/data/format/rinex304-release-notes.pdf
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applications, such as Earth rotation, tectonophysics, seismology and the earthquake cycle,
glaciology and glacial isostatic adjustment, global environmental change, sea level, terres-
trial water storage, time transfer, space weather and atmospheric science, natural hazards
and tsunami early warning, and fundamental physics. The recent inclusion of Galileo (Eu-
rope) and Beidou (China) to the established GNSS - GPS(US) and GLONASS (Russia) —
will eventually increase the number of satellites to >100, offering potential new scientific
applications. Moreover, the continuous development and improvement of IGS products in
this fast-moving field with new GNSS satellites, systems, signals, models, and GNSS data
analysis methodology is a scientific challenge. For this session we solicit presentations on
scientific applications that are enabled by IGS products, and on improvements to quality
and breadth of GNSS products that will enable new science.”

The IAG Global Geodetic Observing System, of which IGS is a component, also held a
session, focusing on essential geodesy. The session conveners were led by Kosuke Heki of
Hokkaido University, Japan; with Michael Pearlman of the Harvard Smithsonian Center for
Astrophysics, USA; and IGS GB member Richard Gross of the Jet Propulsion Laboratory,
USA.

3.7 Communications Development and Guidance

Numerous news pieces covering IGS contributing organizations, IGS activities, and other
announcements were developed in collaboration with Governing Board members and their
respective contributing organizations, with an emphasis on invited content and collabo-
rative, short "news bite” articles. Governing Board members are routinely encouraged to
connect their agency or organization’s social media or communications teams with the
Central Bureau to ensure optimal collaboration and mutual public relations support.

An IGS 2018 Update poster was developed by the Executive Committee with assistance
from the Central Bureau Secretariat, and presented in the GGOS session at the 2018
EGU. The poster may be viewed and downloaded here: http://kb.igs.org/hc/en-us/
articles/360022363911-EGU-2018-Poster.

3.8 Key Publications on Multi-GNSS and Satellite Physical Properties

The IGS Multi-GNSS Working Group, led by Oliver Montenbruck, released a White Paper,
titled ”Satellite and Operations Information for Generation of Precise GNSS Orbit and
Clock Products.” The paper discusses the parameters needed to ensure the highest possible
performance of IGS products for all constellations and motivates the need for provision of
satellite and operations information by the GNSS providers. All information requested by
the IGS is considered to be sufficiently abstract such as to neither interfere with the GNSS
providers’ safety and security interests nor with intellectual property rights. The paper is
available for download here: http://bit.ly/MGEXwhitepaper, with complete information


http://kb.igs.org/hc/en-us/articles/360022363911-EGU-2018-Poster
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available on the MGEX website: http://mgex.igs.org/.

MGEX has also recently published a comprehensive paper detailing its achievements in the
last five years, future prospects, and challenges. "The Multi-GNSS Experiment (MGEX)
of the International GNSS Service (IGS) — Achievements, prospects and challenges,” pub-
lished in Advances in Space Research, Volume 59, Issue 7, 1 April 2017, Pages 1671-1697,
discusses:

e Multi-GNSS products derived from the IGS monitoring station network
e Work towards full integration of new constellations into routine GNSS processing

e Progress made within the MGEX project including BeiDou, Galileo, and QZSS for
precise point positioning, atmospheric research, and other applications.

e Biases; standards and conventions

Due to copyright restrictions, a pre-print previous version of the article is available here:
http://bit.ly/MGEXasr

The International GNSS Service: 25 years on the path to multi-GNSS, authored by Crad-
dock and Johnston, was published in the September issue of GPS World magazine: http:
//gpsworld.com/the-international-gnss-service-25-years-on-the-path-to-multi-
gnss/

3.9 Official IGS Citation Updated to Chapter in 2017 Springer Handbook
of Global Navigation Satellite Systems

In response to ever-growing applications for precise GNSS data as a public utility, the
work of the IGS and its constituent elements continues to increase in relevance, especially
as applications that essentially rely on IGS data and products expand both within and
outside of the sciences.

As it enters its second quarter-century, the IGS is evolving into a truly multi-GNSS service.
For 25 years, IGS data and products have been made openly available to all users for use
without restriction, and continue to be offered free of cost or obligation. In turn, users
are encouraged to participate within the iGS, or otherwise contribute to its advancement
and to include a reference to the IGS in their citations.

The IGS Governing Board recently updated the official citation for acknowledging IGS
data, products, and other resources in scholarly publications. The new official citation is
the IGS chapter in the 2017 Springer Handbook of Global Navigation Satellite Systems.

The IGS Central Bureau gratefully acknowledges the contributions of IGS Governing
Board and Associate members in the drafting of this article, as well as to Geoscience
Australia for financially supporting the authorship. Special thanks to the article’s au-
thors, Governing Board Chairman Gary Johnston, as well as to Anna Riddell and Grant
Hausler.
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Johnston, G., Riddell, A., Hausler, G. (2017). The International GNSS Ser-
vice. In Teunissen, Peter J.G., & Montenbruck, O. (Eds.), Springer Handbook
of Global Navigation Satellite Systems (1st ed., pp. 967-982). Cham, Switzer-
land: Springer International Publishing DOI: 10.1007/978-3-319-42928-1

e DOI https://doi.org/10.1007/978-3-319-42928-1_33
e Print [ISBN 978-3-319-42926-7
e Online ISBN 978-3-319-42928-1

The book is currently available for purchase and download on the Springer website: https:
//www.springer.com/us/book/9783319429267

A special pre-print version of this document was made available in the IGS Knowledge

Base: https://kb.igs.org/hc/en-us/articles/360018811151-The-International-GNSS-
Service-chapter-excerpt-from-the-2017-Springer-Handbook-of-Global-Navigation-
Satellite-Systems-

3.10 IGS Governing Board Meetings in 2018

The Governing Board discusses the activities and plans of various IGS components, sets
policies, and monitors the progress with respect to the agreed strategic plan and annual
implementation plan. It is customary to hold two GB meetings during any IGS Workshop —
the second of which typically focusing on workshop recommendations and other debriefing
from the week’s activity.

8 April 2018

28 October 2018

2 November 2018

8 December 2018

10

Governing Board Business Meeting,
held prior to the 2018 European
Geosciences Union meeting

50th Governing Board Meeting (1 of
2 sessions), held immediately before
the 2018 IGS Workshop

50th Governing Board Meeting (2 of
2 sessions), held immediately after
the 2018 IGS Workshop

51st Governing Board Meeting, held
prior to the 2018 American Geo-
physical Union meeting

Vienna, Austria

Wuhan, China

Wuhan, China

Washington, District
of Columbia, United
States
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4 IGS Advocacy and External Engagement

4 1GS Advocacy and External Engagement

4.1 Official Recommendations to the International Laser Ranging Service

At the request of the International Laser Ranging Service (ILRS, a sister service within the
International Association of Geodesy) the IGS has issued two official recommendations.
These recommendations were presented to the ILRS and its service providers at their
meeting in Canberra, Australia, as well as the International Committee on GNSS Working
Group on Reference Frames, Applications, and Timing at their meeting in Xi’an, China,
in November 2018.

IGS Recommendation to the ILRS 2018.1:

"Considering the increasing number of GNSS satellites in geosynchronous and
geostationary orbit and the special challenges for determination and validation
of the respective orbits; the IGS encourages the extension of SLR stations
supporting high-altitude tracking, specifically in the Asia-Pacific region, and
the transition to kHz laser systems enabling shorter normal point duration.”

IGS Recommendation to the ILRS 2018.2:

"Recognizing the increasing load on ILRS stations caused by the increasing
number of GNSS satellites equipped with laser retroreflectors; and the priority
of geodetic laser satellites and as well as the needs from other missions; con-
sidering furthermore the importance of SLR tracking for orbit validation and
analysis of GNSS satellites as well as the need to achieve a homogeneous cov-
erage of all GNSS constellations, satellite types, orbital planes and individual
spacecraft; the IGS recommends that the ILRS retains the general prioritiza-
tion of geodetic laser satellites before GNSS satellites and satellites from other
missions, and on request by the GNSS providers or the GNSS user community
gives priority to dedicated campaigns for tracking of selected GNSS satellites
at the expense of a reduced background tracking activity, and uses remaining
tracking resources to select and track the remaining GNSS satellites in a ran-
domized manor, where each statin can freely select a set of GNSS satellites for
tracking on a weekly basis.

Language in these recommendations was formulated to be generic, rather than prescrip-
tive.

4.2 United Nations GGIM Sub-Committee on Geodesy

IGS remains active in engaging with diverse organizations that have an interest in geodetic
applications of GNSS. IGS Associate and Governing Board members continue to partici-
pate in contributing to five focus groups developed to draft the implementation plan for
the United Nations Global Geodetic Information Management (GGIM) Global Geodetic

11
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Reference Frame Roadmap. This implementation plan was tabled at the Eighth meeting of
the UN GGIM in August 2018 at UN Headquarters in New York, and may be viewed here:
http://ggim.un.org/meetings/ GGIM-committee /8th-Session /documents /Road-Map-
Implementation-Plan.pdf. Details and updates may be viewed on the UN GGIM website:
http://ggim.un.org.

4.3 United States PNT Advisory Board

IGS continues to participate in the United States National Space-Based Positioning, Navi-
gation, and Timing (PNT) Advisory Board (http://www.gps.gov/governance/advisory/),
which in 2018 included presentations on key issues and IAG/IGS updates from former GB
member Gerhard Beutler and CB Director/GB member Allison Craddock.

4.4 International Association of Geodesy Executive Participation

The IGS is represented in a variety of roles throughout the geodetic community. GB
members Richard Gross and Chris Rizos serve as a member of the International Association
of Geodesy (IAG) Executive Committee.

IGS Governing Board Members served on the Coordinating Board, Executive Committee,
Consortium, and Science Panel of the IAG Global Geodetic Observing System (GGOS).
Several of these members participated in the annual GGOS Days series of meetings, held
at the GSI Headquarters in Tsukuba, Japan.

5 Outlook 2019

In 2020 the IGS workshop participants will travel to Boulder, Colorado. This workshop
will be jointly hosted by UNAVCO and UCAR. After a series of annual workshops the
governing board has decided to go back to the biannual model where the full workshop is
planned every second year, with smaller thematic meetings held on the off years. In 2019
the thematic meeting will be focused on Analysis models and planning for Repro 3.

The Monitoring and Assessment working group will continue to develop the framework
in which they can participate in the Broader ICG process, and undertake more extensive
benchmarking and validation. The emergence of Precise Point Positioning Services trans-
mitted by the GNSS system providers is likely to add another layer of complexity to this
function, particularly as the IGS determines what role it would like to play in monitoring
these systems, if any.

This issue, along with many others, creates a timely need for the IGS to once again
consider its strategic plan. Accordingly the Governing Board will commence a review of the
strategic plan in 2019, including consultation with associate members and stakeholders.
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5 Outlook 2019

Lastly, the GB thanks all participants within the IGS for the efforts, with particular thanks
going to those working group chairs ending their current terms. Without the contributions
of all, the IGS could not have achieved the significant outcomes detailed in this report.
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1 Introduction

For twenty-five years, the International Global Navigation Satellite System (GNSS) Service
(IGS) has carried out its mission to advocate for and provide freely and openly available
high-precision GNSS data and products. IGS was first approved by its parent organization,
the International Association of Geodesy (IAG), at a scientific meeting in Beijing, China,
in August of 1993. A quarter century later, the IGS community gathered for a workshop
in Wuhan, China to blaze a path to Multi-GNSS through global collaboration.

The mission of the IGS Central Bureau (CB) is to provide continuous management and
technology in order to sustain the multifaceted efforts of the IGS in perpetuity. It functions
as the executive office of the Service and responds to the directives and decisions of the
IGS Governing Board. The CB coordinates the IGS tracking network and operates the
CB information system (CBIS), the principal information portal where the IGS web,
ftp and mail services are hosted. The CB also represents the outward face of IGS to a
diverse global user community, as well as the general public. The CB office is hosted at the
California Institute of Technology/Jet Propulsion Laboratory, Pasadena, California, USA,
with the exception of the Network Coordinator, who is based at UNAVCO in Boulder,
Colorado, USA. The CB is funded primarily by the US National Aeronautics and Space
Administration (NASA), which contributes significant staff, resources, and coordination
to advance the IGS. The following report highlights progress made by the Central Bureau
in 2018.

The IGS is a critical component of the IAG’s Global Geodetic Observing System (GGOS),
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where it facilitates cost-effective geometrical linkages with and among other precise geode-
tic observing techniques, including: Satellite Laser Ranging (SLR), Very Long Baseline
Interferometry (VLBI), and Doppler Orbitography and Radio Positioning Integrated by
Satellite (DORIS). These linkages are fundamental to generating and accessing the In-
ternational Terrestrial Reference Frame (ITRF). As it enters its second quarter-century,
the IGS is evolving into a truly multi-GNSS service, and at its heart is a strong culture
of sharing expertise, infrastructure, and other resources for the purpose of encouraging
global best practices for developing and delivering GNSS data and products all over the
world.

2 Central Bureau Review

The IGS Governing Board, while meeting on 8 April 2018 at the Technical University of
Vienna, Vienna, Austria, for Business Meeting 49.5 and during the Agenda point “CB
Changes and Updates”, proposed to convene a CB Review Panel which would review the
functions of the CB and report to the GB at the following GB meeting in the Fall of
2018.

The CB Review Panel comprises three individuals from the GB and it was agreed by unan-
imous consent during the GB discussion that the volunteers; Dr. Chris Rizos (UNSW), Dr.
Thomas Herring (MIT) and Dr. Ignacio (Nacho) Romero (ESA/ESOC) would compose

the Panel and report back their findings and recommendations.

The CB has been based at JPL from the start of the IGS with Ruth Neilan as its founding
Director and serving in this role until 2017. During this time the CB coordinated and
managed the growth of the IGS (network, analysis capability, etc) and ensured it had high
visibility, and contributed to specific tasks as appropriate, at national and international
forums (such as GEO, UN-ICG, UN-GGIM, and conferences organized by the IAG, FIG,
and others).

In 2017 Allison Craddock was appointed interim IGS CB Director and JPL/NASA have
confirmed their ongoing support to the IGS CB staying where it is under Allison Crad-
dock’s leadership. The GB, under Chair Gary Johnston’s direction, asked JPL to draft
a new proposal for the CB. It was agreed that the JPL CB proposal should cover the
explicit commitment of personnel and resources as needed to perform the CB duties, as
well as proposals on how to meet the existing and upcoming challenges to the IGS.

The CB Review Panel and CB representatives Craddock and Mick Connally of JPL took
part in a strengths, weaknesses, opportunities, and threats (SWOT) analysis as a means
of structuring the initial evaluation and path forward. This exercise was considered to be
a highly effective effort and yielded significant beneficial outcomes.

The CB Review Panel provided an analysis of the CB performance and any identified
shortcomings, as well as possible areas of improvement, plus identifies new challenges that
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4 Strategic Planning and Progress

the CB should be addressing to better support the IGS as a whole. In alignment with the
Terms of Reference, the performance of the CB is to be formally reviewed by the GB at
least every five years.

3 Executive Management and Governing Board Participation

In an effort to document the tasks and procedures associated with a successful and func-
tional CB, further work on an IGS Central Bureau Operations Plan describing the roles,
responsibilities, and deliverables of each member of the CB and of the CB as a whole was
carried out. These descriptions expand on and are consistent with description of the CB
in the IGS Terms of Reference. The Operations Plan was provided to the IGS Govern-
ing Board Chair and made available to members of the Governing Board for review and
comment.

The CB coordinated the necessary logistics and administrative organization for Govern-
ing Board (GB) meetings held in April (hosted by TU Wien in Vienna, Austria), Octo-
ber/November (hosted by Wuhan University in Wuhan, China) and December (hosted by
the CB/UNAVCO in Washington, DC, USA) 2018. The Executive Committee (EC) met
additionally by teleconference approximately every other month. Staff of the Central Bu-
reau, as part of its work program carrying out the business needs of the IGS, implemented
actions defined by the Governing Board throughout the year.

The CB supported the ongoing update of the Associate Members list in preparation of
the Governing Board elections. The IGS Associate Members form the body of voters who
elect the Governing Board, and play a vital role in the ongoing success and sustainability
of the service. Associate Member and Governing Board Member lists are maintained by
the CB on the IGS website (http://igs.org/about/organization).

The CB also continued to play an active role in supporting the organization of regular
IGS Workshops, this year supporting the colleagues in Wuhan, China in preparations for
their successful first IGS Workshop in Asia. In addition, the CB initiated contact with
leadership organizing upcoming IGS Workshops, including a 2020 Workshop in Boulder,
Colorado, USA, as well as holding a call for proposals for the 2022 workshop, which is
expected to take place somewhere in Europe.

4 Strategic Planning and Progress

The 2017 Strategic Plan was published in early 2018; preliminary discussions regarding a
2020 strategic plan have commenced.
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5 Communications, Advocacy, and Public Information

The Central Bureau continued to develop communications, advocacy, and public infor-
mation initiatives on behalf of the Governing Board. Due to the 2018 Workshop taking
place in the third quarter of 2018, no Open Associate Member meeting was held at AGU;
however, one will be planned for December 2019.

An informative, general-audience article, “The International GNSS Service: 25 years on the
path to multi-GNSS”,was published in the September issue of GPS World magazine: http:
//gpsworld.com/the-international-gnss-service-25-years-on-the-path-to-multi-
gnss/

The Central Bureau actively works with other IAG components to promote communica-
tions and outreach, including the IAG Communications and Outreach Branch and GGOS
Coordinating Office. As representatives of the IAG, IGS CB members also participate
actively in the United Nations Initiative on Global Geospatial Information Management
(GGIM) Sub-Committee on Geodesy, Focus Group on Outreach and Communications.

Social media has been actively maintained by CB staff and continued to grow in followers in
2018, due in part by growing and maintaining mutually beneficial links to IGS Contribut-
ing Organization communications representatives and increased frequency of posting, as
well as enhanced content. Increased cross-linking with IGS website and knowledge base
content, as well as promoting video resources available on the IGS website, will continue
in 2019. IGS Social Media accounts and follower statistics are as follows:

e Twitter (898 followers): https://twitter.com/igsorg

Facebook (1309 followers): https://www.facebook.com/internationalGNSSservice

Instagram (93 followers): http://instagram.com/igsorg

LinkedIn Group: http://www.linkedin.com/groups/International-GNSS-Service-
7455133

YouTube (83 subscribers): http://www.youtube.com/igsorg
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7 Network Coordination and User Community Support

6 New Official IGS Citation

The IGS chapter in the 2017 Springer Handbook of Global Navigation Satellite Systems
was recently deemed the official citation paper for those acknowledging the IGS in scholarly
research and other work:

Johnston, G., Riddell, A., Hausler, G. (2017). The International GNSS Ser-
vice. In Teunissen, Peter J.G., & Montenbruck, O. (Eds.), Springer Handbook
of Global Navigation Satellite Systems (1st ed., pp. 967-982). Cham, Switzer-
land: Springer International Publishing

DOI: 10.1007/978-3-319-42928-1

The book is currently available for purchase and download on the Springer website: https:
//www.springer.com/us/book/9783319429267

7 Network Coordination and User Community Support

With the assistance of the CB Network Coordinator, the IGS network added 14 stations
and decommissioned 12 stations in 2018, bringing the total to 507 stations. For additional
statistics and information about the IGS Network, please refer to the Governing Board
chapter of this report.

In early 2018, the CB Network Coordinator updated the Site Log Manager database and
website to accommodate the 9-character station codes. All internal Central Bureau oper-
ational scripts were also updated to accommodate the 9-character station codes. Later in
2018, the Central Bureau real-time caster was updated to use the 9-character station codes

Figure 1: IGS Multi-GNSS Tracking Network map, courtesy of Geoscience Australia.
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as recommended by the Real Time Working Group. Throughout the year, the CB Net-
work Coordinator worked with station operators on various topics including recommended
firmware upgrades, antenna alignment, receiver constellation tracking, and missing sta-
tion photos. The CB Network Coordinator worked with the TIGA Working Group and
the Infrastructure Committee to incorporate Tide Gauge information into the Site Log
Manager database and the station pages on the IGS web site.

The CB Network Coordinator supported the IGS user community by reviewing and ac-
cepting 487 IGS site log updates. In collaboration with the Antenna Working Group Chair
the CB Network Coordinator worked with equipment manufacturers to provide 54 changes
to the rcvr _ant.tab and antenna.gra equipment files. During 2018 approximately 150 new
user accounts were added to the Central Bureau real time caster. The CB Network Co-
ordinator also added 10 new user accounts to the Site Log Manager. When necessary,
the CB Network Coordinator will assist users with mailing list support issues. The CB
Network Coordinator also responds to various inquiries about data, products, or general
IGS information.

8 Project, Committee and Working Group Support and
Participation

The Central Bureau provides administrative and information technology support to IGS
Working Groups, and has been involved in aspects of the following initiatives:

Support of IGMA and other ICG initiatives.

Further integration of Multi-GNSS stations into the IGS Network.

Advocating for RINEX 3.04 and its support of all GNSS constellations.

Support of 2018 Governing Board meetings and elections.

Verification of IGS Associate Member contact information and participation through
both personal and automated processes.

9 Governing Board Elections Coordination and Support

Elections for the Governing Board positions of Network Representative and Data Center
Representative took place in the latter half of 2017. CB staff worked with the GB Elections
Committee to ensure nominations and voting processes were successfully carried out.
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10 IGS Workshop Support

The theme of the 2018 workshop — “Multi-GNSS through Global Collaboration” — was
echoed through ten plenary sessions, posters, and working group splinter meetings. The
Central Bureau provided frameworks, templates, timelines, and other existing resources,
as well as advice and guidance to workshop organizing committees. Central Bureau staff
also attended the workshop to provide on-site organizational support and other assistance.
For additional information about the 2018 Wuhan Workshop, please see the Governing
Board chapter of this report.

11 External Participation

The Central Bureau participates in, and interacts with, many IGS stakeholder organiza-
tions. A continuing highlight is the CB staff activity within the United Nations GGIM Sub-
Committee on Geodesy (formerly Global Geodetic Reference Frame Working Group). For
more information, please visit the UN-GGIM website: http://ggim.un.org/UN_GGIM_
wgl.html.

The CB Director continues to be a role that is active in a number of stakeholder organi-
zations, with A. Craddock serving on the GGOS Executive Committee and in the GGOS
Coordinating Office as Manager of External Relations. Significant progress was also made
in supporting the development of a cooperative plan with the United Nations Office for
Outer Space Affairs (UNOOSA), International Committee on Global Navigation Satellite
Systems (ICG) to monitor performance and interoperability metrics between the different
GNSSs, embodied by a joint IGS-ICG working group on monitoring and assessment. IGS
continues to co-chair the ICG Working Group on Reference Frames, Timing and Appli-
cations jointly with TAG (C. Rizos and Z. Altamimi) and the International Federation of
Surveyors (FIG, represented by M. Lilje and S. Choy), in close collaboration with BIPM
(G. Petit).

The CB Director was invited to present an IGS update to the US Federal Advisory Board
for Space-based Position, Navigation and Timing (PNT) in December 2018. Other IGS
representatives presenting at the PNT Advisory Board meetings include IGS Founding
Governing Board Chairman Professor Gerhard Beutler (University of Bern, Switzerland).
To view presentations made at PNT Advisory Board meetings, please visit: http://www