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COCONet EAR 1042906/9 Quarterly Report
September 1, 2014 – November 30, 2014 (FY2015-Q1)

SUMMARY
This quarterly report covers COCONet project (EAR-1042906/EAR-1042909) activities for the
time period from September 1, 2014 to November 30, 2014. COCONet is a Collaborative
Research project between UNAVCO (EAR-1042906) and University Corporation for
Atmospheric Research (UCAR) (EAR-1042909) awarded on September 14, 2010. The project
is under the direction of M. Meghan Miller, as PI, with Co-PIs, Karl Feaux, Glen Mattioli, and
Guoquan Wang. Dr. Glen Mattioli is acting as Project Director in his role as Director of
Geodetic Infrastructure at UNAVCO and Dr. John Braun is the UCAR PI.
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Figure 1. The current COCONet siting plan. Yellow dots represent the 64 completed COCONet
stations (new and refurbished) and red dots represent the 15 remaining planned stations (new and
refurbished). The stars represent the proposed tide gauge locations (with 2 additional GPS sites per
location). The diamonds represent existing tide gauge stations where 2 GPS stations will be added to
constrain the motion of the pier. The existing “contributing” GPS stations (n=61+), which either
already or are soon to be delivering data to the COCONet archive, are not shown in this map.
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To date, UNAVCO engineering personnel have performed site reconnaissance at 80 locations,
submitted land use permits for 78 sites, received permits for 76 sites, and currently have 64
stations installed (Figure 1, 62 yellow dots plus 2 GPS instruments installed at tide gauge
stations).
Key accomplishments in the last quarter were the installation of the COCONet cGPS-Met
station on Dominica and the installation of the first tide gauge station at Port Royal, Jamaica
(See Field Highlight below).
A number of other planning, logistical, and data tasks were completed during the last quarter
including:
•

•

•
•
•

•

•
•

•

•

•

The current siting plan calls for 54 new stations, plus 5 new stations associated with tide
gauge installations, 23 refurbished stations, for a total of 82 new stations, and at least
61 existing stations to be incorporated into the COCONet data archive.
Three new cGPS-Met stations were installed in FY2015-Q1 (one GPS-Met station on
Dominica, plus two GPS instruments associated with the tide gauge station at Port
Royal, Jamaica). The total number of new, refurbished, or co-located stations installed
to date is 64.
Maintenance work was completed to upgrade cellular data communications at CN24
and CN25 (Mexico) and CN19 (Aruba).
Planned work for FY2015-Q2 includes installations at CN51 (Sombrero Island, Anguilla)
and the installation of at least 3 permitted stations in Venezuela.
UNAVCO currently archives 112 designated COCONet cGPS stations. This group
includes stations that are new, refurbished as well as contributing stations from other
networks.
There are currently 35 COCONet stations delivering high-rate, low-latency (1 Hz, less
than 2 s) data streams in real-time via the Networked Transport of RTCM via Internet
Protocol (NTRIP). This exceeds the original project goal outlined in the proposal.
Agreements with all three Regional Data Centers are now complete.
A dry run of the training and use of the Dataworks for GNSS software for the Regional
Data Centers was accomplished in November 2014, with Doerte Mann learning the
software and providing feedback.
Training of Regional Data Center staff is scheduled to take place December 8-10 in
Boulder. The computer servers for each Regional Data Center are configured with
operating systems and Dataworks software installed. Servers are ready for shipment to
the host institutions.
Including open commitments, the COCONet expenditures are now over $5.0M through
November 30, 2014, yielding a slight budget under run to date. The cost variance
(5.8%) is consistent with the schedule variance.
Several UNAVCO staff attended the Tide Gauge Operators Training at the University of
Puerto Rico, Mayaguez. This provided an opportunity for face-to-face communications
with the key tide gauge stakeholders.
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•

The following papers have been submitted to scientific journals by COCONet Fellows
Vanshan Wright (a), Roby Douilly (b), Andria Ellis (c), and their colleagues:

a) Wright V, Hornbach M, McHugh C and Mann P, in review. Factors Contributing to the
2005-present Rapid Rise in Lake Levels, Dominican Republic and Haiti (Hispaniola).
Journal of Natural Hazards.
b) Douilly, R., H. Aochi, E. Calais, A. M. Freed. 3D Dynamic Rupture Simulations Across
Interacting Faults: The Mw7.0, 2010, Haiti Earthquake, submitted to J. Geophys. Res.,
2014.
c) Ellis, A., C. DeMets, P. Briole, E. Molina, O. Flores, J. Rivera, C. Lasserre, H. LyonCaen, and N. Lord. Geodetic Slip Solution for the Mw = 7.4 Champerico (Guatemala)
Earthquake of 07 November 2012 and its Postseismic Deformation, submitted to
Geophysical Journal International, 2014.
Additional details related to COCONet field activities this quarter may be found in Table 1.
below.
Cumulative

Since Previous
Quarter

Station Recons

80*

Permits
Submitted

78

1 (Puerto
Morelos, Mexico)

Permits
Accepted

76

1 (Puerto
Morelos, Mexico)

Stations
Installed
New /
Refurbished

45 new
19 refurbished

3 new
0 refurbished

Maintenance
Visits

42

3

Details From Current Quarter
All recons completed, except for
two Gulf of Mexico stations.
Remaining: 2 Gulf of Mexico
stations plus 1 new GPS
instrument at 2 TG stations
Remaining: 2 GPS stations in
Venezuela, 2 Gulf of Mexico
stations plus 1 new GPS
instrument at 2 existing TG
stations
New: Dominica plus 2 at Port
Royal, Jamaica)
Refurbished: None
Mexico (CN24, CN25) and Aruba
(CN19)

Table 1. COCONet Status: Tasks completed to date and in FY2015-Q1. * Reduced count by 3 – the project
will use existing COCONet GPS instruments at 3 tide gauge stations.
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FIELD HIGHLIGHT: CGPS CONSTRAINED TIDE GAUGE INSTALLED IN JAMAICA
A Key Contributing Station for Tsunami Early Warning and Measuring Global
Sea Level Budget
Modern tide gauges provide precise relative sea level data but are greatly influenced by
vertical land motion and the stability of the surface (e.g. pier) on which they are built. In
addition, tying local, relative sea level to a global reference frame or absolute sea level remains
an ongoing challenge. Traditionally, technicians routinely leveled the gauges with respect to
various local tide gauge benchmarks. Precise leveling is labor intensive and while accurate, is
often inconsistent in recurrence. An NSF supplement to COCONet provided funding for two
dual-frequency cGPS stations proximal to newly constructed tide gauges; one cGPS in
bedrock or stable ground within five kilometers of the gauge and the second on the tide gauge
platform itself with a geodetic baseline tie between them to best constrain vertical motion. In
doing so, this experiment provides a near real-time position of the tide gauge instrument, both
relative to the changing sea level height as well as the dynamic global reference frame. The
supplement also provided funds for the addition of two cGPS stations (on the pier and on
nearby bedrock) at two existing, functioning tide gauges, which are considered “upgrades.”

Figure 1: Schematic of COCONet GPS-constrained Tide Station.
UNAVCO opened an ongoing discussion with a panel of experts in the field of GPS
constrained tide gauges and sea-level monitoring in order to target specific designs for station
engineering as well as to better understand the needs and current assets of the sea-level
monitoring community. Instrumentation was selected, purchased, and tested in-house.
Additionally, several UNAVCO employees attended the IOC’s Sea Level Operators Workshop
in Puerto Rico in November 2014 and taught a short-course on campaign system installations
and COCONet data products.
In November of 2014, UNAVCO installed its first complete GPS-constrained tide gauge station
in Port Royal, Jamaica. Port Royal is a Jamaican Coast Guard base off the coast of Kingston,
Jamaica that previously hosted a tide gauge operated by the Jamaican Meteorological
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Services (JMS). The JMS station at Port Royal lost funding and the JMS were eager to support
UNAVCO’s construction of a new, GPS constrained radar and pressure gauge. A Sutron radar
level recorder and submersible pressure gauge were installed on the existing pier (station
code: PTRO), along with a Trimble NetR9 receiver and Vaisala meteorological instrument
(PRCG). The secondary cGPS (PRML) was constructed on the nearby Marine Research Lab
building, which also hosts an ethernet connection for GPS and meteorological instrument
dataflow. JMS provided excellent in-country support for the installation and will provide longterm support and maintenance of the tide instruments. Tide data are being transmitted via
GOES satellite to the IOC archive (www.ioc-sealevelmonitoring.org). Both cGPS stations and
meteorological data will undergo standard COCONet processing and archived at UNAVCO
(coconet.unavco.org).

Figure 2: UNAVCO engineer Keith Williams installing the GOES satellite antenna.

Figure 3: Final layout of Port Royal Tide Gauge Pier.
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Finally, using methods developed by Dr. Kristine Larson (The Accidental Tide Gauge: A GPS
Reflection Study from Katchemak Bay, Alaska, Larson, K. et al.), UNAVCO personnel were
able to measure the adjacent ocean tidal signal in the pier-mounted GPS multipath reflections.
Initial results suggest this method may provide a continuous tie between the GPS antenna
phase center and the tide instrument datum and could possibly reduce the need for frequent
instrument leveling.

Figure 4: Measured reflection heights using1-Hz data from cGPS PRCG
compared to 1 min radar gauge measurements at co-located PRTO.

UCAR UPDATE
The UCAR/COSMIC program is participating in COCONet under support from NSF grant
(EAR-1042909). UCAR/COSMIC produces continuous estimates of atmospheric precipitable
water vapor (PW) using a heterogeneous network of GNSS stations, including those stations
that are part of COCONet. These data are produced and distributed through the Suominet
(www.suominet.ucar.edu) web portal as well as with the local data management (LDM)
system.
UCAR/COSMIC began submitting hourly WMO bulletins to the National Weather Service
(NWS) Telecommunications Operations Center (TOC) for publication on the Global
Telecommunications System (GTS) beginning on November 21, 2014. This automated
delivery system pushes data to NWS for broader use of COCONet data within the operational
weather community. We are currently working with NOAA/NWS to resolve two significant data
formatting issues. We expect this task to be completed in December of 2014. UCAR/COSMIC
is currently reprocessing data from more than 100 cGPS stations operating in the COCONet
domain from 2007 through 2014. This reprocessing utilizes products from the Center for Orbit
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Determination in Europe (CODE) that have been recently submitted to the International GNSS
Service (IGS) 2nd reprocessing effort. UCAR/COSMIC has utilized these CODE products to
produce satellite clock estimates at 30 seconds intervals. We expect this reanalysis to be
completed by the end of FY2015-Q2.
Three presentations are being prepared for upcoming scientific conferences. Titles, dates, and
session information is provided:
o The Continuously Operating Caribbean Observational Network (COCONet): Supporting
Regional Development of Geoscience Research Across the Circum-Caribbean (PA23C03), Session PA23C: Earth Observations: Research Imperatives and Societal Impacts,
Fall AGU Meeting, Tuesday, Dec 16, 2014.
o The Relationship between Sea Surface Temperature and Total Column Precipitable
Water Vapor Across the Broader Caribbean (A41L-04), Session A41: Advances in
Weather and Climate Science Enabled by Atmospheric Profilers and Ground-Based
GNSS/GPS Techniques II, Fall AGU Meeting, Thursday, Dec 18, 2014.
o The Assessment and Validation of Atmospheric Water Vapor in Global Analysis and
Forecasts Accross the Broader Caribbean (13B.6), 19th Conference on Integrated
Observing and Assimilation Systems for the Atmosphere, Oceans, and Land Surface
(IOAS-AOLS), American Meteorological Society Annual Meeting, Thursday, Jan 8, 2015.

PROJECT CONCERNS
Venezuela: Continued delays for station installations in Venezuela.
Risk mitigation:
COCONet management will monitor the safety concerns in Venezuela and will train local
technicians to do installations, if necessary. We now plan to install these stations in January
2015.

