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TLALOCNet EAR-1338091 Annual Report
September 1, 2013 - August 31, 2014 (FY2014)

SUMMARY
This annual report covers TLALOCNet project (EAR-1338091) “MRI: TLALOCNet Development of a continuous GPS-MET array in Mexico for atmospheric, climatic, and
seismotectonic research in the Americas” activities for the time period from September 1,
2013 to August 31, 2014. TLALOCNet is a Collaborative Research project awarded by the
National Science Foundation to UNAVCO on August 16, 2013. The project is under the
direction of M. Meghan Miller, as PI, with Co-PIs, Glen Mattioli, Enrique Cabral, Chuck DeMets,
and Yolande Serra. Dr. Glen Mattioli is acting as Project Director in his role as Director of
Geodetic Infrastructure at UNAVCO; Karl Feaux is the Project Lead in his role as the GPS
Operations Manager for the PBO and John Galetzka, who joined UNAVCO in February 2014,
is the Project Manager.

Figure 1. The current TLALOCNet siting plan includes 6 new cGPS-Met stations (yellow
dots) and 18 upgrades to existing stations (red dots – 1 spare shown) in Mexico. Data from
13 new stations (green dots – spares shown), to be constructed by UNAM, will be included in
the TLALOCNet archives. Other NSF-funded stations, from COCONet (orange dots) and the
El-Major Cucapah Earthquake (blue dots) projects are also shown on this map.
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To date, UNAVCO engineering personnel have performed site reconnaissance at 21 locations
and have installed 3 stations (Table 1). By mid-September 2014, the project will have 7
stations installed, as delineated in the submitted proposal.
Site
Code

Site Name

Status

Latitude

Longitude

USMX

UNISIERRA,
Moctezuma

Operational

29.82165

-109.68

TNHM

UNAM Geology,
Hermosillo

Operational

29.081501

-110.970732

TNCU

UACJ, Cuauhtemoc

Operational

28.450378

-106.794057

TNPN

Papanoa, former
PAPA

Reconnoitered and ready to build, probably in September 2014.

16.7133

-98.4748

TNNX

Magdalena
Zahuatlán (near
OxNet Nochixtlan,
OXNC)

Reconnoitered and ready to build, probably in September 2014.

17.399591

-97.217867

TNPJ

Pijijiapan Seismic
Station PCIG

Reconnoitered and ready to build, probably in September 2014; Jesus Perez at SSN
continues troubleshooting VSAT connection.

15.705000

-93.219000

TNAC

Acatlan, former
OXAC

Reconnoitered and ready to build, probably in September 2014.

18.130168

-98.041133

TNAM

Central Universidad
de las Valles,
Ameca, former
AMEC

Reconnoitered; Enrique and Bertha to send notice to campus administration; try to
build during UGM conference in Puerto Vallarta

20.536000

-103.966000

TNMS

Mascota, former
MASC

Reconnoitered; Enrique and Bertha to send proposal and station contract to Msta
Anna; try to build during UGM conference in Puerto Vallarta

20.534400

-104.796000

TNCR

Telmex tower at
Ciruelos near Cruz
de Loreto, former
PZUL

Reconnoitered; Enrique and Bertha to send proposal to TELMEX about mounting
equipment on their building; try to build during UGM conference in Puerto Vallarta

20.064000

-105.507600

TNCM

Chamela Biological
Station

Ready to build; make a modified rooftop monument; build during UGM conference in
Puerto Vallarta

19.498135

-105.044713

TNPC

Pena Colorada Mine

Reconnoitered; ready to build; Enrique to send proposal to Efrain at PCM

19.390500

-104.101300

TNYC

Yecora Seguridad
Publica

Reconnoitered; ready to build; formalize agreement at time of install.

28.4

-108.9

TNAG

Isla Angel de la
Guarda

Enrique to start process to secure Federal permits; determine a time to install; no
recon visit; coordinate with Javier and Alejandro for logistics and possible telemetry to
RESBAN seismic station in Bahia de Los Angeles.

29.2

-113.3

TNMR

Maruata, former
MMIG

Reconnoitered and ready to build; Jesus Perez at SSN continues troubleshooting
VSAT connection.

18.289000

-103.346000

TNCH

San Isidro Chihuiru
(old name El
Camaron, OXEC)

Reconnoitered; Enrique to contact landowner about move to new location; settle on
telemetry (VSAT or ethernet radio to internet connection to nearby town).

16.520100

-96.054900

TNGU

Guevara, former
OXGU

Reconnoitered; ready to build; select VSAT provider (Hughes or Mexican provider).

16.631600

-96.910900

TNGL

Galeras, former
OXTU

Reconnoitered; Enrique to ask ranch owner if we can move station to hilltop about
200 meters away; build in dry season.

16.151200

-97.653800
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TNMQ

Marquelia, former
OXMA

Reconnoitered; ready to build in dry season.

16.710300

-98.611600

TNPL

Putla, former OXP2

Reconnoitered; ready to build in dry season.

16.993163

-97.932754

TNPR

Purificacion, former
PURI

Ready to build; site needs heavy protective measures.

19.665200

-104.637100

TNCC

Caleta de Campo,
former CALC

Ready to build; John to decide which monument plan to go with.

18.079070

-102.761930

TNSC

Isla Socorro

Enrique to start process to secure Federal permits; determine a time to install; no
recon visit.

18.73

-110.94

TNMM

Isla Maria Madre

Enrique to start process to secure Federal permits; determine a time to install; no
recon visit.

21.62

-106.56

TN25

Station 25 (spare)

PIs need to settle on location in Fall 2014. Reconnoiter to take place in Winter 2014

Table 1. TLALOCNet station status.

Early in the project, before the project manager was hired, the project team focused on
planning activities, such as determining the stakeholder requirements and designing the
system hardware. The key project stakeholders met in Boulder, CO (project kick-off meeting)
and San Francisco, CA (at the Fall AGU) in late 2013 to finalize the siting plan for the project.
A key accomplishment in the last year was hiring a project manager, John Galetzka, who took
the lead in project management activities. Once hired, John focused on executing the project
plan, including station reconnaissance and installation tasks as well as resolving logistical
issues such as shipping and importation of equipment, materials, and supplies into Mexico.

PROJECT KICK-OFF MEETING
On November 21, 2013, the TLALOCNet project PIs met at the UNAVCO building in Boulder,
CO for the project kick-off meeting. The meeting was organized and led by Karl Feaux. Other
meeting attendees (some by conference call) were Dr. John Braun (UCAR), Dr. Dave Adams
(UNAM), and Dr. Carlos Minjarez-Sosa (University of Arizona). The following issues were
discussed:
•
•
•
•
•
•
•

Project schedule, budget, stakeholders, communications, and management plan
Review of existing stations (existing hardware, proposed data comms)
Prioritization of sites
Development of a realistic schedule
Formal relationships within TlalocNet
Expectations for the atmospheric data products
A plan for the regional data and for PBO processing center sub-awards

At the end of the project kickoff meeting, a 24-station siting plan was developed and the seven
sites to focus on in the first year were identified (USMX, TNHM, TNCU, TNPJ, TNNX, TNAC,
TNPN). Key projects stakeholders were identified, which will encourage better project
communication moving forward and give the project a better chance for success. The project
stakeholders include the following institutional, atmospheric, solid earth, ionospheric, and data
center stakeholders:

TLALOCNet FY2014 Report 4

Institutional stakeholders
• National Science Foundation (USA)
• UNAVCO (USA)
• Instituto de Geofísica, UNAM (México)
• Servicio Sismologico Nacional, UNAM (México)
• Centro de Ciencias de la Atmósfera, UNAM (México)
• Conacyt (México)
• Universidad de Guadalajara (México)
• Instituto de Geología, UNAM (México)
• Centro de Geociencias, UNAM (México)
• Universidad Autónoma de Ciudad Juárez (México)
• Conagua / Servicio Meteorologico Nacional (México)
• Universidad de Sonora (México)
Atmospheric Stakeholders
• David Adams, UNAM
• John Braun, University Center for Atmospheric Research
• Carlos Minjarez, Department of Physics, Universidad de Sonora
• Arthur Douglas, Creighton University
• Christopher Castro, University of Arizona
• David Gochis, NCAR
• Seth Gutman, NOAA
• E. Robert Kursinski, University of Arizona
• Rajul Pandya, UCAR
• Luis Farfan-Molina, CICESE
• Chris Watts, University of Sonora
• Marek Zreda, University of Arizona
Solid Earth Stakeholders
• Rick Bennett, University of Arizona
• Mike Brudzinski, University of Miami-Ohio
• Vladimir Kostoglodov, UNAM
• Javier Gonzalez, CICESE
• Jorge Zavala, Servicio Mareográfico Nacional, UNAM
• Carlos Valdés, Servicio Sismológico Nacional, UNAM
• Rocco Malservisi, University of South Florida
• Osvaldo Sanchez-Zamora, UNAM
• Diego Melgar, Scripps Institution of Oceanography
• Shannon Graham, University of Wisconsin-Madison
• Christina Plattner, Ludwig Maximilians University-Munich, Germany
• Mario Rebolledo-Vieyra, Centro de Investigacion Cientifica de Yucatan, A.C.
• Estaban Vazquez, Universidad de Sinoloa
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•
•
•

Andrea Walpersdorf, LGIT, University Joseph Fourier – Grenoble, France
Marco Guzman-Speziale, Centro de Geosciencias, UNAM
Nancy King, USGS

Ionospheric Stakeholders
• Roman Pérez, UNAM
• Tim Fuller-Rowell, CIRES, University of Colorado, SWPC, NOAA
Regional Data Center Stakeholders
• Bertha Márquez-Azúa, University of Guadalajara
• Fran Boler, UNAVCO, Regional Data Center Liaison

HUMAN RESOURCES UPDATE: FULL-TIME PROJECT MANAGER HIRED AND PART-TIME
FIELD TECHNICIAN UNDER CONTRACT
In FY2014, UNAVCO hired two key project staff members: John Galetzka, a full-time project
manager based in Boulder, CO and Louis Salazar, a part-time contract field technician based
in Mexico D.F., Mexico. John will lead all project management components of the project to
ensure that the project requirements are met within the proposed schedule and budget. John
will also manage the subcontract of the field technician. Louis will assist the project in
reconnaissance, shipping, station installations, and provide other in-country logistical
assistance.

OPERATIONS SUMMARY
A number of planning, operational, and logistical tasks were completed during the last year
resulting in 21 site reconnaissance and 3 station installations. Several weeks prior to the
Guererro Mw 7.2 earthquake on 18 April 2014, UNAVCO staff repaired PAPA, the closest
cGPS station to the epicenter. No other maintenance trips were completed in the first year
(Table 2). Other key project operational tasks completed in FY2014 include:
•

•

•

•
•
•

21 of 25 sites (24 plus 1 spare) have been reconnoitered as of June 13th (one site in
Oaxaca was rejected out of security concerns)—the three island sites can and will be
built without prior “recon” visits to save time and money.
US State Department “Diplomatic Pouch” shipping process is ironed out and will be
used as template for future shipments of high-value electronic equipment. Diplomatic
Pouch #1 sent to Mexico (5 sets of Trimble receiver, choke ring antenna, metpack).
“Donation to UNAM” shipping process for heavier and expendable equipment took much
longer than anticipated, but finally sorted out in August 2014 with first shipment of
donated hardware for four stations (TNPJ, TNNX, TNAC, TNPN).
Shipping - Diplomatic Pouch #2 sent to Mexico (5 sets of Trimble receiver, choke ring
antenna, metpack).
Shipping - Diplomatic Pouch #3 sent to Mexico (5 sets of Trimble receiver, choke ring
antenna, metpack).
Overland delivery of station hardware for USMX, YESX, TNHM, TNCU.
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•

•

Completed installations of stations USMX, TNHM, TNCU; YESX was rejected at the last
moment out of vandalism concerns (a new site on the Public Security building was
selected, but install team did not have proper equipment for installation at that time).
Subcontract completed for Mexican field technician, Louis Salazar, who will assist the
project with station reconnaissance, installation, and maintenance.

Planned work for FY2015 include finalizing the Memorandum of Understanding between
UNAVCO and UNAM, completing the three remaining site reconnaissance, installation of 21
remaining stations (4 new, 17 refurbished), developing a project webpage, and completing the
regional data center.
Table 2. TLALOCNet Status: Tasks completed in FY2014.

Cumulative

Since Previous
Report

Details From Current Quarter

Station Recons

21 (1 spare)

-

Remaining: 3

Stations
Installed
New /
Refurbished

2 new
1 refurbished

-

New: TNHM, TNCU

Maintenance
Visits

1

Refurbished: USMX
-

Restarted UNAM station PAPA
while doing recon several weeks
before nearby April 18th Mw 7.2

SCIENTIFIC EFFORTS: ACTIVITIES AND FINDINGS
During the past year, our scientific effort has focused mostly on studies related to the M=7.4
Ometepec earthquake, which ruptured the Mexico subduction zone in March of 2012, but also
on the tectonics of the Pacific plate. From modeling of continuous GPS data from ~30
continuous GPS stations in southern and central Mexico, Graham et al. (2014a) show that a
transient slip event that ruptured deeper areas of the Mexico subduction interface in 2011/12
migrated toward the eventual rupture zone of the Ometepec earthquake during the months
before the earthquake and reached a location within 20 km of the earthquake just weeks
before the rupture occurred. In a related paper, Graham et al. (2014b) model cGPS data from
many of the same stations to define the coseismic slip distribution of the Ometepec earthquake
and both its afterslip and viscoelastic responses. They find the following: (1) afterslip occurred
along the subduction interface downdip from the earthquake rupture area, where the
subducting slab is nearly horizontal, (2) the region of afterslip was more than ten times larger
than the region of coseismic slip, (3) afterslip within six months of the earthquake released
energy equivalent to 140 percent of the coseismic energy. Finally, Graham (2013) models the
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space-time history of all transient slip events on the Mexico subduction interface from 2005 to
2011 to better understand their characteristics. Results from this dissertation chapter are now
being prepared for review.
During the past year, we also gathered new campaign GPS data on Socorro and Clarion
islands in the Pacific basin to advance a long-term study of Pacific plate deformation that we
initiated in 1997. Results from this work are in review at the Journal of Geophysical Research
(DeMets et al. 2014). Perhaps more importantly, we used our visits to these Mexicancontrolled islands to evaluate the prospects for building TLALOCNet sites on one or both and
have concluded that a site on Clarion would be valuable for tectonic studies and a site on
Socorro for atmospheric, but not tectonic studies.

DATA SUMMARY
The project kick-off meeting, held in Boulder, CO on November 21, 2013, resulted in 6 target
locations for new stations and 19 targets (18 plus one spare) for refurbished stations. The
TLALOCNet data plan also calls for at least 15 stations to provide high-rate, low-latency (1 Hz,
<1 ms) or real-time GPS data streams.
UNAVCO currently archives 3 cGPS stations with standard PBO 15 sec hourly data files, with
a plan to meet the seven-station goal for the first year of the project by mid-September.
Additionally, there are currently no TLALOCNet stations delivering high-rate, low-latency (1 Hz,
< 2 s) data streams in real-time via the Networked Transport of RTCM via Internet Protocol
(NTRIP). This is due to a failure in the primary server at UNAVCO. New hardware has been
purchases and this issue is expected to be resolved soon.

BUDGET AND SCHEDULE
Including open commitments, the TLALOCNet expenditures through the end of June 2014
were $409K. With a Year1 project budget of $436K, the project is well within a 10% cost
variance. The project is ahead of schedule in some areas, like purchasing of materials and
equipment, but experienced some delays in the first year in the hiring of key project personnel.
In the aggregate, the project is slightly under spent, but in good shape moving into the second
year of the project.
The revised project proposal called for the reconnaissance of 18 sites and the installation of
seven stations in the first year of the project with the remaining reconnaissance and station
installations scheduled for the second year (Figures 1-2). To date, UNAVCO engineering staff
has completed 21 site reconnaissance and have installed three stations. Four additional
stations will be completed by mid-September, 2014 to meet the scheduled station installation
goals for the project. In FY2014, UNAM installed four cost-share stations scheduled for the
first year of the project (Figure 3). Data from these stations are in the final process of being
delivered via daily ftp to the UNAVCO data archive. Additional project milestones, such as
completion of the regional data center and the project webpage, are shown in the detailed
project schedule (Figure 4).
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Figure 1. TLALOCONet Reconnaissance: Plan
(blue) vs. Actual (green).

Figure 2. TLALOCONet Station Installations:
Plan (blue) vs. Actual (green).

Figure 3. UNAM Cost-Share: Plan (blue) vs. Actual
(green).
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Figure 4. Complete TLALOCNet project schedule.
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EDUCATION, OUTREACH, AND COMMUNITY ENGAGEMENT
The TLALOCNet project focused mainly on logistics, reconnaissance, and construction
activities in the first year. However, the project outreach activities focused on setting up the
regional data center at the University of Guadalajara.
Regional Data Center
UNAVCO staff members are developing software components that will be utilized for the
TLALOCNet Regional Data Center (RDC). These components are also being developed for
the COCONet Regional Data Centers. To aid in the development of the RDC system and
components, UNAVCO has proceeded with configuring a virtual machine (VM) that has been
provisioned with the Linux operating system and systems software including web server, web
application server, ftp server, Java, Perl, Python, and MySQL, plus the GSAC database, GSAC
software, and synchronization scripts required. The development and testing of the Regional
Data Center components is ongoing.
UNAVCO staff also participated in a GSAC Workshop hosted by the University of Beira
Interior, Covilha, Portugal, and attended by the eight European Data Centers utilizing the
GSAC system as well as representatives from other European Data Centers contemplating
using GSAC. The viewpoints of the participants, especially with regard to data access and
useful metadata elements, were relevant to the TLALOCNet Regional Data Centers since
GSAC is a primary software component included in the TLALOCNet RDC package.
Meetings and Conferences
One presentation was given at the AGU annual meeting in December 2013 related to
TLALOCNet. As the project continues through its initial construction phase, we anticipate that
a special session at AGU or GSA will be developed by the PIs to highlight TLALOCNet
infrastructure and data.
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PROJECT CONCERNS
Permits for Island Stations: There is some concern that all the required permits for access
and installation on island stations in the Gulf of California will not be completed on schedule.
Risk mitigation: We are working with our Mexican partners to assure that the permits will be
acquired as needed to keep the project on schedule.

