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Toolik Field Station is located on arctic tundra in the 
foothills of the Brooks Range on Alaska’s north slope. 
The station supports a long-standing and rapidly ex-
panding community of scientists and ecological research 
projects representing individual and collaborative efforts 
from US and international institutions. The Toolik Field 
Station GIS Program provides enterprise-level spatial 
data and analysis support for the Toolik community. The 
station’s highly diverse user-base demands a stable yet 
flexible approach to scoping and delivery of spatial data 
and services.
Since summer 2001, UNAVCO has provided critical 
support to the Toolik Field Station GIS program ensur-
ing that the station maintains a stable infrastructure of 
survey-grade GPS equipment and expertise on a perma-
nent basis. As a result, Toolik Field Station provides GPS 
equipment, in-depth consultation, data collection and 
analysis at the project level for all registered researchers.
This one-page report outlines UNAVCO’s help in devel-
oping the system as a whole, while examples of specific, 
project applications are detailed in supporting one-pagers.
I. EQUIPMENT: Demand for this support has driven 
the permanent installation of the following equipment 
at Toolik Field Station, supplied by UNAVCO and 
installed jointly by TFS GIS and UNAVCO:
Full equipment Overview:
http://www.uaf.edu/toolik/gis/TFS_GIS_gps_equipment.html

Base Station: Trimble NetRS (v. 1.1-2) base receiver, 
w/ Zephyr Geodetic antenna and PacCrest RTK radio 
(2/35w) 
http://www.uaf.edu/toolik/gis/TFS_GIS_gps_upgrade.html

Mobile Base Station: Trimble 5700 receiver w/ Zephyr 
Geodetic antenna and PacCrest RTK radio (2/35w)
http://www.uaf.edu/toolik/gis/TFS_GIS_gps_equipment.html#mobilebase

Rover Receiver: Trimble 5700 receiver w/ Zephyr an-
tenna and PacCrest RTK radio (2/35w)
http://www.uaf.edu/toolik/gis/TFS_GIS_gps_equipment.html#survey

II. STAFF TRAINING: UNAVCO personnel have been 
instrumental in providing training to TFS staff on both 
formal and informal levels. Initial training provided 
by Bjorn Johns in 2001 on setup and use enabled the 

Survey-Grade GPS Infrastructure at the Community Level:
Adaptable GPS Application at Toolik Field Station, Alaska
Andrew W. Balser » Toolik Field Station, Institute of Arctic Biology, University of Alaska Fairbanks

Facilitating State-Of-The-Art Geodesy

program to become operational, while subsequent infor-
mal training and assistance for refining field campaign 
techniques and multiple approaches to data processing, 
automation and archiving have come from Jim Green-
berg, Beth Bartel and Jim Normandeau.
III. COMMUNITY TRAINING: Informal training is 
available at Toolik Field Station on a first-come first-
served basis, and is generally tailored to specific projects 
as needed. In addition, UNAVCO has teamed with 
TFS GIS to offer two training opportunities on a more 
formal basis.
Survey-Grade GPS on-site Demo at Toolik Field Station, 
May, 2004: In May 2004 a half-day lecture and demo 
was offered by UNAVCO/TFS to staff and scientists on-
site at Toolik Field Station. Topics included an overview 
of concepts, examples of adaptive applications of the 
technology, and hands-on experience for all participants 
in data collection and point recovery (stakeout).
“Survey-Grade GPS for Non-Surveyors”, 3 Day Course 
at UAF, April 2005: This course covered concepts, 
campaign planning, data collection and post-processing 
with morning lecture and afternoon field exercises. 15 
participants left with hands-on experience and suggested 
solutions for their specific research.

Supported by NSF Award Numbers: 9981914 (2001 – 2005) & 0455541 
(2006 – 2010)
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NowMex! A Continuous GPS Network for Northwest Mexico

R.A. Bennett » University of Arizona
J. Gonzalez-Garcia » CICESE, Ensenada, Mexico
C. Walls » UNAVCO, Riverside, CA
K. Hudnut » U.S. Geological Survey, Pasadena, CA
S. Hreinsdóttir » University of Arizona

Facilitating State-Of-The-Art Geodesy

A continuous GPS (CGPS) network is slowly developing in 
northern Mexico, complementing the rapid proliferation of 
CGPS in the conterminous states.  The network of stations will 
support a variety of scientific investigations, including tecton-
ics, weather forecasting, and climate monitoring. The network is 
made possible by the grassroots effort of numerous individuals 
who have dedicated their time and other personal resources to 
make new stations a reality in this region. We are grateful to the 
volunteer field crews who contributed their weekends and vaca-
tion days to participate in construction of sites. UNAVCO com-
munity receiver purchases facilitated development of some of the 
sites. We thank the SCIGN Coordinating Board for providing 
funding, and UNAVCO, PBO, California Institute of Technol-
ogy, and the University of Arizona for providing additional sup-
port. Future densification of the network is a high priority for 
both atmospheric and tectonic applications.

E.R. Kursinski » University of Arizona
C. Minjarez-Sosa » University of Arizona, University of 
Sonora, Mexico
Mario Martinez » INEGI, Hermosillo, Mexico

Figure 2. Sonora field crew in photo: Javier Gonzalez-Garcia 
(left) and Rufino Garcia (right), both from CICESE.

Figure 1: Red: stations constructed as part of SCIGN project. Equipment purchase support and technical expertise for some of these stations was provided by 
UNAVCO. Blue: stations of the INEGI network made available through collaboration between Univ. Arizona and INEGI.  Dots: stations operated jointly by 
Univ. Sonora (UNISON) and Univ. Arizona.  We are presently analyzing all existing data from these stations at the Arizona Tectonic Geodesy Laboratory.
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A UNAVCO community receiver purchase has fa-
cilitated rapid expansion of the Iceland Continuous 
GPS network (ISGPS). UNAVCO also provided 
assistance for budgeting, assembling, and shipping 
raw materials for four short-braced monuments for 
the central Highland Iceland (CHIL) subnetwork. 
Project collaborators include scientists from Ice-
land, Switzerland, Japan, France, and the United 
States. Team members include Peter LaFemina Erik 
Sturkell, Sigurjón Jónsson, Shinichi Miyazaki, and 
Thierry Villemin. The objectives of the project are 
many, including measurement of high rate GPS data 
at points near active volcanoes such as Grímsvötn, 
Hekla, and Katla, measuring temporal variations in 
deformation, and determining the pattern of uplift, 
which exceeds 20 mm/yr in places.

Rapidly Developing Continuous GPS Network in Iceland

R.A. Bennett » University of Arizona
S. Hreinsdóttir » University of Arizona
T. Árnadóttir » Nordic Volcanological Center, University of Iceland, Reykjavík
H. Geirsson » Icelandic Meteorological Office, Reykjavík

Facilitating State-Of-The-Art Geodesy

Figure 1. Locations of current and planned ISGPS stations.
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Remote Sensing for Hazard Mitigation and Resource Protection
in Pacific Latin America
Gregg Bluth » Department of Geological Engineering and Sciences, Michigan Technological University
John Gierke » Department of Geological Engineering and Sciences, Michigan Technological University
Essa Gross » Department of Geological Engineering and Sciences, Michigan Technological University
William Rose » Department of Geological Engineering and Sciences, Michigan Technological University

Facilitating State-Of-The-Art Geodesy

This project is a five-year, $2.3 million effort supported by the 
National Science Foundation to develop a cultural change in 
U.S. institutions by establishing innovative models for high-
quality, international collaborative research and education. 
The integration of research and education encourages cross-
disciplinary, creative and critical thinking in problem solving 
and fosters the ability to deal with uncertainty in analyzing 
problems and designing solutions. Remote sensing provides 
an ideal setting for engaging a broad range of engineering and 
science students in developing these qualities. Although remote 
sensing has great potential and is commonly used in research 
for characterizing, monitoring, and exploring large regions 
cost-effectively, it has not met with much acceptance in terms 
of practice, especially in the developed world due to a lack of 
proof or confidence. Our project focuses on developing remote 
sensing tools and validation methods for hazard mitigation and 
resource protection in Guatemala, El Salvador, Nicaragua, and 
Ecuador. We are working towards two important goals: (1) to 
develop formal linkages among MTU and geoscience agencies 
in Pacific Latin America, focusing on the collaborative develop-
ment of remote sensing tools for hazard mitigation and water 
resource development; and (2) to build a new educational 
system of applied research and engineering using two existing 
educational programs at MTU: the Peace Corp/Master’s Inter-
national program in Natural Hazards which features a two-year 
field assignment, and an undergraduate “Enterprise” program, 
which gives teams of civil, environmental, and geological 
engineering students the opportunity to work on real-world 
problems over multiple years in a business-like setting.

References

Bluth, G.J.S. and W.I. Rose (2002) Collaborative studies target volcanic hazards in 
Central America. EOS Transactions American Geophysical Union, 83, n. 39, 
429-435.

Huntoon, J.E., G.J.S. Bluth, and W.A. Kennedy (2001) Measuring the effects of a 
research-based field experience on undergraduates and K-12 teachers. Journal of 
Geoscience Education, 49, 235-248.

Rose, W.I., G.J.S. Bluth and G.G.J. Ernst (2000) Integrating retrievals of volcanic 
cloud characteristics from satellite remote sensors--a summary. Philosophical 
Transactions of Royal Society, Series A, v. 358, n. 1770, 1585-1606.

This work is supported by NSF grant OISE-0530109.

Figure 1. Dr. Gierke and the Aqua Terra Tech “Enterprise” students 
planning their daily geophysical surveys outside of Boaca, Nicaragua.

Figure 2. Aqua Terra Tech “Enterprise” students assembling the GPS 
unit; their training at Michigan Tech includes several geophysical 
methods, environmental modeling, as well as community planning.

Figure 3. Dr. Bluth, Oto Matías (INSIVUMEH) and graduate 
students on a GPS survey of volcanic deposits, between Fuego and 
Agua volcanoes, Guatemala.
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The forthcoming GeoEarthScope 
LiDAR topography acquisition of-
fers an unprecedented opportunity 
to examine the strain field adjacent 
to major active faults in the western 
United States at time scales greater 
than those provided by the cur-
rent Plate Boundary Observatory 
geodetic instrumentation. These 
datasets will be exceptionally valu-
able for geologic slip rate studies, 
paleoseismic research, and as a 
pre-earthquake representation of the 
landscape should an event occur in 
the near future. These datasets will 
be utilized extensively and must be 
available to the EarthScope com-
munity as quickly and as easily as 
possible.
Traditionally, access to community 
LiDAR datasets is difficult because 
of the massive volumes of data 
generated by LiDAR technology. 
Thus, the tremendous volume of 
data generated by the forthcoming 
GeoEarthScope LiDAR acquisition 
effort could potentially be a sig-
nificant barrier for user community 
access and processing of these data.
To address the challenges posed by 
the distribution and processing of 
community LiDAR datasets, we 
have applied a geoinformatics ap-
proach that capitalizes on cyberinfra-

The GEON LiDAR Workflow as a Distribution Pathway for
Forthcoming GeoEarthScope LiDAR Datasets
Christopher J. Crosby » School of Earth and Space Exploration, Arizona State University
J Ramon Arrowsmith » School of Earth and Space Exploration, Arizona State University
Efrat Frank » San Diego Supercomputer Center, University of California, San Diego
Viswanath Nandigam » San Diego Supercomputer Center, University of California, San Diego
Han Suk Kim » Department of Computer Science and Engineering, University of California, San Diego
Jeffrey Conner » School of Earth and Space Exploration, Arizona State University
Ashraf Memon » San Diego Supercomputer Center, University of California, San Diego
Chaitan Baru » San Diego Supercomputer Center, University of California, San Diego
Newton Alex » School of Earth and Space Exploration, Arizona State University

Facilitating State-Of-The-Art Geodesy

utilizing cyber infrastructure to 
facilitate access to computationally 
challenging community datasets.

References:

Crosby, C.J., Arrowsmith, J R., Frank, E., Nandi-
gam, V., Kim, H.S., Conner, J., Memon, A., 
Baru, C., Enhanced Access to High-Resolu-
tion LiDAR Topography through Cyberin-
frastructure-Based Data Distribution and 
Processing, Eos Trans. AGU, 87(52), Fall 
Meet. Suppl., Abstract IN41C-04, 2006.

Crosby, C.J., Arrowsmith, J R., C.J., Frank, E., 
Conner, J., Memon, A., Nandigam, V., Kim, 
H.S., Alex, N., Wurman, G., Baru, C., A 
Geoinformatics Approach to LiDAR Data 
Distribution and Processing: in preparation. 

Efrat Jaeger-Frank, Christopher J. Crosby, Ashraf 
Memon, Viswanath Nandigam, J. Ramon 
Arrowsmith, Jeffery Conner, Ilkay Altintas, 
Chaitan Baru, A Three Tier Architecture 
for LiDAR Interpolation and Analysis, 
Lecture Notes in Computer Science, Volume 
3993, Apr 2006, Pages 920-927, DOI: 
10.1007/11758532_123.

This research was supported by the National Sci-
ence Foundation under Grant No. 0225543 
(GEON).

structure developed by the GEON 
project (http://www.geongrid.org). 
The Internet-based resource we have 
developed, known as the GEON Li-
DAR Workflow (GLW), is designed 
to democratize access to these chal-
lenging datasets and provide tools 
to enable users to perform basic 
processing of the data (e.g., generat-
ing digital elevation model (DEMs). 
As a proof of concept, we have made 
four community LiDAR datasets 
available via the GLW. Our approach 
utilizes a comprehensive workflow-
based solution that begins with 
user-defined selection of a subset of 
point data from an Internet-based 
portal and ends with download and 
visualization of DEMs and derived 
products. This approach allows users 
to carry out computationally inten-
sive LiDAR data processing without 
having appropriate resources locally.
With the expectation of GeoEarth-
Scope LiDAR datasets being deliv-
ered via the GLW, we are currently 
in the process of improving system 
stability, documentation and portal 
usability, adding processing capacity, 
and providing new job monitoring 
and job archiving capability.
The distribution of GeoEarthScope 
LiDAR topography via the GLW 
represents an excellent example of 
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Characterizing Transient Strain Rate Departures From A Long-Term 
Strain Rate Field
Daniel Hernandez » Geosciences, State University of New York at Stony Brook
William E. Holt » Geosciences, State University of New York at Stony Brook
Richard A. Bennett » Geosciences, University of Arizona
A. John Haines » Earth Sciences, University of Cambridge, Cambridge, United Kingdom
Lada Dimitrova » Geosciences, State University of New York at Stony Brook
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Continuous Global Positioning 
System (GPS) time series from the 
Southern California Integrated GPS 
Network (SCIGN) and the highly ac-
tive margin along the western United 
States enables for high resolution, 
four-dimensional solutions of model 
velocities and strain rate field for 
southern California.  SCIGN served 
as a nucleus for the upcoming Earth-
Scope Plate Boundary Observatory 
(PBO) and the high sampling rate of 
the geodetic monuments is ideal for 
recognizing strain rate transients.
While SCIGN does provide tempo-
rally dense displacement time series, 
until the PBO is fully operational, 
it is spatially sparse in some regions.  
We use PA-NA motion as a veloc-
ity boundary condition in all solu-
tions and using bi-cubic splines as 
basis functions. We interpolate GPS 
velocity fields for spatially continu-
ous estimates of the velocity gradient 
tensor field for two-week data epochs, 
thereby deriving a time dependent 
evolution of the strain rate field [Holt 
et al., 2000].  Each epoch solution 
includes a model strain rate estimated 
from Quaternary fault data [Shen-Tu 
et al., 1999] and geodetic data, all of 
which are later compiled as movies to 
evaluate the time dependent evolu-
tion of interseismic strain rates.
This technique was applied to data 
spanning late 1999 through 2004 
allowing us to recognize a first order 
strain rate transient following the 

October 1999 Hector Mine earthquake.  Of particular interest are the strain 
rate corridor between Hector Mine and the San Andreas fault, a diminished 
strain rate along the Anza section of the San Jacinto fault, and the subse-
quent redistribution of strain rates along the San Jacinto fault [Fialko, 2006].
References

Holt, W. E., Chamot-Rooke, N., Le Pichon, X., Haines, A. J., Shen-Tu, B., and Ren, J., 2000, Velocity 
field in Asia inferred from Quaternary fault slip rates and Global Positioning System observation: 
Journal of Geophysical Research-Solid Earth, v.105, p. 19185 - 19209.

Fialko, Y., 2006, Interseismic strain accumulation and the earthquake potential on the southern San 
Andreas fault system: Nature, v. 441, p. 968 – 971. 

Shen-Tu, B., Holt, W. E., and Haines, A. J., 1999, Deformation kinematics in the Western United States 
determined from Quaternary fault slip rates and recent geodetic data: Journal of Geophysical 
Research, B, Solid Earth and Planets, v. 104, p. 28927 - 28956.

This research was supported by EAR-06030000.

Figure 1. Model strain rate field (magnitude of strike slip component only) immediately following the 
October 1999 Hector Mine earthquake, velocity vectors are differences between epoch and long term 
strain rates. Note the asymmetric strain rate distribution between the San Andreas fault and the San 
Jacinto fault Anza section (top left). Redistribution along both strands after 1.5 years (top right), 3 years 
after earthquake (bottom left), and the final epoch solution (bottom right).
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Southern California’s San Gabriel valley is an approximately 200 square kilo-
meter urban region in the Los Angeles metropolitan area. Tectonic deforma-
tion in the region includes both strike-slip and reverse faulting. The valley 
includes an aquifer that is recharged by winter rains and from which water is 
pumped during the summer dry season. Because the faults and hills bound-
ing the valley are barriers to groundwater flow, the only outlet is Whittier 
Narrows at the valley’s southern edge. Argus et al. [2005] documented quasi-
periodic deformation related to aquifer pumping and recharge throughout 
the Los Angeles area.
Continuous GPS coverage in the valley began in mid-1995, and was ex-
panded from 1998 to 2000 by the Southern California Integrated GPS 
Network [Hudnut et al., 2002]. In early 2005, during an exceptionally 
heavy rainy season, a statistically significant anomaly was observed in GPS 
data from the San Gabriel valley. Station LONG showed uplift of about 40 
mm, and nearby stations moved away from LONG by about 10 mm. This 
anomaly coincides with a 16-m increase in water level at a nearby well and a 
regional uplifted detected by Synthetic Aperture radar [Werner et al., 2000]. 
The anomaly and the water level increase began to level off at the same time. 

A Geodetic Anomaly in the San Gabriel Valley, California
N. E. King » U.S. Geological Survey, Pasadena, CA
D. Argus » Jet Propulsion Laboratory, Pasadena, CA
J. Langbein » U.S. Geological Survey, Menlo Park, CA
D.C. Agnew » Scripps Institution of Oceanography
R.S. Dollar » U.S. Geological Survey, Pasadena, CA
G. Bawden » U.S. Geological Survey, Sacramento, CA
Z. Liu » Stanford University
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E. Reichard » U.S. Geological Survey, San Diego, CA
A. Yong » U.S. Geological Survey, Pasadena, CA
F.H. Webb » Jet Propulsion Laboratory, Pasadena, CA
Y. Bock » Scripps Institution of Oceanography
K Stark » Stark Consulting, Encino, CA
D. Barseghian » Stark Consulting, Encino, CA

Our preferred explanation is de-
formation due to recharging of the 
aquifer. Although rainfall was heavy 
throughout southern California, a 
significant geodetic anomaly oc-
curred only in the San Gabriel valley. 
This finding implies that the San 
Gabriel valley’s hydrology has special 
features that require further investi-
gation.
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Figure 1: The horizontal GPS anomaly and the 
January 2005 to July 2005 InSAR interferogram 
(converted to vertical deformation).
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Noise in GPS Measurements from Southern California and
Southern Nevada
John Langbein » US Geological Survey, Menlo Park, CA
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Time series of position changes estimated from data 
from continuous GPS receivers spanning Southern 
California and Southern Nevada, including EarthScope 
PBO stations, are evaluated for noise models that char-
acterize their temporal correlations. This paper extends 
the analysis of Williams et al. (2004) by using the meth-
ods of Langbein (2004). The time series range between 
3.5 and 10 years in length. After adjusting these data for 
postseismic deformation, offsets, and annual and semi-
annual periodicities, I find that no single type of noise 
model best represents these observations. Instead, about 
half of the time series have temporal correlations that 
are categorized as either flicker or random-walk noise. 
The remaining time series can be best categorized either 
a combination of flicker and random-walk, power law 
noise, first-order Gauss-Markov plus random-walk noise, 
or power law plus broad-band, seasonal noise. A variety 
of geodetic monuments are used in Southern California 
and Nevada, including deep-braced designs, cement pier, 
pins drilled in outcrop, and buildings. When I evaluate 
the noise for each time series in terms of estimating the 
standard error in velocity, I find that those sites located 
in Nevada having deep-braced monuments have the low-
est noise. Sites located within regions of active pumping, 
both for ground water and oil, had the largest standard 
errors in velocity. In addition, even though regional 
filtering removed much of the common-mode signals 
in these time series, there remained a common-mode 
seasonal signal.

References

Langbein (2004), Noise in two-color EDM measurements revisited, JGR, 
v109 doi:10.1029/2003JB002819

Williams et al. (2004), Error analysis of continuous GPS position time series, 
JGR, v109 doi:10.1029/2003JB002741

Figure 1. Estimate of RMS amplitude of seasonal noise from continuous 
GPS in Southern California and Nevada. Note that minimum amplitude is 
more than 1 mm. Dots show location of GPS sites. Estimate of residual RMS 
amplitude of seasonal noise from continuous GPS in Southern California and 
Nevada after removing common mode terms. Highest residual amplitudes are, 
in general, associated with anthropogenic sources.
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The degree to which climate dynamics interact with 
topography and influence inter-annual to inter-decadal 
climate variability in western Canada is uncertain. Gla-
ciers constitute a well-distributed and long-term meteo-
rological array that integrates winter snowfall and annual 
temperatures at thousands of sites in western Canada. 
Their high elevation makes them valuable repositories 
of climate variability and hence, sensitive indicators of 
climate change. The research proposed here will provide 
detailed knowledge of local-to-hemispheric climate vari-
ability over the last 400 years by determining the climate 
signal preserved in glaciers, glacier deposits, and trees 
living close to glacier margins. Physically-based models 
will be developed to simulate the response of glaciers to 
climate change.
Covering an area exceeding 100,000 km2 in British Co-
lumbia alone, glaciers serve as frozen reservoirs of water 
that supplement runoff in summer, and early autumn 
during periods of low flow. Yet, the magnitude of 20th 

Western Canadian Cryosphere Network (WC2N)
Brian Menounos » University of Northern British Columbia 
and 14 other researchers » University of Northern British Columbia 

Facilitating State-Of-The-Art Geodesy

century glacier recession in British Columbia has no 
recent precedent, and the climatic factors responsible for 
the rapid loss of snow and ice remain poorly understood.
The aim of the Western Canadian Cryospheric Net-
work (WC2N) is to understand the behavior of the 
climate system and its effects on glacier mass balance 
in the mountain ranges of British Columbia and west-
ern Alberta. Over the next five years, WC2N will: (1) 
use historical and contemporary datasets and satellite 
imagery to establish past and present glacier extent over 
the past 400 years; and (2) document present and past 
North Pacific climate variability; and model changes in 
glacier cover and glacier runoff based on possible future 
climates. We will seek to align this research with ongoing 
cryospheric research and monitoring networks. Taken 
together, these networks and the resultant synergies 
will yield a nationwide assessment of the past, present, 
and future response of Canadian glaciers to changing 
climates.

Figure 1. Using the Topcon GB1000 to establish digital elevation heights along the Tiedemann Glacier, southern British Columbia.
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Supporting the Plate Boundary Observatory with Geospatial
Information Technology
Matt Mercurio » Institute for the Application of Geospatial Technology 
Jean Miller » Institute for the Application of Geospatial Technology 
Fred Pieper » Institute for the Application of Geospatial Technology 
Bill Schultz » Institute for the Application of Geospatial Technology
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As part of its contribution to the 
EarthScope project, the Institute for 
the Application of Geospatial Tech-
nology (IAGT) is supporting the 
Plate Boundary Observatory (PBO) 
with geospatial information technol-
ogy (GIT) services. IAGT has been 
providing support to PBO both 
from its Auburn, New York office 
and on-site at UNAVCO in Boulder, 
Colorado. The work includes acquir-
ing and managing existing geospatial 
data resources, developing custom 
GIS tools, performing geospatial 
analyses, and creating map products 
to assist in the siting and permitting 
process and to aid in project man-
agement and outreach.
IAGT has assisted in the develop-
ment of GIT infrastructure at the 
PBO headquarters, developing 
an extensive geospatial database 
that includes satellite imagery, 
aerial photographs, digital elevation 
models, administrative boundaries, 
land ownership, PBO station loca-
tions and siting buffers, and other 
relevant layers. A wide variety of 
customized map products (hard and 
soft copy) were created from these 
spatial data layers for use in site loca-
tion planning, reconnaissance, and 
permitting. A web-based geospatial 
analysis application was developed 
and is being hosted by IAGT for 
PBO regional engineers to plan 
communications infrastructure that 
requires line-of-sight between nodes. 

Reference:

Mercurio, M., Pieper, F., Reynolds, T.; 2006, “Op-
timal Siting of Geophysical Instruments us-
ing GIS-based Suitability Analysis” (Poster), 
2006 UNAVCO Science Workshop, Denver, 
CO

This work was supported by NASA Grant 
NAG13-03030.

A number of geospatial information 
products are maintained on a regular 
basis including monthly status 
maps, GoogleEarth files for monthly 
status, and large format wall maps. 
Most recently, IAGT developed the 
mapping components that are used 
in the browser-based PBO Map-
ping Software currently available at 
http://pbowms.unavco.org/shared/
scripts/mapping/soh_map.shtml 
(Figure 1). The base map layers for 
this application are served by IAGT 
as Web Map Services (WMS), and 
include Landsat, topographic hill-
shade, and other administrative vec-
tor data. GPS velocity vectors with 
associated error ellipses derived from 
PBO stations will be made available 
in future versions of the application.

Figure 1. PBO Mapping Software with Landsat WMS base map.
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The six COSMIC spacecrafts were 
launched into a 500-km injection 
orbit by a U.S. Air Force “Mino-
taur” rocket from Vandenberg, 
California on April 14, 2006. After 
a three-month checkout period that 
established that all spacecrafts and 
payloads were working well, COS-
MIC data were officially released to 
the public on July 28, 2006. Since 
then, the data volume for the neutral 
atmospheric profiles has increased 
steadily as the spacecrafts gradually 
separated. COSMIC now produces 
about 2000 atmospheric and 2500 
ionospheric profiles per day.
As of February 2007, the COSMIC 
data Analysis and Archival Center 
(CDAAC) has successfully pro-
cessed more than 300,000 neutral 
atmospheric profiles and more than 
470,000 ionospheric profiles. 
Radio occultation (RO) data from 
COSMIC and its predecessor mis-
sions have already yielded significant 
scientific progress. Some of these 
accomplishments include the follow-
ing: 

Initial positive impact of COS-
MIC data reported by Sean Healy 
(2006, personal communication) 
for the United Kingdom Meteo-
rological Office (UKMO) and 
the European Centre for Me-
dium-range Weather Forecasting 
(ECMWF) operational weather 
models 

Detection of thermal variability 
and Kelvin wave propagation in 
the tropical tropopause region 

»

»

The Constellation Observing System for Meteorology Ionosphere
and Climate (COSMIC)
Christian Rocken » University Corporation for Atmospheric Research, Boulder, CO

Facilitating State-Of-The-Art Geodesy

Evaluation of GPS RO retrievals 
in the ionosphere 

Detection of high-altitude iono-
spheric irregularities with GPS RO 
data 

Estimation of ionospheric electron 
density at orbit altitude 

COSMIC data inversion requires 
the use of low-latency ground–
based GPS data from the global 
fiducial network that is supported 
in part by UNAVCO. These data 
are used together with ultra rapid 
IGS products for satellite clock 
calibration and orbit determina-
tion. 

»

»

»

»

First publication to accurately 
monitor the Earth’s atmospheric 
boundary layer (ABL) with radio 
occultation data using open loop 
tracking

Determination of radiosonde er-
rors with GPS RO data 

Evaluation of Microwave Sound-
ing Unit (MSU)/ Advanced Mi-
crowave Sounding Unit (AMSU) 
climate records with available GPS 
RO data in the upper troposphere 
- lower stratosphere

Development of combined 
inversion methods for concur-
rent inversion of GPS RO and 
Advanced Infrared Studies (AIRS) 
data (aimed at overcoming GPS 
RO inversion errors in the lower 
troposphere) 

Detection of atmospheric tides 
and validation of their monthly 
climatology with four years of 
CHAMP RO data 

»

»

»

»

»
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Space-Based Hydrology of the Everglades Wetlands, South Florida
Shimon Wdowinski » Division of Marine Geology and Geophysics, University of Miami
San-Wang Kim » Division of Marine Geology and Geophysics, University of Miami
Falk Amelung » Division of Marine Geology and Geophysics, University of Miami
Tim Dixon » Division of Marine Geology and Geophysics, University of Miami

Facilitating State-Of-The-Art Geodesy

The Everglades is a complex ecosystem providing critical habitat for a wide 
variety of plant and animal species. Anthropogenic changes in the past 50 
years, mainly for water supply, agricultural development and flood con-
trol purposes, have disrupted natural water flow and severely impacted the 
regional ecosystem. In 1994, the U.S. Congress signed the Everglades Forever 
Act, providing an impetus for restoring this ecosystem, and in particular the 
natural water flow. This restoration involves precise measurement of water 
levels, near-real-time reporting of these data, assimilation into a numerical 
model, and appropriate decision-making and action by flood control man-
agers to mimic long-term natural flow conditions. Everglades’ water level is 
currently monitored by about 200 stage (water level) stations, which provide 
good temporal resolution, but suffer from poor spatial resolution, as they are 
distributed several, or even tens of, kilometers from one another.
Wetland application of Interferometric Synthetic Aperture Radar (InSAR) 
provides the needed high spatial resolution hydrological observations, com-
plementing the high temporal resolution terrestrial observations. Although 

conventional wisdom suggests that 
interferometry does not work in 
vegetated areas, several studies have 
shown that both L- and C-band 
interferograms with short acquisition 
intervals (1-105 days) can maintain 
excellent coherence over wetlands 
[Alsdorf et al., 2000; Lu et al., 2005; 
Wdowinski et al., 2004]. 
InSAR observations of South Florida 
provide spatially detailed, quantita-
tive images of water levels in the 
Everglades. The new data capture 
dynamic water level topography, pro-
viding the first three-dimensional re-
gional-scale picture of the Everglades 
sheet flow. The observations show 
localized radial sheet flow in addition 
to the well-known southward sheet 
flow. The space-based observations 
have been used to constrain both 
simple and detailed numerical mod-
els of the Everglades surface flow.
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Figure 1. RADARSAT-1 interferogram of central 
south Florida, showing water level changes in the 
Everglades wetlands during a 24-day period at the 
end of 2004. The interferogram overlies Landsat 
ETM band8 and vectors maps showing the geo-
graphic location of the interferogram.


