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PROJECT DESCRIPTION
A) Instrument Location and Introduction
The instruments requested in this proposal will be installed in 20 locations across eastern,
southern and western Africa.
In this proposal, UNAVCO and AfricaArray (AA) are partnering to create a multidisciplinary research
network for the boarder Earth science community by expanding of the AfricaArray seismic network with
continuous Global Positioning System (CGPS) instruments fitted with meteorological (met) sensors. The
CGPS/met instruments will provide critical data for addressing first-order questions about plate boundary
tectonics and the rifting cycle, the hydrological cycle and climate change in Africa. The CGPS/met
instruments will be added to 15 existing AA seismic stations and installed at 5 new stations across eastern,
southern and western Africa (Figure 1), forming a 20-station multidisciplinary community facility that will
provide continuous high-quality data sets and support unique educational programs serving both American
and African students.
This proposal results from a community effort that assembles scientists from various fields that recognize
the benefit of a single instrumentation initiative addressing the science needs of several disciplines. There
has been strong community input on preparing this proposal. In particular, the PI and co-Is would like to
acknowledge contributors to the science sections Jay Famiglietti (UC - Irvine), Pete LaFemina (Penn State),
Norman Miller (UC - Berkeley), Hans-Peter Plag (University of Reno), and Fredrick Semazzi (NC St.).
The 30% cost-share for this project is being provided by the three AA founding partners - The Council for
Geoscience -aka the South Africa Geological Survey (Pretoria), The University of the Witwatersrand - aka
Wits (Johannesburg), and The Pennsylvania State University (University Park).

Figure 1. Map showing location of AfricaArray seismic stations, broadband seismic stations operated by other
organizations, and proposed CGPS stations where instrumentation requested in this proposal will be installed. Details
of GPS stations in Africa are shown in Figure 9.
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AfricaArray is a 4-year-old initiative to promote, in the full spirit of the New Partnership for Africa’s
Development (NEPAD), coupled training and research programs for building and maintaining a geoscientific
workforce for Africa. Details about AA can be found on the AA web site (www.africaarray.org) and in a
number of news articles (Nature, v433, 2005; Geotimes, Oct. 2005 issue; The Leading Edge, Oct. 2008
issue). AA is built on $3M of in-kind support from universities and government agencies in South Africa
and the U.S. (mainly Penn State and the Incorporated Research Institutions for Seismology - IRIS), and
has garnered close to $8M in new funding from industry partners and government agencies in the U.S. and
South Africa, including >$3M from NSF (Office of International Science and Engineering and Geosciences
Directorate), $1.2M from the National Research Foundation in South Africa and $0.6M from the U.S.
Department of Energy. AA has grown quickly and been successful largely because of grass-roots support
from many people within a variety of African institutions that are committed to AA’s capacity building
goals (currently 17 African countries actively participate in AA in collaboration with 18 private companies
and many organizations outside of Africa; see AA web site).
During the first phase of AA development (years 1-3), the disciplinary focus was on solid Earth geophysics,
and to support this focus, a network of broadband seismic stations for recording earthquakes in sub-Saharan
Africa was established (Figure 1). The second phase of development (see AA 10-year implementation plan
on web site) calls for adding new types of instruments to the seismic network. Consequently, this proposal
is an integral part of the long-term development strategy for AA.
In addition to enabling a range of exciting multidisciplinary research on the African environment, the
creation of a multifunctional network in Africa will catalyze a range of educational and outreach activities.
UNAVCO and AA support a full complement of educational and training activities. In the U.S., many
of these activities are targeted toward students at minority-serving institutions and the recruitment of
underrepresented groups into the geosciences. Having new data from multi-sensor stations in Africa will
enable the expansion of these education and outreach efforts. Also in terms of broader impact, the data from
the instruments requested in this proposal will be valuable to government and relief agencies tasked with
hazard mitigation in Africa, in particular the mitigation of famine induced by droughts and floods.
In accord with the MRI-R2 program solicitation, below we first provide details of the research activities
that will be enabled by the requested instrumentation, including Results from Prior NSF Support (Section
B). The description of the research instrumentation and needs comes next (Section C), followed by sections
describing the impact on research and training infrastructure (Section D), and finally the management plan
(Section E).

B. Research Activities to be Enabled
The proposed instrumentation is a major leap forward for geodetic infrastructure in Africa that will serve the
science needs of a broad range of Earth scientists with interests in plate boundary tectonics and the rifting
cycle, geodetic applications, hydrology, and climate change. In this section, we expand on the research
activities that will be enabled by the instrumentation requested.
B.1 Plate boundary tectonics and rifting cycle
The youthful, seismically and volcanically active East African Rift (EAR; Figure 2) provides a natural
laboratory to address fundamental questions of plate tectonics through direct measurements of presentday strain distribution along and across this divergent plate boundary. Rifting of continental lithosphere is
a fundamental process that controls the growth and evolution of continents and the birth of ocean basins.
It plays a crucial economical role by controlling the formation of hydrocarbon and thermal resources
in rift basins and their successfully rifted counterparts, passive continental margins. Continental rifting
involves the entire mantle-lithosphere system through heat transfer and magmatism, and possibly through
the mechanical effect of mantle flow on lithospheric deformation. Continental rifts such as the EAR are
therefore a prime setting for the study of coupling and exchanges between the deeper and shallower parts
of our planet.
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Figure 2. Left: Tectonic context of the East African Rift, the 5,000 km-long divergent boundary between the Nubian
and Somalian plates. Right: Kinematic model of the EAR based on a joint inversion of GPS velocities and earthquake
slip vectors (Stamps et al., 2008). GPS data are shown with white arrows. Model relative motions along plate or block
boundaries are shown with red arrows, numbers are model velocities in mm/yr. Relative rotation poles are shown
with black stars. The first plate rotates counter-clockwise with respect to the second, except for VI-NU where Victoria
rotates clockwise with respect to Nubia.

Our understanding of rift basins has matured tremendously in the past two decades, thanks in a large part to
our ability to seismically image crustal and lithospheric structures and to simulate the mechanical behavior
of a rheologically layered lithosphere. However, most of our observational data is derived from studies of
passive margins, where the records of the initial stage of rifting are buried under thick postrift sedimentary
sequences, or to fossil rifts, where the tectonic, thermal, and magmatic signatures of rifting have long
decayed away. In addition, most studies to date provide estimates of finite deformation whereas the spatial
distribution of strain at the lithosphere-asthenosphere boundary and within the plate itself during rifting
remains poorly known. Many features in rift zones and passive margins have been successfully explained
by lithospheric stretching models (McKenzie, 1978; Wernicke, 1981; Lister et al., 1986; Whitmarsh et al.,
2001), which assume that lithospheric thinning and crustal extension are driven by far-field stresses from
plate motions. However, recent observations in the EAR are difficult to explain with stretching models.
For instance, geodetic results in the Main Ethiopian Rift show (1) localized deformation in the rift valley
coincident with volcanic systems and (2) lack of border fault activity early on in the rifting process (Bilham
et al., 1999). Also, the recent discovery of a diking event in the youthful and poorly extended Natron rift
(Tanzania) shows that magma intrusions can accommodate large amounts of strain during the initial stages
of continental rifting and prior to significant crustal thinning (Kendall et al., 2005; Calais et al., 2008). The
EAR is particularly well-suited for making transformative progress on the dynamics of continental rifting
thanks to its accessibility for ground-based geodetic measurements.
In addition to long-term, steady-state, tectonic plate or block motions, divergent plate boundaries also
experience a cyclicity in the rifting process. Observations at subaerial continental and oceanic rifts show
that tensile stresses from far-field plate motions accumulate over decades before being released during
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relatively short-lived “rifting events”, whose succession eventually achieves continental rupture and plate
separation. We now realize, from recent events in the East African Rift that strain release during rifting
events can be largely aseismic and accommodated for a large part by magma intrusion, in addition to slip
along normal faults (Wright et al., 2006; Calais et al., 2008). The temporal cycles of magmatism and its role
in continental rupture remain, however, poorly understood, in part because the magma intrusion process
is geophysically quiet, with little surface expression. A denser CGPS network in Africa, with continuous
stations located “close to the action” will facilitate studies of individual rifting events by providing better
ties to the global reference frame and providing reference stations to define plate- or block-wide frames.
The continuous GPS stations proposed here will strengthen the very limited backbone of GPS stations
currently covering the EAR. As a matter of fact, the most detailed kinematic model currently available for
the EAR is based on 6 continuous GPS stations only for a 5,000 km-long plate boundary (Figure 2, right;
Stamps et al., 2008). The new stations will enable plate boundary-wide kinematic studies, as well as a
better understanding of the possible propagation of the EAR to the south and southwest toward the incipient
Okavango and Zambezi rifts. New GPS stations on stable Nubia will significantly enhance our ability to
define a Nubia-fixed reference frame, which is critical for tectonic applications along its actively deforming
boundaries in the east and north. They will also allow us to tie the present-day kinematics of the EAR to
the neighboring Arabian and Eurasian plates (Reilinger et al., 2006), key to investigating the large-scale
dynamics of plate interactions. Finally, new stations will help provide a strong reference network for more
regional or local studies.
B.2 Geodetic applications
The scientific progress resulting from GPS measurements would not be possible without steady advances
in fundamental geodesy and in the delivery of high-precision and high-accuracy global geodetic products.
Useful site displacements for tectonic or hydrological research rely, in particular, on GPS satellite orbits and
clocks (provided by the International GNSS Service, IGS, http://igscb.jpl.nasa.gov) and on a well-defined
terrestrial reference frame provided by the International Earth Rotation and Reference Systems Service,
http://www.iers.org). Prior to ~1995, most of the improvement in the accuracy of GPS measurements was
achieved through the completion of the satellite constellation and expansion of the global tracking network.
The African continent, however, remained very poorly instrumented, with only marginal improvement in
recent years (Figure 3).

Figure 3. Map of continuous GPS stations currently in operation with data publicly available
(Blewitt and Kreemer, personal communication, 2008). Note the unevenness of the global
distribution of stations and the extremely poor coverage in Africa.
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Geodetic products are currently undergoing a new revolution, primarily because of major technical
improvements in the processing of GPS data (absolute antenna phase center models, improved ambiguity
resolution, new tropospheric mapping functions, modeling of higher-order ionospheric effects, correction of
loading effects, etc.). Uneven and sparse station distribution in Africa, relative to the global network (Figure
3) remains a major obstacle to further advances in global geodesy. Improving the geodetic infrastructure in
Africa will enable local to continent-wide studies, as well as improve global geodetic products important to
all scientific users worldwide, such as precise satellite orbits and geodetic reference frame.
B.3 Hydrology
Soil moisture, ground water, snow and ice, and river discharge are the key components of the “slow
branch” of the hydrological cycle in continents, with most of their variability at temporal scales from days
to decades. The resulting signal is measurable with geodetic techniques in particular through the effect of
mass exchange between reservoirs on crustal deformation and gravity (e.g., Rabbel and Zschau, 1985).
The GRACE mission (Tapley et al., 2004) has proven that it is possible to monitor groundwater from space
via the associated temporal and spatial gravity changes (Yeh et al., 2006; Rodell et al., 2007; Swenson et
al., 2008). GPS-determined crustal motions on continents have long shown a strong seasonal component,
where hydrological loading plays a significant role (Blewitt et al., 2001; Dong et al., 2002; Wu et al., 2003).
Comparisons between loading predicted from GRACE measurements and GPS observations show a very
good agreement in areas where large hydrological signals occur over broad spatial scales (e.g., Davis et
al., 2004; Tregoning et al., 2009). Observations of surface displacements and gravity changes have been
inverted for changes in land water storage, with the combination of different geodetic techniques resulting
in the best spatial and temporal resolution (e.g., Kusche et al., 2005, Wu et al., 2006). At smaller spatial
scales, crustal deformation is increasingly more sensitive to loading than gravity. However, a considerable
amount of work remains before unbiased estimates of groundwater levels and storage changes can be
monitored from space. This is particularly true for areas such as Africa that are largely under-sampled by
ground measurements but where the hydrological cycle is particularly poorly understood and constrained.

Figure 4. Predictions of total water content, gravity and ground elastic deformation computed from the GLDAS/
NOAH global hydrological model over the period 2003-2008 (peak-to-peak seasonal amplitude).

The additional GPS sites proposed here for the African continent will greatly improve our ability to capture
crustal displacements caused by groundwater storage changes (Figure 4). An improved GPS network, in
particular new stations in selected locations that are dominated by hydrological loading, will significantly
enhance the value of satellite gravity data and provide a much-needed data set to understand crustal
response to large-scale hydrological variability. Along with GRACE data, the new GPS sites proposed here
will allow for much improved estimates of groundwater storage changes in Africa. For instance, Figure
5 shows significant secular changes in water storage in Africa over areas that are virtually unsampled by
ground GPS (compare with Figure 3). In particular, Lake Victoria water level declines have been identified
and partly attributed to climate change. A UN-Habitat project (Miller et al. 2009) relies on current and
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proposed station information to better understand and quantify such variations. Studies of the impact of
water level variations in Lake Victoria and other large lakes on the surrounding groundwater storage will
benefit from the higher spatial resolution that will result from the combination of satellite gravity data with
new observations of surface displacements. This will tie into the atmospheric variations of precipitation
from GPS and co-located meteorological stations (see below).

Figure 5. Secular changes in water storage from GRACE data in meters per year (Watkins, 2008). Note
the areas of significant changes in Africa, in regions that are poorly sampled by GPS stations (compare
with Figure 3).

GPS observations also have the potential to provide quantitative information on soil moisture, a key variable
that determines the locations of groundwater recharge and of flooding and plays a key role in driving the
water, energy and biogeochemical cycles and their interactions with climate. Larson et al. (2008) recently
demonstrated that the signals recorded by GPS receivers are strongly correlated with the water content in
the upper 5 cm of the soil surface. The implications of this work are that a global network of GPS receivers
could function as an in situ soil moisture-monitoring network. Such measurements could contribute to
validating future soil moisture remote sensing missions such as SMOS (Kerr et al., 2001) and SMAP [http://
smap.jpl.nasa.gov/] by providing continuous monitoring at a multitude of receiver locations. However
additional stations are required, in particular for under-sampled regions such as Africa, since surface soil
moisture varies greatly in both space and time (Famiglietti et al, 2008).
B.4 Climate change research
At a time when climate change is recognized as crucial for the evolution of our societies, much remains to be
done to understand its impact for developing countries. The rapid population growth in Africa, together with
increased land degradation and water pollution, makes societies on this continent particularly vulnerable to
climate variability – a vulnerability that is likely to increase over the next decades.
Atmospheric water vapor is an important component of the hydrological cycle and plays a crucial role in
atmospheric motions on a wide range of spatial and temporal scales. And because it is the most abundant
and the most important greenhouse gas in the atmosphere, water vapor plays a key role in global climate
change. It is now well established that GPS observations can be used to retrieve estimates of precipitable
atmospheric water vapor (PWV; Bevis et al., 1994) with an accuracy that is at least comparable to that
of radiosondes and microwave radiometers, the primary source of humidity data (Haase et al., 2003). In
addition, ground-based GPS receivers are portable and economic, providing continuous measurements that
are not affected by rain and clouds. As a result, “GPS water vapor” has become an important source of data
for weather forecasting, as well as for climate studies (Wang et al., 2007).
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For instance, the West African monsoon has been the focus of intense research over the past few years,
motivated by severe droughts since the 1970s and increased interannual variability in rainfall (Le Barbé et
al., 2002). This has been the target of the African Monsoon Multidisciplinary Analysis project (AMMA;
Redelsperger et al., 2006), which includes a component of GPS water vapor measurements (Bock et
al., 2008). The new CGPS stations proposed here in western Africa would significantly reinforce the
observational capabilities to study the West African monsoon.

Figure 6. Left: annihilated wildlife in Tanzania during the 2005 record drought. Right: Prediction of drought conditions
based on vertically integrated relative humidity. Although the model results appear to be qualitatively realistic, one
cannot confirm the model results because the upper air coverage is too sparse over the region.

Similar issues are at stake in eastern and southern Africa (Figure 6), where there is emerging evidence that
the drought pattern (Figure 7) may be a footprint of the climate change dipole pattern over eastern and
southern Africa. Climate change projections over eastern Africa (Figure 8) show that the largest signal
in the interior of east Africa is located over the Lake Victoria Basin (LVB). The regional climate model
(RegCM3), the FVGCM (one degree resolution), and the coarser resolution IPCC GCM ensemble average
show good agreement in location although amplitudes vary, in particular in the IPCC model. However, the
regional model provides much more detail.
The proposed CGPS network can serve to assess the performance of the regional climate model by
comparing the reference run with observations. With reference to Figure 6, CGPS stations along the border
region of Tanzania (10,11,14, Figure 9) would help to estimate the humidity transition zone separating the
dry and moist regimes of the dipole pattern. Stations 7, 8, and 9 (Figure 9) will be used to characterize
the humidity conditions over the channel between Madagascar and mainland Africa. The majority of the
cluster of the CGPS stations in the region will be used to monitor regions near the minima and maxima of
the dipole pattern.

Figure 7. RegCM3 simulation of surface temperature during the short rains of east Africa for the months of Oct-NovDec (left), verification against MODIS observations (middle) and NCEP reanalysis (right). Anomalies are based on
the difference, 2005 minus average of 2001-2005. Also note that NCEP reanalysis was used to construct the lateral
boundary and initial conditions (Semazzi et al. 2009, personal communication).
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Figure 8. Left: Rainfall projections in east Africa (A2: 2071-2100 average) minus (RF: 1961-1990 average) for the OctDec short rains. Middle: RegCM3 (40 km grid) 2-member FvGCM ensemble average. Right: eight IPCC GCM super
ensemble averages. Units are in mm (Semazzi et al. 2009, personal communication). The largest signal in the interior
of east Africa is located over the Lake Victoria Basin for all 3 simulations.

An NSF workshop on enhancing collaborative research on the environment in Sub-Saharan Africa, with
representation from a broad community of NSF PIs, identified the lack of observational data as one of the
critical hindrances to research progress in Africa (NSF, 2005). This data is vital to address crucial questions
such as the dominant modes of climate variability, the validation of dynamical models, the customization
of regional climate models, the relationship between the occurrence of extreme drought/flood conditions
and climate change, and the quantification of uncertainties in climate change projection models (Anyah
et al, 2006, 2009; Anyah & Semazzi, 2006, 2007; Bowden & Semazzi, 2007; Song et. al. 2004, Anyah &
Semazzi, 2007 and references therein). An improved network of continuous GPS stations in Africa would
provide a critical dataset on atmospheric water vapor to help clarify these key questions.
Presently, only a handful of upper air observational stations that can measure atmospheric moisture, one
of the primary climate descriptors, are operating in Africa [http://badc.nerc.ac.uk/data/radiosglobe/africa.
html]. For example, there are only three fully operating upper air stations in East Africa (Nairobi/Dagoretti;
Entebbe Airport; Dar es Salaam Airport). This situation is typical for most of Africa. The proposed CGPS
measurements will triple coverage for moisture measurement over Africa and thus fill critical gaps in the
characterization of the temporal and spatial evolution of regional climate systems.
Most of the calibration and validation of climate models in Africa to date has used coarse-scale reanalysis
datasets (NCAR/NCEP, ECMWF) with resolutions of 100’s of km. This is adequate for global models, but
not for regional ones, especially over heterogeneous surface domains. Higher resolution model grids and
data networks are needed to distinguish local vs. regional vs. continental scale processes, and scales of
influences of individual lakes and basins. The new GPS sites proposed here, even though their distribution
is still extremely coarse, will greatly improve model validation capabilities for the climate modeling
community.
In addition, regional climate model simulations are usually limited to a decade or so, and it is important
to distinguish and quantify seasonal, intraannual and interannual variability (Schreck and Semazzi, 2004).
A quantitative grasp of observed natural variability is a prerequisite for detecting the remote influences
of external factors such as ENSO and other sea surface temperature anomalies, and to validate RCM
simulations that include them (Ininda, 1998; Indeje et al., 2000; Anyah and Semazzi, 2006). Our ability
to do so even in observed climate is strained by the paucity of data over much of Africa. The GPS stations
installed during this project will provide the long-term time series needed to address these issues.

8

B.5 Results of Prior NSF Support
NSF Cooperative Agreement EAR-0735156, “UNAVCO Community and Facility Support:
GeodesyAdvancing Earth Science Research”, 1/1/2008–12/31/2012,
PIs:
Meghan Miller, Charles M. Meertens, UNAVCO.
UNAVCO, Inc. is a non-profit member-governed organization that supports and promotes Earth science
by advancing high-precision geodetic and strain techniques such as the Global Positioning System (GPS),
InSAR, and borehole strain and tiltmeters. There are currently over 136 UNAVCO Members and Associated
Members. Through this core NSF Cooperative Agreement, UNAVCO operates a Facility that provides
engineering, an equipment pool, data, archiving, and information technology support to NSF (EAR
and OPP), and NASA-funded peer-reviewed projects to study earthquake processes, mantle properties,
active magmatic systems, plate boundary zone deformation, intraplate deformation and glacial isostatic
adjustment, global geodesy and plate tectonics, global change, and polar processes. Through this award
and with JPL UNAVCO operates and maintains the NASA Global GNSS Network including 10 stations
in Africa. Additionally, UNAVCO supports UNAVCO Community activities including bi-annual national
Science Workshops, short courses at the Facility, external advisory committee meetings, and support for
education and outreach activities. Detailed reports of UNAVCO Facility activities and PI projects supported
can be found at: http://www.unavco.org. Through a separate Cooperative Agreement with NSF UNAVCO
maintains and operates the over 1,200 permanent stations of the EarthScope Plate Boundary Observatory.
Andy Nyblade - AfricaArray funding:
1) “PIRE AfricaArray: Imaging the African Superplume, Building African partnerships, and
enhancing diversity in the geosciences”, National Science Foundation, PIRE program, OISE 0530062,
9/15/058/31/11,
PI. A. Nyblade, co-PIs C. Ammon, T. Furman, E. Richardson, S.
Anandakrishnan, and S. Bililign (NC A&T).
2) “Track 1: Using a field course in Africa to enhance diversity in geophysics”, GEO 0503441, 7/1/05 6/30/07
PI. A. Nyblade.
3) “Collaborative Research: AfricaArray -- Imaging the African superplume”, EAR 0440032, 1/1/0512/31/07,
PI A. Nyblade, co-PIs C. Ammon and S. Grand
(Univ. Texas, Austin)
4) “Facility support: AfricaArray”, EAR 0446647, 1/3/05 – 2/28/08

PI. A. Nyblade

5) “Collaborative Research: Acquisition of Equipment to Upgrade and Expand the AfricaArray Seismic
Network”, EAR 0824781, 10/01/2008 – 9/31/2012;
PI A. Nyblade, co-PI S. Grand (Univ. Texas, Austin)
Over the past four years, AA has established a network of 41 permanent seismic stations across eastern,
southern and western Africa (Figure 1). About half the network consists of seismic stations belonging
entirely to national networks. Other stations have been built by upgrading or replacing equipment at
previously established vaults. The importance of the in-kind support from government agencies (mainly
geological surveys and universities) in eastern and southern Africa cannot be over stated. The AA
network would not exist otherwise. Similarly, on the education side, without the in-kind support from
the University of the Witwatersrand and other African academic institutions, the AA education program
would not exist. Funding from the grants listed above have provided resources for U.S. scientists to fully
engage in the development of AA, through support for students, postdocs, and faculty salaries, travel, field
expenses, shipping equipment, and purchasing some new seismometers. Much of the funding supports the
development of AA as a mechanism for attracting African-American students into the geosciences. IRIS
has played a pivotal role in AA by providing 50 refurbished 24-bit RefTek data loggers for the seismic
network, and by archiving and distributing the seismic data. In addition, the Belgium government has
provided funding for 4 broadband seismometers. Data recovery from the network has fluctuated between
70 and 80% (see list of data at http://www.iris.edu/mda/AF), and the data are being used in studies to image
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crust and mantle structure beneath Africa, mainly by AA students in Africa and the U.S. Many other details
of AA accomplishments are reviewed in annual newsletters that can be obtained from the AA web site.

C. Description of Research Instrumentation needs
In this section, we provide details about the requested instrumentation, describe the locations of where the
instrumentation will be installed, and explain how the instrumentation will enable the research activities
described in section B. The fundamental new data set that is required to enable the research described above
is one that contains both continuous GPS measurements with co-located weather observations (precipitation,
wind speed, relative humidity, barometric pressure) from locations across Africa that are optimally situated
geographically in regions of interest.
C.1 Technical description of requested instrumentation
The instrumentation needed to produce the data set just described is an integrated GPS receiver and automatic
weather station. The GPS receiver proposed for this project is the Trimble NetRS with a GNSS capable
chokering antenna. This receiver is widely used in the community because of its ease of operation and
multi-year data storage capabilities. Additionally, it has low power consumption and can withstand extreme
temperatures. This receiver has the option to query meteorological equipment and store the response directly
into the GPS data file. Also, this is the receiver that is used in the 1200 station Earthscope Plate Boundary
Observatory Network.
The meteorological sensor will be the Vaisala Weather Transmitter model WXT520. This system is currently
used and endorsed by the UNAVCO community for ground-based GPS meteorological applications. It
measures the six most essential weather parameters (wind speed and direction, liquid precipitation,
barometric pressure, temperature, and relative humidity) in one fully integrated instrument with no moving
parts.
To accommodate the various site conditions, three different GPS monuments will be used in this network.
The monument designs were chosen for their stability characteristics and ease of installation. The first is a
2m long stainless steel pipe that is cemented into a hole drilled into exposed rock. The second is for sites
that will be installed into sediments. It will be a short brace monument where the legs will the cemented into
3m deep hand augured holes. The third monument will be a stainless steel rod that will be cemented into the
tops of structurally sound buildings.
C.2 Justification of the number of stations requested and their geographic distribution
In order to enable the research activities described in section B, integrated GPS/met stations are required
in numerous locations across Africa. In this proposal, we request a sufficient amount of instrumentation
to equip, operate and maintain 20 such stations. Figure 9 shows the proposed locations of the stations,
together with existing CGPS stations. The decision about the number of stations to install (i.e., 20) and
where they should be located results from a pragmatic approach, proven successful with AA, that combines
science needs with practical considerations.
1) Science needs: The twenty new CGPS/met stations proposed here are strategically located
with respect to existing CGPS stations in Africa and regions of scientific interest in order to enable the
research described in section B to be carried out. The station locations (Figures 1 and 9) have been selected
to provide the best possible data coverage for meeting the needs of all science topics discussed in section
B - plate boundary tectonics and rifting cycle, geodetic applications, hydrology, and climate change. Of
the 20 locations, most of them (15) are at existing AA seismic stations to take advantage of the logistical
infrastructure (buildings, security, power) already in place. Five new stations will be constructed where
there are no existing AA facilities. These station locations have been chosen to optimize the network
configuration to the largest extent possible for addressing the science goals. For example, station 7 has
been positioned just south of the Lake Victoria basin to fill in an important gap in data, not covered by
existing stations to the west and north, needed for studying the hydrology of that basin. Stations 8 and 9
have been located to provide much needed constrains on plate boundary processes along the eastern coast
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of east Africa, and as noted in the section B.4, many of the stations are well located to provide data for
regional climate models. Through NSF funding provided to AA (see prior support for A. Nyblade), seismic
equipment will also be installed at these 5 new stations, so that the 5 new stations will be fully integrated
into the AA network.
While we realize that more data and better spatial resolution is always desired to refine models of earth
processes that are driving plate motions, and hydrologic and climate change, the stations proposed here
already represent a major leap forward for geodetic instrumentation in Africa. The instrumentation requested,
in addition to enabling the research described in section B, will provide key data for determining how to
best expand and further optimize geodetic infrastructure for science applications in Africa.

Figure 9. Map showing existing and proposed CGPS stations in Africa, along with AfricaArray seismic
stations. Red lines show plate boundaries. The boundary through eastern Africa is not shown because
it obscures many of the station symbols.

2) Practical matters: Everyone knows that Africa is a challenging place to install field equipment
and to keep in running properly. AA has been successful in constructing and operating a seismic network
because of the grass-roots support for station operation by in-country network operators. UNAVCO also
has considerable experience working in Africa and operates and maintains 10 CGPS stations with JPL and
host countries with funding from NASA. Most of these stations contribute to the IGS on a daily basis. In
order to be successful at installing and running the CGPS/met stations, we need to place them in locations
where the AA in-country operators can access them and help to service and maintain them (see management
plan). This limits the countries in which the instrumentation can be installed and therefore to some degree
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the geographic extent of the station distribution.
Deploying and maintaining 20 stations is also within the scope of what AA can handle in terms of operation
and maintenance (see management section). Adding more stations in not really feasible at this time given
the capabilities of AA to handle operations and maintenance. Finally, it takes time to install field equipment
properly in Africa, and trying to install more than 20 stations over the 3-year period of this project would,
from a practical standpoint, be difficult.

D. Impact on Research and Training Infrastructure including Broader
Impacts
The equipment requested in this proposal will have broad, transformative impacts on research and training
infrastructure in the geosciences. In this section we explain these impacts, showing how the equipment
will help to create a community resource that will serve both U.S. and African scientists, and that leverages
strong educational programs within AA and UNAVCO focused on enhancing diversity in the geosciences.
D.1 Research Infrastructure. The equipment requested in the proposal will create a continent-wide
geodetic network providing data openly that enables the research described in section B. It will also
benefit many other research projects funded by NSF and other government agencies in geodesy, hydrology,
atmospheric science, and climatology.
There are a number of organizations operating GPS equipment in Africa, but not all of the data are openly
available, the stations are geographically restricted, and the data are not of uniform quality. The location
of existing GPS stations are shown on Figure 9. The large regions of Africa where data are critically needed
to enable the research reviewed in section B, yet where no GPS stations exist, is readily apparent. The 20
new CGPS stations requested in this proposal will densify the data coverage over significant portions of the
continent, and provide a high-quality, uniform data set that can be used to address a broad range of scientific
questions in the Earth sciences.
Broader impacts of research infrastructure: The addition of the GPS/met equipment to the AA network
will begin a transformation of the network into a multidisciplinary “Environmental Change” network in
Africa serving the science needs of a very broad range of scientists. Such a multidisciplinary network will
also have important societal impacts, because much of the science that will be done using the data from the
network has direct links to pressing environmental issues in Africa, such as water resources, weather (i.e.,
droughts and floods), and global change.
In addition, the GPS/met equipment will provide a foundation to expand the human capacity building
efforts of AA within Africa by providing new data sets that African faculty and students can use for research
projects (see expansion of this point below). AA is effectively bringing science to a large part of the African
continent, one that is in much need of assistance, and this effort has been well recognized within academic,
government and industry organizations. AA is linked into GEOSS through its focus on capacity building
(Task CB-07-01 Capacity Building Strategy Implementation) and through the Federated Digital Seismic
Networks (FDSN), and provides a strong example of how education and training can be coupled with
research networks
Because of its global reach and precision, GPS is the technique of choice for sustainable geodetic operations
worldwide. However, access to the highest precision and accuracy in Africa is hindered by the lack of
continuous reference stations and from a well-defined regional frame of reference. The international
initiative AFREF (African REference Frame; http://w3sli.wcape.gov.za/SURVEYS/MAPPING/afref.htm)
is addressing these issues by promoting the creation of a uniform coordinate system for Africa. AFREF is
starting to establish a framework of permanent GPS stations in Africa to tie national geodetic systems into a
common, space-based, reference system. The CGPS stations proposed here are complementary to AFREF
site locations and will be a contribution to AFREF, because of our open data policy.
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D.2 Training infrastructure with broader impacts. The GPS/met equipment requested will also support a
broad range of training activities in the U.S. and Africa that are part of the AA and UNAVCO education and
outreach programs.
AfricaArray Education and Outreach in the U.S. AA has a strong educational focus in the U.S., funded
by NSF, Penn State and oil companies, that is targeted towards improving diversity in the geosciences
by providing physics, math, engineering and earth science majors at minority-serving institutions (MSI)
opportunities to do research in Africa and/or related to African problems. The major components of this
effort include a summer geophysics field course in South Africa, a summer workshop for high school science
teachers, support for geophysics curriculum development and teaching, and funding to support graduate
students from MSIs drawn to AA. The intent of this program is to build a pipeline of underrepresented
students into the geosciences by working with high school teachers and undergraduate educators to increase
the number of students enrolling in science fields at MSIs, and continuing on to geoscience graduate
programs. The addition of GPS/met equipment to the network will provide a unique opportunity to get
underrepresented minority students interested in pursuing graduate thesis research in geodesy, hydrology,
and climate science. In addition to the focus on diversity, AA also supports many U.S. graduate students
and postdocs who are using data from the AA network in their research.
AfricaArray Education and Outreach in Africa. During the past four years, much effort within AA has
focused on the geophysics program at the University of the Witwatersrand. This program has been greatly
strengthened through i) setting up and establishing funding for a “sandwich” program whereby graduate
students can be co-supervised by faculty at U.S. and European institutions and spend up to 6 months/
year working at the foreign host institution on thesis research, ii) providing new data sets for research
projects through the AA network, iii) fund raising for grad students, postdoc and faculty positions, and iv)
fund raising for new research projects. With the addition of GPS/met equipment to the AA network, this
will provide a good opportunity to involve African faculty and students in research projects in geodesy,
hydrology, and climate science.
Synergy with UNAVCO. Many of UNAVCO’s education and outreach programs (E&O) parallel those of
AA. UNAVCO E&O goals include increasing the audience for geodetic science and use of geodetic data
products, broadening participation in geoscience, and collaborating with other organizations to improve
geoscience education.
NSF-funded Research Opportunities in Solid Earth Science for Students (RESESS) has sponsored
undergraduate summer research internships for the past 5 years and is poised to expand in the next 5
years. Students from underrepresented groups in STEM fields are recruited from colleges and universities
around the country. In 2006 a RESESS student worked with E. Calais to install permanent GPS stations
in Tanzania, and UNAVCO PI’s increasingly include funding for RESESS students to participate in their
research. We anticipate that expanding UNAVCO’s focus on Africa will lead to many opportunities for
collaboration with AA programs and expansion of the RESESS program.
The UNAVCO Short Course Series http://unavco.org/edu_outreach/shortcourses.html provides expert
training for researchers in best use of new and existing software to process and use data. Established
researchers, graduate students, and post doctoral fellows attend these courses to expand their present
knowledge or to expand their processing capabilities, with scholarships available for emerging scientists and
students including those from minority-serving institutions. One example of the international component
of this series is the Gamit/GLOBK workshop that MIT faculty teach in various countries.
Some of these Gamit courses are done under the UNAVCO umbrella. UNAVCO is also active in cosponsoring
workshops and short courses overseas, e.g. spring AGU in Mexico, May, 2007; EAR workshop in Trieste,
August, 2009. UNAVCO’s support of AFREF has included participating and helping support AFREF
meetings, helping support African scientists to attend AFREF and IGS meetings, and providing technical
training in Africa.
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E. Management Plan
In this section, we describe how the project will be managed and how the 30% cost-share for the proposal
fits into the plan for installing, operating and maintaining the equipment. The management plan builds on
the operations and maintenance (O&M) plan for the AA seismic network. The O&M costs for the AA
network are distributed amongst the in-country station operators, the Council for Geoscience, Wits, and
Penn State. Within each country, an in-country station operator (usually a geological survey or university)
is responsible for routine servicing of stations, downloading data, and minor equipment repairs. The costs
of these activities are born by each in-country operator. The Council for Geoscience and Wits employ
network technicians whose responsibilities include coordinating equipment repairs, shipping, and on-site
equipment repair, when a problem arises that cannot be fixed by the in-country operator.
E.1 Personnel. Project oversight will be provided by the PI, while the responsibility of installing and
operating the equipment will be taken on by co-PIs Nyblade, Calais and Meertens. A UNAVCO engineer
will train two AA technicians in South Africa, and the technicians will then deploy the equipment, under the
combined supervision of the engineer and the co-PIs.
The two AA technicians (Gerhard van Aswegen - Council for Geoscience; Zibusiso Gumede - Wits) have
been responsible for constructing, operating and maintaining the AA seismic network. They are both skilled
in the deployment and operation of geophysical field equipment. Now that much of the seismic network
has been built, the workloads for these technicians has lessened, freeing up time for them to work on this
project. 30% of van Aswegen’s time in yrs 1-3, 50% of Gumede’s time in yrs 1-2 and 12% of Gumede’s
time in yr 3 has been made available for installing, operating and maintaining the GPS equipment. The
30% cost-share for this proposal is comprised of the salaries for van Aswegen and Gumede, as well as some
travel costs for installing the equipment. This effort, including the reduction for Gumede in yr 3 from 50%
to 12%, is commensurate with the tasks of installing, operating and maintaining the equipment (see section
E.3). Van Aswegen is supported 100% by the Council for Geoscience, and so the 30% of his salary for the
cost-share comes from that institution. Gumede is supported 50% by Wits and 50% by Penn State. During
the first year of the project, the 50% of Gumede’s salary for the cost-share comes from Penn State, and in
the out years it comes from Wits.
E.2 Equipment installation. The Council for Geoscience office in Pretoria, South Africa will be used as a
hub for the project. All of the equipment will be shipped there and then transported to the stations at the time
of installation. In early 2010 a UNAVCO engineer will travel to South Africa and conduct onsite training
for van Aswegen and Gumede during the installation of the first few sites.
Once trained, the technicians will then proceed with installing the other stations over a three-year period.
Most of the installation trips will be combined with trips to service and upgrade the seismic equipment. In
2008, Nyblade was awarded a 4-yr equipment grant from the NSF EAR I&F program (see prior support
section) to upgrade and expand the seismic network. To make effective use of time and travel funds, the
technicians will install the GPS equipment at the same time as upgrading the seismic stations and/or
installing new seismic stations. As noted above, there is funding in the EAR I&F award to purchase new
seismic equipment for installation at the 5 new network sites (sites 6, 7, 8, 9, 20, Figure 9). To minimize
shipping costs, the equipment will be transported from South Africa as luggage either by vehicle or airplane
when the technicians travel to the sites. In addition to the travel funds available in existing grants (NSF,
National Research Foundation - South Africa, industry contracts, Council for Geoscience), an additional
$50K in funds for travel to be used for installing the GPS/met equipment has been budgeted for this project
as part of the 30% cost-share. Of the $50K, $40K comes from the Council for Geoscience, and $5K each
from Wits and Penn State.
The stations in most southern African countries will be reached by vehicle, including Mozambique, Zambia
and Malawi. The technicians will have to fly to the other countries. During yr 1, the stations that can be
reached by vehicle will be installed. During yr 2, stations in Angola, D.R. Congo, Kenya, Tanzania and
Madagascar will be installed. And in yr 3, the stations in West Africa will be installed. This schedule will
allow for the bulk of the stations to be deployed within 2 years. Customs documents and authorization to
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import the GPS equipment will be secured prior to traveling to each station. This will be handled by the
technicians working together with AA partner institutions and possibly other institutions in each country.
AA partner organizations in each country have indicated that they will work with Survey Departments,
when necessary, to obtain the necessary authorization to import the GPS equipment and to get waivers for
customs duties, as they have been successful doing in the past for importing seismic equipment.
Three types of monuments will be used for the antenna, depending on local site conditions, as described in
section C.1. The equipment will be powered by standard deep-cycle batteries charged by solar panels. The
receiver and power system will be housed in a secure building within a few tens of meters or less from the
antenna. These buildings also contain the seismic equipment. Solar panels will be place on the roof of the
building beside the panels used for powering the seismic station. The Vaisala weather station will also be
secured to the roof of the building.
For the five new stations where both seismic and GPS/met equipment will need to be installed (stations
6,7,8,9,20 on Figure 9), a location with a building and suitable environment for both seismic and GPS
equipment will be selected. $4,000 is budgeted for materials and supplies to install these new sites.
E.3 Equipment operation and maintenance. As described above, the AA in-country network operator has
the responsibility to periodically download data and make minor equipment repairs. Thus, the GPS/met
data will be downloaded once every two to three months from the receiver, along with the seismic data,
copied onto a DVD and sent to one of the technicians in South Africa by courier. They will then ftp the data
to UNAVCO. The costs (personnel salary, travel to station) for data downloading and minor repairs (i.e.,
battery maintenance, fixing cables, cleaning solar panels) are covered by the in-country operator’s annual
institutional budget. If equipment breaks, there are two options for maintenance. 1) The equipment can be
removed and shipped to the manufacture for repair by the in-country operator, or 2) one of the technicians
can visit the site to repair the equipment or replace it. One spare set of equipment will be held in reserve at
the Council for Geoscience to be used for repairs.
After installation of the equipment, maintenance costs that are not met by the in-country network operators,
including travel, shipping, and equipment repair, will be covered by funds within AA budgets, primarily
at the Council for Geoscience, Wits and Penn State. The Council for Geoscience has an annual line item
in their budget for AA station operation and maintenance of about $125,000. Wits provides funding for
Gumede’s salary and network operation through a grant from the National Research Foundation for an
AA Research Chair in Seismology. The Chair is currently held by Ray Durrheim, and the grant includes
support for technicians, equipment, students, travel, and research. This 5-yr grant runs through March,
2012, at which time it is anticipated that it will be renewed for another 5 years, thus providing funds to help
with network maintenance well beyond the end of this project. Penn State, in addition to providing salary
support for one of the AA technicians, provides support for an administrative assistant, communication
costs and web site maintenance.
E.4 Data archiving and release. The data from this project will be archived at the UNAVCO Data
Center and openly distributed without delay. The Data Center currently archives and data for over 1800
globally-distributed permanent stations. The data and metadata are freely available to the international
scientific community and the public. The Data Center distributes 20 million files annually, principally to US
educational and government research institutions.
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