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Background 
 
UNAVCO and AfricaArray (AA) have partnered to create a multidisciplinary research network for the 
broader Earth science community, by expanding the AfricaArray seismic network with continuous 
Global Positioning System (CGPS) instruments fitted with meteorological (met) sensors. The 
enhancement was funded by an NSF ARRA EAR MRI award, with a 30% cost share was provided by the 
three AA founding partners: Council for Geoscience, South Africa Geological Survey (Pretoria); 
University of the Witwatersrand (Johannesburg); and Pennsylvania State University (University Park). 
The cGPS/met instrumentation in this distributed observing system is a major leap forward for geodetic 
infrastructure in Africa (Figure 1), serving 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.  The cGPS/met instruments were added to 15 existing AA seismic stations and installed at 5 new 
cGPS stations across eastern, southern and western Africa (Figure 1).  Together with an additional 4 new 
PSU instruments, the 24-station multidisciplinary community facility now provides continuous high-
quality data sets supported by technical staff in Africa. 

 
Figure 1. Map showing the AfricaArray GPS network in green, together with other regionally available GPS stations.  Also shown 
are AfricaArray broadband seismic stations operated by other organizations. Details of GPS stations in Africa are shown Table 1. 
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Figure 2. Left - Robert Kometsi installs the meteorological sensor on top of the seismic vault at Itexi-Tezi, Zamiba. Right - 
Winstone Kapanje (left), a local collaborator with the Geologic Survey of Malawi in Zomba, Fred Tugume, and others help to install 
the GPS antenna on the roof of the Survey office building. 

Project Participants 
People who worked on the project:  

• Sarah Doelger – UNAVCO Engineer 
• Abe Morrison – UNAVCO Engineer 
• Jim Normandeau – UNAVCO Project Manager 
• Chuck Meertens – UNAVCO Director 

Partner Organizations: 
• Purdue University 
• Council for Geoscience, South Africa Geological Survey (Pretoria)  
• University of the Witwatersrand (Johannesburg) 
• Pennsylvania State University (University Park) 

Other Collaborators and Contacts: 
• Andrew Nyblade (Penn State) 
• Eric Calais, D. Sarah Stamps, Elifuraha E. Saria (Purdue; Ardhi University, Tanzania) 
• Damian Delvaux (University of Witwatersrand, South Africa) 
• Zibusisu Gumede (University of Witwatersrand, South Africa)  
• Robert Kometsi, (Council for Geosciences, South Africa)  
• Fred Tugume (Uganda Geological Survey) 1 
• On site collaborators at many of the GPS stations include meteorologists and geophysicists with 

interests in the data, trained for GPS operations and met data processing for their own use. 

Activities and Findings 
 
Major research and education activities: 
This Major Research Instrumentation Recovery and Reinvestment (MRI-R2) Program grant supported 
acquisition, installation, and operations training for 24 dual-frequency GPS receiver-antenna pairs and 
automatic weather stations (Met stations) that measure wind speed and direction, liquid precipitation, 
barometric pressure, temperature, and relative humidity, augmented by an additional four GPS systems  

                                                
1 Zibusisu Gumede (University of Witwatersrand, South Africa) and Robert Kometsi, (Council for Geosciences, South Africa) 
accompanied UNAVCO engineer Sarah Doelger for the six installations in Botswana, Namibia, Zambia, and Malawi in August, 2009. 
They actively participated in the construction of each site and learned configuration and trouble shooting methods for the GPS 
receivers/weather stations.  AA PhD candidate Fred Tugume joined the field team for both installations in Malawi. Immediately 
thereafter, he independently installed the Dodoma and Entebbe stations in Tanzania and Uganda, respectively. 
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Table 1. AfricaArray data availability.   Stations in bold have Internet capability. 
 

AA cGPS  
 

Station 
 

Location 
 

Country 
 

Data in 
archive 

1 MAUA Maun  Botswana y 
2 EKON Buea-Ekona Cameroon y 
3 YAOU Yaounde Cameroon y 
4 KUKU Kukurantumi Ghana y 
5 ACRA Acra Ghana y 
6 MZUZ Mzuzu Malawi y 
7 ZOMB Zomba Malawi y 
8 RUND Rundu  Namibia y 
9 DODM Dodoma Tanzania y 
10 ETBE Entebbe  Uganda y 

11 TEZI Itezi-Tezi Zambia y 
12 MONG Mongu Zambia y 
13 LUCA Lucapa Angola n 
14 MOCU Mocuba Mozambique y 
15 TETE Tete Mozambique y 
16 GETA Geita Tanzania y 

17 KISU Kisumu Kenya n 
18 MTVE Mtwara Tanzania y 
19 VMHR Vohemar Madagascar y 
20 ZMBT Zombitse Madagascar n 
      
Other: 
 
 

ULUB 
 

Lubumbashi 
Democratic 
Republic of the 
Congo y 

 
UKAM 
 

Kamina 
Democratic 
Republic of the 
Congo y 

 KASM Kasama Zambia n 
 ARSH Arusha Tanzania n 

 

  
 
acquired and installed by partner university Penn State. The new GPS/met stations were installed by 
UNAVCO on behalf of the international geodetic research community at selected sites across the African 
continent.  More than half were collocated with existing seismometers that are a part of a previously NSF-
funded seismic network on the African continent (AfricaArray; EAR - 0446647). All GPS and met data are 
archived within the UNAVCO Data Center and openly distributed via the Web. Operations and 
management responsibilities and costs are now distributed amongst AfricaArray station operators in host 
countries, plus the Council for Geoscience (Pretoria), The University of the Witwatersrand 
(Johannesburg) and The Pennsylvania State University, following the model currently used to operate and 
maintain AfricaArray seismic stations. The AfricaArray geodetic network will enable unprecedented 
observations of the deformation of African continent crust for research in tectonics, with a particular 
focus on understanding the structure and mechanical properties and evolution of the continental rift 
basin in East Africa. Meteorological observations will expand current environmental observational 
capabilities across the continent and support climatological and hydrological models. The project has 
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engaged underrepresented groups through existing university collaborations with African educational 
institutions and through opportunities for U.S. students at minority-serving institutions opportunities to 
do research in Africa. A broader goal of AfricaArray has been to couple training and research programs for 
building and maintaining a geoscientific workforce for Africa. 
 
Major findings: 
As the cGPS network was installed, Purdue graduate students Sarah Stamps and Elifuraha Saria (of 
Tanzania) processed the accumulating data streams together with all publicly available continuous GPS 
data in Africa, for validation and early results, building the foundation for their Ph.D. research (see 
publications). Early in 2013, Saria and his collaborators published the first contribution that defines the 
long-elusive Africa Reference Frame (AFREF), and the block motions within Africa.  Saria is continuing 
this work, and with a second paper that will include a reanalysis of the continuous and campaign GPS 
data in the whole East African Rift in order to update the kinematic model for the plate boundary.   Rocco 
Malservisi (University of South Florida) also reports a graduate student working on AfricaArray data sets. 
 
Training, development and mentoring opportunities: 
This project included a focused effort on training local scientific and technical staff to install, maintain, 
and operate the cGPS and met stations within the network, and to oversee data flow from the instruments 
to the UNAVCO Data Center.  This technology transfer builds both local capacity as well as network 
sustainability.    
 
Three AfricaArray technicians were trained onsite by UNAVCO engineering staff over the course of the 
first six CGPS station and met pack installations in 2010.   Two AA technicians from the University of the 
Witwatersrand and the Council for Geoscineces and one AA Penn State graduate student from Uganda 
participated in this initial field trip and were trained in all GPS station installation methods (Figure 2 and 
training section below for details).  They were independently responsible for 15 subsequent CGPS station 
installations as well as any necessary station maintenance.  UNAVCO staff returned to Africa again in 
early 2013 to complete the three final sites in the network.   At all 24 stations local collaborators assisted 
with hardware installation and learned to operate GPS receivers, downloading of data, and 
troubleshooting.   Many of these onsite staff members have been instrumental in assisting with ongoing 
maintenance of these remote sites. 
 
The data will be used in the future to train African scientists. Through open data access, all partners and 
collaborators have access to the data once it reaches the UNAVCO archive. Already, the AFREF data 
center is accessing the data and redistributing it through their web portal.  

In 2011, a GPS data processing workshop was held November 17-21, 2011 at the School of Geosciences, at 
the University of Witwatersrand in Johannesburg, South Africa in conjunction with the 2011 science 
workshop described below. The 3-day short course focused on training for the use of GAMIT/GLOBK 
software package for processing GPS data. Dr. Robert King (MIT) and Mr. Henry Bergland (UNAVCO) 
taught the short course. Twenty-five scientists participated in the GPS short course, all from Africa, and 
most of them supported by funding from the IGC and the National Research Foundation. Support from 
the National Science Foundation was provided through UNAVCO. The short course included lectures 
and one-on-one tutoring in static processing of both continuous and survey-mode measurements; 
defining global, regional, and local reference frames; temporal and spatial filtering of time series; 
modeling tropospheric, antenna, and loading effects in height estimates; combining solutions to 
estimate post-seismic and long- term crustal deformation; handling step-displacements due to 
earthquakes and instrument changes; and developing an error model for velocity estimates. 
 
Outreach activities: 
Collaboration is the hallmark of the AfricaArray project. Many participants from public and private 
institutions throughout Africa are dedicated to building AA’s capacity. Technicians onsite have been 
trained to separate the GPS and weather data so that the weather observations are available immediately 
to the local met services.  Please see Newsletter:  
http://www.africaarray.psu.edu/publications/newsletters/2012AfricaArrayNewsletter.pdf  
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2010 Workshop 
Under an independent award, this network was an important focus of an interdisciplinary science 
community network convened at Howard University with support from Penn State University.   The 
purpose of the 3-day workshop was to bring together U.S. scientists and program managers engaged in 
geoscience research in Africa and their African collaborators to examine and codify the scientific 
rationale for expanding the AfricaArray seismic and cGPS networks into a multidisciplinary science 
network.  The workshop assembled participants from a range of science fields that included atmospheric 
science (including climate), geodesy, geography, hydrology, seismology, and space weather. 
 
The 2010 Howard workshop focused on obtaining community input on key science questions 
(multidisciplinary and discipline-specific) that cannot be addressed without new observations from 
Africa, determining the observational infrastructure needed to provide crosscutting and discipline-
specific data sets for addressing the science questions, exploring the intersection and overlap between 
emerging observational infrastructure and existing infrastructure within the AfricaArray network, and 
defining the broader impacts, including best options for communicating and disseminating science 
information to government and non-government organization (NGO) decision-makers and supporting 
educational activities in Africa and the U.S. 
 
2011 Workshop 

During November, 2011, the 7th annual scientific workshop for AfricaArray was convened at the 
University of Witwatersrand in Johannesburg, South Africa.  Scientific presentations were made over a 
two-day period by students, postdocs and faculty engaged in AfricaArray-related research. The workshop 
was attended by 80 scientists from 17 African countries, as well as from the U.S., Europe, and Japan.  
 
2013 Workshop 

The 8th annual scientific AfricaArray workshop was held from 15 to 18 January 2013 at the University of 
Witwatersrand in Johannesburg, South Africa. The agenda included training courses in the operations 
and maintenance of AfricaArray stations – an important step to ensure sustainability of the operations 
after the end of the MRI project. Key topics of the scientific agenda included Structure and Tectonics of 
the African Plate; African Geodesy, Hydrology and Tectonics; Seismic Hazard; and Initiatives allied to 
AfricaArray. One highlight in geodesy was the presentation (“Developing a preliminary Malagasy 
velocity field using mm-precision GPS observations (Rajaonarison, D. S. Stamps, and G. 
Rambolamanama) that used data from this project. 
http://www.africaarray.psu.edu/about/AA2013_Programme_Final_&_Abstracts.pdf 
 
Publications and Products 
 
Journal publications: 
Elifuraha, S., E. Calais, Z. Altamimi, P. Willis, and H. Farah, A new Velocity field for Africa from 
Combined GPS and DORIS Space Geodetic Solutions: Contribution to the Definition of the African 
Reference Frame (AFREF), J. Geophys. Res., VOL. 118, 1–21, doi:10.1002/jgrb.50137, 2013. 

Re-evaluation of the kinematics of Victoria Block using continuous GNSS data 
RMS Fernandes, JM Miranda, D Delvaux, DS Stamps, EE Saria Geophysical Journal International, doi: 
10.1093/gji/ggs071, 2013. 
 
EOS & Newsletters: 
Andrew A. Nyblade, Ray Durrheim, Paul Dirks, Gerhard Graham, Geoscience Initiative 
Develops Sustainable Science in Africa, Eos, Vol. 92, No. 19, 10 May 2011. 
 
For a full listing of newsletters for all aspects of AfricaArray: 
http://www.africaarray.psu.edu/publications/newsletters.asp  
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Web, Internet, and UNAVCO Data Center links: 
http://www.africaarray.psu.edu 
http://www.unavco.org/highlights/2013/zambia.html  
http://facility.unavco.org/kb/questions/683/Simple+CGPS+Enclosure+Design+-+Examples+From+Africa+Array  
http://www.unavco.org/community_science/science-apps/atmos-ionosphere/total-electron-content.html  
http://africaarray.unavco.org 
http://facility.unavco.org/highlights/2010/africa-array.html  
http://www.unavco.org/highlights/2013/malawi.html  
http://www.unavco.org/highlights/2013/zambia.html  
http://www.eurekalert.org/pub_releases/2008-12/pu-tlb120908.php  
http://www.egu.eu/awards-medals/union-osp-award/2011/elifuraha-saria/  
http://researchspace.csir.co.za/dspace/handle/10204/3683  
http://www.unavco.org/crosscutting/cc-data.html  
 

 
Figure 3. AfricaArray cGPS Data availability in the UNAVCO Data Center.   Station files and continuity for each of the 
stations currently held in the UNAVCO Data Center for this project.  Stations added during the final stages of the project may not yet 
have holdings. 

 
Databases, physical collections, educational aids, software, instruments: 
The AfricaArray cGPS / met network spanning Africa with 24 stations itself is the greatest legacy of this 
project (Table 1).  All data and metadata derived from this network are archived at the UNAVCO Data 
Center upon collection, where they are freely available to the investigator community (Figure 3): 
http://facility.unavco.org/data/dai2/app/dai2.html# 
 
Contributions  
 
Contributions to geosciences: 
AfricaArray cGPS represents a geographic and instrumental expansion of the AfricaArray seismic network 
to address first-order questions about modern African climate, mantle dynamics beneath the continent, 
and the relationship between African tectonics and paleoclimate. Instrumentation for making 
meteorological, atmospheric composition and GPS measurements were added to existing seismic stations 
across eastern and southern Africa, forming a powerful community facility that provides continuous high-
quality data sets and supports unique educational programs serving African and American students. 
Several of the new instruments contribute to AERONET and other global networks that recently 
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undersampled southern and eastern Africa. Over the next ten or more years, AfricaArray data will lead to 
major advances in our understanding of African Earth structure, from the troposphere all the way to the 
core-mantle boundary. 

The scientific rationale for expanding the AfricaArray seismic network included: 

1) To provide high quality data sets for addressing outstanding problems in regional 
climate. The proposed expanded network will provide long-term data streams of key physical 
parameters (min/max temperature, relative humidity, precipitation, wind speed and direction, dewpoint, 
atmospheric pressure, water vapor) and atmospheric composition (carbon monoxide, ozone, aerosol 
optical depth), aimed at linking changes in the atmosphere to biogeochemical cycles and land use. The 
benefits to modern African climate research will include a greatly improved ability to (i) develop and 
validate high- resolution Regional Climate Models, (ii) distinguish local interannual variability from 
external influences such as ENSO, and (iii) detect and understand ongoing natural and anthropogenic 
trends and feedbacks in biogeochemical cycles and droughts. Terrestrial paleoclimate research will also 
benefit by (i) improved calibration of paleoclimate proxies with better known local meteorology, and (ii) 
better understanding of the relationship between microclimates at proxy sites and larger-scale regional 
climate. 

2) To provide improved data sets for critically evaluating African Superplume and 
Superswell models. Most parts of eastern and southern Africa are uplifted into broad plateaus, and 
collectively this region has been termed the African Superswell (Fig. 1). Deep beneath southern Africa lies 
the largest seismic anomaly in Earth's mantle, the African Superplume (Fig. 2). Seismic images of the 
African mantle suggest that the Superplume might extend from the core-mantle boundary to the surface 
and give rise to the Superswell. Determining the chemical and dynamic causes of the African Superplume 
and defining its relation to shallower mantle structure and surface processes (uplift, rifting, volcanism) is 
arguably the most important issue in understanding the dynamics of the deep mantle. The expanded 
network will improve our ability to test competing models for the origin of the Superplume and its 
relationship with the Superswell by providing new observations of mantle structure (seismic) and surface 
deformation (GPS). 

3) To investigate cross-cutting questions linking climate and mantle dynamics, such as: 
What is the relationship between African paleoclimate and deep, large-scale mantle 
processes associated with the Superplume and Superswell? Recent paleoclimate research has 
emphasized the probable connection between tectonic uplift in eastern and southern Africa since the 
Miocene, and consequent changes in climate, flora, fauna and even hominid evolution. Although there 
remains considerable uncertainty about the timing of the Superswell uplift and connections with the 
Superplume, much of the uplift appears to have occurred in the past 10-15 Ma, during which time there 
were changes in vegetation across eastern and southern Africa. If tectonic uplift led to a reorganization of 
atmospheric circulation, strong aridification, and an increase in open grassland, as suggested by 
paleoclimate models, then there could well be a geodynamic connection between African climate, the 
biosphere, and deep, large-scale mantle processes through the tectonic forcing of climate. Hence, an 
important motivation for the proposed network expansion is to enable interdisciplinary research between 
the solid and fluid Earth. 

Early results from AfricaArray cGPS have already emerged, even as data streams from the most recent 
installations are just beginning to accumulate.  Of note, Saria et al. (2013) provide the first comprehensive 
assessment of the kinematics of crustal deformation in Africa.  In addition to its scientific contribution to 
Africa kinematics, this paper has broad impact, by virtue of being the first contribution to the definition of 
an African Reference Frame (AFREF) through integration of historic GPS and DORIS observations into a 
single, continent-wide solution.  
 
Contributions to other disciplines of science or engineering: 
As noted above, as AfricaArray cGPS and meteorology results accumulate, they will be used  to 
addressfirst-order questions about modern African climate, mantle dynamics beneath the continent, and 
the relationship between African tectonics and paleoclimate. Instrumentation for making  
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Under a related award, the Word Metrological Organization (WMO) funded a separate collaborative 
project to leverage the AfricaArray cGPS investment; its purpose – to build capacity in Africa for 
transmitting data with low latency from automated weather stations. This effort addressed WMO 
priorities for capacity building in two African countries (Zambia, Malawi), and for Disaster Risk 
Reduction (DRR) more broadly across the African continent, through the development of scalable data 
communication systems for acquiring meteorological data with low latency from autonomous weather 
stations.  In mid 2012, a UNAVCO engineer returned to the AfricaArray stations in Zambia and Malawi 
to install telemetry systems. These consisted of both cellular modems and Broad Global Area Network 
(BGAN) terminals. This trip also served as training for two AA collaborators who learned to configure 
and install the telemetry equipment independently at other sites. 
 
Finally, the densification of cGPS stations in Africa addresses a critical and longstanding need to 
strengthen the global reference frame on Earth’s largest and least sampled continent.  The international 
geodesy community has demonstrated its commitment to organizing, analyzing, and sharing 
observations from multiple global observing systems, which has enabled an order of magnitude increase 
in precision over each of three decades through the activities of the IGS and development of the ITRF, 
now in its 8th version and publicly accessible on the web [IGN, 2008].   Realization of the International 
Terrestrial Reference Frame (ITRF) requires that large data sets from global observing systems and data 
analyses in concert to specified standards [NRC, 2010].  
 
Geodesists from around the world secure support within their home countries in order to make global 
data products and mm-level global geodesy possible. Many research groups participate in this overall 
effort by performing software development and data analysis to the standards set by the global 
community.   These services will increasingly rely on AfricaArray data streams, significantly strengthening 
the frame in this immense and historically undersampled region. 
 
Contributions to the development of human resources: 
These primary contributions to development of human resources stem from the formal and informal 
training activities described above, with a focus on technology transfer to African scientists and engineers 
who are now self-sufficient in the construction, operation, and maintenance of a reference network for 
Africa; training in data handling and preparation for archiving; data analysis and interpretation; and 
development of the science plan supported by sustained observations in Africa. 
 
Conference Proceedings 
2012 
Rigidity of Nubia and kinematics of the EAR from combined GPS and DORIS solutions: Implication to 
AFREF 
Elifuraha E. Saria; Eric Calais; Zuheir Altamimi; Pascal Willis; D S. Stamps; Rui M. Fernandes; Hussein 
Farah – AGU  
 
2011 
Velocity field for Africa from combined GPS and DORIS solutions: A Contribution to AFREF 
EE Saria, E Calais, DS Stamps, Z Altamimi, D Delvaux, RM Fernandes, P Willis, HO Farah – AGU  
 
A new velocity field for Africa from combined GPS and Doris Solutions: Contribution to AFREF, Saria, E.; 
Calais, E.; Altamimi, Z.; Willis, P.; Fernandez, R.M.; Farah, H. – EGU  (winner of the 2011 Outstanding 
Student Poster Award. 

2010 
A GPS solution for Africa: contribution to AFREF 
EE Saria, E Calais, DS Stamps, RM Fernandes, HO Farah  – AGU  
 
2009 
Geodetic constraints on rifting processes in East Africa 
E Calais, DS Stamps, L Bennati, E Saria, LM Flesch, AM Freed – AGU  


