Environmental Monitoring and Information Systems
(EMIS)
Final Report to USAID

Theme 2 — Organizing Data and Regional GIS Data Access
Review of Remote Sensing Needs and Applications in Africa

Noarae?, FAOM THEANEUCAN Pawtc

“YW

ii_rf:,‘\’trl
& -~ 1
)
{ ¥ | i
i M
\52'/2‘"

RCMRD

[ ]
ICRISAT

{ ‘S Y
WY
4\\:!&

Prepared by Larry L. Tieszen
USGS -EROS Land Cover Applications and Global Change Branch
tieszen@usgs.gov
(assembled 9-10-09)



mailto:tieszen@usgs.gov

Review of Remote Sensing Needs and Applications
In Africa

29 Jun 2007
Prepared by:

James Rowland?, Eric Wood*, Larry L. Tieszen?
Contributors:

Kate Lance®, Erick Khamala®, Blessing Siwela®,
Alkhalil Adoum®, Molly Brown’

bbbbb

[ ]
ICRISAT

=/ USAID

! SAIC, contractor to USGS Center for Earth Resources Observation and Science (EROS), Sioux Falls, SD

> USGS EROS, Sioux Falls, SD
% Editor, Spatial Data Infrastructure (SDI)-Africa Newsletter

* Regional Centre for Mapping of Resources for Development (RCMRD), Nairobi, Kenya
> SADC Regional Remote Sensing Unit (RRSU), Gaborone, Botswana

®USGS FEWS NET, AGRHYMET Regional Center, Niamey, Niger

" SSAl, contractor to NASA Goddard Space Flight Center, Greenbelt, MD



Executive Summary

1.

Introduction
1.1. Problem Analysis and Justification

1.2. Participating African Regional Centers
1.2.1. Regional Centre for Mapping of Resources for Development (RCMRD),
Nairobi, Kenya

Figure 1.1. RCMRD contracting member countries

1.2.2. Southern African Development Community (SADC) Regional Remote
Sensing Unit (RRSU), Gaborone, Botswana

Figure 1.2. SADC Member States

1.2.3. AGRHYMET Regional Center, Niamey, Niger

Figure 1.3. CILSS Member States

2. Assessments of African Capacity Needs

2.1. Examples of External Efforts to Increase the Use of Satellite Remote
Sensing Information in Africa

2.2. Overview of the Remote Sensing sector: Organizations, Initiatives,
Investments, Services, and Capacity Building
2.2.1. Remote sensing activity and capacity

Table 2.1 Structure of overview of remote sensing activity in Africa

2.2.2. African geospatial technical authorities/specialists

Table 2.2. African national remote sensing authorities or facilities
Table 2.3. African satellites and ground receiving stations

Figure 2.1. Hypothetical reception for the African continent

Table 2.4. Sample of African universities involved in RS research/
application development

Table 2.5. African regional technical centers

2.3. Projects, Initiatives, and Investments

2.4. Existing Geospatial Services

Table 2.6. Sample catalog, data, portrayal, and decision support
services

Table 2.7. Students trained at RECTAS in the past 10 years, at
technician, technologist and post-graduate diploma levels (combined)
Table 2.8. New registrants at ITC, by year

Figure 2.2. Nigerian data infrastructure user skill requirements (GML
Projects (& JV) Ltd., 2005)

Table 2.9. Examples of UN ‘geospatial’ programs in Africa

Table 2.10. Examples of activities of international ‘geospatial’ NGOs
in Africa

Table 2.11. Fundamental geospatial datasets of several African
countries

Table 2.12. Satellite imagery user needs

2.5. Questionnaire on Supporting Remote Sensing Needs in Africa
2.6. Regional Centers’ Needs
2.6.1. AGRHYMET

Table 2.13. Training Needs

16
17
18

18

24
24
27
27

30

30

33
34
34
35
36
37
39

40
42

44
45

45

47
48

49
50

51

52
53

54
59
59
60



2.6.2. RCMRD
2.6.3. SADC RRSU

3. Potential Elements for Sustainability of RS & GIS Services in Africa
3.1. Designh and Adaptation
3.2. User and Policy Orientation
3.3. Education and Training
3.4. Outreach and Communication
3.5. Monitoring and Evaluation
3.6. Funding
Figure 3.1. Spending distribution of IFBP funding

4. Assessment of SERVIR Web-based Portal
4.1. Geospatial Portals and SERVIR-Mesoamerica

4.2. The “SERVIR” Model
4.2.1. Coordination
4.2.2. Look and Feel
4.2.3. User
4.2.4. Content
4.2.5. Data / Services
4.2.6. Outreach and Capacity Building
4.2.7. Finances / Sustainability
4.2.8. Performance Measurement and Evaluation
4.3. Conceptual Model for Regional Web-based Portals
Figure 4.1. Conceptual Model for Implementation of Data
Dissemination Portals in Africa

5. Recommendations

6. References

Appendix 1 - National ‘geospatial entry points’
Appendix 2 — Projects, initiatives, investments
Appendix 3 - Thematic networks

Appendix 4 — Existing geospatial services
Appendix 5 — Qestionnaire

Appendix 6 — Summary of feedback from RCMRD

Appendix 7 — Acknowledgements

60
64

67
67
68
70
71
72
73
74

1
77
79
79
79
80
80
80
81
82
82
83

84

85

89

95

97

109

111

116

117

123



Executive Summary

Background and Objective

The U.S. Agency for International Development (USAID) requested the U.S. Geological
Survey (USGS) Center for Earth Resources Observation and Science (EROS) to
undertake a review of current and potential capabilities at regional remote sensing centers
in Africa to use remote sensing (RS) applications for societal benefit. In addition, USAID
requested an evaluation of the utility and appropriateness of a web-based data,
information, and decision support system (DSS) portal such as a SERVIR model for
Africa. The SERVIR model is currently implemented for Mesoamerica.

The primary objective of this activity is:

to recommend to USAID a feasible and most appropriate approach to

support sustainable RS applications at African Regional Remote Sensing

Centers.
We use “RS applications” to refer to the acquisition, maintenance and archiving,
dissemination and distribution, and analysis and interpretation of remote sensing data, as
well as the integration of interpreted data with other spatial data and models, to address
various needs. Our objective, oriented toward sustainability, includes training in all
aspects of RS applications. In addition, we limit most of our discussion to sub-Saharan
Africa, i.e., “Africa” refers specifically to sub-Saharan Africa. There are many continental,
regional, and national institutions, organizations, initiatives, and networks in Africa
involved in geospatial data and information analysis and distribution; an evaluation of all
such geospatial data activities was beyond the scope of this study. However, because of
our historical and current collaboration with three regional RS centers in Africa (the
AGRHYMET Regional Center [ARC] in Niamey, Niger; the Regional Centre for Mapping of
Resources for Development [RCMRD] in Nairobi, Kenya; and the Southern African
Development Community [SADC] Regional Remote Sensing Unit [RRSU] in Gaborone,
Botswana), we concentrated on reviewing the current remote sensing needs and
applications at those centers. Visiting scientists from RCMRD and RRSU worked with the
evaluation team onsite at EROS. ARC staff provided valuable input to this report as well.
This report addresses the needs of the Regional Centers (RCs), as well as the needs of
their constituent partners, for hardware, software, internet connections and information
technology (IT), database management, RS data, and training in RS applications. Note
that variable levels of RS applications at each of the RCs results from different mandates,
varied funding mechanisms, and significantly different sizes of the three centers. For
example, a large part of AGRHYMET’s activity supports training in the domain of hydro-
meteorology, water management, and vegetation protection, whereas RCMRD uses a
multi-sectoral approach to geo-information and sustainable development, and RRSU
supports primarily food security issues.

Regional Centers

The AGRHYMET Regional Center, created in 1974, is a specialized institute of the
Permanent Interstate Committee for Drought Control in the Sahel (CILSS), with particular
specialization in science and techniques applied to agricultural development, rural
development, and natural resource management. It is an interstate public institute with a



legal status, financial autonomy, and an international status. Primary objectives of the

ARC are:

e To contribute to achieving food security and increased agricultural production in the
CILSS member states;

e To improve natural resource management in the Sahelian region by providing training
and information to development stakeholders and partners in agroecology taken as a
whole (agroclimatology, hydrology, crop protection...).

The Regional Centre for Mapping of Resources for Development, established in 1975
under the auspices of the United Nations Economic Commission for Africa and the
Organization of African Unity (now the African Union), is an intergovernmental
organization, with 15 member States from eastern and southern Africa. The operations of
the Centre are funded in part by contributions from contracting member States and
revenue generated from sales of its products and services. The mission of the centre is
“To Promote the Development and Use of Geo-information in Sustainable Development of
Africa”. The primary objectives of the Centre are:
¢ To develop and constantly update harmonized and standardized digital databases and
information on land resources for the region, based on demand.
o To develop a regional early warning system for food security, environmental
monitoring, and disaster management using mainly satellite technology.

The Regional Remote Sensing Unit operates under the Agriculture Information
Management System (AIMS), as part of the Food, Agriculture and Natural Resources
(FANR) Directorate, based at the SADC Secretariat. RRSU started its operations as a
project in June 1988 (funded by the Government of Japan) with technical assistance from
the UN Food and Agriculture Organization (FAQ). After 1992, operational activities
continued with support from the FAO Technical Cooperation Programme. The main
development agenda for AIMS is to provide planners and policy-makers easy access to
information necessary for revitalizing agricultural and natural resources growth, enhancing
food security and promoting rural development. RRSU facilitates training programs and
technical support to Member States in RS, GIS, and agrometeorology, in support of food
(in)security early warning, natural resources management, disaster management, and
environmental change monitoring.

This report also reviews, for each of the regional centers

e collaboration with FEWS NET, USGS EROS, and other national, regional, and
international institutions,
existing remote sensing projects and data,

e existing capacity of RS applications, including hardware, software, Internet
connection, and data dissemination,

e current and historical funding and donor support,
requirements for RS data/products, information and communication technology
(ICT)/infrastructure, hardware and software (for reception, processing, and
management of RS databases), and training in RS applications.

Questionnaire

Although we limited our in-depth analysis to three RCs, we also solicited and received
input from various African institutions through field visits, email contacts, and
guestionnaire responses. A one-page questionnaire was distributed via the RCs; an



online version of the same was disseminated via the EIS-Africa website and the GSDI-
Africa newsletter. This report also benefited from input from USGS FEWS NET regional
scientists hosted at the RCs, and from staff at many institutions in Africa (e.g., CGIAR
centers throughout Africa, the Satellite Applications Center in Pretoria, South Africa, and
others), which allowed us to capture the most appropriate, and up-to-date, information on
the status of RS activities, and needs, in African institutions.

The objective of the questionnaire was to assess existing remote sensing capacity,

capability, potential and challenges in Africa. General feedback via the online

guestionnaire elucidated the following points regarding usage, and need for, RS data:

o Nearly all of the respondents use RS data in their work (93%), or feel that access to it
would assist in their work (98%).

o Most respondents had access to Landsat (88%), but fewer than half had access to
MODIS, ASTER, or high resolution data (46%, 41%, and 46%, respectively).

o Of those without access, the majority felt the need to access those data (Landsat,
66%; MODIS, 47%; ASTER, 60%; high resolution imagery, 79%).

Most RS data were accessed via 1) free download from the Internet, 2) participation in
specific projects, or 3) direct purchase. Free Internet downloads came from a handful of
well known sources: USGS EROS, NASA, GLCF (Global Land Cover Facility, University
of Maryland), etc. Offline distribution of free data from the RCs was also common — e.g.,
distribution of the GeoCover Landsat dataset, a very successful program made feasible
through collaboration with USGS and USAID (the RCs have distributed, and continue to
distribute, the GeoCover Landsat dataset to many interested institutions in each of the
regions concerned). Purchase of data was from both original source providers and a
variety of re-distributors, and was more prominent in the acquisition of high-resolution
data, since free sources of these data don’t yet exist.

Over two-thirds of the respondents had problems accessing RS data (70%), with 73%
agreeing that high speed Internet would improve that access. Significant constraints to
accessing RS data include cost (85%) and available software (48%). From a wide range
of suggestions for improving data access in Africa, several stood out, namely, high speed
Internet access, improved ICT infrastructure, reduced cost (imagery, software, hardware,
and training), and better delivery systems (e.g., national or regional portals or
clearinghouses). Primary uses of RS data include land use/land cover change (81%),
environmental monitoring (58%), quantifying deforestation (44%), and biodiversity (42%).

Assessments of African Capacity and Needs

The application of RS technology in Africa is a complicated, and complex, issue. The
area of Africa is large (24.2 M km? in sub-Saharan Africa alone, which is more than 3
times the size of the conterminus U.S.), with sparse and/or degraded ground-based earth
science data available. Access to data (especially RS data) is limited by cost and file size.
Although some regional organizations (e.g., NEPAD, AARSE) realize, accept, and
embrace, the utility of (and need for) RS applications, national governments in Africa have
generally not supported RS applications. The AARSE conference declaration (November
2006) states that the geo-information community in Africa should
e ‘“engage actively at all levels of GEO activities and...initiate programmes within their
national and regional development plans in support of integrated and coordinated
Earth Observations.”



e ‘“encourage national and regional centres for geo-informatics...to actively engage in
EO monitoring for human security and stability....”

e ‘“strengthen and harmonize human resource development...in the fields of EO and Gl
Sciences....”

e ‘“strengthen coordination between different initiatives in Earth Observations and
geospatial information to strengthen the impact of each initiative and the overall
impact.” (http://agirn.org/?id=19, accessed July 10, 2007).

However, bandwidth limitations restrict data available via the Internet (even when

available for free download), the cost of common RS and image processing software are

prohibitively expensive for many African institutions, and RS programs at universities are
few, and often not strong when existent. There is a lack of appropriate skill set to analyze
and interpret RS data, in general, and a lack of a certain threshold of RS skills to maintain
local and regional collegial interactions, in particular. Until recently (before the
proliferation of wireless communication and cell phones in Africa), communication was
very limited, and regional coordination of RS activities was subsequently very limited.

Nevertheless, specifically because of the historical lack of communication, and the paucity

and degradation of ground-based observations/data, there is increased need for

developing, maintaining, Fand supporting RS applications in Africa.

The use of satellite-based data and information in Africa to support development has been
recognized as a key aspect to ensure both that funds used to invest in development in
Africa are used wisely and that development is sustainable over the long term. Three
major (external-to-Africa) programs that are working to increase the use of satellite RS
data and information in Africa, and to improve the transition of research into application,
include: NOAA's Office of Global Programs, NASA’s Applied Sciences program, and the
Global Monitoring for Environment and Security program (European Space Agency and
European Commission). These programs may, in the long term, greatly increase the
demand for climate data in African countries, making centers that provide satellite RS and
other kinds of climate data and analysis much more viable than they currently may be.
However, an enormous investment in capabilities, focused products, and operational
delivery in a format usable by the decision maker must occur before such data products
can be used. Additional details are provided on each of these programs.

Remote sensing is a relatively young and evolving technology sector in Africa. However,
there exists a lack of information about African uptake and usage of geospatial
technologies. A global analysis forecasted that the total GIS/geospatial core-business
revenue for 2006 would grow by 10% in one year, for North America as well as the rest of
the world (Daratech, 2006), so presumably this estimate holds for Africa. Anecdotal
information does support this trend. A NOAA-sponsored global remote sensing survey
conducted in 2005 reported that eight percent of the 1,547 responses were from Africa
(Global Marketing Insights, Inc., 2005), signifying an active and enthusiastic community.
The responses from African representatives, grouped as government, academic, or
commercial, confirmed that the African market is growing rapidly, and each group
anticipated a marked increase in investment in remote sensing technologies. Despite this
growth, the African market remains poorly analyzed. The continent is usually ‘lumped’
into the ‘other’ or ‘rest of the world’ category when figures, such as market share for
commercial satellite image sales, are reported. South Africa, for instance, just makes the
grade, with 0.2% of global sales (Fortescue and Ntisana, 2005). Although South Africa is
not representative of the continent, it is noteworthy that the country currently is
experiencing unprecedented growth in image sales, with a total growth of over 150% for



the period 2004-2005; medium and (particularly) high-resolution imagery is the main
contributor to the satellite image growth (Fortescue and Ntisana, 2005).

This report provides an overview of organizations/principal users, initiatives/programs,
investments, services, and capacity building in the RS sector, with an emphasis on the
structural and organizational dimension of the geospatial sector. The findings are based
on expert knowledge and on market surveys, conference and workshop reports, project
reports, and newspaper articles found on the web, and presented as a broad overview.
Topics discussed and presented include:

e remote sensing activity and capacity

geospatial technical authorities/specialists

initiatives and investments

existing geospatial services

training and capacity building

existing or potential market drivers

inventory of previously conducted surveys and related data collection/reports
feedback on questionnaires on supporting RS needs in Africa.

Sustainability of Remote Sensing Applications (and Portals and Centers)

Sustainability is too often an afterthought, rather than a guiding principle for the design
and implementation of an information system or RS facility. Building a solid (sustainable)
base for continent-wide, or regional, RS applications in Africa revolves around the
following elements: a) design and adaptation, b) user and policy orientation, ¢) education
and training, d) outreach and communication, e€) monitoring and evaluation, and f) funding.

To address the long-standing problem of sustainability, it would be constructive to take a
hard look at past failures, bearing in mind that failure, used here, is relative. Several RS
and/or geospatial information system projects, for instance, had a marked impact at the
time; however, for one reason or another, the actual information systems designed did not
necessarily withstand the test of time. The inclination is to not take a hard (or hard
enough) look at implementation failures. We tend to highlight successes to promote
geospatial technologies; geospatial project reports tend to be glowing, and critical
analyses of inadequate design, management, and communication are left by the wayside.

Sustainable RS applications and data dissemination activities need to be well-defined,
well-directed, and not necessarily all-encompassing. One of the factors that contributes to
the success of FEWS NET operations is its focus on famine, early warning, and food
security. FEWS NET does not venture into all types of disasters/emergencies, nor does it
try to service too broad a user community. If RS applications are meant, in a sense, to be
generic, serving all, they face the challenge of not having a specific user community.
Information products and services may not be adequately tailored to specific management
concerns, and the user base could be limited.

In order to engender increased use of RS applications, one must have an understanding
of what kinds of products and services are constructive. In the political arena, much more
could be done to identify products that address policy and national concerns. The
geospatial community has not been particularly effective in this area. A pertinent question
is how policy makers might use geo-information and spatial research in their setting? Too
often, there is the “rationalist” assumption that “better information will lead to better



decisions,” as if the relationship between high quality geo-information and public policy is
unproblematic, linear and direct. In fact, the relationship at most is indirect, even ad hoc.

Another area that requires more understanding is how the media (newspapers, radio,
television), as well as local NGOs/civil society organizations, might use geo-information
and spatial research in their settings. To truly have a wide user base, which is an
important element of sustainability, a RS facility must reach beyond technical
communities. A concerted effort may be necessary to ‘translate’ raw data (and
terminology) into appropriate information products. The overall RS infrastructure
communication work plan must consider non-technology-specialist communities.

In order to properly address the capacity building element of sustainability, a strategic
overview of ongoing training activities needs to be conducted. Capacity building is not
something that one entity alone can tackle; rather, it is the combined contributions of
organizations across the geospatial sector. Regional centers have been a mainstay for
training and capacity building, but in the interest of sustainability, national universities
could play a much greater role than they have in the past. Universities have a national
mandate for education and research. Given that much of the RS activity in Africa is
conducted by organizations in capital cities, and that capital cities have a national
university, if more training opportunities were offered through universities, it could cut
down the overall expense for training for potential candidates.

In order to stimulate market growth and sustain a regional RS information system,
emphasis must be directed at ‘freeing up’ data from organizations, particularly from the
public sector, which is the largest employer of ‘geospatial labor’ and holds most of the
available geospatial data. A broad and continually growing set of usable geographic data
must be available, which is the primary goal of spatial data infrastructure (SDI). A key
component of SDI is a geo-service registry so that existing services can be catalogued.

Finally, the funding element of sustainability deserves (potentially the most) attention.
Without funding, it is almost certain that RS applications will not be sustained. While there
are many different business models that need to be explored, ultimately, investment in RS
infrastructure must come from African governments. Unfortunately, the dominance of
donor funding for RS activities in Africa has, in some cases, created dependence upon
continued donor support, instead of reliance upon government agencies. Government
agencies need to recognize the utility and importance of RS applications for their national
programs and interests, and the need to invest in and support the integration of
interpreted RS data with other spatial data and models to address various needs. If RS
and geospatial technologies are valued as a tool by government, then the value should
translate into resources being expended on RS infrastructure. Funds could be used for
strengthening RS education in African universities, funding key dataset production or
imagery acquisition, coordinating and reducing the overlap of national and regional RS
activities, or directly supporting RS research and applications.

Many equate sustainability with having a viable business model, and certainly the
business model is critical, but the other elements mentioned require as much thought as
the business model, and all these elements, from the onset, should receive as much
attention and resources as those invested in the development of data products and
services. In order to focus on the sustainability elements, a regional RS applications
facility/program requires considerable pre-“design” analysis, and once underway, the
facility should have a detailed education and training plan, outreach and communications



plan, monitoring and evaluation plan, and a business plan, all with staff dedicated (full-
time) to working on these elements.

Geospatial Portals and SERVIR-Mesoamerica

We also present an evaluation of the Mesoamerican SERVIR portal, in particular, with
respect to its potential as a model for Africa, and the utility and/or appropriateness of
implementing a SERVIR-like portal for Africa. We collaborated with NASA and
CATHALAC staff responsible for the initiation, development, and implementation of the
SERVIR portal for Mesoamerica. The review of SERVIR generally emphasizes the
initiative as a whole, rather than the functionality or offerings of any one component.
“SERVIR” Mesoamerica appears to serve a useful purpose as a one-stop data /
information / DSS portal for the region, and Africa regions could benefit greatly from
similar one-stop (geo)data portals. However, there are so many differences between
Mesoamerica and Africa, both in current (data/RS) conditions, and in implementation
needs, that to speak of “SERVIR-Africa” — as a replication of SERVIR-Mesoamerica in
Africa (either in content, or as an approach to development and implementation of such a
portal) — does not appropriately serve the objective of increased RS data utility and/or
applications through one-stop data portals. Nevertheless, NASA has much to bring to a
collaborative effort in supporting (further) development and implementation of such data
portals. We think it would be useful to engage NASA and other agencies in a concerted

effort to support development of RS and spatial modeling in Africa.

Some specific concerns regarding a SERVIR-like model for Africa are listed here:

Africa regions already have existing regional centers with regional mandates (although
very different in each region), and are already/currently involved in disseminating data
and information to their clients and partners, via websites (http://www.rcmrd.orqg,
http://www.agrhymet.ne/eng/, http://www.sadc.int/) as well as through storage devices
such as CDs, DVDs, external drives, etc. Recall that the only really effective
distribution of the NASA-funded GeoCover Landsat dataset was achieved through
direct involvement between EROS and the RCs. The RCs have re-distributed the
GeoCover Landsat dataset, as well as 90-m SRTM DEMSs (in some cases), and other
MODIS and ASTER data as a result of this direct involvement.

Africa regions are already on-board with in-house datasets and links to partners
providing data, such as GeoNetwork (by FAO, WFP, UNEP), which is a metadata (and
potentially a data) distribution system — built upon EMIS clearinghouse development.
See examples of Regional Center GeoNetwork nodes (and/or metadata/data servers)
at http://41.206.33.118/geonetwork/srv/en/main.home and
http://www.sadc.int/fanr/aims/index.php.

Much data and information exist already (for Africa) for environmental monitoring,
disaster management, weather monitoring, food security monitoring, etc., available via
dissemination portals. For examples, see the USGS FEWS NET website (Africa Data
Dissemination Service [ADDS]) at https://earlywarning.usgs.gov/adds, the FEWS NET
website at https://www.fews.net (e.g., DSS information example, the Executive
Overview Brief at http://www.fews.net/execbrief/?pagelD=eobDoc&g=1001216, the
NOAA FEWS NET weather briefing website at
http://www.cpc.ncep.noaa.gov/products/fews/africa/briefing.html, the USDA websites
at http://www.pecad.fas.usda.gov/glam.cfm (USDA GLAM [Global Agriculture
Monitoring]) and http://www.pecad.fas.usda.gov/cropexplorer (USDA Crop Explorer).
All these web portals disseminate data and/or information of/for/to Africa. In addition,
EUMETSAT and GeoNetcast will disseminate data and information of/to Africa).
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The need to recognize ICT (information and telecommunications technology)
limitations (and variations) in Africa (and within regions). Bandwidth to Africa and
within Africa is a major constraint to RS data distribution, and needs to be enhanced.
Current RC websites should be the focal nodes through which all other data portals
are accessed.

Some questions/differences/comments (regarding SERVIR, or data portals, in Africa):

0 What strengths does the SERVIR model have over the GeoNetwork model
(already widely launched in Africa by FAO, including at the RCs and CGIARS)?
It appears that, for data portals at RCs in Africa, it is rather a question of
strengthening existing portals.

0 Resources required to support a continent the size of Africa, or even (the
large) regions of Africa, will be significantly (immensely) greater than those
required to support the same in Mesoamerica.

o ICT policies and infrastructure (levels) vary greatly across Africa. For example,
most counties in Africa are yet to come up with ICT policies that ministries can
leverage on as the anchor to full participation in the development and
maintenance of a web-based (or SERVIR-like) portal. Moreover, Local Area
Networks (LAN) and Wide Area Networks (WAN) are deficient in Africa, with a
large number of government ministries having none at all. Lack of such basic
infrastructure would limit data / information sharing through the portal.

0 Levels of government buy-in within a region will/may vary greatly.

0 Levels of regional/institutional network functionality will/may vary greatly in
Africa (e.g., CILSS in West Africa; SADC and DMC in southern Africa; RCMRD
and ICPAC in East Africa).

0 There exists a great diversity of cultures (language, religion, etc) within Africa,
and within each region.

o Currently, government ministries/institutions/departments (e.g., Meteorological
Departments) may sell their data to generate income for institutional
sustainability. It may be easier for a web-based data portal to be redesigned
alongside this income generation strategy by the ministries, rather than
expecting that ministries offer free data through a centralized (or distributed)
portal.

Current bandwidth available throughout Africa (and even at the regional centers) does
not support a 3-D visualization type of application. Decision-makers should be
convinced of the utility of RS applications, and/or (geo)data portals, by presenting to
them very real, useful, currently-implementable, realizations of RS applications, with
possibly SOME future-looking application so that they realize the potential and future
directions to be pursued (with their support).

Thus, "one-stop geospatial data and information portals" should be further developed in,
and for, each of the major regions of sub-Saharan Africa, and should include, in particular,
portals developed in conjunction with the three regional centers discussed in this report,
namely, the ARC in Niamey (Niger), the RCMRD in Nairobi (Kenya), and the SADC RRSU
in Gaborone (Botswana). However, we also feel that, if resources are limited, or such
models should be proto-typed beforehand, that efforts should be applied to supporting the
development of a "one-stop geospatial data and information portal" at the RCMRD in
Nairobi, Kenya.

Also related to regional data portals in Africa is the great need (and potential) for SADC
regional support from South Africa. The implementation of such support is "sensitive", as

11



South Africa has many skills and much expertise to apply within the region (with respect to
RS applications). However, because other SADC countries need to feel "ownership" of
projects and results (which is common throughout Africa), but also because of cultural
differences in the region, South Africa's role has been greatly diminished, and/or non-
effective (although this is improving). Both "sides" are aware of the sensitive nature of this
imbalance, and the need to rectify it. A one-stop portal in southern Africa could provide
the impetus for increased cooperation and collaboration in the region.

Finally, we should also consider a greater involvement of, and reliance upon, the CGIAR
consortium; their network could provide Internet 2 connections at key locations around the
world.

Recommendations

Finally, we present nine major recommendations for increasing, improving, and/or
achieving the “sustainability of RS applications in Africa”. These nine recommendations
are crucial to the goal of realizing sustainable RS applications in Africa, and are listed in
order of priority. Some of the recommendations involve support for the RCs (i.e.,
AGRHYMET, RCMRD, and/or RRSU); other recommendations involve support for
universities. The bullets under each major recommendation provide details on suggested
actions to attain each goal.

1) Secure (and/or nurture) government buy-in, such that African governments

provide national budgets for geo-information

e Develop products and conduct workshops to convince Decision-Makers or Policy-
Makers of the importance, relevance, and appropriateness of utilizing RS technology
for specified applications.

0 Expansion of the role that EROS has played in the development and
implementation of workshops conducted jointly with the RCs.

0 Specialization of workshops for each region as appropriate.

o Develop products and workshops targeting specific applications (e.g., RCMRD
experience with joint workshop with UNEP/Nairobi to support national-scale UNEP
State of the Environment Reports).

o0 Expansion of the role that EROS has played in supporting RCs to define
specific applications, develop training material and datasets, and conduct
workshops.

0 Expand FEWS NET training on use of RS products for monitoring the growing
season for EW of food insecurity and/or vulnerability.

o Information workshops on emergency response and the International Charter
“Space and Major Disasters”.

e Support participation in Conferences such as CODI-V and Geo-CODI, which address
Africa-wide development (and subsequently support) of NSDI

2) Institutionalize capacity building to support proficiency in the development of RS

applications and awareness of new applications

e Support projects that result in building hands-on RS capacity in government
institutions (via collaboration among RCs, U.S. institutions, and national
governments), based upon competitive proposals to USAID;
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o0 Fund competitive proposals from RCs, regional institutions, and/or government
institutions which apply RS technology for societal benefit (in collaboration with
USGS and NASA, as appropriate)

0 Support national collaborators in significant research and development (R&D)
projects (e.g., NASA and SAFNet [Southern Africa Fire Network],
NASA/UMD/USDA/WRI/etc and CARPE [Central African Regional Program for
the Environment])

e Support refresher courses, and/or specific application courses, via RCs, universities,
and partners (e.g., USGS EROS, ITC, etc);

e Support training on the International Charter “Space and Major Disasters” for
emergency/disaster response.

e Support RCs in conducting in-country training workshops for member States (as
opposed to training at RCs);

0 More cost-effective, more nationals benefit from the training (as opposed to
bringing 1 or 2 nationals to the RCs for training)

e Support exchange between universities in the region and RCs (e.g., for hands-on
applications via internships)

o0 Already implemented in some cases with universities in the same city as the
RC (e.g., Nairobi universities with RCMRD), but should be implemented for
other universities in the region

o Explore/support distance learning and video conferencing
0 video conferencing capacity for RCs and country partners
= capacity for RCs and partners to access training opportunities in the
U.S. (USGS EROS, universities)
= capacity for country partners to access training at RCs

3) Improve data availability, access, and distribution (i.e., inexpensive or no-cost)
e U.S. institutions provide no-cost data
0 USGS provide mid-decadal Landsat data (to extend GeoCover Landsat
coverage for ¢.2005) and MODIS products (e.g., FEWS NET processed NDVI)
0 NASA provide ASTER data and MODIS products (e.g., real-time fire incidence,
fire scar, land cover, red tide, as appropriate for the region)
o0 NOAA provide climate data (e.g., 7-day Global Forecast System (GFS) data,
FEWS NET processed daily rainfall estimates)
o Develop database management capacity/capability at RCs
o See recommendation 7 (“lmprove Infrastructure...” — 3" bullet)

4) Expand and extend data and information portals

e Based on this report, and previous surveys and analyses, RCs finalize data and
information needs for their respective regions;

e Support the RCs to convene meetings with key partners (e.g., USGS EROS, FAO
[GeoNetwork], NASA ['SERVIR”, etc.], ESA [GMFS, GeoNetcast]) to define web portal
implementation (including roles of each institution)

e Technical implementation of regional data / information portal (i.e., address minimum
hardware, software, bandwidth needs)

e Develop web portal user interface and structure
Populate web portal with regionally relevant data and information (and maintain
updated data/information)

o0 Existing regional data and information
o Development of regional and national baseline datasets
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o Development of additional international/regional datasets that will feed the
RCs’ websites.

e Emphasize decision support system/information (DSS)

0 Existing (food security) products (e.g., FEWS NET products: Executive
Overview Briefs, regional bulletins, weekly weather hazards assessments,
Food Security Outlooks, etc)

o0 Development of specific regional and national-scale DSS products (using
locally-implemented tools such as FEWS NET's GeoWRSI [geospatial water
requirements satisfaction index], NOAA CPC'’s Rainfall Estimation algorithm
and USGS Improved Rainfall Estimation, Climate Outlook Forum Forecast
Interpretation Tool, etc.)

o Involvement in, or development of, Africa-wide and regional newsletters (e.g.,
SDI [Spatial Data Infrastructure]-Africa, etc.)

¢ Build capacity at the RCs in the development and maintenance of the portals’ data
and information.

e Support awareness creation and capacity building in the RCs member States in the
use and maintenance (e.g., updating) of the regional portals.

o Develop (or link to) introductory and web-based resources on use of RS for different
applications.

e Support website promotion/publicity via workshops in major fora in Africa (e.g., CODI,
AfricaGIS 07, AARSE 08, etc).

5) Develop/enhance RS capacity and RS curricula at universities and other tertiary
institutions in Africa
o Establish agreements with software vendors for the provision and maintenance of
GIS, RS and image processing software for universities
e Increase access to e-libraries
Strengthen R&D at African universities, based on USAID priorities
0 Support scholarship programs for post-graduate students for studies at African
universities (e.g., at RS programs in Africa)
0 Support U.S.-based scientists on sabbatical to African universities (e.g., 1 to 3
months)
o Explore/support distance learning
o0 video conferencing capacity for African universities (with collaborating U.S.
universities)
e Strengthen collaborations with outside institutions (e.g., with other universities, RCs,
USGS EROS, NASA, ITC)

6) Improve access to regional and international RS communities

e Support participation in regional/international meetings (RCs and universities)
e Support participation/membership in professional organizations

e Involvement in CEOS (Committee on Earth Observation Satellites)?

7) Improve infrastructure for data access, analyses, and distribution — information

technology, hardware, software

o Establish agreements with software vendors for the provision and maintenance of RS
and image processing software

e Support increased bandwidth (e.g., paying for more service, installation of VSAT
capacity, support efforts for trunk line [i.e., Internet 2])
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e Improve servers and storage capacity (e.g., purchase, maintenance, and systems and
data administration capacity)

8) Strengthen regional coordination
e RCs to regional institutions (e.g., better linkages to universities, institutions, and
partners in the region) so that RCs are informed on all RS applications/needs in the
regions
0 RCs should be knowledgeable of, and understand, the current and potential
RS applications at all institutions in their respective regions, in order to
coordinate appropriate workshops and/or training to share RS
knowledge/applications, and meet training needs
e Strengthen/encourage collaboration among RCs; formalize network among RCs in
Africa.
e Support workshops in major fora in Africa (e.g., CODI, AfricaGIS 07 AARSE 08).

9) Plan for future activities
¢ Implement monitoring and evaluation of RS programs/applications
e Conduct further evaluation on:
0 RS business models
0 Sustainability
0 Role of other regional institutions, associations, partnerships (e.g., CGIARs,
UNEP, EIS-Africa, NEPAD, etc.)
e Develop an implementation plan with 5- to 10-year goals and milestones.
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1. Introduction

USAID has requested USGS EROS to undertake a review of current and potential
capabilities at regional centers (RCs) in Africa to use remote sensing (RS) technology for
societal benefit. In addition, USAID requested an evaluation of the utility of a web-based
data- and decision support system-portal such as the SERVIR model (currently
implemented for Mesoamerica) for implementation in Africa.

This activity was initiated by Larry Tieszen (USGS EROS) and Carrie Stokes (USAID),
with the primary objective of developing an implementation plan for sustainable project
activity at the African regional remote sensing centers for the "acquisition, maintenance
and archiving, dissemination and distribution, and application (and training) of remote
sensing data". Because of our historical collaboration with three regional remote sensing
centers in Africa, namely
e The AGRHYMET Regional Center (ARC) in Niamey, Niger;
o The Regional Center for Mapping of Resources for Development (RCMRD) in Nairobi,
Kenya;
e The Southern African Development Community (SADC) Regional Remote Sensing
Unit (RRSU) in Gaborone, Botswana,
we concentrated on reviewing the current remote sensing needs and applications at those
centers. Visiting scientists from RCMRD and RRSU (Erick Khamala and Blessing Siwela,
respectively) spent time at EROS working with the evaluation team. However, for a
broader understanding of RS applications and needs in Africa, we also solicited, and
received, input from various African institutions through field visits, email contacts,
guestionnaire responses. USGS FEWS NET regional scientists seconded to each of the
three regional institutions mentioned above (hamely, Alkhalil Adoum at AGRHYMET,
Tamuka Magadzire at SADC RRSU, and Gideon Galu at RCMRD) provided input and
support for this evaluation. Unfortunately, a very short timeline has limited our in-depth
analysis to these three regional centers.

We also received direct input from staff members at CGIAR centers throughout Africa, as
well as the Satellite Applications Center (SAC) in Pretoria, South Africa, in order to
capture the most appropriate, and up-to-date, information on the status of such activities,
and needs, in African institutions.

In order to assess the SERVIR portal model, we collaborated with NASA staff responsible
for the initiation, development, and implementation of the SERVIR portal for Mesoamerica.
For more information on SERVIR, please visit their websites at
http://servir.nsstc.nasa.gov/ and http://servir.nasa.cathalac.org/.

In this report, we will address the needs of the regional RS centers, as well as the needs
of their constituent partners, including the needs for hardware, software, internet
connections and information technology (IT), training, etc. We solicited general
information on RS needs in Africa via an online questionnaire which was distributed via
the RCs, via the GSDI-Africa newsletter, and “advertised” on the front page of the EIS-
Africa website.
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A review of previous surveys and assessments was undertaken. Furthermore, we
contacted coordinators of the MAFA (Mapping Africa for Africa) and SunSpace surveys
currently being undertaken and published.

Note: for this discussion, and throughout this report, we define the terms “application of
RS technology” and “RS applications” in a broad manner to include:

e The acquisition of remote sensing (satellite) data,

The maintenance and archiving of RS data,

The dissemination and distribution of RS data,

The analysis and interpretation of RS data,

The integration of interpreted data with other spatial data and models,

Training in all aspects of the abovementioned activities.

Furthermore, we limit our discussion to include primarily sub-Saharan Africa, i.e., “Africa”
will refer, in most cases, to sub-Saharan Africa only.

1.1 Problem Analysis and Justification

The application of RS technology in Africa is a complicated, and complex, issue. The
area of Africa is large (24.2 M km? in sub-Saharan Africa alone, which is more than 3
times the size of the conterminus U.S.), with sparse and/or degraded ground-based earth
science data available. Access to data (especially RS data) is limited by cost and file size.
Although some regional organizations (e.g., NEPAD, AARSE) realize, accept, and
embrace, the utility of (and need for) RS applications, national governments in Africa have
generally not supported RS applications. The AARSE conference declaration (November
2006) states that the geo-information community in Africa should

e ‘“engage actively at all levels of GEO activities and...initiate programmes within their
national and regional development plans in support of integrated and coordinated
Earth Observations.”

e ‘“encourage national and regional centres for geo-informatics...to actively engage in
EO monitoring for human security and stability....”

e ‘“strengthen and harmonize human resource development...in the fields of EO and Gl
Sciences....”

e ‘“strengthen coordination between different initiatives in Earth Observations and
geospatial information to strengthen the impact of each initiative and the overall
impact.” (http://agirn.org/?id=19, accessed July 10, 2007).

However, bandwidth limitations restrict data available via the Internet (even when

available for free download), the cost of common RS and image processing software are

prohibitively expensive for many African institutions, and RS programs at universities are
few, and often not strong when existent. There is a lack of appropriate skill set to analyze
and interpret RS data, in general, and a lack of a certain threshold of RS skills to maintain
local and regional collegial interactions, in particular. Until recently (before the
proliferation of wireless communication and cell phones in Africa), communication was
very limited, and regional coordination of RS activities was subsequently very limited.

Nevertheless, specifically because of the historical lack of communication, and the paucity

and degradation of ground-based observations/data, there is increased need for

developing, maintaining, Fand supporting RS applications in Africa.
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1.2 Participating African Regional Centers

There are many African continental, regional, and national institutions, organizations,
initiatives, and networks involved in geospatial data and information distribution. An
evaluation of all such geospatial data activities is beyond the scope of this evaluation.

In the following sections, we concentrate on the three regional RS centers mentioned
above. Note that different mandates, different funding mechanisms, and different sizes, of
the three RCs results in different levels of RS applications at each of the centers. For
example, a large part of AGRHYMET's activity supports training in the domain of hydro-
meteorology, water control & management, and vegetation protection training, whereas
RCMRD is mult-sectoral in its geo-information and sustainable development approach,
and RRSU supports primarily food security issues.

1.2.1 Regional Centre for Mapping of Resources for Development
(RCMRD), Nairobi, Kenya

About RCMRD

The Regional Centre for Mapping of Resources for Development (RCMRD), previously
known as Regional Centre for Services in Surveying, Mapping and Remote Sensing,
(RCSSMRS), was established in Nairobi, Kenya in 1975 under the auspices of the United
Nations Economic Commission for Africa (UNECA) and the then Organization of African
Unity (OAU) now renamed African Union (AU). It is an intergovernmental organization,
currently with 15 contracting member States drawn from the eastern and southern Africa
sub-region (see Figure 1.1). The operations of the Centre are funded in part by
contributions from contracting member States and revenue generated from sales of its
products and services.

Figure 1.1. RCMRD contracting
member countries — Botswana,
Comoros, Ethiopia, Kenya, Lesotho,
Malawi, Mauritius, Namibia,
Seychelles, Somalia, Sudan,
Swaziland, Tanzania, Uganda,
Zambia; non-contracting member
countries — Angola, Burundi,
Madagascar, Mozambique, Reunion,
Rwanda, South Africa, Zimbabwe.

Contiacting member Countiies
i the RCHRD

l" "I Mon-contraCting member Counties
wl the RCMRD
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The current mission of the Centre is “To Promote the Development and Use of Geo-
information in Sustainable Development of Africa”. The main geo-information technologies
promoted by the Centre are Geographic Information Systems (GIS), Satellite Remote
Sensing (SRS), Global Positioning System (GPS) and Database Development Systems
(DBDS). This is achieved through capacity and capability building, and provision of
advisory and consultancy services to member States and other clients. The Centre is also
vigorously involved in the promotion of the development of National Spatial Data
Infrastructure (NSDI) in its member States and Africa in general. In undertaking all these,
the Centre is guided by its vision of becoming a premier Regional Centre of Excellence in
the promotion of geo-information application in the sustainable development of Africa by
the year 2010.

The key objectives of the Centre are:

o To develop and constantly update harmonized and standardized digital databases and
information on land resources for the region, based on demand.

e To develop a regional early warning system for food security, environmental
monitoring and disaster management using mainly satellite technology.

e To collaborate with member States’ national institutions and other partners in
undertaking projects for creation of spatial information system suitable for
development planning at regional and community levels.

e To strengthen and harmonize the fragmented regional and African data using accurate
geodetic GPS techniques and research into the field and data processing
methodologies.

e To develop capability and capacity in the maintenance of surveying and mapping
equipment and offer advisory and maintenance services to the member States.

¢ In collaboration with national and international institutions, undertake research and
training in the application of geo-information in land resources and urban development
mapping and assessment for sustainable development.

The Centre’s functional programmes have moved away from service technology
framework (e.g. remote sensing, geodesy, cartography etc) to problem solving
applications in natural resource development and environmental management.
Implementation is done through four core programmes, hamely: Remote Sensing and
Environmental Management, Resource Mapping, Engineering and Human Resources
Development.

The Centre prides of enormous capacity and capability that is mainly drawn from its highly
qualified staff and associate consultants; its experienced strategic partners; its long and
wide experience in implementing environmental projects; and in its ultra-modern facilities.

Collaboration with USGS/EROS

RCMRD has been working closely with USGS/FEWS NET in the promotion and
application of geo-information technologies in Africa. Due to this close collaboration,
RCMRD hosts at its premises two scientists, the USGS Regional Agro-Climatologist and
the USGS Regional Hydrologist.

Key activities of collaboration between the two institutions have been/are:

o Distribution of low, medium and high resolution satellite data, both free and priced
datasets. Free datasets constitute low to medium resolution images (NOAA, MODIS,
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RFE) and the GeoCover Landsat data that were distributed in collaboration with
UNEP, FAO, and the University of Maryland.

Preparation of a monthly early warning bulleting for food security in the Greater Horn
of Africa, in collaboration with FEWSNET, FAO, WFP, LEWS (on-going)

Capacity building in Africa in the application of remote sensing data, in collaboration
with AGRHYMET Regional Center, Niamey, Niger and Southern African Development
Community (SADC) Regional Remote Sensing Unit, Gaborone, Botswana, (Pretoria,
2004 & Bamako, 2006)

Validation of the USGS hydrological model on the Nzoia river basin in Kenya (2004 —
2005)

The preparation of the Clearing house via the Environmental Monitoring and
Information System (EMIS) initiative (2003 — 2004)

Promotion of the National Spatial Data Infrastructure in Africa

Visiting scientists program at USGS/EROS Data Center

Collaboration with other institutions

RCMRD has also established strategic collaborations / partnerships with public and
private institutions across the world. The key areas of collaboration include capacity
building, early warning systems, data distribution, project implementation, software, and
research and development as specifically listed below:

Capacity building

USAID in 1979 funded the setting up of the Remote Sensing Facility at RCMRD (then
called the Regional Centre for Services in Surveying, Mapping and Remote Sensing
(RCSSMRS)).

International Institute of Geoinformation Science and Earth Observation (ITC),
Enschede, Netherlands - jointly with RCMRD offer courses in Africa in the use of geo-
information technologies in natural resources management.

UNEP - training in the use of geo-information technologies in environmental
management

The Nile Basin Initiative — Use of geo-information technologies in water management

Early Warning Systems

FAO - Qualitative analysis of CCD for food security assessment in the IGAD countries.
Funded by the Japanese Government through FAO in the project
GCPS/RAF/231/PJN (1988 — 1993)

FAO - Qualitative analysis of CCD and NDVI in the IGAD countries and Rwanda and
Burundi. Funded by the French Government through FAO in the project
GCP/RAF/310/FRA (1996 — 1997)

Environmental Analysis & Remote Sensing (EARS) - Qualitative end of season crop
yield forecasting and environmental analysis in the IGAD countries using
Evapotranspiration data derived from Meteosat satellite. Co-executed by RCMRD and
EARS and funded by the Dutch Government.

Data Distribution/Sharing

SPOT Image — distribution of SPOT satellite data

ESA — distribution of Meris and ASAR data

Maps geosystems — distribution of QuickBird, Ikonos, and Orbview satellite data
US Department of Agriculture, Forest Service - Distribution of Landsat images
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e UN Economic Commission for Africa (ECA) - Promotion of National Spatial Data
Infrastructure (NSDI) in Africa

Project implementation

o Member States — projects identified by the member States governments

o UN-HABITAT — Mapping urban areas in Africa using high resolution QuickBird
imagery

o UNEP — use of geo-information technologies in environmental management

e USAID - funded various projects that have been implemented at RCMRD.

o IUCN - use of geo-information technologies in conservation

Software

e ESRI - Training in ESRI software for member States

e Clark University — Training in Idrisi software for member States
e Pixoneer Geomatics — Training in PG-Steamer

Remote sensing projects and data

RCMRD has undertaken various projects in the areas of early warning, land use / land
cover / natural resources mapping, urban mapping, digital spatial database development,
and promotion of Spatial Data Infrastructure. These include:

Early warning systems

e FAO - Qualitative analysis of CCD for food security assessment in the IGAD countries.
Funded by the Japanese Government through FAO in the project
GCPS/RAF/231/PJN (988 — 1993)

e FAO - Qualitative analysis of CCD and NDVI in the IGAD countries and Rwanda and
Burundi. Funded by the French Government through FAO in the project
GCP/RAF/310/FRA (1996 — 1997)

e Environmental Analysis & Remote Sensing (EARS) - Qualitative end of season crop
yield forecasting and environmental analysis in the IGAD countries using
Evapotranspiration data derived from Meteosat satellite. Co-executed by RCMRD and
EARS and funded by the Dutch Government.

e USGS, FEWSNET, FAO, WFP, LEWS - Food Security Monitoring and Early Warning
in the Greater Horn of Africa (2001 — Present)

Land use / land cover / natural resource mapping

¢ Mapping Gum Arabic and other dryland resources in Karamoja region, Uganda — a
presidential initiative on poverty reduction in Karamoja, funded by the Government of
Uganda and jointly implemented with the Network for Natural Gums and Resins in
Africa (NGARA). (September 2006 — Present)

e Mapping Gums and Resins in the Greater Horn of Africa (GHA) — funded by FAO and
jointly implemented with the Network for Natural Gums and Resins in Africa (NGARA).
(March 2004 - September 2004)

e Land use / Land cover Mapping of the Amboseli National Park in Kenya, jointly
implemented with the African Conservation Centre (ACC) (September 2004 -
September 2005)

¢ Wetland mapping of the Kenya Portion of Lake Victoria Basin — sub-contracted to
RCMRD by SMEC International of Australia (March — May 2005)

o Forest cover mapping and change detection of the Loita Purko Forest, Kenya —
funded by the World Conservation Union (IUCN) and implemented in collaboration
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with a Maasai Community Based Organization (CBO) called the Loita / Purko Naimina
Enkiyo Forest Project (2005)

¢ Mapping of Plantation and Indigenous Forest on Mt. Kenya — Funded by UNEP
(August 2005 — December 2006)

Urban mapping

o Mapping of the City of Nairobi Using High Resolution QuickBird Imagery — jointly
implemented with Maps geosystems, United Arab Emirates (2003 — 2005)

e Urban Mapping of 10 State Capitals of South Sudan — Funded by USAID and jointly
implemented with Creative Associates International Inc., USA (August 2005 — January
2006)

e Mapping Nasir town in Northeastern part of Southern Sudan — implemented in
collaboration with Norwegian People’s Aid and USAID (April — August 2006)

o Mapping 17 towns along the shores of Lake Victoria for water and sanitation planning
— funded by UN-Habitat and was implemented in collaboration with Local Authorities
of the towns (April 2006 — February 2007)

e Baseline mapping of Hargeisa city, Somalia using high resolution Quickbird imagery —
implemented for UN-Habitat (2004)

Digital database development

¢ Digital database development of southern Somalia — funded by USAID and
implemented for FEWS NET (2002)

e Digitization of urban physical plans for 5 towns in Kenya — implemented for the
Physical Planning Department (2002 — 2003)

o Development of baseline GIS Database for Djibouti — funded by USAID (July — August
2005)

e Conflict mapping in South Sudan — funded by USAID (April — September 2006)

Spatial data infrastructure (SDI)

¢ Environmental Management and Information System (EMIS) for Africa — implemented
in collaboration with USGS

e Establishment of Geo-network node at RCMRD
Distribution of various satellite datasets (Landsat, SPOT, QuickBird, Ikonos, Orbview,
etc)

Existing capacity of remote sensing

RCMRD has a fairly good remote sensing capacity in the areas of skill set, data, facilities,
hardware, and software although this still requires further improvement, mainly by way of
upgrading / modernization.

Skill set

RCMRD has a team of 6 professional geo-information staff holding degrees ranging from
Bachelor’s to Doctorate. The professional staff supported by a team of 12 geo-information
technicians. RCMRD also maintains a pool of consultants, both at professional and
technician level, whom it calls upon on need basis. In addition, RCMRD works closely with
its partners, benefiting from their expertise when undertaking projects jointly.

Data
Various remote sensing datasets are available at RCMRD. These include:
e Alarge archive of Landsat images covering all its member States
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An archive of SPOT imagery covering specific sites where projects have been
undertaken

An archive of QuickBird images covering various urban areas across eastern and
southern Africa where projects have been undertaken using the same

An archive of Ikonos images covering specific sites where projects have been
undertaken using the same

An archive of Orbview images covering specific sites where projects have been
undertaken using the same

An archive of NDVI data covering eastern Africa acquired from 1981 to present
An archive of RFE data covering eastern Africa acquired from 1996 to present
90m resolution SRTM data covering the entire continent of Africa

Facilities
RCMRD has the following facilities that support its geo-information activities:

Three computer training rooms, each equipped with 15 to 30 computers
A remote sensing lab with 6 computers

A photogrammetric lab with 2 computers

A GIS lab with 8 computers

A fire-proof data archive room

A satellite data receiving station for Meris and ASAR data

A library equipped with geo-information books and publications

A satellite data distribution office

A printing / scanning room

Hardware
The key geo-information hardware available at RCMRD include:

Approximately 200 medium to high-end computers (about 100 computers are
dedicated to geo-information activities)

7 laptop computers

2 network printers and 9 stand alone, 2 being wide format color plotters (36 and 42
inch)

2 wide format color scanners (36 and 42 inch)

2 sets of high accuracy (surveyor’s) GPS units

12 handheld GPS units

2 photocopiers with speeds of over 25copies per minute

Software
Geo-information software available at RCMRD include:

ArcGIS 9.2 multi-user licenses (15 licenses)

One copy ERDAS Imagine software (with full photogrammetric suite)
Arcview 3x multi-user licenses

Geovis software (developed by FAO Africover Project)

Idrisi Andes multi-user license

Internet, local area network and data dissemination system
RCMRD has the following Internet, local area network and data dissemination system:

e Broadband Internet connectivity- 1024 kbps downlink, 512kbps uplink.
o A Local Area Network of 100mbps connecting all computers
e 6 servers
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o A satellite based ESA Data Dissemination System (DDS) — offers multicast
dissemination of Envisat MERIS RR and ASTER products as well as geospatial
products generated from the Global Monitoring for Food Security (GMFS) project.

o GeoNetwork opensource node — a standardized and decentralized spatial
information management environment, designed to enable access to geo-
referenced databases, cartographic products and related metadata from a variety
of sources, enhancing the spatial information exchange and sharing between
organizations and their audience, using the capacities of the internet

e The good Internet connection allows RCMRD to receive and disseminate low to
high resolution satellite images from the Africa Data Dissemination Service, the
USGS based Earthexplorer, and the SPOT Image servers.

e RCMRD receives and disseminates the Vegetation Productivity Index (VPI) data
from the GMFS.

1.2.2. Southern African Development Community (SADC) Regional Remote
Sensing Unit (RRSU), Gaborone, Botswana

About RRSU

The RRSU is a Centre of technical expertise facilitating training programs and technical
support in the field of Remote Sensing, Agrometeorology and GIS in support of early
warning for food security, natural resources management and disaster management. The
RRSU operates under the Agriculture Information Management System (AIMS), which
falls under the Food, Agriculture and Natural Resources (FANR) Directorate, based at the
SADC Secretariat in Gaborone, Botswana (see Figure 1.2 for SADC member states).

Figure 1.2. SADC Member States — Angola,
Botswana, Democratic Republic of Congo,
Lesotho, Madagascar, Malawi, Mauritius,
Mozambique, Namibia, South Africa, Swaziland,
Tanzania, Zambia, Zimbabwe.

RRSU started its operations as a project in June 1988 with funding from the Government
of Japan and technical assistance from the UN Food and Agriculture Organization (FAO).
The first phase came to an end in 1992, after which the operational activities continued
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with support from the FAO Technical Cooperation Programme. Additional details on
funding are provided in a subsequent section specifically dedicated to this topic.

Collaboration with USGS/EROS

USGS/FEWSNET supplies dekadal NOAA NDVI and rainfall estimates (RFE) via e-mail
throughout the year. Additional datasets (WRSI, daily RFE, potential evapotranspiration,
radiation, and temperature) are also available for download from the USGS EDC FTP
server. These datasets form the backbone of seasonal monitoring in the early warning
community of southern Africa. The RRSU incorporates this information into season
monitoring reports and also distributes the datasets and derived products to other users in
the SADC region.

USGS/FEWSNET and RRSU have jointly organized and hosted capacity building
workshops that have mainly addressed training in the handling of course to medium
resolution remote sensing datasets (particularly NOAA NDVI, MODIS and ASTER data).

Staff from the regional centers were trained at EROS on the handling of these datasets
prior to the regional workshops. This training focused on enabling the staff at the regional
centers to acquire, process and archive medium to high resolution datasets, and to be
able to conduct training on the same.

The USGS has developed and implemented a stream flow model that simulates stream
flow based on rainfall, elevation derivatives, soil, and land cover among other inputs. This
model was previously implemented for Southern and Eastern Africa at EROS. Staff at
RRSU were trained in order that they could better understand the operation of the model.
Meetings have also been held with various stakeholders in order to better promote the
model and attempt to get wider acceptance of the same.

The USGS has also developed a methodology for estimating flooded area at different
stream levels using a digital elevation model. Staff at RRSU were trained by
USGS/FEWSNET on the implementation of this technique, and it has been successfully
used in Mozambique and Zimbabwe in collaboration with SADC RRSU, USGS/FEWSNET
and the relevant partners.

Collaboration between USGS/FEWSNET, USAID and RRSU has also seen the
development of the Southern Africa Flood & Drought Network website. This is a SADC
website that is intended to facilitate the exchange of technical and other useful information
that can be used by the disaster and technical communities in preparing for and
responding to the occurrence of cyclones, floods and droughts. It is provided as a service
by the SADC regional meteorology, hydrology, food security and disaster communities to
its Member States.

Joint regional flood and drought reports have been prepared and issued by the RRSU and
USGS/FEWSNET. These are ad hoc situational reports that concentrate on providing
information on flood and drought threats that develop in southern Africa.

USGS and UCSB have developed the FEWSNET AgroClimatology ToolKit (FACT) and
the Forecast Interpretation Tool (FIT), a set of tools for converting the Probabilistic
Climate Forecasts issued regularly by regional and national meteorological organizations,
into more quantifiable products. The USGS/FEWSNET has provided training to the RRSU
staff members on the use of the FACT/FIT. In addition, the RRSU and USGS/FEWSNET

25



has provided training to staff members of national institutions on the use of this tool, and
has also used the FACT/FIT in interpreting the SADC regional probabilistic forecasts and
providing applied information to readers of the RRSU bulletins.

The USGS developed the GeoWRSI, a stand-alone application for doing crop-specific
water balance calculations and deriving water requirements satisfaction index (WRSI)
using gridded rainfall estimates. The RRSU was involved in the testing of the GeoWRSI,
with one of it's staff members actively testing the model and providing feedback during the
development phase. During training sessions held between 2004 and 2006, some training
has been provided in the SADC region on the use and application of the GeoWRSI.
Efforts have also been made to integrate the GeoWRSI outputs with outputs from the
Agrometshell, a crop-specific water balance model software developed by FAO for use
with rain gauge data.

Collaborative work between RRSU and USGS/FEWSNET has benefited significantly from
the deployment of a FEWSNET representative at the RRSU offices since 2000. The
representative, a geo-information scientist, works with RRSU while also supporting the
FEWSNET officers in the countries of southern Africa.

Available remote sensing datasets
Datasets available at RRSU are:
¢ NOAA NDVI dekadal GAC - 1982-2007
NOAA NDVI dekadal LAC — 1985-1999
CPC Rainfall Estimates dekadal — 1995-2007
SPOT Vegetation NDVI 1km — 1998-2007
SPOT Vegetation NDWI 1km — 1998-2006
SPOT Vegetation (Vegetation) Productivity Indicator (VPI) data — 1998-2006
LANDSAT GeoCover datasets for SADC countries
- LANDSAT MSS - 1970s
- LANDSAT TM — circa 1990
- LANDSAT ETM+ - circa 2000
- Plus other LANDSAT data collected from UNEP and USGS/FEWSNET
MODIS NDVI (MOD13) 250m — 2003, 2004
ASTER data
SRTM 90m DEM data
Daily RFE, PET, Temperature data

Existing capacity of remote sensing

The RRSU has agreements in place for regular access to fundamental season monitoring
datasets. These include agreements for:

o supply of SPOT VGT NDVI dekadal and monthly data from FAO ARTEMIS

e supply of NOAA NDVI, CPC RFE, WRSI from USGS/FEWSNET

e supply of VPI data from the GMFS

The RRSU has an agreement with the Botswana Meteorological Department for access to
METEOSAT Second Generation (MSG) datasets acquired via a receiver at the Botswana

Meteorological Department.

The Centre has a long history of using remotely sensed datasets in combination with other
datasets in the area of early warning for food security, stretching back into the late 80s.
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Staff at the Centre have good skills in the handling of low to medium resolution remotely
sensed data and have demonstrated the ability to manage GIS and remote sensing
projects.

The Centre has extensive RS/GIS data processing skills and maintains a database of
remotely sensed datasets for the entire SADC region. Significant training capacity exists
at SADC RRSU. The Centre conducts annual regional training workshops and
backstopping missions that mainly focus on agro-meteorology, remote sensing and GIS.
These workshops are attended by staff from the national meteorology services in the
SADC Member States, who learn how to apply remote sensing technologies in season
monitoring. The Centre has prepared training materials and manuals and these get
updated regularly. The Centre also has experience with the running of models which use
remote sensing data as input. An example is a quelea breeding forecast model which
uses daily rainfall estimates (http://gisdata.usgs.net/sa_floods/files/region/quel/latest.htm).

Staff at the Centre are familiar with the various software systems used for handling remote
sensing datasets. These include IDRISI, WinDisp, and ESRI ArcView and ArcGIS.

Staff at the Centre also have software and web development skills that can contribute to
RS/GIS software development. In-house tools have been developed to assist in the
regular season monitoring efforts of the Centre.

1.2.3. AGRHYMET Regional Center, Niamey, Niger

About AGRHYMET
[This subsection is from http://www.agrhymet.ne/eng/center.htm on 12 Mar 07.]

The AGRHYMET Regional Center (ARC) was created in 1974. Itis a specialized institute
of the Permanent Interstate Committee for Drought Control in the Sahel (CILSS)
composed of nine member States shown on Figure 1.3.

Figure 1.3. CILSS Member States
— Burkina Faso, Cape Verde,
Chad, Gambia, Guinea Bissau,
Mali, Mauritania, Niger, Senegal.

It is an interstate public institute with a legal status and financial autonomy. It has an
international status and is based in Niamey, Niger.

The primary objectives of the AGRHYMET Regional Centre are:
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e To contribute to achieving food security and increased agricultural production in the
CILSS member states;

e To improve natural resource management in the Sahelian region by providing training
and information to development stakeholders and partners in agroecology taken as a
whole (agroclimatology, hydrology, crop protection...).

It is a regional institute specialized in the science and techniques applied to agricultural
development, rural development, and natural resource management.

Over the years, the AGRHYMET Regional Centre has asserted itself as a regional Centre

of Excellence in:

e training officers from Sahelian countries and elsewhere;

regional agrometeorological and hydrological monitoring;

agricultural statistics and crop monitoring;

regional databases;

management and dissemination of information on natural resource monitoring across

the Sahel;

¢ documentation on agrometeorology, crop protection, environmental monitoring,
desertification, natural resource management, etc;

¢ maintenance of meteorological instruments and electronic equipment;

e strengthening interstate co-operation by sharing methodologies and technologies.

Accordingly, the expertise of officers of the Centre is increasingly sought after by bilateral
and multilateral organizations (USAID, FAO, WHO, IRD, CIRAD, etc.). The AGRHYMET
Regional Centre also takes part, in conjunction with the CILSS system, in international
meetings on food security, sustainable development, natural resource management, and
desertification control.

Collaboration with USGS/EROS

A USGS FEWS NET regional scientist has represented FEWS NET at the ARC since

2000. The presence of FEWS NET at the ARC strengthens collaboration and creates

synergy especially in research activities. Collaboration between the two institutions is

varied and multiform and concerns all three departments of AGRHYMET: the department
of training and research (DTR), the department of information and research (DIR), and the
department of technical support (DTS). In this symbiotic relationship ARC supports

FEWS NET by providing an ideal work frame and a multidisciplinary work-conducive

environment. Moreover, AGRHYMET is an environment where issues most important to

West Africans and Sahelians in particular are brought to the table and dealt with. In

return, the FEWS NET regional scientist provides substantial support to ARC activities,

namely growing season monitoring, training, and research. A few examples of such
collaboration that has been beneficial to both FEWS NET and AGRHYMET include (for
both the DTR and DIR):

e Teaching agrometeorology courses to two classes of ‘techniciens supérieurs’ at the
associate degree level, and one course of general meteorology to a class of
‘engineers’ at the master’s degree level.

e Supporting short term training courses or workshops to the benefit of tens of
Sahelians involved in food security issues (e.g., training in WinDisp, ArcGIS, and
methods and products developed by FEWS NET to improve growing season
monitoring and food security assessment.
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e Organizing and supporting training that introduced the geospatial stream flow model
(GeoSFM) to the region and allowed its adoption by Sahelian hydrologists.

¢ Introducing the application of the dot-grid method using high-resolution images to
estimate cropped area of rain fed crops in Senegal and recessional sorghum in south-
east Chad (contributing to AGRHYMET’s natural resources management program),
including publications and presentations at different CILSS fora.

¢ Contributing to the regional seasonal outlook by introducing the Forecast
Interpretation Tool (FIT) to the PRESAO (Prévision Saisonniere en Afrique de I'Ouest
[le Tchad et le Cameroun]) forum, supporting end-of-season food security outlooks.

Collaboration with other institutions

The AGRHYMET Regional Center is engaged in close collaboration with a multitude of
research institutions at both regional and international levels. One can list among others:
USGS/EROS, FAO, IRD, ABN, ACMAD, CRESA, EAMAC, ICRISAT, CSE, CBLT, OMVS,
CEDEAO, UEMOA and the AGRHYMET National Components in all CILSS member
countries. Collaboration with USGS EROS, in particular, has supported the creation of
ecological zone mapping, as well as numerous workshops on land cover and land use
change throughout the Sahelian region.

Remote sensing projects and data

Before assessing the needs it is important to know what AGRHYMET currently has. The
following is a list of all MODIS, ASTER and LANDSAT data that are part of the ARC data
base.

Landsat image data base of ARC consisted of MSS, TM and ETM scenes. These data
are mostly provided by USGS. They are in GeoTIF format and provide complete CILSS
spatial coverage for the years 1984-1990 and 1999-2000.

The LANDSAT MSS, TM and ETM+ images have been provided as part of the LU/LC
project implementation for the whole West Africa but only in false color composition RGB
543.

The Center holds a data archive for MODIS 16-day composite vegetation indices for the
CILSS region for 2000-06. In addition, for 2006, the Center has MODIS 8-day composite
vegetation indices and MODIS fire products.

The Center has Corona satellite photographs for years 1965 to 1972, available at the ARC
in both analog and digital GeoTIF formats for the whole CILSS area. The tile size is
approximately 200 km by 20 km at a nominal resolution of 2 - 4 m. Images are of very
good quality; however there are missing tiles.

Existing capacity of remote sensing

The Center utilizes 23 servers for its computer hardware, telecommunication, information
sharing, and GIS/RS infrastructure, comprised of 8 UNIX and 23 Windows servers.
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2. Assessments of African Capacity Needs

2.1. Examples of External Efforts to Increase the Use of Satellite Remote
Sensing Information in Africa

The use of satellite-based data and information in Africa to support development has been
recognized as a key aspect to ensure both that funds used to invest in development in
Africa are used wisely and that development is sustainable over the long term. Three
major (external-to-Africa) programs that are working to increase the use of satellite RS
data and information in Africa, and to improve the transition of research into application,
include: NOAA's Office of Global Programs, NASA’s Applied Sciences program, and the
Global Monitoring for Environment and Security program (European Space Agency and
European Commission). These programs may, in the long term, greatly increase the
demand for climate data in African countries, making centers that provide satellite RS and
other kinds of climate data and analysis much more viable than they currently may be.
However, an enormous investment in capabilities, focused products, and operational
delivery in a format usable by the decision maker must occur before such data products
can be used. There are a variety of scales at which different types of decision makers are
located and the complexity of the types of organizations in which they belong. Meeting
the needs of all these individuals requires a complexity of products and delivery systems.

NOAA's Office of Global Programs

The Office of Global Programs (OGP) leads the NOAA Climate and Global Change
Program. OGP assists NOAA by sponsoring focused scientific research aimed at
understanding climate variability and its predictability. Through studies in these areas,
researchers coordinate activities that jointly contribute to improved predictions and
assessments of climate variability over a continuum of timescales from season to season,
year to year, and over the course of a decade and beyond. OGP sponsors focused
scientific research, within approximately eleven research elements, all aimed at
understanding climate variability and its predictability. Through studies in these areas,
researchers coordinate activities that jointly contribute to improved predictions and
assessments of climate variability over a continuum of time scales from season to season,
year to year, and over the course of a decade and beyond.

The National Oceanic and Atmospheric Administration (NOAA) is increasingly challenged
to meet the needs of the nation's decision makers (on a national, regional, state and local
level) for climate products and services. In the past, existing products and services have
been underutilized and numerous opportunities for provision of new services missed.
NOAA's Climate Program Office's Regional Decision Support (RDS) program focuses on
research that creates practical, user-friendly climate products and services. These
products and services enable NOAA to contribute to the mitigation of adverse impacts and
maximize economic and social benefits from variations in climate.

The Regional Decision Support program has three capabilities. Research on decision
maker needs is principally conducted through focused competitive grants programs and at
the university-based Regional Integrated Sciences and Assessments (RISAs). Transition
of the results of research through the NOAA Climate Transition Program (NCTP) is
responsible for the transition of climate services and products research into operations.
Finally the operational production and delivery of services program focuses on delivery of
products and services throughout the US. Although the regional decision support
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program is focused on US decision makers, the OGP provides a mechanism to transfer
knowledge developed in other RISAs into Africa. NOAA's web page on its applied
sciences program is http://www.research.noaa.gov/programs/ogp.html.

NASA'’s applied sciences program

The Applied Sciences Program enables the use of results from NASA Earth science
research in operational decision support systems1 (DSS) that organizations employ to
serve their management, business, and policy responsibilities. The overarching purpose
of the Applied Sciences Program is to showcase the value of NASA Earth science
research and technology and to maximize the societal benefits of the nation’s investments
in the NASA Earth science research program. NASA defines decision support systems as
interactive, computer-involved systems that provide organizations with methods to retrieve
and summarize information, analyze alternatives, and evaluate scenarios to gain insight
on critical factors, sensitivities, and consequences of potential decisions. Types of
decision support systems might include early warning systems, planning tools, forecasts,
resource allocation tools, etc.

The Program supports projects that have national impact, including regional and
international activities, if they have U.S. national importance. The Program primarily
supports projects involving organizations with national perspectives that have established
networks to broad sets of end users and established constituencies at regional, state,
local, and tribal levels. Examples of international organizations in Africa that have been
supported by the applied sciences program include USAID’s Famine Early Warning
System Network, and its Central African Regional Program for the Environment (CARPE),
the global FIRMS or Fire Information for Resource Management System. The Program
partners with a given national organization to identify, make, and quantify improvements
to the DSS, and the partner extends the DSS and/or the improvements broadly to its
constituents.

During the past five years, NASA'’s Applied Sciences Program has distributed over $30
million dollars annually for projects in the US and internationally. As projects that have
influence in Africa increase, this investment can become a significant driver for expansion
of the climate data market. Although NASA's applied sciences program is significantly
behind ESA’s Tiger program in involving and partnering with viable and interested African
decision support systems, it is increasing its focus on supporting sustainable development
in Africa. NASA'’s applied science program can be found at
http://science.hqg.nasa.gov/earth-sun/applications/.

ESA/EU GMES and TIGER initiatives

GMES (Global Monitoring for Environment and Security) is a joint initiative between ESA
and the European Commission (EC) to build a global monitoring capability in support of
Europe's environmental and sustainable development goals. ESA has worked on the
development of GMES pilot services in close conjunction with a large community of
operational users. ESA is also working on multi-mission facilities and ground segment
operations and is preparing the Space Component for GMES with a series of studies and
preparatory activities for the development of a series of satellites missions (the Sentinels)
and the integration of national and European missions to guarantee continuity of data and
services.

ESA has also launched the TIGER Initiative in response to the World Summit on
Sustainable Development (WSSD), which took place in September 2002 in
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Johannesburg, South Africa. TIGER aims at applying Earth Observation to supply water-
related geo-information in support of the practice integrated water resource management
for sustainable development. Since its initiation two years ago more than 200 African
organizations — including water and basin authorities, technical centers, universities and
regional organizations - have become involved in different projects around the continent.
The hope is to develop a technical, human and institutional capacity to bridge Africa's
water information gap using satellite data.

The projects span the African continent as well as the various stages of the water cycle.
Recognizing the utility of satellite data for water resource management elsewhere and the
urgent need for action in Africa expressed at the WSSD, the European Space Agency in
the context of the Committee of Earth Observation Satellites (CEOS) WSSD follow-on
program, launched in 2002 the TIGER initiative aimed at: "assisting African countries to
overcome problems faced in the collection, analysis and dissemination of water related
geo-information by exploiting the advantages of Earth Observation (EO) technology".

The achievement of this objective requires a long-term strategy pursuing three main
categories of results. The first is to support improved governance and decision-making by
developing, implementing and assessing a cost-effective sustainable model to improve
decision-making and governance (at regional, national and local scales) by using space-
based information to provide accurate and timely geo-information for the integrated water
resource management process. The second goal is to contribute to enhancing
institutional, human and technical capacity through support of the consolidation of a
critical mass of technical centers in Africa with the skills and capabilities to derive and
disseminate space-based water relevant information to water authorities and the relevant
stakeholders for integrated water management at regional, national and local scales.
Finally, sustainability will be fostered by the development of strategy for strengthening and
sustaining EO-supported water management information and decision-support systems in
the long term. The ESA web page on TIGER is http://www.tiger.esa.int/home.asp.

AMESD initiative

The most significant initiatives in terms of the availability and ultimate use of satellite
imagery in Africa are TIGER and African Monitoring of Environment and Sustainable
Development (AMESD)!. The AMESD project (EDF-funded, 21 million EURO over 4
years) should start in mid-2007 and is designed to help African countries introduce EO
information to better manage their water and land resources. The project is meant to
focus on five thematic areas: water resources management; crop and rangeland
management; agricultural and environmental resource management; mitigation of land
degradation (including forest) and conservation of natural habitats; and marine and
coastal management. AMESD also will provide resources to maintain and upgrade the
PUMA satellite receiving station network. GMES Africa would be a continuation of the
AMESD project. However, although initial steps and endorsements have been made,
GMES Africa will take several years to take shape.

! http://www.tiger.esa.int/pdf/w2005_4_6.pdf
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2.2. Overview of the Remote Sensing sector. Organizations, Initiatives,
Investments, Services, and Capacity Building

Remote Sensing (RS)/earth observation (EO) is a relatively young and evolving
technology sector (or industry) in Africa?. However, one of the main difficulties in writing
about this sector is the lack of information about African uptake and usage of geospatial
technologies. A global analysis forecasted that the total GIS/geospatial core-business
revenue for 2006 would grow by 10% in one year, for North America as well as the rest of
the world (Daratech, 2006), so presumably this estimate holds for Africa. Anecdotal
information does support this trend. When a NOAA-sponsored global remote sensing
survey was conducted in 2005, eight percent of the 1,547 responses were from Africa
(Global Marketing Insights, Inc., 2005), signifying an active and enthusiastic community.
The responses from African representatives, grouped as government, academic, or
commercial, confirmed that the African market is growing rapidly, and each group
anticipated a marked increase in investment in remote sensing technologies. Despite this
growth, the African market remains poorly analyzed. The continent is usually ‘lumped’
into the ‘other’ or ‘rest of the world’ category when figures, such as the market share for
commercial satellite image sales, are reported. South Africa, for instance, only just makes
the grade, with 0.2% of global sales ($2.4 million)] (Fortescue and Ntisana, 2005, p.12).
Although South Africa is not representative of the continent, it is noteworthy that the
country currently is experiencing unprecedented growth in image sales, with a total growth
of over 150% for the period 2004-2005 (ibid, p.17). Medium and particularly high-
resolution imagery is the main contributor to the satellite image growth (ibid, p.21).

In an attempt to shed light upon RS/EO activity in Africa, this section analyzes the
principal users, programs, initiatives, and investments. The emphasis is on the
structural/organizational dimension of the geospatial sector/industry. The findings are
based on expert knowledge and on market surveys, conference and workshop reports,
project reports, and newspaper articles found on the web. It is however, worthy to note
that the contents in this section constitute only a broad overview.

In order to provide a comprehensive analysis of the African RS/EO community, a
structured survey, backed up with interviews and correspondence, would need to be
conducted. It is strongly recommended that the methodology for a rigorous baseline
analysis of the sector be explored, and then a baseline established. Global Marketing
Insights, Inc., having completed the second phase of an Asian RS market study for
NOAA, has expressed its interest to NOAA to extend the second phase to Africa. This
could be one way to acquire market information that could be comparable between
countries, sectors, and sensors. Also, the Secretariat of the South African National
Working Group on Space Science and Technology has been contracted to conduct an
audit of space science and technology activities in Southern Africa. The results will be
made available to interested parties, and the methodology potentially could be used for
assessing Africa’s other sub-regions. National RS/EO market analyses have been
conducted for South Africa, Tunisia, and Morocco (Fortescue and Ntisana, 2005;
International Market Analysis Research Group, 1997), and these, too, provide an idea on
how to proceed. These were the only national market studies for African countries we
were able to uncover.

2 Here, industry is used as a generic term for a distinct group of establishments engaged in similar activities,
product development, and/or services. The term market is used to denote producers and consumers
interacting to exchange goods and services (potentially for money, but not necessarily).
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Ultimately, whatever methodology is used, the sector analysis would benefit from being
complemented by a survey of African publication outputs in peer review journals and
conference proceedings (grey literature), providing a quantitative (traceable over time)
proxy for activity (e.g., research by application area, research by country). Surveying the
literature might also help in determining the productivity of African RS research centers,
as well as identifying the earth observation data upon which the authors most frequently
rely. Furthermore, a bibliometric review that takes note of funding acknowledgements
guoted in the papers could provide details on sources of financial support for African RS
research, as well as other international collaboration patterns.

2.2.1 Remote sensing activity and capacity

As summarized in Table 2.1, remote sensing activities in Africa have been characterized
into four broad areas:

Geospatial technical authorities/specialists

Projects, initiatives, and investments

Thematic networks

Existing geospatial services

To keep the report more readable, some details are provided in appendices. The details
hopefully will be useful for follow-up scoping work of the African geospatial sector.

Table 2.1 Structure of overview of remote sensing activity in Africa

Category Details

Geospatial technical
authorities/specialists

Government organizations
(e.g., African remote sensing
authorities)

National research institutes
Universities

Regional technical centers
Private sector

Appendix 1 — National
geospatial “entry points”

Projects, initiatives, and
investments

Regional initiatives

Bilateral aid projects

Appendix 2 — Projects,
initiatives, investments

Thematic Networks

Communities of practice;
research domains

Appendix 3 — Thematic
networks

Existing geospatial
services

Metadata clearinghouses

Other services and portals

Appendix 4 - Geospatial
services

The table above is not comprehensive. It only provides an overview. There is no ‘one-
stop-shop’ for information on remote sensing/earth observation activities in Africa, so one
must spend considerable time identifying projects and programs in different market and
domain segments, key partners, as governments restructure and leadership changes, and
reliable and effective services, as technologies evolve. Given the scope and depth of
activity taking place, a ‘one-stop’ mechanism enabling queries on ‘who is doing what
where- and who is funding it would be very useful, saving many different parties the effort
of doing their own, individual sector surveys.
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2.2.2. African geospatial technical authorities/specialists

Government organizations (e.g., African remote sensing authorities)

In the last five years, a number of African space programs have flourished. Prior to this,
space technology was considered expensive, and consequently few African nations had
space initiatives. In 1999, the Nigerian government established a fully functional National
Space Research and Development Agency (NASRDA), under the Federal Ministry of
Science and Technology (FMST). At the same time, the National Space (NSC) was
established as the apex organization responsible for overseeing NASRDA and all other
space technology activities in the country. The Nigerian president himself serves as the
chairman of the National Space Council, and space technology is seen as a catalyst for
economic transformation. In 2006, the South African cabinet gave the green light for the
establishment of South Africa national space agency. Pontsho Maruping, the chief director
responsible for frontier programs in South Africa's Department of Science and Technology
said, "This is not just about prestige. There is recognition that space is an essential tool
for decision making and it is a useful tool for developing countries (Zim Observer News,
2006)."

Across Africa, there are more than twenty national space agencies (and national remote
sensing agencies) (Table 2.2), as well as regional centers and universities with special
expertise in geospatial technologies. Presently, a number of Africa countries are
members of the Group on Earth Observations (GEQO): Algeria, Cameroon, Central African
Republic, Egypt, Guinea-Bissau, Mali, Mauritius, Morocco, Niger, Nigeria, Republic of
Congo, South Africa, Sudan, Tunisia, Ugandas.

African satellite engineering teams have begun to design and develop earth observation
satellites and set up ground receiving stations in Africa (see Table 3). Algeria launched its
first earth observation satellite, AlSat-1, in 2002, and Nigeria soon followed with
NigeriaSat-1, in October 2003 (though not without some controversy, given the expense
and the poverty in the country?). With the successful launches of AlSat-1 and NigeriaSat-
1, and the media attention that went with it, there has been a significant increase in the
awareness of decision makers and civil society in the applications of geospatial
technologies. Other countries, too, soon will join the ranks of Algeria and Nigeria. Egypt's
first earth observing satellite, Egyptsat-1, will be launched this year (2007), as will South
Africa’s SumbandilaSat. Algeria also has invested in two small high-resolution satellites,
which will be launched in 2008, and Nigeria already has a second generation satellite
underway, NigeriaSat-2, which is scheduled for launch in 2009 and will deliver higher-
resolution imagery. Fifty-five Nigerian engineers are undergoing training in China, which
is part of Nigeria’'s plan to eventually be able to manufacture and launch its own satellites.

3 http://vww.earthobservations.org/membership/members.html
4 Nigeria's satellite launch. Boon or a boondoggle? The Economist, September 11, 2003,
http://economist.com/World/africa/displayStory.cfm?story id=2055248
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Table 2.2 African national remote sensing authorities or facilities.

Country National remote sensing authority or facility

Algeria Centre National des Technigues Spatiales (CNTS)

Benin National Center for Remote Sensing and Forest Cover Monitoring
(CENATEL)

Botswana Department of Surveys and Mapping, Ministry of Lands & Housing —
tender currently being implemented to establish remote sensing
infrastructure

Cameroon Centre de Teledetection et de Cartographie Forestiere (CETELCAF),
Office National de Developpement des Forets (ONADEF)

Dem. Rep. Agence Nationale de Meterologie et de Télédétection par Satellite

of Congo (METTELSAT), Ministére des Transports et Communications

Egypt National Authority for Remote Sensing and Space Sciences (NARSS)

Ethiopia Ethiopia Mapping Authority (EMA)

Ghana Center for Remote Sensing and GIS, (CERSGIS) (formerly the Remote
Sensing Applications Unit), University of Ghana

Ivory Coast | Centre de Cartographie et de Télédétection (CCT), Bureau National
d’Etudes Techniques et du Développement (BNETD)

Kenya Department of Resource Surveys & Remote Sensing (DRSRS), Ministry
of Environment and Natural Resources; Kenya Institute of Surveying and
Mapping (KISM), Survey Department, Ministry of Lands

Libya Libyan Center for Remote Sensing and Space Science (LCRSSS)

Mauritius National Remote Sensing Centre, Ministry of Agriculture

Morocco Royal Center For Remote Sensing (CRTS)

Mozambique | Centro Nacional de Cartografia e Teledeteccdo (CENACARTA)

Namibia National Remote Sensing Centre, Department of Forestry

Niger Département de Photogrammeétrie et Télédétection, Institut
Géographique National du Niger (IGNN), Ministére de I'Equipement, du
Transport et de ’Amenagement du Territoire

Nigeria National Space Research and Development Agency (NARSDA)

Rwanda Centre for GIS and Remote Sensing (CGIS), National University of
Rwanda (NUR)

Senegal Centre de Suivi Ecologique (CSE)

South Africa

CSIR Satellite Applications Centre (SAC); CSIR Earth Observation Data
Centre (EODC), Institute for Satellite and Software Applications (ISSA);
(National Space Agency soon to be established)

Sudan Technical Authority for Remote Sensing
Tunisia Centre National de Télédétection
Zimbabwe Geo-Information and Remote Sensing Institute (SIRDC)
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Table 2.3 African satellites and ground receiving stations>.

Country Technology Year of Details of satellite or ground receiving station
launch
Morocco Satellite 2001 Maroc-Tubsat® - earth RS and vegetation detection

with medium resolution of ¢.300m. Cooperation
between CRTS Morocco & Institut fir Luft-und
Raumfahrttechnik in Berlin (Moroccan side responsible
for payload & launch; German side for satellite bus).

Algeria Satellite 2002 AlSat-1 — research

Satellite 2008 AlSat-2 — fully operational, not only research. Approx.
25 Algerian aerospace engineers with EADS Astrium
for 32 months, as part of contract between EADS
Astrium and Algerian space agency (ASAL) for
production of two small high-resolution EO satellites.
Alsat-2 spacecraft’, with scheduled five-year service
life, will utilize Myriade small-satellite platform and
provide B&W images with 2.5-meter ground resolution
for CNTS (Centre National des Techniques Spatiales)

Nigeria Satellite 2003 NigeriaSat-1
Satellite 2009 NigeriaSat-2
S. Africa Satellite 2007 SumbandilaSAT
Egypt Satellite 2007 EgyptSat-1, high resolution multispectral imager, built

by NARSS in collaboration with Ukraine (Ukraine
providing technical expertise and training). Total price:

US$ 30 million®.
Ground 1999 Ground station in Aswan, built by NARSS to acquire &
receiving record data from SPOT constellation, as well as ERS-
station 2 and LANDSAT-7 satellites. Data collected in Aswan

are transferred to processing facility in Cairo for image
archive, catalogue, and high-quality image generation
in standard product formats. Footprint for reception is
2500 km diameter, covering northeast Africa,
Mediterranean, and parts of Asia. Construction cost of
ground receiving station estimated at LE15 million (in
1999). The station, at the time, was the 2" in Africa —
the 1* being in South Africa.

Rwanda Ground 2006 METEOSAT 8 (2" generation) installed at CGIS-NUR.
receiving National Meteorological Service & National University
station of Rwanda (NUR) Faculty of Science main partners in

this effort. Ground station receives complete coverage
of Rwanda each 15 minutes with high spatial and
spectral resolution. ITC provided technical support

Senegal Ground 2005 Reception of radar satellite images, since December
receiving 2005. Collaboration between Centre de Suivi
station Ecologique (CSE) and European Space Agency.

® In addition, the German Remote Sensing Center installed an 8-m transportable antenna ground receiving
station at the ESA Equatorial center in Gabon. It collects ERS SAR data in support of the ESA "Trees" and
Central African projects. The ESA station originally was installed in Gabon in 1987.

® http://fred.unis.no/AGF218/lecture4 2 MAROC LAPAN.pdf; http://www.ilr.tu-berlin.de/RFA/MAROC-
TUBSAT/MAROC-TUBSAT.htm; http://www.ilr.tu-berlin.de/RFA/index.htm; http://www.ilr.tu-
berlin.de/RFA/archive date.htm

" http://www.space.com/spacenews/archive06/Algeria_020606.html;
http://www.magharebia.com/cocoon/awi/xhtmlil/en GB/features/awi/features/2005/12/14/feature-01

% Source of estimate: Shaltout, M. A. Mosalam, 2004. Space Misions in the Arab Countries. Abstract submitted
to COSPAR, 18-25 Jul 04, Paris, http://www.cosis.net/abstracts/COSPAR04/00488/COSPAR04-A-00488.pdf
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Kenya Satellite 1964 Malindi, Kenya (Broglio) space centre / San Marco
tracking station Project, owned by the Agenzia Spaziale Italiana (ASI).
ASI employs 230 workers, of whom 20 are Italians.
The ltalian staff are backed by several Kenyan
technicians who are trained and based at the facility.
One of the satellites monitored at the station covers
the Horn of Africa region from Djibouti to Madagsacar.
All remotely sensed data archived at the facility are
available free of charge to the Kenyan research
community and relevant government institutions.

By pursuing this route of launching their own EO satellites, Africa is demonstrating that it
is prepared to join the league of ‘sensing’ countries, moving out of the former class of
being a totally ‘sensed’ continent. An African real-time EO infrastructure is emerging, one
that is “based on African priorities, brain attraction rather than brain-drain, and African
industry development (Woldai and Lance, 2007).” This is in line with the proverb of
‘teaching a man to fish,” rather than just giving him fish. In the past, much geospatial
capacity development work in Africa focused on improving the dissemination of U.S. and
European imagery in Africa, appealing to African scientists’ open arms for free data.
However, more emphasis now can be directed at building Africa’s own EO infrastructure,
including potential market mechanisms for sustaining imagery availability.

Furthermore, African countries are working together to employ space technologies. South
Africa, Algeria, Nigeria, and Kenya jointly are part of the African Resource Management
(ARM) constellation. Their cooperation is resulting in a critical mass of micro-satellite
engineering, and other countries also are poised on the ‘sensing’ horizon. This regional
approach will facilitate the coordinated reception of imagery, as well as product
development on a continent-wide basis. Figure 2.1 provides a continental view for data
reception (still hypothetical). Regarding product development, Nigeria's recently tabled
plans to receive MODIS data could enable the adoption and extension of products from
the highly successful CSIR SAC-developed Advanced Fire Information System (AFIS)
(Fortescue and Ntisana, 2005, p.107).

Nigeria organized the 1* African Leadership Conference on Space Science and
Technology for Sustainable Development (Abuja, Nigeria, November 23-25, 2005).
Similar such gatherings of African space technology representatives are likely to follow,
especially if the proposed African Institute for Space Science (AISS) is established®. The
NEPAD Office of Science and Technology (2006, p.36) recognizes that “space science
provides a unigue vantage point from which to study the natural environment on the
grandest possible scale and from which to deliver communications. By its very nature,
space provides a platform for addressing problems of a regional perspective.” Therefore,
NEPAD currently is exploring the feasibility of establishing AISS. AISS would be aimed at
grouping existing space science activities and facilities into a network that focuses on
greater collaboration within Africa to increase the capability of countries to harness space
technology for development, without crippling investments for any individual country.

Other African national technical institutes

In addition to the operational space centers and specific national remote sensing
authorities, a wide range of other institutions are immediate users of RS/EQO imagery or
are end-users of derived products. Most users of imagery or derived products are within

° http://www.nepadst.org/platforms/aiss.shtml
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specialized thematic research centers®®, such a meteorological offices™, agricultural
institutes'?, and water institutes. National offices for geological survey also are a major
user group. These research centers tend to work through separate networks; the
scientists attend domain specific conferences (e.g., climate outlook forums, biodiversity
conservation symposiums, water management workshops, etc.) and do not interact
across-theme as much as they could. Rather than list a jumble of institutes at this time,
Appendix 1 provides a list of national associations and committees (and mapping
organizations known to be advocating spatial data infrastructure) that focus on improving
cross-domain dialogue between national geospatial technical specialists. These are
potential national “points of entry” in the geospatial arena. Countries without information at
this time do not necessarily mean that a mechanism for communication is lacking, rather
details were not known.

Figure 2.1 Hypothetical reception for the African continent with coordinated reception
activities in South Africa, Algeria, Nigeria, and Kenya (Fortescue and Ntisana, 2005,
p.107)

African universities (and national training facilities)

Many universities are actively engaged in remote sensing research. While not exhaustive,
Table 2.4 gives an indication of some universities involved. The proceedings of the 6"
African Association of Remote Sensing of the Environment (AARSE) Conference®®, held
in Cairo, Egypt, October 30-November 2, 2006, provide details of African researchers and

19 Eor information on individual institutes, the following links may be of use: ESA EO applications development
unit - data users, http://dup.esrin.esa.it/usersintro.asp; National Research Council, 2002: Table 3-2; Table 3-3;
Table 3-4 - Organizations, Programs, and Activities Using Geographic Data.

1 http://www.icpac.net/Contact_Info/contact_info.html

12 e.g., Centre National de Recherches et de Développement Agricole (CNARDA) (Mauritania), Institut
Togolais de Recherche Agronomique (ITRA) (Togo), Institut du Sahel (INSAH) (Mali), Institut d'Economie
Rurale (Mali), Laboratory for Remote Sensing and Geographical Information System, Agricultural Research
Institute- INERA (Burkina Faso); Laboratoire de Farcha (Chad), Kenya Agricultural Research Institute (Kenya),
etc.; further information on institutes agricultural institutes at
http://www.secheresse.info/rubrigue.php3?id_rubrique=122

3" http://www.narss.sci.eq/aarse2006/pdf/program.pdf
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their university affiliation, as well as the research being conducted. The Réseau
Télédétection de I'’Agence Universitaire de la Francophonie also provides information™*.

Table 2.4. Sample of African universities involved in RS research/application

development.

Country African University

Botswana Department of Environmental & Geographical Science, University of Botswana
(Dr. Pauline Dube)

Cameroon Centre Universitaire de Recherche et d'Application en Télédétection (CURAT),
Université de Cocody-Abidjan, http://centre-curat.salifa.com/

Democratic Ecole régionale post-universitaire d'aménagement et de gestion intégrés des

Republic of foréts et territoires tropicaux (ERAIFT), University of Kinshasa,

Congo http://www.unesco.org/mab/ecosyst/forest/eraift.shtml

Mali Département de Géographie, Université du Mali

Mozambique Department of Geography, Eduardo Mondlane University

Nigeria Space Applications and Environmental Science Laboratory (SPAEL), Obafemi
Awolowo University, lle-Ife, http://www.spaeloauife.org/

Nigeria Federal University of Technology (Dr. Peter Adeniyi)

Rwanda Center for GIS, National University of Rwanda

Senegal Laboratoire d'Enseignement et de Recherche en Géomatique (LERG) de

I'Université Cheikh Anta Diop de Dakar

South Africa

School of Architecture, Planning and Geomatics, University of Cape Town (Dr.
Heinz Ruther)

Department of Electrical and Electronic Engineering, Stellenbosch University
(Dr.Sias Mostert)

Swaziland Department of Geography and Environmental Science, University of Swaziland

Tanzania Department of Geology, University of Dar es Salaam (Dr. Evelyne Mbede)

Tunisia Space Information System and Remote Sensing Laboratory (LTSIRS), National
Engineering School of Tunis

Uganda Geography Department, Makerere University

South Africa’s Stellenbosch University and its commercial subsidiary, SunSpace, is
developing a range of three types of low cost microsatellites costing up to $15 million,
using miniaturised optics and compact electronics. They are the 35kg High Spectral
Resolution satellite, MXsat, with a 4m resolution; the High Temporal Resolution Satellite,
2.5m resolution MSMIlsat, a 100kg microsatellite, available for launch in 2007; and 6.5m
resolution, 60kg Mobile Multispectral Satellite, MmSat, being proposed for an African
Resources Management satellite constellation.

Several universities are playing a leading role in improving spatial data infrastructure at
the national level. For instance, in June 2006, Makerere University held a national spatial
data infrastructure workshop and initiated an effort to form a GIS association, as did the
Polytechnic of Namibia, when it hosted the 1st Namibian GIS User Conference in October
2005. Similarly, the University College of Lands and Architectural (UCLAS) organized a
national spatial data infrastructure workshop in 2003 where remote sensing, GIS, and
statistical data specialists discussed issues of data standards, data access, and data
coordination. The Center for GIS at the National University of Rwanda, an inter-faculty
unit, aims to develop a GIS and RS curriculum for instruction and assist national

14 Réseau Télédétection de I’Agence Universitaire de la Francophonie, created in 1988 by the Agence
Universitaire de la Francophonie, http://www.reseautd.auf.org/article.php3?id_article=48
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institutions by providing training in the application of GIS tools to current problems in
Rwanda. They also are establishing links between universities, research institutes,
government and non-government organizations to improve data sharing and the
coordination of activities, and part of their effort is to establish a geospatial metadata/data
portal. The Institute of Computer Sciences, University of Nairobi (Kenya), Department of
Environmental & Geographical Science, University of Botswana, Department of
Geography, National University of Lesotho, and University of Zambia also have played
important roles in metadata training of technicians in national agencies.

Universities also have been central to strengthening thematic networks, such as fire
monitoring (SAFNet®, University of Bostwana). In the early 2000’s, the SADC EIS
Training and Education Sub-program (SETES) received support to encourage networking
among universities involved in GIS/remote sensing, but this was one of the few initiatives
directly centered on universities. Recently, though, there has been renewed interest in
the role that universities play (or can play). For example, the main aim of the newly
established University Network for Disaster Risk Reduction in Africa (UNEDRA)™ is to
forge interaction amongst universities in Africa with interest in teaching on disaster risk
reduction, through information sharing, capacity building and collaborative research. The
Association of African Universities (AAU), currently has funding for an initiative entitled,
‘Capacity Development Project for the Revitalisation of African Higher Education
Institutions (AAU-CADRE).” Also, DFID's new Development Partnerships in Higher
Education (DELPHE)" initiative is an indication that greater attention is being given to
strengthen universities to stimulate research, facilitate dialogue, and promote science and
technology. Universities are seen as key engine rooms of the fight against global poverty;
therefore addressing Africa's development challenges requires the creation of a new
generation of universities that focuses on solving community problems (Juma, 2005). A
report from ISNAR stressed that "in an increasingly competitive world, universities cannot
afford to be seen as purely academic institutions only; they are also expected to organize
their considerable human and material resources in order to contribute materially to
national research and development objectives (Michelsen et.al., 2003, p.1)."

African regional technical centers

While universities serve as engine rooms at the national level for RS research, regional
technical centers have been major kingpins. Regional centers have been the mainstay for
imagery distribution within Africa, training and capacity building, and to some degree
research. The most prominent regional geospatial centers are listed in Table 2.5. With
more time, the activities and outputs of the centers could be itemized and compared, but
that was not possible during the time available for this overview. Some details are
mentioned in the sub-section on “Training and capacity building”.

In addition to the centers listed in Table 2.5, there also are a number of regional technical
centers with RS/GIS labs under the auspices of international organizations, and these
often are staffed in part with African scientists. Among these centers are those of the
CGIAR, such as the International Water Management Institute (IWMI) in South Africa;
International Crops Research Institute for Semi-Arid Tropics (ICRISAT) Mali, International
Institute of Tropical Agriculture (IITA) in Nigeria, International Livestock Research Institute,
Kenya and Ethiopia, and the World Agroforestry Center in Kenya. The Coopération

15 http://safnet.firetab.net/
18 hitp:/Avww.itc.nl/unu/dgim/unedra/default.asp
Y http://www.dfid.gov.uk/news/files/pressreleases/pr-15m-higher-education.asp
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Internationale en Recherche Agronomique pour le Développement (CIRAD) also has a
research center in Africa with RS expertise.

Table 2.5 African regional technical centers.

Country Regional center

Algeria African Organization of Cartography and Remote Sensing (OACT)

Botswana SADC Regional Remote Sensing Unit (RRSU)

Burkina Faso | Centre SIG et Télédétection Adjaratou

Chad Remote Sensing Unit, Lake Chad Basin Commission

Congo Observatoire Satellital des Foréts d'Afrique Centrale (OSFAC)

Egypt Center for Environment and Development for the Arab Region and Europe
(CEDARE)

Niger Sahelian Agricultural, Hydrological and Metrological Centre (AGRHYMET)

Niger African Centre of Meteorological Application for Development (ACMAD)

Kenya Regional Centre for Mapping of Resources for Development (RCMRD)

Kenya IGAD Climate Prediction and Applications Centre (ICPAC), formerly known as
the Drought Monitoring Centre Nairobi (DMCN)

Kenya Institute for Meteorological Training and Research (IMTR)

Morocco African Regional Centre for Space Science and Technology Education
(CRASTE-LF)

Nigeria Regional Centre for Training in Aerospace Surveys (RECTAS)

Nigeria African Regional Centre for Space Science and Technology Education
(ARCSSTE-E) (2005 Annual Report)

Tanzania Southern and Eastern African Mineral Centre (SEAMIC)

Tunisia Centre Régional de Télédétection des Etats de I'Afrique du Nord (CRTEAN)

Zimbabwe SADC Drought Monitoring Centre

In addition to the centers listed in Table 5, there also are a number of regional technical
centers with RS/GIS labs under the auspices of international organization, and these often
are staffed in part with African scientists. Among these centers are those of the CGIAR,
such as the International Water Management Institute (IWMI) in South Africa; International
Crops Research Institute for Semi-Arid Tropics (ICRISAT) Mali, International Institute of
Tropical Agriculture (IITA) in Nigeria, International Livestock Research Institute, Kenya
and Ethiopia, and the World Agroforestry Center in Kenya. The Coopération
Internationale en Recherche Agronomique pour le Développement (CIRAD) also has a
research center in Africa with RS expertise.

Private sector

Recent investments in digital mapping products and services in African countries lend
support to the growth and potential of the geospatial market. Private companies (e.g.,
TRAXmap, LeadDog) are developing road/street databases for African users. These
foreign companies have entered the African market presumably because they have
determined that their efforts will reap adequate return. African-owned companies also are
tapping into the market, in both product and service development (e.g., MapIT®?,
CEASER-MAP™). South Africa-based MapIT has signed a license and distribution
agreement with Tele Atlas. MaplIT is trying to build a seamless street-level map of the
whole of Africa to support the development of location base services. The company
already established an office in Nigeria, and will eventually open in Ghana and Kenya as
well. Other African companies enter the market via distribution and sub-reseller

18 http:/Avww.map-it.co.za/
9 http://lwww.ceaser-web.com/
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agreements with various image suppliers, typically in the high-resolution sector, and with
various software vendors. For instance, ABSYS-STAR Informatic?, based in Burkina
Faso, has become a distributor of STAR software in 12 Western African countries.

Quality Standards Information Technology (QSIT), a Cairo-based ICT consulting company
and also the ESRI distributor for Egypt, focuses upon developing specialized, custom,
enterprise-level GIS, cadastral and telecom applications. The company’s future target is
to “penetrate more markets in Northern and Eastern Africa, in addition to the Gulf area,
such as Libya, where we already have a branch, Sudan, Namibia, KSA, Bahrain, United
Arab Emirates and others.”

Several foreign companies have set up offices in Africa. MAPS geosystems?,
headquartered in Munich, Germany, has production facilities and subsidiaries in Conakry
and Dakar. The company covers all geographic data development stages, from satellite
imagery, aerial photography and field survey by its own teams, to asset mapping, in-
house software development and system integration. It is the exclusive distributor of
QuickBird satellite imagery for sub-Saharan Africa, and a reseller and system integrator
for major GIS and geo-spatial industry software providers.

When the Regional Director of U.K.-based ImageAfrica?” was interviewed about the
company'’s decision to establish a site in East Africa (Sipkes, J., 2005), the Regional
Director said:

“It was felt that there existed a strong need for a set-up like this, and a huge potential
for growth. We are an independent company, resellers for Space Imaging and have
full access to all other satellites like SPOT, Landsat, Ikonos, QuickBird, IRS & Eros,
ASTER, ENVISAT, MERIS, MODIS and RADARSAT and many more. For aerial
imagery we work closely with a local company with good expertise here, so we cover
the whole image-market sector. On top of this, we are the representatives for ENVI
and IDRISI software. We consider Kenya a stable country and an ideal local hub from
which to penetrate the whole region. Besides, a lot of agencies in our field have their
offices here, such as HABITAT and UNEP. Our long-term vision is to spread out, with
other offices, into various parts of Africa. You must have noticed that we called our
company ImageAfrica, not Image East Africa, which indicates our long-term
strategies.”

After East Africa, ImageAfrica intends to set up offices in South Africa. Their plans for
West Africa have yet to be worked out. Most satellite imagery demand is coming from
project-related developments financed by outside sources with donor money, such as the
individual governments of donor countries, World Bank, the European Union, United
Nations agencies, the African Development Bank and others. ImageAfrica anticipates that
as African economies further develop, more demand will come from the private sector, like
the big, worldwide operating mining houses and multinational agro-businesses. At the
moment, the company is aiming at agriculture and forestry, risk evaluation and hazards,
mineral and water exploration, clients linked to environmental aspects and, last but not
least, cartography for utilities and urban planning.

20 hitp:/www.absysbf.com/: http://www.star.be/FR/pdf/STAR Press Release 46.pdf
2 hitp://www.maps-geosystems.com
22 http:/lwww.imageafrica.com/
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African networks (user groups)

Immediate users and end users need to be clearly defined (Rijks et. al., 2003). In a
Kenyan survey of the geospatial community, demand for ‘digital imagery’ was lower than
the demand for ‘land cover’ (Highland Surveyors, 2003), demonstrating that immediate
and end users are distinct communities (and also that there is a larger user base for
derived products). However, for the purpose of this overview, a distinction was not made.
Time was invested in assembling information on the various thematic networks
(communities of practice) that rely upon digital imagery (see Appendix 3). With more time,
the specific needs of these individual networks could be explored (see, for example,
Section 4, Table 15), as well as the outputs and outcomes of these networks, given their
use of satellite imagery.

2.3. Projects, Initiatives, and Investments

Over the past decade, significant investment in geospatial technologies has been made in
Africa, both from central governments and international development partners (banks, aid
agencies) (Geographical Survey Institute, 2004; Cristiansen and von Teeffelen, 2003;
National Research Council, 2002; Abiodun, 2000). The latter is the most important
source of funding for RS activity in most African countries. A 2005 UNESCO study
reported that approximately 60% of funds for research (in general) in Africa came from
external sources (UNESCO, 2005). This is likely the case for Africa’s remote sensing
activity; in fact, this percentage would be much higher if North Africa and South Africa
were analyzed separately from the rest of Africa.

Although there is a diverse set of international contributors to RS activity in Africa,
particularly from Europe, when one reviews the fields of the multilateral and bilateral aid
project databases, it is difficult to identify RS/EO projects. The project metadata is not
sufficiently detailed to single out project components dealing with geospatial technologies,
although in some cases, it is quite clear that the whole project is “geo-oriented.” Appendix
3 highlights, in a very coarse way, a number of recent RS/EO/geospatial investments in
Africa.

Government investment

African governmental sources contribute to sustaining RS/EO capacity through the
provision of salaries for geospatial specialists®, and to some degree core support to
institutions. Government commitment to RS varies considerably between countries, but
data currently available are too limited to establish any clear pattern in this respect.

The only information we have to address the topic of government investment in geospatial
technologies is from the NOAA survey results for African public sector (government)
investment. It is very difficult to provide figures on government investment in geospatial
technologies, because the data are not available. Slightly better information is available on
estimates of government investment in ICT, and geospatial can be viewed as a portion of
that amount. However, investments in geospatial technologies often are considered part
of an agency’s programmatic budget, not ICT budget.

= Although salaries are covered, 92.1% (median) of African scientists characterize their salaries as
inadequate (UNESCO, 2005).
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Surveys indicate that the number of ‘geospatial’ employees within agencies is expected to
rise between 2005 and 2010, and clearly salaries would need to cover this added staff
(Global Marketing Insights, Inc., 2005). Approximately 37% of the respondents relied
upon free data in 2005, and 22% on free software; 70% of the respondents anticipate
spending more funds on data and software by 2010. The NOAA 2005 remote sensing
survey indicated that the most anticipated impact, come 2015, on the geospatial
community is that remote sensing data will become a commodity (Global Marketing
Insights, Inc., 2005).

2.4. Existing Geospatial Services

Moving beyond the organizations involved in producing and using RS/EO data, this
section delves (a bit) into existing data discovery services (metadata clearinghouses),
map services, and application services (decision support tools) that are available in Africa.
Details are provided in Table 2.6 and Appendix 4. The emphasis is on services that have
been developed by African initiatives, as opposed to global geospatial services that also
make a significant contribution. Note as well that some services listed are those that
provide an information product (i.e., bulletins or briefs) in the form of a pdf file, as this
product may be more appropriate for some users than an interactive geo-service.

Table 2.6. Sample catalog, data, portrayal, and decision support services

Service / Provider Service Description / Link

Systéme de Gestion Intégré | http://www.sgiiar.org/
de I'Information Agricole et
Rurale (Algeria)

http://www.sgiiar.org/geodataaccess/

SWALIM (Somalia) http://geonetwork.faoswalim.org:8080/geonetwork/srv/en/main.home

ICRAF GeoNetwork http://geonetwork.worldagroforestrycentre.org/icraf/srv/en/metadata.sh
ow?id=185

ILRI GeoNetwork http://geonetwork.ilri.org/ilri/srv/en/metadata.show?id=317

CARPE http://maps.geog.umd.edu/metadataexplorer Metadata Explorer

Global Forest Watch http://www.globalforestwatch.org/english/index.htm

Statistics on natural forests and the trends in deforestation. The site
provides gobal data with specific data for Cameroon and Central
Africa. Map maps are available.

Africover http://www.africover.org/

Harmonized land cover products; satellite imagery; image
interpretation/Land Cover Classification System

Mapping Malaria risk in http://www.mara.org.za/
Africa (MARA)

East Africa Livestock Early http://glews.tamu.edu/africa/
Warning System (LEWS)
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Desert Locust Early Warning
System?**

http://www.fao.org/ag/locusts/en/info/info/index.html

Humanitarian Early Warning
System

http://www.hewsweb.org/

Famine Early Warning
Systems Network

http://www.fews.net

Timely, early warning and vulnerability information, Images, Tabular,
Data - NDVI, RFE, WRSI - Atlas of Limpopo Basin, reports

African Data Dissemination
Service

http://earlywarning.usgs.gov/adds/

NDVI (Normalized Difference Vegetation Index), moisture, rainfall,
malaria and other imagery for Africa

East Africa an operational
crop yield monitoring and
forecasting system (CYMFS)

http://www.edpsciences.org/articles/agro/pdf/2005/01/a03021.pdf

Mapping malaria risk

http://www.mara.org.za/

Rift Valley Fever Monitor

http://www.geis.fhp.osd.mil/GEIS/SurveillanceActivities/RVFWeb/index
RVE.asp

EUMETCast

http://www.eumetsat.int/Home/Main/What We Do/EUMETCast/index.
htm?l=en

Global Land Cover Facility
(GLCF)

http://glcf.umiacs.umd.edu/index.shtml

Develops and distributes remotely sensed satellite data and products
concerned with land cover from the local to global scales.

Country and Region-Specific
Food Security Monitoring
Systems, (FIVIMS)

http://www.fivims.net/

The developers of these different spatial decision-support systems are talking to each
other, discussing the different bulletins, and trying to identify what gaps exist in the
models, tools, and products (Tefft et. al. 2006; International Research Institute for Climate
and Society, 2006; U.N. International Strategy for Disaster Reduction, 2006; Hendrickx
and Rosema, 2004; Heimo and Holecz, 2004; Rijks et. al., 2003). Some have proposed
the need for an integrated continental early warning system for Africa (Cilliers, 2005).
Also, there are discussions on how to better integrate earth observation systems in Africa

(Saloum, 2005).

Training and capacity building
Collecting comparable data on training efforts is a significant challenge. The quality of
information available from individual organizations varies, and there are considerable

omissions.

Over the years, a number of regional training centers (see Table 2.5) have established
comprehensive training programmes in remote sensing and other aspects of space
science. Courses for post-graduate diplomas, as well as short courses (several days) are

24 Ceccato, P., Cressman, K., Giannini, A., Trzaska, S. (2007). The Desert Locust Upsurge in West Africa
(2003-2005): Information on The Desert Locust Early Warning System, and The Prospects for Seasonal
Climate Forecasting. International Journal of Pest Management, 53(1): 7-13.
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offered. The fact that these centers have sustained activities indicates both that there is
demand for the training and that governments, bilateral programs, and foundations are
willing to invest in training.

Between 1975 and 2003, through its Training and Research Department, AGRHYMET
has trained 820 Higher Technicians and Engineers in Agro-meteorology, Hydrology,
Instrumentation and Crop Protection (Dieye, 2005). Table 10 provides a bit more detail as
to the number of those trained by country and year at Regional Centre for Training in
Aerospace Surveys (RECTAS). Such details were not readily available for the other
training centers. We also provide details of training conducted at the International Institute
for Geo-Information Science and Earth Observation (ITC)%.

RECTAS was established in 1972 under the auspices of the UN Economic Commission
for Africa (UN) with a mandate for training, research, consultancy and advisory services in
geoinformatics. The Centre is supported, in part, through contribution from member
states: Benin, Burkina Faso, Cameroon, Ghana, Mali, Niger, Nigeria, and Senegal. Table
2.7 shows number of students trained at RECTAS in the past 10 years.

The courses are bilingual, English and French, and are conducted at several levels:

« Technician Diploma Course (18 months)

« Technologist Diploma Course (18 months)

« Post-Graduate Diploma Course (12 months)

« Short courses (one day to several weeks)

« Masters Programme (two years in collaboration with ITC in the Netherlands)

« Web-Based Distance Learning (planned).

Table 2.7. Students trained at RECTAS in the past 10 years, at technician, technologist
and post-graduate diploma levels (combined).

Country 1997(1998 (1999 (2000|2001 [ 2002|2003 [ 2004 [ 2005 [ 2006 | Total
Benin 3 5 6 6 2 6 2 8 3 8 49
Burkina Faso | 3 2 2 4 2 4 6 6 29
Cameroon 4 3 7 12 17 2 21 1 1 68
Ghana 3 4 2 1 3 1 5 3 4 26
Mali 1 4 3 2 1 1 1 13

Niger 1 1 2 4

Nigeria 32 (27 | 20 | 14 | 10 | 25 | 10 | 19 9 15 | 181
Senegal 2 1 3 3 11 2 7 10 | 39

Year total 45 | 45 | 43 | 37 | 15 | 69 | 20 | 66 | 22 | 47 | 409

ITC, based in The Netherlands, is an internationally recognized center of excellence in
international education. ITC aims at capacity building and institutional development of
professional and academic organizations and individuals specifically in countries that are
economically and/or technologically less developed (see Figure 2.8).

Some countries evidently have received more training support. In part, this is because the
Dutch government has provided scholarships according to a selected set of countries.

5 http:/www.itc.nl/
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Table 2.8. New registrants at ITC, by year

Country 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | Total
Algeria 1 1
Angola 1 1
Benin 1 1
Botswana 3 2 8 2 6 6 27
Burkina Faso 1 1 2 1 1 6
Cameroon 4 1 3 3 1 12
Cape Verde 1 1 2
Chad 1 1
Congo-Brazzaville 1 2 3
Cote d'lvoire 2 2
Egypt 28 45 39 17 12 2 143
Eritrea 4 3 1 8
Ethiopia 15 41 39 42 24 31 192
Gambia 1 1 2
Ghana 17 14 14 10 11 28 94
Guinea 1 1
Guinea-Bissau 1 1
Kenya 10 7 7 13 9 12 58
Lesotho 4 3 1 8
Liberia 1 1
Libya 5 11 1 17
Malawi 4 10 3 1 18
Mozambique 1 2 1 7 3 14
Namibia 4 3 8 5 2 5 27
Nigeria 2 10 3 2 5 9 31
Rwanda 1 1 3 5 10
Senegal 1 1
Sierra Leone 2 2 4 1 9
South Africa 11 5 2 3 4 25
Sudan 6 5 5 1 1 18
Swaziland 1 1 2
Tanzania 20 13 20 14 21 26 114
Uganda 13 10 13 26 12 74
Zambia 14 7 16 17 7 12 73
Zimbabwe 15 11 6 6 2 7 47
Year total 182 199 195 175 119 174 1044

In a 2005 user requirements analysis, conducted in Nigeria for the national geospatial
data infrastructure, an attempt was made to capture the current level of staff training and
the areas of skill needed. As shown in Figure 2.2, image processing and database
development came out strongly as areas where additional skills are needed.

At the moment, this overview of training and capacity building is limited to spotty
information on training programs and initiatives. It would be useful to conduct a detailed
analysis of the various efforts (their structure, content, etc.) and assess their impact, in
order to begin to understand what the optimal training mechanisms are. Such a survey
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also would identify the investments that are being made in training and the disparities
between countries, and the different types of training schemes (e.g., bachelor versus
master versus doctoral degrees, short courses, training attachments in overseas
laboratories, individual research grants; team-based grants, training center institutional
support, equipment upgrades, etc).

250 Figure 2.2. Nigerian data
Image infrastructure user skill
200 | Processing requirements (GML Projects (&
JV) Ltd., 2005).
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More emphasis also needs to be placed on coordinating training and capacity building
efforts in Africa, particularly those by UN and international organizations (see Tables 2.9
and 2.10). Atits 2005 annual meeting, the CEOS Working Group on Education, Training
and Capacity Building (WGEdu) reviewed progress made in education and capacity
building programs, educational tools and activities of ESA, EUMETSAT, NOAA,
UNESCO, UNESCO-IOC, UN-OOSA and USGS and discussed ways of making these
resources more widely available, particularly to developing countries (Camacho, 2005).
More recently, the Group on Earth Observations (GEO) Capacity Building Working Group
has tried to assemble information on many, varied efforts, and put forth a capacity building
strategy ?°. The Capacity Building working group has an ongoing survey?’, to capture
information on capacity building activities within the EO community.

The Joint Board of Geospatial Information Societies (JBGIS)?® comprising ISPRS, FIG,
ICA, IAG, IHO, ISCGM and IMTA, has set up a committee to advise the Board on capacity
building activities in Africa. The mission of the committee is to co-ordinate the capacity
building activities in Africa of the members of the Joint Board and to advise the Joint
Board on policy issues relating to education in Africa. As part of its activities, the Joint
Board is compiling information on capacity building organizations in Africa.

% GEO Capacity Building Strategy, http://www.earthobservations.org/docs/GEO-IlI/Plenarydocs/13-
Capacity Building Strateqy.pdf; http://www.earthobservations.org/roles/cmtes_wgs/cbc.html

2" nitp://www.itc.nllitc_worldwide/geoss.aspx

% http://www.fig.net/jbgis/
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Table 2.9. Examples of UN ‘geospatial’ programs in Africa

Organization

Activity

Food and Agriculture
Organization (FAO)

Global Land Cover Network - Land Cover Network aimed at proving and
developing capacity for harmonized land cover products at National,
Regional and Global level. Provide training and workshop to national staff
who are involved in the project and capacity is built in the fields of image
interpretation, Land Cover Classification System, data management and
GIS.Provide internships to University students and provide guidance and
assistance in research topics. http://www.glcn.org/

Africover, http://www.africover.org

Global Terrestrial Observing System (GTOS)
http://www.fao.org/gtos/

GeoNetwork portal, metadata catalog describing ge