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ABSTRACT. The need for spatially explicit thematic data is currently increasing in parallel to the development of observing, storing 
and processing capabilities. This requires an integrated data management structure in which human and institutional aspects play a key 
role as part of a Spatial Data Infrastructure (SDI). We focus in this study on the African continent to evaluate the status of its SDI 
implementation. Because assessing SDI at a continental scale in a traditional way (i.e. following methods developed for national 
assessments) requires financial resources and mechanisms only affordable to developed countries (e.g. European Union), alternative 
ways have been explored based on fourteen key SDI indicators that were validated by SDI experts in a previous study. Data was 
collected for each African country through the African leading SDI institution (UN Economic Commission for Africa) and through 
Internet searches. We found relatively weak scores of the fourteen SDI indicators for African countries compared to the rest of the 
World, but with notable differences within Africa. We discuss the implication of the lack of information available on the Internet to 
assess SDI status in Africa. We conclude that it is necessary to improve statistical information in most African countries. This requires 
an agreed-on geospatial data structure and organization between concerned institutions that is only achievable through a shared global 
vision on geospatial data governance. To this end, we suggest a few quick wins and several new mechanisms that would enhance the 
flow of SDI statistical information and improve data management structure in Africa. 
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1. Introduction 

Environmental issues cannot be solved solely at local, na- 
tional, or regional scales without an integrated global appr- 
oach (GEO, 2010). Furthermore, it requires a knowledge inte- 
gration from various natural and social sciences as exem- 
plified by Integrated Natural Resources Management (INRM) 
and Integrated Water Resources Management (IWRM) frame- 
works (Koch et al., 2013). Earth Observation (EO) and Geo- 
graphic Information Systems (GIS) technologies have much 
evolved in the last decades to address this data challenge and 
to assist in environmental monitoring, modelling and analysis 
as demonstrated in climate change (Xia et al., 2014), eco- 
system services (Yang et al., 2014), remote sensing (El-Ask- 
ary et al., 2015) or water management (Su et al., 2013). They 
allow for example to answer the fundamental question on 
where to take action before any action is effectively taken. An 
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interesting African example in the water domain is the ESA’s 
TIGER initiative (ESA, 2013) that uses satellite observations 
to inform local authorities about the state of this vital resource. 
Another African example is the SERVIR-Africa (2014) project 
that monitors and forecasts ecological changes and responds to 
natural disasters. At the global scale, an increasing number of 
useful Earth Observation products exist: the NASA Shuttle 
Radar Topographic Mission (USGS, 2010), the ESA global 
land cover map (ESA, 2014), the FAO Global Soil Map, the 
UNISDR Global Risk Data Platform (Giuliani and Peduzzi, 
2011), or the daily ice extent from the University of Illinois 
(2014). A downside of these products is the sheer amount of 
data produced, which requires growing storage and manage- 
ment capacities (Mazzetti et al., 2014).  

Despite wide availability and use of EO and GIS tools, 
access to quality environmental and geospatial data remains 
the largest challenge for supporting decision-making. A plea 
was made at the Rio Conference twenty years ago for spa- 
tiallly-explicit data to address global environmental issues 
(Clarke, 1999). This is even more important today, as the in- 
tegration of environmental data at various spatial and tempo- 
ral scales is necessary to better understand our global system 
and take appropriate actions. If geospatial data are necessary 
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for tackling many environmental challenges in developed 
countries, it is even more so in developing countries where 
high demographic rates is combined to massive rural exodus, 
water or power shortages. In emergency situations, quality 
data is also crucial as demonstrated after the 2010 Haiti earth- 
quake (UNITAR, 2014). According to EIS-Africa, sustainable 
development of a particular village, city, province, or country 
requires access to data about the environment (EIS-Africa, 
2002).  

Data availability is the first step, but accessibility to this 
data (and associated metadata) by all stakeholders is what can 
really make a difference. Data must be shared to facilitate its 
integration with other datasets, and to produce integrated kn- 
owledge. But data production, access, use and dissemination 
are dependant on many other factors such as related laws, re- 
gulations, standards, infrastructure, and human factors. This 
justified the development of Spatial Data Infrastructures (SDI) 
for efficient geospatial data workflow and management. A co- 
mmonly accepted definition of an SDI is “the relevant base 
collection of technologies, policies and institutional arran- 
gements that facilitate the availability of, and access to, 
spatial data” (Nebert, 2008). Furthermore, Rajabifard (2002), 
Giuliani and Peduzzi (2011), and Giuliani et al. (2013) distin- 
guish the following five main SDI components: Data (geo- 
spatial data), People (human resources), Access network (net- 
working technology), Policy (institutional framework) and 
Standards (technical standards).  

 

1.1. Local, National and Continental SDIs: Availability 
and Access 

A SDI can be established at different levels, ranging from 
local to national, continental or global levels. A local SDI typi- 
cally focuses on detailed datasets of small geographic extent 
for use at local scale. On the other side of the scale, a global 
SDI fosters global datasets, generally at lower resolution.  

Rajabifard et al. (2000) introduced the notion of hierarchi- 
cal relationship between these different geographic levels of 
SDI. Each of these different SDI levels has an influence on the 
upper ones. For example, a National SDI (NSDI) should theo- 
retically provide access to contents of the local SDIs within the 
country. But this requires a well-organized architecture, both at 
technical and institutional levels, which is only possible through 
a National Policy. This is even more needed at higher levels 
such as continental or global. Setting up such policies at supra- 
national levels is very challenging and requires strong political 
integration and willingness.  

One of the best examples of such a continental SDI is the 
European INSPIRE directive (European Parliament, 2007) that 
seeks to establish a spatial information infrastructure for the 
European Union to support environmental policies, and policies 
or activities that have potential impacts on the environment. 
The INSPIRE extent groups the European Union countries plus 
some other voluntary, European non-member states (e.g. Swi- 
tzerland, Turkey) (European Commission, 2013).    

It is now well recognized that regional and national SDIs 

can greatly benefit users at different governmental levels. For 
any SDI implementation, having these five components cor- 
rectly taken into consideration and adequately implemented 
creates favourable conditions for production of, access to, use 
and dissemination of geospatial information. In turn, these 
favourable conditions of data flow will feed the data needs for 
informed decisions in many sectors of the society and will be 
a real added-value for many societal building blocks (Masser, 
1998), (Rajabifard et al., 2000). According to the Federal 
Geographic Data Committee (FGDC, 2014), a NSDI allows 
reducing the duplication of effort among agencies, improve 
quality and reduce costs related to geographic information. It 
makes geographic data more accessible to the public, increases 
the benefits of using available data, and establishes key part- 
nerships with states, counties, cities, tribal nations, academia 
and the private sector. 

 

1.2. SDI Assessment 

The adoption of SDI principles and technologies is far from 
being equally acknowledged in all parts of the world. Coun- 
tries such as USA, Australia, Canada, or Germany have been 
pioneers in adoption of SDI concepts (Monett et al., 2013) with 
well advanced NSDI strategies, whilst most other countries 
are at various stages of adoption and implementation, with 
many still lacking tangible initiatives or institutions to lead the 
effort. It is therefore important to be able to map out national 
or regional performance in developing and implementing SDI 
capacities (Giff, 2006). Several authors (Delgado Fernandez 
et al., 2005; Eelderink, 2006; Steudler et al., 2008; van Loe- 
nen et al., 2008;Vandenbroucke, 2009) have worked on deve- 
loping various SDI assessment frameworks. A chosen metho- 
dology for SDI assessment highly depends on the geographic 
extent of the study. Measuring SDI at national or sub-national 
level is very different from measuring SDI at a continental le- 
vel for which time and money constraints are a major limiting 
factor.  

 

1.3. The Case of Africa 

Endowed with abundant and diversified natural resources, 
Africa requires appropriate tool to manage the resources, more 
so as it is facing major pressing issues such as climate change 
impacts and environmental stresses. The continent could parti- 
cularly benefit from an integrated SDI implementation at 
national, regional and continental scales. Among other reasons 
that plead in favour of such underlying assumption include: (1) 
environmental pressure is increasing very fast and necessitates 
urgent solutions for which multi-disciplinary and transna- 
tional environmental data is needed; (2) technical infrastruc- 
tures are emerging and the time is right to have SDI concepts 
and tools adopted; (3) there is a great opportunity from the 
proximity to Europe and its advanced SDI involvement (e.g., 
INSPIRE directive, participation in many projects promoting 
SDI particularly in Africa); (4) several SDI actors and initia- 
tives already exist in Africa (see note SN1). 

An assessment of the current status of SDI implementation 
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in Africa and an analysis of where the gaps are at continental 
scale is therefore needed. The objectives of this study are then: 

i) to examine innovative way of performing SDI assess- 
ment, notably by making extensive use of Internet searches 
and using the existing networks of SDI actors;  

ii) to assess the SDI implementation in Africa through 
indicators and assessment variables that take into account all 
the SDI components;  

iii) to compare the African situation to the rest of the 
World; 

iv) to suggest some ways for improving the SDI imple- 
mentation and monitoring in Africa. 

2. Methodology 

2.1. Review and Choice of SDI Assessment Frameworks 

There are currently five main existing SDI assessment 
frameworks: (1) the SDI Readiness Index (Delgado Fernandez 
et al., 2005), (2) the organisational maturity matrix (van Loe- 
nen et al., 2008), (3) the performance indicators (Steudler et 
al., 2008), (4) the INSPIRE & NSDI State of Play metho- 
dology (Vandenbroucke, 2009), and (5) the set of fourteen key 
indicators to assess NSDIs in developing countries (Eelderink, 
2006). 

The SDI readiness index is not appropriate for the African 
case as it aims at scoring an individual country, which is not 
meant for study and comparison at continental level. The 
theory behind organisational maturity matrix combines orga- 
nisational indicators with development stages, which again 
does not make it appropriate for a quantitatively measurable 
continental study, as it would require considerable time to 
evaluate each country’s development stage. Thirdly, Steud- 
ler’s performance indicators is related to land administration 
and only gives a broad framework with some possible general 
indicators for evaluating SDIs, which is not appropriate at 
continental scale. The core of the INSPIRE & NSDI State of 
Play methodology is about collecting information from web- 
sites, documents and experts. Eelderink’s fourteen key indi- 
cators for assessing NSDIs have been validated by experts; 

besides, this reasonably low number of indicators makes it 
possible to gather sufficient data to perform a meaningful 
study at the African scale. As the goal of a SDI continental 
assessment in Africa is similar to the one of INSPIRE, which 
is to monitor the implementation of INSPIRE (Vandenbroucke, 
2009), we decided to follow this methodology in combination 
with Eelderink’s fourteen indicators to assess NSDIs in deve- 
loping countries. Eelderink groups these key indicators by 
SDI component, including an additional “Other” component 
(see Table ST1). 
 
2.2. Targeted SDI Levels  

Even if we aim at assessing the continental status of SDI 
implementation in Africa, the reference level remains countries 
as most statistics are produced at this level. For the INSPIRE 
directive in the European Union, the national level is crucial 

for coordination and implementation (Vandenbroucke, 2010) 
as National SDI have a full impact on all levels of the SDI hi- 
erarchy (global, regional, state/provincial and local) (Eelderink, 
2006). With data for particular SDI indicators at country level, 
it becomes easy to (1) make continental statistics (e.g., mean, 
standard deviation), (2) compare the continent to other conti- 
nents or to an ideal situation, (3) compare continental sub-re- 
gions with each other, and (4) compare countries with each 
other. 

 
2.3 Selected African SDI Champion Institution  

There is no formal SDI body at a continental level in 
Africa, as it is the case in the European Union with the in- 
frastructure for Spatial Information in Europe (INSPIRE) or 
in the USA with the Federal Geographic Data Committee 
(Makanga et al., 2010). However, the UN Economic Commi- 
ssion for Africa (UNECA) plays a key role in Africa in terms 
of advancing SDI in the continent (Schwabe et al., 2009). For 
example, the Committee on Development Information, Scien- 
ce and Technology (CODIST) (UNECA, 2013) meeting, held 
every two years in Africa and organized by UNECA, allows 
African countries to officially gather around the SDI thematic, 
in order to advance the SDI agenda in Africa through the 
resolutions voted during the meeting. Besides CODIST, the 
ICT department of UNECA performs many actions to pro- 
mote SDI across Africa (e.g. SDI information collection, con- 
ferences and workshops). UNECA is therefore the continental 
institution of choice to help collecting appropriate data on SDI 
in addition to information gathered on the Internet.  

 
2.4 Sources of Assessment Data 

Information provided by UNECA mainly comes from a 
survey among African countries performed in 2011 (see 
Figure SF2). According to UNECA, 25 of the 53 contacted 
countries replied to this survey. We re-used UNECA’s survey 
for the following reasons: (1) to our knowledge the UNECA 
questionnaire is the only existing one on SDI covering all Af- 
rican countries, with the same set of questions, which makes 
the answers comparable; (2) we consider the commitment of 
African countries’ to UNECA to be better than to other orga- 
nizations, which impacts the level of responsiveness to the 
questionnaire; (3) using a single survey should minimize mis- 
interpretation of the meanings of used terminologies that may 
be different among surveyors. In addition to the UNECA sur- 
vey, Internet searches and online databases were used for the 
assessment. 

 
2.5 Selected Assessment Variables for the 14 Indicators 

The proposed methodology consists in gathering infor- 
mation from UNECA and from various sources on the Internet 
at national level, and in selecting and organizing information 
based on fourteen key indicators defined by Eelderink (2006). 

In order to perform quantitative SDI comparisons, it is ne- 
cessary to gather values for each of these key indicators. This 
requires defining specific variables, or sometimes proxy vari- 



Y. Guigoz et al. / Journal of Environmental Informatics 30(1) 53-62 (2017) 

 

56 

ables, to measure the key indicators. The methodology and 
sources of information for measuring each of the 14 key SDI 
indicators can be found in the online supplemental material 
(see note SN2).  

Among all the proposed variables, some can be considered 
as “variables of objectives” allowing to concretely measure the 
current status of an SDI component. The others are “variables 
of means” to reach the quantitative objectives in longer term 
by creating a favourable environment. For example, the num- 
ber of people who attended the CODIST 2011 meeting is a 
countable variable of objective, while the socio-political sta- 
bility index is a variable of means that helps in assessing the 
general SDI environment. The variables of means can be 
considered as input variables for creating a favourable SDI 
environment. The variables of objectives are the countable 
results of SDI status, objectives to measure and improve; 
these are considered as output variables. The key indicators, 
assessment variables, type of variables and sources used can 
be vizualised in table ST2. 

3. Results 

The results for each assessment variable can be visualised 
in an online table with reference sources at http://africa-sdi. 
grid.unep.ch. They are also summed up at the bottom of each 
indicator’s column by continent when possible or for Africa 
only. The continental results are expressed either as a percen- 
tage or as a real value depending on the indicator. The detailed 
results description by indicator is available in the supplemen- 
tal note SN3. 

The SDI’s “data” component results were very weak in 
Africa (11%) compared to the 87 ~ 100% data availability re- 
ported for Europe (Vandenbroucke, 2011). In the “people” 
SDI component, the “capacity building” key indicator rev- 
ealed a huge gap for GIS and SDI capacity building in Africa 
compared to the ideal situation where most countries of a 
continent should at least have a few institutions teaching GIS 
to increase local capacity. For the “willingness to share” 

indicator, neither information about existing data sha- ring 
policies nor any national geoportal could be found in Af- rican 
countries. Only memberships of international SDI initia- tives 
could be evaluated, which places Africa in the same position 
as Asia and the Americas. All the variables measured for the 
“Human capital” and “SDI awareness” key indicators show 
that Africa is lagging behind the other continents. The la- tter 
revealed a low number of Internet users in Africa despite a 
growing but still low number of active mobile-broadband sub- 
scribers, and low attendance of African countries in key conti- 
nental SDI meetings (CODIST). Based on the measurements 
performed on the four key indicators of the “people” SDI 
component, Africa has the lowest value of all continents.  

The “Access network” SDI component measured through 
the defined assessment variables of the “access mechanism” 
key indicator revealed that Africa is in crucial need of impro- 
ving its information infrastructure and ICT services in order to 
properly implement SDI. 

The “Policy” SDI component measurement in Africa 
revealed difficulties to track information on SDI funding poli- 
cies or even on ICT expenditure for the “funding” key indi- 
cator. The key indicators “vision”, “institutional arrange- 
ments”, “leadership” and “socio-political stability” are also 
low compared to other continents. The supplemental Figure 
SF4 shows the details by country of the political stability in- 
dex, with Africa less socio-politically stable than other conti- 
nents. 

Regarding the “standards” SDI component, information 
we found for the indicator “metadata availability” for funda- 
mental datasets in Africa was scarce, making it difficult to draw 
a general trend. In terms of “interoperability” indicator asse- 
ssment, only a few countries reported national working groups 
on standards, but about half of the African countries are com- 
patible with the African geodetic Reference Framework, which 
is encouraging but still low. Unfortunately, no African insti- 
tution was member of the leading geospatial standards institu- 
tion (OGC) as of February 2013.   

Finally, regarding the “Other” SDI component defined by 
Eelderink et al. (2008) and associated “initiatives connected to 
SDI” indicator, the GEO membership of African countries is 
comparable with other continents, as well as the availability 
of African data in portals of international SDI initiatives such 
as GEOSS, EyeonEarth, One Geology or GBIF.  

4. Discussion and Perspectives  

4.1. Innovative Way of Performing SDI Assessment 

As a continental SDI implementation assessment is diffe- 
rent from a national or sub-national assessment, a specific ass- 
essment framework is needed. This has so far only been done 
in Europe through the INSPIRE State of Play, the goal of whi- 
ch is to describe, analyze and assess the status of INSPIRE and 
NSDI implementation in 34 countries in Europe (Vandenbrou- 
cke, 2011). The assessment framework used in INSPIRE State 
of Play could not be directly transposed to Africa for the follo- 
wing reasons: 

(1) The INSPIRE State of Play aims at monitoring on a 
permanent basis the implementation of the INSPIRE directive 
in Europe that addresses 34 spatial data themes needed for en- 
vironmental applications (European Commission, 2014). The 
INSPIRE infrastructure in the member states does not nece- 
ssarily equate the National SDIs (e.g. these might also cover 
other sectors such as agriculture, spatial planning, or additio- 
nal technological components) (Vandenbroucke, 2009). For 
Africa, we do not want to measure the implementation of a 
particular directive but we want to measure the general SDI 
components in each country. Even though we followed the 
business approach of the INSPIRE State of Play, we adapted it 
to a more NSDI-oriented approach. This is the reason why we 
completed it with the SDI assessment framework of Eelderink 
(2006). 

(2) In the INSPIRE State of Play, the indicators shall be 
collected by each Member State on an annual basis and the re- 
sults must be made public. This is not possible in the African 
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context where there is no political integration such as the 
European Union and hence no binding directive such as 
INSPIRE to request indicator collection from member states. 

(3) The resources available for this study did not allow a 
deep institutional analysis such as in the INSPIRE State of Play. 
The assessment indicators proposed by Eelderink have the 
advantages of (1) targeting developing countries, (2) being 
validated by SDI experts based on case studies in Latin Ame- 
rica, Asia and Africa, and (3) consisting in a reasonable num- 
ber of indicators. For measuring these 14 indicators, Eelderink 
performed a detailed assessment on six case studies. This de- 
tailed assessment was possible given the low number of coun- 
tries, but in the present assessment we want to have a general 
overview of the SDI situation in 54 African countries. We 
performed then a lighter assessment of each country, based on 
assessment variables different from Eelderink but still rele- 
vant for populating the 14 indicators required.  

The main bottleneck of such an assessment is the difficulty 
to obtain data for some assessment variables due to the large 
number of countries and heterogeneous availability of SDIs 
information, both on the Internet and in the SDI champion in- 
stitution. At the same time, this opens the way to new syner- 
gies and mechanisms needed to improve the data availability, 
between the SDI continental institution and the concerned cou- 
ntries. This is where the political aspects come into play and it 
is then crucial to improve the SDI implementation status in 
Africa.  

The assessment framework we have used is innovative in 
the sense that it combines a proven methodology for collec- 
ting information used at continental scale in Europe (INSP- 
IRE State of Play) with SDI assessment variables validated by 
experts used at national level. Moreover, it is the first time that 
an SDI assessment at the African scale has been performed. 

 
4.2. SDI Assessment 

The performed analysis highlighted several trends regar- 
ding SDI status in Africa: (1) Africa has the lowest ranking of 
all continents (except Oceania) in most key variables assessed 
when an international comparison is possible; (2) for the varia- 
bles that are only assessed in Africa, most of the results show 
a very weak SDI status; (3) there is a serious difficulty in fin- 
ding data about SDI key indicators and assessment variables 
in Africa on the Internet and even at UNECA, considered as a 
key institution in Africa for SDI-related information. This ma- 
kes the SDI monitoring at a continental level not reliable yet, 
not only in Africa but also worldwide with notable regional 
differences (e.g. data for European Union countries are easier 
to find thanks to INSPIRE monitoring). 

Getting such information at country level is already a cha- 
llenge, as it requires a deep analysis, often dependent on the 
accuracy of national surveys or on the good-willingness of 
people in the governments providing information. At a conti- 
nental level, it is even more challenging as a coordinating body 
(UNECA in the case of Africa, the European Commission 
through the INSPIRE directive in the European Union) needs 
to gather data of all member countries. There seems to be an 

obvious lack of a standardized mechanism that would allow 
for regular provision of SDI monitoring data. Such mechani- 
sms exist in other fields like economy or health. For example, 
a lot of health-related data are available at the World Health 
Organization’s website (WHO, 2013), allowing for countries 
monitoring and comparison. Similarly, the World Bank’s web- 
site (World Bank, 2013) provides valuable economic indica- 
tors. This makes these domains’ monitoring much convenient 
and allows for targeted improvement of the concerned indi- 
cators. In the case of WHO, this could be explained by the 
membership of all the countries and a well-structured organi- 
zation, with a clear global mandate for health coordination 
role. Such a global mandate is delivered by the member states 
through the United Nations. SDI being interdisciplinary by 
nature, the coordination role is not clear yet in most places of 
the world. This is being addressed more and more at national 
level through NSDIs but is still lacking at continental (except 
in the European Union with INSPIRE) or global levels. Un- 
fortunately, this prevents an optimal targeting of SDI efforts in 
a specific area or continent.  

The WHO example just mentioned and the successful 
European SDI through the INSPIRE directive both result from 
a political consensual decision (at UN level in the first case, at 
European level in the second case) leading to a successful me- 
chanism of data production and monitoring. This necessitates 
a political will that remains to be strengthened across Africa 
and might be one of the causes that lead to a lack of a common 
SDI African vision. This translates into weak SDI commitments 
in African countries, even though UNECA plays its coordina- 
ting role in organizing SDI continental meetings such as CO- 
DIST or other SDI-related events. The weak attendance to the 
CODIST meetings (about 50% of African countries) confirms 
this lack of commitment.  

However, there is hope that grouping of African countries 
such as the 15 countries within the Economic Community of 
West African States (ECOWAS) may trigger a sub-continental 
organized environmental data and information infrastructure. 
This is already the case in the energy sector with the ECOWAS 
Observatory for Renewable Energy and Energy efficiency 
(ECOWREX) that is currently redeveloping its rich map vie- 
wer (ECOWREX, 2014).  

Further initiatives such as AfriGEOSS (GEO, 2014) may 
raise awareness on the benefits of SDI and promote national 
commitments for the implementation of SDIs in the continent. 
This analysis also revealed important intra-African diffe- 
rences with some African countries always in the head group 
for all the assessed variables: South Africa, Algeria and Bots- 
wana. In some cases, Egypt and Tunisia have also relatively 
good scores. The score of these five countries for some of the 
assessed variables can be visualised in the table ST3 along with 
a deeper analysis of the intra-African differences (note SN4).  

A combination of all the assessed variables into one single 
value of SDI status per African country would be interesting 
for comparison. The types of assessment variables being diffe- 
rent by nature makes it difficult to combine them together to 
give a unique value by country. However, one type of variables 
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can be combined to obtain an indicative value by country, whi- 
ch can then be mapped to better visualize the SDI status in Af- 
rica. This has been done for the “objective variables” (or 
output variables) and is available both on the online table for 
the numbers (http://africa-sdi.grid.unep.ch) and in the Figure 
1 for the map. It shows the same trends as the ones discussed 
just above, with South Africa, Botswana and Namibia outstan- 
ding, while Algeria, Nigeria and Madagascar perform quite 

well also.  
The methodology used for building the index is detailed 

in the supplementary note SN5. Among the issues discussed 
so far, two main elements should be retained in terms of SDIs 
in Africa: (1) National SDIs need to be much improved in 
Africa and (2) there is a crucial need for better data to monitor 
the SDI status through assessment variables described in this 
article.  

 
4.3 African Situation to the Rest of the World  

As shown in the results section and illustrated at http://afr 

ica-sdi.grid.unep.ch/SDI_variables_display_region.php, Africa 
scores less than other continents for most SDI-related vari- 
ables measured, except the percentage of GDP spent in ICT 
and the official adoption of metadata standards. This nece- 
ssitates a comparison with other regions where the SDI imple- 
mentation status is much better, in order to find out if some 
elements would be transposable to Africa. 

Europe is regularly mentioned as a successful example of 
a continental SDI implementation thanks to its federated app- 
roach legally bound through the INSPIRE directive. The most 
visible result of this enterprise is the European “INSPIRE geo- 
portal” (European Commission, 2013), gateway to European 
member states services (data and metadata). Regular reviews 
and reporting of the SDI status like the INSPIRE State of Play 
allow maintaining and improving this mechanism, resulting in 
much SDI metainformation available. The strong European po- 
litical commitment that led to the INSPIRE directive has been 
key. Getting such political signal in other parts of the World, 
in particular in Africa, requires political integration and com- 
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Figure 1. Changes in the reaction pathway for biosolids destruction by integrating the MEC reactions in anaerobic digestion 
(MEC: microbial electrolysis cell). 
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mon vision that are not consolidated enough yet.  

Idrees (2012) compared approaches and strategies for 

NSDI implementations between the developed and develop- 
ing World, and found out that political and ethnic polarity are 
visible key factors observed with the developing countries hin- 
dering speedy implementation of policies. He also states that 
successful and sustained SDI implementation will largely de- 
pend on the political will of the leaders. If this is already the 
case at national levels, it is even more so at a continental level. 
The African political body likely to initiate a continental poli- 
tical will in terms of SDI integration is the African Union. But 
even if this was on top of its agenda, it does not have the same 
powers as the European Union to pass a binding directive to 
its member states such as INSPIRE. This means that the Euro- 
pean model cannot be directly transposed to Africa given the 
different political structure of the key institutions. Neverthe- 
less, even if a strong political integration is lacking on the 
continent, alternatives exist to improve SDI and SDI monito- 
ring with assets already available in Africa. 

 

4.4 Suggestions for Improving the SDI Implementation 
and Monitoring in Africa 

First of all, in terms of standardized geospatial data avai- 
lability, a system of systems approach instead of a federated 
approach would have the advantage of lowering the constraints 
on the side of the data producers. Indeed, in a system of sys- 
tems approach, it is not necessary for the data producers to 
modify their standards in order to align with a mandatory 
standard as it is the case in the federated approach. This is the 
role of a mediator, a so-called broker, to perform the matching 
between the input standard available and the output standard 
needed. This brokering approach (Nativi et al., 2009), (Nativi 
et al., 2012) and related GI-cat tool (ESSILab, 2014) have 
been notably adopted by the GEOSS and the Earthcube par- 
tnership (http://earthcube.org) as a backbone for their cata- 
logue infrastructures. This approach and tool should ideally be 
adopted at a central African SDI institution if it is to become 
the continental reference system serving the African geo- 
spatial data in a harmonized way. The presence of UNECA to 
play such a role in Africa is a strength that needs to be used. 
This has been done in the framework of EU FP7 funded 
projects Afromaison (2011) and EOPOWER (2014). The GI- 
Cat has been implemented in Afromaison to broker existing 
African resources, while it has been customized and trans- 
mitted to UNECA in the frame of EOPOWER to become an 
African broker (Afromaison, 2013). This will also have the 
advantage to allow many organisations that informally contri- 
bute to SDI development even though they do not have the 
mandate (Makanga et al., 2010) to uptake their geospatial 
information. 

In terms of SDI monitoring on the continent, UNECA is 
an asset as it is the recognized continental institution and 
already performs SDI monitoring surveys. These are currently 
weakened by the lack or imprecise answers of some countries. 
Two elements could be taken into consideration to improve 
the SDI monitoring survey from UNECA. The first one would 

be to set up an online database at the UNECA website, auto- 
matically populated by online forms submitted by National 
Mapping Agencies through an online survey form, which 
would allow an easier populating, management and sharing of 
basic SDI information. This could be started with at least a 
few variables and then extended to more variables later. The 
lack of motivation of stakeholders at national levels to fill 
such online surveys could be the main barrier, but overcoming 
this could be done through (1) an increased awareness of 
being an essential node of an integrated continental effort, (2) 
a kind competition with other countries to better position their 
own country in terms of SDI information provision, (3) the 
promises of the reduction in the number of dispersedly or 
redundant requests for information. 

The second element to improve SDI monitoring in Africa 
is the example of “data flows” scoring for each member 
country of the European Environment Information and Obser- 
vation Network (EIONET, 2012). On a simple webpage it is 
possible to see which country does better than the others in 
terms of environmental indicators reporting. When clicking on 
a given country, a graphical appreciation (with a given number 
of smileys) of progress is shown for each monitored indicator 
compared to the previous year. This allows to directly appre- 
ciating where to concentrate efforts and stimulate countries to 

improve significantly. A similar mechanism for SDI indicators 
and related assessment variables monitoring would be interes- 
ting to put in place at a continental level. Such an assessment, 
as well as a list of national geo-portals of the continent (Najar 
et al., 2007) and other SDI relevant elements could be the 

components of a dedicated “SDI section” of the UNECA’s 
website, giving African SDI much more visibility and aware- 
ness to create a positive dynamism.  

Another important asset of Africa is its participation in 
many projects and initiatives, past or on-going, that have a str- 
ong SDI or Earth Observation component, e.g. AEGOS (2011), 
Africover (FAO, 2013), EIS-Africa (2014), Geonetcast (GEO, 
2013), FEWS NET Africa Data Portal (USGS and USAID, 
2013), SAFARI2000 (NASA, 2013), SERVIR-Africa (2014), 
SDI-Africa monthly newsletters (GSDI, 2012) and mailing 
list (GSDI, 2011). The recently launched AfriGEOSS initia- 
tive, developed in the GEO framework, aims to enhance Afri- 
ca’s capacity for accessing, producing, using and managing 
Earth observations data and information. This will be achi- 
eved through implementing a coordination framework taking 
into account, national, regional and continental level. Under 
the coordination network periodic user needs and status of 
data access and products development will be undertaken at 
national and regional level, thereby informing the continental 
status. It is thereby expected that AfriGEOSS will add great 
value to the implementation and monitoring of SDI in Africa. 

Moreover, the results of the search of African data in por- 
tals such as GEOSS, GBIF, and OneGeology showed that Af- 
rica is quite well connected to current SDI-related initiatives, 
which is a positive push for complying to SDI international 
standards and therefore for improving African SDI initiatives. 
This African integration in international cooperation projects 
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is an opportunity that allows the continent to remain in a 
dynamic of best practices in terms of SDI, as in the example 
of the African broker made possible by international projects. 
This should continue to be used for addressing the different 
issues in view of better implementation of SDI and SDI moni- 
toring on the continent. 

The concept of “open data” means that data should be 
freely available to everyone without restrictions (copyright, 
patents or control) (Wikipedia, 2015). This concept should also 
be further investigated to set up a better data flow and auto- 
matic mechanism of SDI statistics and key indicators. Indeed 
open data, not restricted by passwords, becomes more easily 
accessible by web services for direct parsing by machines wi- 
thout human intervention and hence give live access to data. 
This approach is for example used by the new UNEP monito- 
ring system called “UNEP Live” (UNEP, 2014). A same live 
data flow for SDI statistics and key indicators would be a very 
valuable added value for SDI live monitoring. 

Such open approach to data seems obvious but is unfortu- 
nately far from being the norm even though more and more 
open data initiatives exist. A very encouraging example of the 
fight against the lack of data is the “Open data for Africa” 
(African Development Bank, 2014) platform, financed by the 
African Development Bank (AfDB), that hosts open data for 
all 54 African countries since July 2013. Coupled with free and 
open source GIS technologies, this could really help better flow 
of data and less financial and institutional barriers. 

In terms of capacity building, there is also a lot of work 
to do for GIS and SDI education. E-learning with initiatives 
such as UNIGIS international association (UNIGIS, 2014), the 
growing number of “Massive Open Online Courses” (MOOC) 
provided by universities worldwide, or material developed in 
various projects like “Bringing GEOSS services into practice” 
(Giuliani et al., 2014) are solutions that could be more broadly 
used in the short to middle term to address the GIS education 
shortage existing in Africa. 

5. Conclusions 

5.1 Innovative Way of Performing SDI Assessment 

The first objective of this study was to examine an inno- 
vative way of performing an SDI assessment, at the continen- 
tal scale. The methodology chosen and described addresses this 
objective since the assessment framework used combines a 
proven methodology for collecting information used at conti- 
nental scale in Europe (INSPIRE State of Play) with SDI asse- 
ssment variables validated by experts and usually used at 
national level. This methodology allows making use both of 
the Internet global search possibilities and a continental 
expertise (UNECA). Combined together, they provided nece- 
ssary data for a continental SDI implementation measurement. 
The main limitation is due to the lack of data both on the 
Internet and at the SDI champion institution. This has to be 
solved at the political level, for example through the African 
Union, by a more binding directive on the model of the INS- 
PIRE directive for the European Union. The assessment varia- 

bles proposed in this study are a first attempt for populating a 
suite of appropriate indicators and give a first overview of the 
African status of SDI implementation.  

The second objective was to perform the evaluation of 
SDI status in Africa using assessment variables defined fur- 
ther to the methodology chosen. This revealed a weak status 
of SDI implementation in Africa, but suggestions and oppor- 
tunities were also discussed to address this situation. This asse- 
ssment also showed the difficulty in finding reliable data for 
measuring the assessment variables on the Internet or at the 
SDI key institution. This is true not only for Africa but also 
for other continents, making it necessary to have a better glo- 
bal mechanism for SDI implementation monitoring.  

In order to improve the SDI implementation in Africa, the 
human components (policy, people) are key as they form the 
basis on which the technical components or physical infrastru- 
cture (data, access network), also essential to a successful SDI, 
can be efficiently used. We therefore recommend putting in 
place a proper political mechanism to support a continental 
SDI. UNECA already tries to do it through the CODIST mee- 
tings for several years but increased attendance and more com- 
mitment from African countries are needed. Besides, great op- 
portunities lie in the cooperation among African and European 
institutions through for instance FP7 and H2020 framework 
projects.  

The third objective was to compare the situation of Africa 
in terms of SDI status to the rest of the world. As demons- 
trated, a lot of efforts still need to be put in place to improve 
most of SDI components as well as a better SDI statistical 
information monitoring. This is true for Africa but also in 
other places of the World where regional SDI monitoring is 
strongly dependant on a regional integrated political vision. 
The success of the European SDI is mostly due to a strong 
political will translated through the INSPIRE directive. The 
discussion focused on the transposability of this European 

model to Africa and the conclusion is that this is not possible 
given the different nature of the key political institutions. 
Nevertheless, other solutions to improve SDI implementation 
in Africa have been proposed based on Africa’s assets. It is 
important to reiterate such a survey again in a few years to see 
how the SDI implementation evolves in Africa compared to 
other continents. 

The fourth objective of our study was to suggest some 
ways for improving the SDI implementation and monitoring 
in Africa. An important asset in Africa is the presence of 
UNECA that is already coordinating SDI activity on the 
continent as well as an initiative such as AfriGEOSS. UNECA 
and Africa in general would greatly benefit from a re-enforced 
mandate of UNECA in terms of continental SDI authoritative 
institution, as it is the key continental leader to implement 
SDI and SDI monitoring solutions. Other elements such as 
involvement of Africa in international projects with geogra- 
phic components, open data growing political trend, and on- 
line capacity building are opportunities that are worth suppor- 
ting and re-enforcing in Africa. All these elements are more 
dependent on international decisions (e.g. UN for UNECA, 
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network of institutions for participation in international pro- 
jects) than national or regional ones. Progresses at the conti- 
nental level should help overcoming the regional and national 
political barriers influencing SDI policy and status. 

 

5.2 Final Recommendations 

Our final recommendations to improve SDI implement- 
tation in Africa are then to (1) obtain more political commit- 
ment to SDI from African governments, which might require 
more Earth Observation dissemination and promotion; (2) to 
reinforce the role of UNECA as the officially recognized con- 
tinental SDI leader institution and give it the necessary 
resources to put in place a proper SDI implementation stra- 
tegy in Africa; this could for example be done in the frame- 
work of the AfriGEOSS initiative; (3) to establish a proper 
African SDI online monitoring tool that would for example 
contain online SDI monitoring surveys, or a centralized visual 
mechanism for monitoring SDI status of African countries 
through online comparative maps, for example through a 
regional observatory that could be hosted at UNECA; this 
should create incentives for countries to perform better than 
the others; and (4) to establish a capacity building program on 
SDI at national and continental level. 
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