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Abstract

During the 1990s Namibia marked the introduction and acceptance of desktop Geographical Information System (GIS)
technology into various sectors at national, regional and local community levels [22-25]. This technology quickly
disseminated across many disciplines, and desktop GIS has now been established as an important component of
research, strategic planning and evidence based decision making in the public and private sectors. Numerous spatial
datasets and information have been produced over the past decades due to the broad acceptance of GIS technology and
its functionality [22-25]. Individuals and organizations have created most of the datasets with limited compliance to
structured documentation systems and standards, and this has posed major challenges in the Namibian geospatial
community as search and retrieval system infrastructures do not exist [22-24].

A diagnosis of spatial data infrastructures (SDIs) model suitability for the National Spatial Data Infrastructure of
Namibia (NSDI) and Health Informatics is outlined in this paper. The understanding of the sub-systems of a functioning
SDI is pivotal in support of geospatial data management and sharing practices across the national geo-spatial
community of Namibia [7&5]. This paper assesses the suitability of an SDI model in context of the National Spatial
Data Infrastructure of Namibia and it’s relation to spatial health datasets in Namibia. The NSDI policy of Namibia,
NSDI Standards Schedule of Namibia and Statistics Act of Namibia are the only existing blueprint that make provisions
for a discipline based heterogeneous SDI using GIS in many sectors of Namibia, including academia, and health
informatics [22,23&24]. This paper presents a diagnosis of SDI model suitability for effective implementation of the
NSDI of Namibia.
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Introduction

Availability of current and accurate discipline based spatially referenced datasets at national, regional and local levels in
Namibia was identified as one of the key components of the National Development Plan Three (NDP3) in aiding
strategic planning and evidence based spatial decision making [23]. The application of geospatial technology to
Namibia’s heterogeneous sectors has enabled it to identify critical areas needing a targeted approach for effective and
sustainable implementation of spatial data and information management. This trend has risen to prominence in the past
decades through the recognition that planning and decision making practices and resource allocation require various sets
of data and information that are spatially and strategically centralized and maintained in a national geo-portal system
[30]. The growing demand for information management, spatial data sharing and geomatics across different disciplines
and organisations has resulted in the development and implementation of spatial data infrastructures (SDIs), together
with the theory and concepts behind them across the world[1,2,12,17-20]. An SDI is an evolving concept that seeks to
facilitate and coordinate the exchange and sharing of spatial data and services among stakeholders at different levels of
governments and geospatial community in general [6&7]. Many countries across the world developed and implemented
SDIs applicable to their environments and usability. For example, the Brazilian SDI corresponds to the American
National Spatial Data Infrastructure (ANSDI), the European INSPIRE, and, more recently, the United Nations Spatial
Data Infrastructure (UNSDI) [33]. With this in mind, Namibia embarked on a national SDI initiative with the goal for
better management and usage of spatial datasets and information for planning and decision making purposes [22,
23&24].

The fundamental question is which SDI model is suitable for implementing an effective National Spatial Data
Infrastructure of Namibia in context of generic geospatial datasets, standards and formats enshrined in the NSDI policy
and standards schedule [22&23]? Many countries in Africa have started developing their SDIs, but to what extent have
SDIs contributed to social and technical aspirations of governments and geospatial communities in ensuring that
geospatial information is effectively used in planning and decision-making processes [14]? This paper adopted a
desktop-based secondary literature review approach and an exploratory and situation analysis methodology by making
use of online literature and case studies in order to fully understand, assess and investigate the intricacies of spatial data
infrastructures and SDI models.
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This paper is organised into the following sections, (i) the background and objectives, (ii) Namibian NSDI stakeholders
and needs, (iii) SDI conceptual models, (iv) Namibian NSDI as RM-ODP Model, (v) Health informatics through
Namibian NSDI Lens and (vi) Conclusion. The background and objectives section provides the legislative framework
and purpose of this research project. The second section presents a brief discussion on NSDI stakeholders and needs.
Sections three and four present SDI models and an analysis of RM-ODP viewpoints in the context of the NSDI of
Namibia. Section five discusses the linkage and commonalities that exists between NSDI and Health Informatics in
Namibia. The sixth section presents conclusions that articulate directions for future work on similar subject matter.

Background and objectives

The National Spatial Data Infrastructure (NSDI) of Namibia was crafted to set out a framework that integrates
technology, policies, criteria, standards and people essential for promoting the collection, processing, integration,
storing, distribution, sharing and improved access and utilisation of geospatial data, information and services at all
levels of government, non-governmental organizations, the private sector, and academic institutions [22,23&24]. The
Namibia NSDI provides the foundational structure for facilitating spatial data capture through cooperation between
government bodies and other stakeholders; effective management and maintenance of geospatial data; promoting
geospatial data sharing in spatial planning, decision making and socio-economic development; elimination of geospatial
data capturing duplication; and geospatial data copy right protection practices among data producers and users [23].

The Statistics Act of the Republic of Namibia [22] was promulgated in 2011 to provide a legal framework towards the
successful implementation of the NSDI of Namibia. With due respect to the accomplished work on NSDI policy [23]
and standards schedule [24], it is the author’s view that, a lack of motivation in driving the implementation of NSDI and
generic geospatial data infrastructure challenges and pitfalls are being experienced by the geospatial community in
Namibia such as:

. Data not disaggregated below regional level;

. Gaps in regional and urban data;

. Lack of standardized spatial data collection, sharing strategies and workflows across national,
regional and local government level;

. Spatial monitoring systems largely non-existent;

= Reliability and accuracy of produced spatial data;

. Traditional issues associated with institutions;

= Data are produced, stored and distributed independently by different organizations, each according to
its own mandate;

. General lack of stakeholder awareness strategies and spatial literacies;

. Nonexistent NSDI geoportal and data discovery technologies.

Namibian NSDI stakeholders and needs

The NSDI of Namibia was crafted by many stakeholders, individuals, academics and organisations involved in the
production and use of spatial data in Namibia [23&24]. Section forty seven (47) of the Statistics Act [22] led to the
establishment of the NSDI of Namibia and its frameworks of technologies, data, policies, institutional arrangements,
and people with the aim of maximizing spatial data usage, sharing, availability, understanding, and services for
Namibia’s quest for policy support and evidence based decision making at national, regional and local levels of
government and society at large [23].

Various line ministries of the Government of the Republic of Namibia, private sector, academia and non-governmental
organizations (NGOs) are the main producers of spatial data. Their activities regarding spatial data involve data
collection, processing, integration, storage, exchange, access and dissemination [23]. Spatial data and services are
mainly used by government institutions (i.e. ministries and state owned enterprises), utility companies, public services,
commercial and professional users, academic and research institutions, NGOs, international organizations, the donor
community and private individuals. In line with [7] argument, The NSDI of Namibia is formed as a mechanism for
providing ready access to spatial data to as many users as possible, at a national, regional, local level. The NSDI of
Namibia standards for appropriate use, capture and distribution of spatial data at national, regional and local levels was
issued by the Statistician General of the National Statistical Agency (NSA) in accordance with the Statistics Act [22]
after consultations with the Committee for Spatial Data [24]. The objective of the NSDI standards is “to provide an
institutional and operational legal framework in relation to the capture, management, maintenance, integration,
distribution and use of spatial data within the territorial boundaries of Namibia” [24]. According to the NSDI standards,
standardization is of paramount importance in ensuring consistent access and sharing of spatial data amongst all
producers and users [24].
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Meanwhile, the purpose of the NSDI Policy of Namibia [23] “is to set out a policy for the collection, processing,
integrating, storing, distribution, and improved access and utilisation of spatial data and services in public, private and
civil society organisations in Namibia”. The Statistics Act [22] outlines the following NSDI objectives:

=  Facilitate the capture of spatial data through cooperation between government bodies and other organs of state

=  Promote effective management and maintenance of spatial data

=  Promote the use and sharing of spatial data in support of spatial planning, socio-economic development and
related activities

= Create an environment which facilitates coordination and cooperation among stakeholders regarding access to
spatial data

= Eliminate duplication in the capturing of spatial data

=  Facilitate the protection of copyright of the state in works relating to spatial data.

The NSDI policy and standards of the Republic of Namibia have been developed under a strong partnership framework
that recognized and leveraged the improved utilisation of SDI in policy development, decision making and research at
all levels of government and community at large. In line with [7], who emphasized the need for providing a
clearinghouse for spatial datasets that conforms to set standards, metadata and frameworks; the NSDI standards
schedule sets out the clearinghouse standards for metadata and spatial data in accordance with international standards.
The NSDI of Namibia is defined by NSA (2011) as an umbrella of SDI policies, standards, and procedures where
interactions between technologies and organizations foster the efficient use, management and production of geospatial
data.

The NSDI policy [23], the NSDI standards [24] and the Statistics Act [22] constitutes the framework for the
establishment of a Namibia NSDI model, involving four components: the institutional framework (NSA), technical
standards, fundamental datasets, and clearing house networks.

NSDI
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NSDI Clearing
house

(Institutional))

NSDI
Stakeholders

Fundamental
Datasets

NSDI
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Fig. 1: NSDI and its components (Source: Rajabifard and Williamson [28])

The most immediate needs of the Namibian NSDI through NSA are the notable amount of required resources (time,
money, expertise, commitment) as prerequisites in ensuring the successful and effective implementation. The Namibia
Statistical Agency is still a new organization that became operational at the beginning of this year (2012), with a facet
of organizational challenges. The Government of Namibia and the global financial climate makes it potentially more
challenging to invest in new infrastructures, however the successful implementation of the NSDI relies heavily on
availability of financial resources from national, regional and international donor organizations. The NSA work needed
to leverage resources from national and international organizations is of paramount importance in ensuring that all the
NSDI components, initiatives and deployments are successfully coordinated and implemented in order for the
stakeholders to reap the benefits. Underpinning the NSDI organizational needs are the key issues related to awareness,
education, and training, even though many organizations are aware, only a few people within these institution are
actively participating, and engaged. According to the Namibian NSDI policy statement, the Government of Namibia
shall develop appropriate capacity to establish the NSDI and ensure its effectiveness and maintenance of an
infrastructure that will deliver added value to spatial data in conformity with international standards and best practices
[23].
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SDI conceptual models

[15] documented different reference models applicable to SDI namely i) the architecture reference model used by the
International Organization for Standardization” (ISO) Technical Committee for Geographic Information/Geomatics,
ISO/TC 211 (ISO 19101, 2002), ii) the OpenGIS Reference Model (ORM) (OGC, 2003) iii) the Geospatial
Interoperability Reference Model (GIRM) and iv) Reference Model of Open Distributed Processing (RM-ODP)
(ISO/IEC 10746, 1995). The RM-ODP, used as the base in the majority of reference SDI models, defines a framework
comprising five viewpoints: enterprise, information, computation, engineering and technology. [15] and [16] concluded
that RM-ODP permits the description of complex distributed systems given a framework of different levels of
abstraction. The Architectural reference model is characterised by the reference model, overview, conceptual schema
language, terminology, conformance and testing, imagery and gridded data, and imagery and gridded data components
(ISO/TC 211, 2009). According to Fadaie (2000), the Architectural reference model describes the environment, within
which the standardization of geographic information takes place, the fundamental principles that apply and the
architectural framework for standardization.

The OpenGIS Reference Model describes an architecture framework for the Open Geospatial Consortium and the
interoperable solutions and applications for geospatial services, data, and applications. Percivall (2003) describes ORM
as architecture used for sharing geographic data and functionality over the Internet, thus leading the standardization
process on data formats, methods and interface specifications. Meanwhile, the Geospatial Interoperability Reference
Model is a reference model that supports the development and interoperability of systems that provides data and
services. Whereas, the Reference Model of Open Distributed Processing (RM-ODP) describes a framework for ODP
standards that creates an infrastructure within which support for distribution, interworking and portability are integrated.
[29&31] stated that five viewpoints of the RM-ODP framework satisfy an audience with interest in a particular set of
aspects of the SDI system.

Namibian NSDI as RM-ODP model

The importance of the Namibian NSDI in supporting decision-making and spatial data management, capturing and
distribution has been cited as critical in important Namibian National Development Plans (IIT and IV), Statistics Act,
NSDI Standards and NSDI policy and as well as Vision 2030. [4] stated that, non-technical enterprise based viewpoints
of complex distributed systems such as SDIs are accommodated in the RM-ODP. In the enterprise viewpoint, emphasis
is placed on the general purpose, scope and policies of an SDI system. [15] argued that the enterprise viewpoint consists
of four different elements, i.e. the purpose, scope and policies for an SDI. Hence, the NSDI of Namibia was established
in consideration of the four elements of RM-ODP enterprise viewpoints [22, 23&24].

The information viewpoint is more concerned with the data and information handled by the system [17]. This viewpoint
describes the systems requirements regarding information management structure and content type of the supporting
data. The computation viewpoint is more concerned with the interactions of core concepts of services, interfaces and
operations (and the relationships amongst these concepts) of the system. The NSDI of Namibia is still in its infant state
and does yet not conform to the computational viewpoints technical specifications. The engineering viewpoint describes
the mechanisms and functions required to support distributed interaction between the services and data within the
system. This viewpoint is primarily concerned with the interaction between distinct SDI services and data.
Communication, computing systems, software processes, and the clustering of computational functions are the chief
cornerstones of the engineering viewpoint at physical nodes of a communications network [9].The fechnology
viewpoint, is concerned with the choice of technology of the system and distribution. Information processing,
functionality and presentation are clearly defined under the technology viewpoint.

NSDI of Namibia as an enterprise viewpoint of RM-ODP model

The NSDI of Namibia is large, open, distributed, standards and policy-based spatial information systems intending to
facilitate and promote the use of national, regional and local spatial data and spatial services electronically. In a
publication titled An RM-ODP Enterprise View for Spatial Data Infrastructure, [4] states that “RM-ODP allows
specifying an Open Distributed Processing (ODP) system in terms of different, but interrelated viewpoint
specifications”. An enterprise viewpoint on an SDI system is aimed at addressing distinctive sets of system concerns
directly as required by utilizing appropriate language.

The suitability of SDI models for the Namibian NSDI was based on established tenets of an enterprise viewpoint of the
RM-ODP in consideration of Part VX of the Namibia Statistics Act (2011) that made provision for the establishment of
the National Spatial Data Infrastructure (NSDI) of Namibia, its objectives, the committee for Spatial Data and its
functions. The NSDI policy , NDSI Standards and Statistical Act of Namibia corresponds with the enterprise viewpoint
of the Reference Model of Open Distributed Processing (RM-ODP) in terms of purpose, standards and policies for an
SDI system that facilitates the capture, management, maintenance, integration, distribution and use of spatial data [4,22-
24].
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The NSDI policy of Namibia as a RM-ODP outlines sets of rules related to the purposes of the national spatial data
infrastructure in facilitating the capture, management, maintenance, integration, distribution and use of spatial data [23].
For example, the NSDI standards objectives is to regulate the process of coordinating the NSDI within Government, the
advisory committee for the Agency in all aspects relating to spatial data and administration of the NSDI by the
Statistician-General . The Namibian NSDI policy and standards [23&24] states precisely which standards are accepted
in terms of spatial data technical framework and as well as institutional arrangements regarding the NSDI of Namibia.

All relevant standards and policies related to NSDI of Namibia spatial information, terms and conditions of purchase,
capture, collection, production or dissemination of geospatial data are clearly outlined in the NSDI policy and standards
schedule of Namibia [23]. The NSDI standard schedule and policy provides guidance and requisites for the type and
quality of data required to be purchased, captured, collected or produced. The enterprise viewpoint of the NSDI policy
and standards of Namibia describes a model for policy analysis and spatial data processes [23&24].

Health informatics through NSDI of Namibia Lens

The National Health Information System (NHIS) and the Management Information Systems (MIS) in the Ministry of
Health and Social Services (MoHSS) is charged with the responsibility of providing a comprehensive source of data on
a large number of health related indicators [32]. According to [32], the NHIS responsibilities are to collect statistics
from health facilities and to provide information to national policy makers, socio-economic, health personnel and to the
public at large. [32] also mentioned that the MIS is charged with collection of data on human resources, health
infrastructure, and logistics. The organizational structure of health information system is fragmented across different
directorates and institutions leading to poor coordination, analysis, and reporting of health statistics in a comprehensive
and timely fashion [30&32].

The NSDI of Namibia is a heterogeneous framework purposely aimed at enabling access and use of spatial data,
services and technologies in different disciplines. NSDI for health is a strategic means of developing and strengthening
collaboration on health informatics, in order to derive substantial clinical, economic and community benefits from large
under-used health data sources. Health informatics is a system that identifies the geographic location and characteristics
of health facilities or features and boundaries on earth. This information is particularly valuable for planning and
development efforts because it describes the spatial distribution of health resources, demographics and other relevant
health factors that contribute to problems of uneven health service delivery in Namibia.

Although geomatics does not belong to a single discipline, it is important to understand how fundamental spatial
analysis capabilities can provide significant value to business decisions in the health sector. There is an important
relationship between location and health, thus having a geographic perspective assists in public health tasks such as
planning to improve healthcare service delivery. Further spatial analysis can be performed to measure the effectiveness
of existing health service delivery. Using demographic and socio-economic census data collected by the central bureau
of statistics, maps can be created in a GIS that depict where the at-risk groups are concentrated.

It is globally accepted that an effective and efficient health information management system plays a pivotal role in
managing rapidly increasing demand pressures on the acute segments of the health systems, as well as improving the
general well-being of service users [30]. Furthermore, there is sufficient evidence that a spatial data infrastructure is
essential for the planning, coordination and delivery of health services and facilities. The NSDI of Namibia is
characterised by a set of technologies, policies, and spatial data and service crafted for promoting spatial health data
management, sharing and exchange of geospatial health data at all levels of government, the private and non-profit
sectors, and academia [22, 23&24].

The role of the Namibian NSDI in the health sector in relation to, for example, local health improvement programmes
or performance management is not identified in any of the core Namibian national health strategies and policy
documents, although the potential for using information from primary care systems to support needs assessment and
resource allocation is one of the principal areas of usage. NSDI of Namibia’s enabled electronic patient record can offer
a powerful advantage in visualising unfolding epidemiological events and patterns hidden in aggregated patient records.

Conclusion

This paper presented a diagnosis and assessment of the intricacies of SDIs and SDI models in relation to NSDI of
Namibia, conclusively described as policies, standards and objectives of an enterprise viewpoint of the RM-ODP
model. The combination of each viewpoint of an SDI model can hopefully result in the next generation of the NSDI. In
other words, different viewpoints of SDIs can build upon other supporting components. However, the models that are
described in the paper fulfill some of the requirements for modelling the Namibian NSDI, but not all of them. The
major result in the Namibian SDI policies is the recent creation of NSA (National Statistical Agency) and the Namibian
national spatial data infrastructure. The act of parliament [22] that officially created NSA defines it in the spirit of
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current national and global initiatives such as the African Spatial Data Infrastructure (ASDI), South African Spatial
Data Infrastructure (SASDI), U.S. National Spatial Data Infrastructure (NSDI), the European INSPIRE, the United
Nations Spatial Data Infrastructure (UNSDI) and the Global Spatial Data Infrastructure (GSDI). The Namibian NSDI
encourages government agencies to create and share geographic data following the standards and regulations laid out by
NSA [22,23&24].

Appropriate spatial data management and sharing practices are vital to the efficient use of geospatial information and
service in heterogeneous disciplines. The establishment of the NSDI of Namibia is a testimony to the fact that
Namibia’s path towards creating a national spatial data repository is heading in the right direction, but there are still
significant challenges to ensure these investments will not be wasted. An investigation to explore actor network
modelling of SDIs might be necessary, as more than one modelling approach is needed in implementing a Namibian
NSDI. SDI model that covers both health and heterogeneous disciplines can be used by authorities to create an enabling
platform for the use and delivery of spatial information and services.
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