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Abstract 

A spatial data infrastructure (SDI) is key to the sustainable and economic development of a 

nation. This is through its key function of making spatial data available to users who range from 

government, business and the public. There is a global trend of economies being information driven 

and spatial information is crucial in planning and decision making at all levels of government and 

business. SDIs are not effectively serving their purposes and this is partly due to difficulty in 

managing them. On the other hand, an SDI needs to be efficient and effective in as far as access 

spatial data to various users is concerned. Management tools for the SDI are then crucial to 

effectively manage it. In order to improve the operational efficiency of the SDI, one needs to identify 

or develop tools to aid in its management. Supply chain management (SCM) has traditionally 

played a major role in designing and managing supply chains in the manufacturing industry 

domain. In this regard, SCM has been used in many domains, but for spatial data, it has only been 

applied to corporate geographic information systems and not to the SDI. An SDI is composed of 

complex integrated networks which are not entirely visible as it includes virtual entities.  SCM can 

play a role in making the SDI network as a whole visible through supply chain mapping. Secondly 

SCM allows analysis of the stakeholder interactions and spatial data value addition processes. This 

provides an initial basis to understand what is happening within the SDI and this intelligence is 

useful for the development of SDI management tools. This study employs supply chain mapping with 

an object to visualise the SDI supply chain. The focus of this study is on land administration data in 

South Africa. The discussion reflects that it is possible to map the SDI using the supply chain 

mapping. The mapping generated a wide range of information to include the SDI supply chain 

actors, value addition activities and delivery mechanism for spatial data. This information is 

important in better defining the operation of the SDI in the South African context as that description 

forms the basis for developing management tools for the spatial data infrastructure. 

 

 

1.  Introduction 

The provision of spatial data no longer rests on the shoulders of one organisation as it was in the 

case where National Mapping Agencies (NMAs) were predominant. Nowadays, the creation and 
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provision of spatial data is a collaborative process between different agencies who participate in 

value creation of spatial data and its distribution (ANZLIC, 2010; Krek and Frank, 2000). In this 

regard, the production and distribution of spatial data resembles or is synonymous to a supply chain 

(Kurwakumire et al, 2013).  

 

Spatial information plays an important role in social and economic decisions (Paudyal et al, 

2013) and in the economic and sustainable development of nations (Makanga and Smit, 2010; 

Okuku et al, 2014). Spatial information is a resource with a special bearing to the society as it can 

be used for societal benefit. The same argument for use of spatially enabled information systems 

has been discussed in Sheppard et al (1999), Sui and Goodchild (1993) and Hodza (2013) with 

spatial data as the driver to societal betterment and uplifting of communities. In order to achieve 

this societal benefit there is need for spatial data to be widely available and accessible to various 

users. The spatial data infrastructure (SDI) is a mechanism that can facilitate accessibility of data to 

different user groups. However, there is need for the SDI to be efficient in not only making data 

accessible, but in providing the required data, at the right time and at minimal cost to the customer. 

This is due to the fact that the value of data depends on its usefulness to the end user, which is also 

known as Juran’s View on Quality (Bernhardson, 2002; Jacobs and Chase, 2011). To enable the 

SDI to achieve its goals, mechanisms for making the SDI more efficient and adaptive to customer 

requirements are required, as well as mechanisms to manage and monitor its performance. This 

brings us to the gist of this study. The intent of this study is to test the applicability of supply chain 

management tools in mapping and visualising the SDI. This study handles the visualisation of the 

SDI through supply chain mapping. A future study will analyse the supply chain maps which form 

the output of this study using supply chain management tools in testing their applicability in 

managing the SDI. However in the discussion, there is detailing of the ideas, understanding and 

synthesis that is derived directly from the supply chain mapping. The unit of analysis is land 

administration data. 

 

This study builds on the work presented in (Kurwakumire et al, 2013) with special reference to 

(Schmitz, 2007; Schmitz, 2008). This is achieved by firstly expanding the land administration use 

case to include more actors (refer to section 4) who participate in the creation and dissemination of 

spatial data. The emphasis of this article is on the processes of creating spatial data rather than on 

the stakeholder interactions. The processes are of importance as they depict the various value 

addition processes in the creation of spatial data which form the SDI supply chain. Supply chain 

mapping is then employed to visualise the SDI supply chain which is represented by the land 

administration use case. This visualisation includes stakeholders or actors and their active 

participation through value addition processes.  The secondary purpose of this study is to detail the 

information generated as part of the supply chain mapping. This information includes the SDI 

supply chain actors, raw materials, products and access and delivery mechanisms of spatial 

information products. 
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2.  Supply chains 

A supply chain (see Figure 1) is „a network consisting of suppliers, manufacturers, distributors, 

retailers, and customers. At the operational level, this network supports three types of flows that 

require careful planning and close co-ordination namely: (1) material flows: which represent 

physical product flows from suppliers to customers as well as the reverse flows for product returns, 

servicing, and recycling; (2) information flows: which represent order transmission and order 

tracking, and which coordinate the physical flows; and (3) financial flows: which represent credit 

terms, payment schedules, and consignment and title ownership arrangements‟ (Akkermans et al. 

2003: p. 286). „A supply chain consists of all parties involved, directly or indirectly, in fulfilling a 

customer request. The supply chain includes not only the manufacturer and suppliers, but also the 

transporters, warehouses, retailers, and even customers themselves. Within each organisation, such 

as a manufacturer, the supply chain includes all functions involved in the receiving and filling a 

customer request. These functions include, but are not limited to, new product development, 

marketing, operations, distribution, finance, and customer service.‟ (Chopra and Meindl, 2013: 

p.13). 

 

 

Figure 1. The Supply Chain (Source: SASCM, Weber State University) 

 

3.  Spatial data infrastructure 

An SDI ‘hosts geographical data and attributes, sufficient documentation (metadata), a means to 

discover, visualise, and evaluate the data (catalogues and web mapping), and some method to 

provide access to the geographic data’ (Nebert, 2004). An important element of the SDI is the 

provision of a discovery mechanism for spatial data (Jongikaya, 2010). In supply chain 

terminology, and with reference to the definition of geographic information systems in Schmitz 

(2008), the SDI can be defined as a collection of mechanisms that facilitates organisations to 

acquire raw field data which multiple value adding organisations source, transform and package 

into integrated spatial data products. These organisations distribute the products through a means 

for discovery available to a wide audience and delivered the final data product to the end user. 
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Similarities between an SDI and a supply chain are shown in Table 1 and Figure 2 for an example 

supply chain. An SDI is a complex integrated system (Grus et al, 2010). In both the SDI and the 

supply chain there are information and monetary flows and several service providers that make both 

networks work. 

 

Supply Chain Spatial Data Infrastructure 

  

Sourcing of raw materials Original field surveys and sourcing of raw satellite imagery 

Manufacturing Value addition activities that transform spatial data 

Distribution Data warehousing and distribution to data vendors and 

retailers 

Delivery Delivery mechanisms than get the product to the final 

consumer 

Table 1: Comparison of Supply Chains and the SDI 

 

The effectiveness of SDIs is dependent on their capability for users to consume, share and 

exchange the information it makes available and accessible to various consumers for their wide 

range of applications (Dessers et al, 2013). Thus if data from the SDI is not used or is inaccessible 

or untimely, then the SDI is of limited value to the users and the nation at large. 

 

Field Survey

Coodinate Computation + 
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Product: Cadastral 

Plan
Integration with other 

shape files

Packaging

Shipping/

Delivery

Consumer receives 

Data Product

 

Figure 2: The spatial data supply chain 

 

The complexity of the SDI, like any extended supply chain, is in the fact that, the network 

extends to a number of organisations unlike the case of a small supply chain. The network extends 

to all participating organisations within the nation which form the national SDI. There exist visible 

and invisible interconnections between entities or organisations.  Some of these connections are 

through information and communication technologies. On the other hand, within one organisation, 

the supply chain may involve several departments that are housed within or outside one building. 

Dessers et al (2013) define an organisation as a “dynamic network of interdependent elements 
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between which interactions occur. The complexity of the network is the result of splitting up 

processes into tasks that are carried out by the different elements of the network”. 

 

This splitting up of processes through supply chain mapping is part of the purpose of this study. 

This will enable the identification of different actors, some of which form the stakeholder network, 

what they are doing, and how in the spatial data supply chain. This way, it is in theory possible to 

better define, analyse, understand and gather intelligence on the SDI supply chain as a whole. This 

intelligence is useful for identifying user needs, turnaround times, and problem areas and in the 

development of strategies for improving the efficiency of the SDI network as a whole. Supply chain 

management emphasises on the performance of the network or chain as one entity.  Thus if one 

entity within the SDI is inefficient for one reason or the other, it affects the performance of the 

whole chain or all the links it is connected to directly and indirectly. 

 

3.1 SDI supply chain 

The SDI supply chain represents in an abstract manner, all the activities that need to occur in 

order to create a spatial data product and to deliver it to the end user. The creation of the product is 

a collaborative effort of one or more manufactures. There are several value addition processes such 

as digitizing and data integration which contribute to the development of the final product. In this 

case, there are value chains existing within one or more organisations and the end-user accesses the 

data at a value based on the cumulative value gained throughout the production process.  

 

The view of this study is the SDI could benefit from its management using industry based 

models such as supply chain management. This is because, the SDI consists of a number of visible 

and invisible or virtual entities which are in different geographical locations. This is a similar case 

with extended supply chains which comprise of a complex network of suppliers and customers 

which are at a global level. Supply chain management is useful in managing these extended 

enterprises. The intend of the larger study of which this current study is part of is to test the 

applicability of supply chain management to managing the SDI.  

 

It is imperative for the SDI to be able to make available and deliver data timely and effectively 

as it is up-to-date spatial data that is more useful for decision making. Also the data must have 

specific characteristics such as accuracy, resolution and projection in order to satisfy the needs of 

the user. The SDI is dynamic in as far as its behavioural aspects are concerned. Nowadays, the 

spatial data needs of users are even more dynamic as society becomes more spatially enabled. In 

this regard, the SDI must not be mapped and managed as a static but rather a dynamic entity so that 

it can adjust to the dynamic needs of the end users. In the regard, an SDI should be agile such that it 

can be flexible and improve its responsiveness to end user needs. An analogy to the above statement 

within the supply chain is given in (Gunasekaran and Ngai, 2004). The SDI evolves due to ever 

changing needs and expectations of the users. As a result, the SDI should grow and transform in 
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relation to change by society and its primary objectives. 

  

4.  Expansion of the SDI supply chain 

In this paper, the land administration data supply chain presented in (Kurwakumire et al, 2013) is 

expanded to include customers who use data from the surveyor general’s office (SG). These 

customers, including data vendors, have their own supply chains which are visualised through 

supply chain mapping. In this section, the land administration process is further defragmented by 

describing discrete processes that happen from one entity to another and this is represented visually 

in Figure 4. 

 

The supply chain presented in Section 4 Figure 3 comprises eight major actors namely City of 

Johannesburg (CoJ), Surveyor-General (SG) Offices, Chief Surveyor-General Office (CSG), Land 

Surveyors in private practice, Land Developer, Property Seeker, Data Vendors such as AfriGIS and 

Real Estate agents. The SG and CSG are both under the National Department of Rural Development 

and Land Reform but have almost similar but different functions in the context of this study and 

hence will be discussed separately. The SG and CSG are both governed by the Land Survey Act of 

1997. AfriGIS prepares commercial GIS data products while real estate uses data that is a result of 

the supply chain from the CoJ, through the SG and up to the CSG for its operations. However, there 

is mention of the deeds offices and municipal owned entities (MOEs) who also contribute though 

their functions in the supply chain, but are not discussed in detail in this study. For the purposes of 

this study, it is the land developer who stimulates or gives life to the land administration supply 

chain. The major product from the supply chain is the general plan which is available in two major 

formats as end products but which can be further developed. These are hardcopy and soft copy, 

whereby ESRI shape files are provided. 

 

The supply chain starts with the submission of an application to develop a township to 

development planning directorate at City of Johannesburg by the land developer. The application 

process is a legal process regulated through the town planning ordinance (Tjia and Coetzee, 2013). 

The application for township development involves a number of utility companies referred to as 

municipal owned entities (MOEs). These include Joburg Water and City Power and their role is to 

ensure that services can be administered within the proposed town ship. At the end of the 

application, the product is a general plan for all properties to be developed and sold. The transfer of 

individual properties is based on this general plan through the conveyancing process which is not 

part of this study. The following paragraphs describe the role of the different stakeholders in the 

supply chain of land administration data. 

 

City of Johannesburg Corporate Geoinformatics (CoJ-CGIS) is a directorate within 

Development Planning (PD) department, with a core function of providing property related 

information. CoJ captures the proposed township layouts as part of a township development 
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application process in to the Township Application System (TAS) (Kurwakumire et al, 2013). All 

Surveyor General approved diagrams that are within the jurisdiction of Johannesburg are captured 

and updated in a seamless manner into a geographic information system by (CoJ-CGIS). Municipal 

Owned Entities (MOEs) maintain and update useful data sets that (CoJ-CGIS) can integrate with the 

property information in the creation of data sets that are more suited for planning as they are richer 

in terms of data content. The MOEs include (1) Joburg Water that updates the water network and 

the reticulation, (2) City Power that maintains the power networks and the servitudes they own, (3) 

Emergency services that maintains information about fire stations and fire hydrants and (4) 

Community development that stores and updates information community owned centres.  

 

Some products are available online such as the regions. There is a textual description of the 

seven regions and maps in pdf format
1
. The corporate GIS department at CoJ has a section which 

specializes in capturing approved SG diagrams and sectional titles into the geographic information 

system. Other products include digital terrain models; aerial photography; cadastral shape files as 

well as standard and customized GIS products. 

 

The Land Surveyor is mandated by the Land Survey Act of 1997 section 11 to ensure 

consistency in survey work and in the records lodged at the Surveyor General’s department for 

examination and approval. In this regard, the land surveyor carries out the survey for the proposed 

development in the form of a township. The survey should conform to quality standards as per the 

Land Survey Act and any other requirements from the Surveyor General’s office. Thus the work of 

the surveyor is to delineate the boundaries (Kurwakumire and Chaminama, 2012) and to generate a 

general plan which is one of the products in this study. The land surveyor performs a number of 

quality control activities as well as the generation, formatting and framing of the general plan. In 

order to do his work, the surveyor may need to perform data searches from CoJ, the provincial 

surveyor general’s offices and the Chief Surveyor General.  The surveyor uses existing data sourced 

from the supply chain suppliers, coupled with a new survey of land in order to create the final 

product, namely, the general plan. The general plan is in the end, supplied to the Surveyor General 

office as a raw material or input to the cadastral database. 

 

The Land Survey Act of 1997 stipulates that the Surveyor-General‟s office (SG) should make 

cadastral data available but does not specify the format. The Act also states that the surveyor 

general should maintain and make all data that was there prior to the enactment of the Act. In this 

regard, data sets have been scanned so that they are available in image format and are available for 

use by government, private sector, the general public and the non-governmental organisations. 

Within the SG, the supply chain starts with lodgement of surveys records of the township survey by 

                                                 

 

1
 http://www.joburg.org.za/index.php?option=com_content&Itemid=50&catid=45&id=170&lang=en&view=article  

http://www.joburg.org.za/index.php?option=com_content&Itemid=50&catid=45&id=170&lang=en&view=article
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the land surveyor. The processes are presented in a form of a workflow that occurs from the 

lodgement of documents up to the publishing of the spatial and attribute data generated, checked 

and or improved during the examination and approval process. Data quality checks improve the 

quality of data from a theoretical sense as its reliability is tested and confirmed. An analogy with 

respect to the previous statement but with respect to research data is given in (National Resource 

Council – USA, 2009). 

 

On lodgement, the survey record portfolio goes through the registry component. This serves as 

confirmation that the surveyor, who carried out the land survey in question has lodged a job for 

examination and approval, has provided a letter of submission of the portfolio and there is proof of 

payment for the service. The survey record portfolio must comply with the check list provided. At 

this stage, the job is assigned a batch number which is used for tracking the submission up until it is 

approved. Even though data consistency is the responsibility of the land surveyor in accordance to 

the land survey act, the SG also performs a series of checks on the lodged documents to authenticate 

adherence to required standards before the data can be availed for public use. In this regard, The SG 

ensures that the data is clean and accurate and has passed through integrity checks using the 

cadastral information system (CIS). To achieve this, the SG has to capture coordinates of all points 

representing corner points of property boundaries in the CIS. A data consistency computation is 

carried out using the input coordinates. At this stage, a data consistency report is generated 

stipulating that all consistency and statutory requirements of the general plan have been met. It is at 

this point that the general plan representing the survey of the property is approved and then later 

captured into a geodatabase.  

 

The SG offices only maintain cadastral information for their provinces and customers can access 

this information from provincial offices. The provincial surveyor-general’s offices export all their 

provincial cadastral information to the central repository at the Chief Surveyor General. It is only 

the CSG that has the complete cadastral layers for all provinces in South Africa in one store.  

 

There are several customers that consume the cadastral data from the SG and CSG to include 

CoJ-CGIS, real estate agents, land surveyors and AfriGIS. These different consumers transform the 

cadastral data to fulfil their different applications. AfriGIS adds value to cadastral data secured 

either from provincial SG offices or the central national repository from the CSG. The value 

addition is mostly in two cases (1) Quality control  and (2) Integrating or bundling cadastral data 

sets with other spatial data sets and (4) Publishing updated data sets (deeds + cadastre + addresses). 

AfriGIS uses the SG data as the base layer which they check for consistency, integrate with other 

data sets and then publish new versions of integrated data sets at quarterly bases. Table 2 

summarises information on ordering and delivery mechanisms, pricing, product formats and media. 

 

Variable  Organisation 

  CoJ-CGIS CSG AfriGIS 
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Order Mechanisms:     

 Email    

 Telephone    

 Office Visit    

Delivery 

Mechanisms: 

    

 Email    

 Courier    

 At office    

 FTP Site    

 Web map services    

Packaging Media     

 CD/DVD    

Product Formats     

 Mapinfo files    

 Shape files    

 Excel Files    

 Scanned Images    

 Pdf files    

Access Mechanisms     

 Nominal Cost    

 Hybrid Pricing    

 Commercial    

 Special exchange arrangements    

Table 2: Summary of Access, Delivery and Product Formats 

 

As party of quality control inconsistencies within the cadastre are rectified. Inconsistencies 

between the cadastre and deeds registry such as the deeds and cadastral information representing the 

same property but in different regions are also rectified. This is important for a secure and 

functional land market in South Africa. Thus, deeds and cadastral information need to be accurate, 

timely and up-to-date. These requirements are necessary to bring confidence in land transactions 

which are key to the economic development of a nation. The intent of AfriGIS is to have a seamless 

connections between the deeds information and the SG data. These published packages contain the 

parcel information, ownership and address information with proclaimed township names. Other 

value addition activities carried out by AfriGIS include standardisation of attribute databases; 

tagging; rectification of geometries; geocoding and linking the cadastre to the deeds registry. 
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Figure 3: Land Administration Data Supply Chain 

 

4.1 Mapping the SDI Supply Chain for land administration data in South Africa 

The supply chain in South Africa was mapped based on the case study approach which was used 

to gather information that has been employed in writing of sections 4 and 5 of this study. The case 

study approach is described in Yin (2003) and is useful in collecting a rich data set for 

understanding and explaining the phenomenon under investigation.  

 

In this study, the phenomenon under investigation is the SDI supply chain with the unit of 

analysis being the land administration data. Information was gathered through unstructured 

interviews conducted at CoJ-GIS, CSG Pretoria and AfriGIS. The interviews sought information on 

the participation of stakeholders in the land development process and the processes undertaken by 

each organization in the creation of the general plan which is the final product. These processes 

form the SDI supply chain but primarily focused on a land administration procedure. The inclusion 

of a data vendor is important to bring into light consumption of land administration data in the 

creation of other demanded spatial data products. The stakeholder interactions were then the basis 

for supply chain mapping used in generating figures 3 and 4 which represent the SDI supply chain. 

Additional documentation such as pricing and product lists were collected. The concepts under 

investigation included (1) data suppliers, (2) customers, (3) value addition processes on land 

administration data, (4) quality control procedures, (5) data ordering mechanisms and (5) data 

delivery mechanisms. The processes carried out by each stakeholder have been detailed in section 4. 
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Figure 4: Supply Chain Mapping 

5.  Discussion 

It is possible to map the SDI using supply chain mapping. However, the visualisation becomes 

complex as the land administration data use case is expanded to involve more actors. It is possible 

to identify the actors, some of which form the stakeholder network of the SDI in South Africa. A 

comprehensive stakeholder network can be further analysed using the international cartographic 

association (ICA) model as applied to a case study of Ghana in (Sinvula et al, 2013) and (Owusu-

Banahene et al, 2013). The value addition processes which show how spatial data is transformed 

into final products are identified including some quality control measures that are employed 

throughout the value addition processes to ensure development and provision of the correct product 

at the right time and meeting the customer’s requirements. 

 

Supply chain mapping (see Figure 4) has made possible to disintegrate, the value addition 

processes within the land administration data supply chain into their discrete units. Thus it is now 

possible to carry out a comprehensive analysis of the geographic information value chain. The 

geographic information (GI) value chain has been defined as “the sequence of operations 

undertaken by one or more producers, who transform the geographic data product to the final 

product” in (Krek and Frank, 2000) which implies that value is added to GI as it moves along the 

chain. The value chain represents the summation of interconnected processes that transform spatial 

data along a chain that is not necessarily linear. At each step of the chain, spatial data is value added 

cumulatively as it is transformed. Value addition stops or culminates as the final product is 

packaged and ready for delivery to the intended user or consumer. The value chain includes the 

quality control procedures which ensure the product has the required characteristics. The value 

addition and quality control procedures in the land administration data supply chain have been 

described in section 4. The data characteristics include accuracy, current-ness and spatial resolution 

and they contribute to costs of production of the end product according to (National Research 

Council – USA, 2004). 
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The identified SDI actors interact in four major ways: (1) they form part of the land development 

process, (2) they all participate in the processes of creation of spatial data and making it available, 

(3) the actors participate in the value addition activities on spatial data and (4) the interactions 

simulate the production of spatial data (the general plan) as a supply chain. 

 

The objectives of this paper were to visualize the SDI in South Africa. This has been achieved 

through describing the processes contributed by each stakeholder or actor in the creation and value 

addition of spatial data for the land development process (see section 4). This description is 

complemented by a supply chain map of land administration processes as depicted in sections 4 and 

5. The map presented in this study (figure 4) does not represent the processes in totality, but only 

part of the larger supply chain. Detailed maps showing processes done by each stakeholder in 

creating spatial data have not been presented in this study. 

 

6.  Conclusions 

Supply chain management is a tool that can be used to better map and visualise the stakeholders, 

the value addition processes of spatial data and products, and information and monetary flows. The 

warehousing and delivery mechanisms are depicted in the land administration data supply chain. 

Information and communication technologies are key for virtually connecting organisations and for 

the overall communication and information flows within the network. There is still need to attach 

monetary values to the various value addition and data packaging procedures in designing the 

spatial data value chain in South Africa as future work. However, an SDI is a complex network 

which extends across different organisations, municipalities and provinces. The complexity of the 

SDI increases as more actors are added. This has a bearing on the supply chain mapping since the 

mapping also becomes more complex. Supply chain mapping can be used to map and visualise the 

SDI as depicted in section 4.  However, it is not possible to visualise all entities and processes as 

one supply chain map as the map becomes more clustered and unreadable. Rather, the supply chains 

can be broken down into smaller units but which contain greater detail as depicted in figure 4 as 

compared to figure 3. However, visualising the SDI is not an end in itself. Now there is need to 

explore the applicability of supply chain management tools such as the Supply Chain Operations 

Reference model (SCOR) in managing the SDI as future research utilising the output of this study. 

The applicability of the SCOR model has been priory tested in managing GIS units in (Schmitz, 

2007, 2008). This study considers the SDI as an extended GIS enterprise. In future, the application 

of the SCOR model to managing the SDI will be tested. 
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