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Abstract. This paper examines the possible functions of volunteered geographic information (VGI) in the mapping and geospatial data handling sections of a cadastral mapping agency, as it embraces land information systems (LIS). It proposes solutions to some of the technical problems which adoption of VGI may reveal, and considers its impact on broader land administration. Referring to a case study in the south African nation of Botswana, the merits of citizen- and volunteer-sourced data are considered, along with improved methods by which the citizen can access the LIS for informative and/or land transaction purposes.

The issues in geospatial data handling are addressed from a technical perspective, the central role of mapping is stressed, and the potential importance of the citizen is examined.
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1. Introduction
It is recognised that comprehensive, consistent and definitive land records in the form of an effective land administration system (LAS) are a pre-requisite for good social order and economic progress. Unfortunately, only a minority of nations possess such a system. Although some shortcomings can be blamed upon corruption, inefficiency, and lack of political will, it is also lack of resources which can lead to ineffective LAS. Notably, the sub-optimal state of the mapping and spatial data components of a LAS, previously embedded in a formal cadastral mapping procedure, now (in many cases) in a broader land information system (LIS), can lead to poor service to both citizen and state.

Although national governments are the prime creators and maintainers of such LAS, it should be noted that they are not the sole repository of the accurate and up-to-date geospatial information required for them. Volunteered geographic information (VGI), citizen-sourced data, is already being profitably used in GIS and mapping projects, both formal and informal at both local and national levels (Genovese and Roche, 2010). VGI can contribute to all stages in geospatial data handling – notably in initial data collection, but also in overcoming lack of systematic coverage, shortcomings in consistency of currency and content of repositories, and inadequacy of service in effectively delivering usable data to policy makers, system operators and the citizens themselves. Recent research has, therefore, indicated the potential role of citizen-sourced data in the specific area of improvements in LAS (Basiouka and Poitsou, 2012; Clouston, 2015). This paper will examine this potential, with particular reference to developing countries.
2. Current state of Land Administration Systems
Contemporary technological tools should be able to assist in the provision of accurate, confidential and up-to-date data about the land to both administrators and data users. The practical implementation of these technological tools defines a land information system (LIS), applied in most developed nations around the world and the basis of effective land administration, itself a fundamental economic, social, political and financial necessity (Enemark and Sevatdal, 1999). LAS are commonly extended beyond the legal guaranteeing and accurate recording of land ownership, to the handling of a wide range of environmental, socio-economic, physical planning, land use and utility infrastructure data (Dale and McLaren, 1999). The official LAS extant in mature economies have been developed over centuries of high accuracy data collection, adequate resources and strict legal structures.

A cadastral system, as the specific recording and mapping component of a LIS, assimilates existing property systems into a unified land record, the cadastre, consisting of both spatial and attribute data. Current mapping procedures and requirements of a cadastral system, such as boundary delineation and establishment of guaranteed tenure, are often cumbersome, time-consuming and expensive and, with a focus on archiving rather than on information dissemination, often do little to improve service delivery and access to land information (Enemark, 2013). 

The experience of a working LAS is that map documents are useful (but not always necessary) for ensuring effective land registration. Interaction of citizens with LAS is improved when maps are available for information, confirmation and overview of neighbourhood relations. Such maps and associated documents can be specified with the highest standards of accuracy and content, but a more pragmatic approach to the operation of LAS in developing countries might suggest that a ‘fit-for-purpose’ goal is more sustainable. Regulation of high levels of semantic and geometric accuracy may be inappropriate in areas where data is incomplete, outdated, or does not match a rigid standard of accuracy (FIG, 2014). The ‘fit-for-purpose’ approach avoids concentrating on more advanced technical standards, the pursuit of highest possible accuracy, and the use of scarce resources to achieve an idealistic system: instead it acknowledges current capacities and limited means, and also immediate societal needs. 

‘Fit-for-purpose’ implies improved accessibility and efficiency and, in common with many other practical applications of GIS, interoperability can be sought, and geospatial data standards can be adopted, in LIS. This can lead to simplified procedures in the handling of land-related information, and the dissemination of tools which have the potential of empowering citizens in the delivery of LAS services, opening new channels for their participation (McLaren, 2010). Commonly, for example, OGC standards enable geospatial data and services to be shared, integrated and disseminated over web applications in a platform-independent environment, whilst more generic web services can allow for access to non-geospatial data and services provided by LAS.

Such reaching out to citizens and other stakeholders has triggered interest in public participation in the management of LAS and their LIS components. Considerable research and practical application of citizen science initiatives has resulted in numerous examples of members of the public, with no formal expertise, being engaged effectively in observing, collecting and producing geographic information (Coleman, 2009; Haklay, 2010). The methods, procedures, data handling techniques and resultant geospatial archives and applications have been widely termed ‘Volunteered Geographic Information’, VGI (Goodchild, 2007).

Generally, LAS are implemented with the anticipation that principles of (among others) equity, non-discrimination, efficiency, transparency, productivity and sustainability, may be upheld. Many developing countries acknowledge that modernizing their cadastral systems in particular can help facilitate better land administration (Tembo and Stimela, 2004). Countries like South Africa, Namibia, Kenya, Ghana and Botswana, are examples of those that are adopting modern land information systems. Despite, however, the knowledge that a lack of modern cadastral systems contributes to broader LAS problems, many African countries continue to operate procedures that are not efficient and transparent. Unsolved land tenure and land administration issues can result in economic and political difficulties, as shown by Zimbabwean land reforms of 2000 (Pienaar, 2009). A lack of strategies of how modernization initiatives could be implemented has been a persistent recent factor. 
3. VGI input to Land Administration Systems
The ‘fit-for-purpose’ approach outlined above is concerned with providing a geospatial data handling environment that is flexible, inclusive, participatory, affordable, reliable and scalable (FIG, 2014). It is thus ideal for VGI, encouraging collaboration with the views of the public expressed through citizen and volunteer input, and valuable information obtained to augment LAS. VGI has the potential to provide a range of products and services that are highly functional, efficient and can bring satisfying experiences to users. There are many applications worldwide where it has proved a positive impact in communities: from a political perspective on LAS, it can promote a system of individual tenure and guarantee of land rights in occupied parcels; from a technical viewpoint, it encourages system development, database optimisation, digital record handling, and more widespread data dissemination; and from a social perspective, it encourages more openness about land holdings, more-informed discussion on land utilisation and planning, and the embracing of citizen input and engagement in community and governmental activities. 

Web-based mapping applications like OpenStreetMap (OSM) and WikiMapia, based on VGI, have been significantly successful, with growth of data collected and numbers of contributors (Rak, 2013). Platforms such as these, and others, have increased public awareness in mapping activities, and revealed interest (actual and potential) in using such systems for a wide range of specific applications, including the handling of land-related information. 

Successful open-source web mapping applications directly dependent on VGI have been created specifically to focus on land-related issues aimed at improving communities in developing countries. For example, MapMyRights (MMR) is work in progress that aims to collaborate with communities of Non-Governmental Organizations (NGOs) to build a global internet-based platform for capturing land rights and tenure information. Similarly, the OMIDYAR Network is a foundation, aimed at supporting non-profit organizations, with a long-standing interest in property rights, and guiding organizations to improve land ownership of people in developing countries, that actively involves the public to create opportunities for people to improve their lives (www.omidyar.com/initiatives/property-rights). 

In related applications, VGI technologies have been able to assist marginal and poor communities by giving them an opportunity to influence decisions in their local community. For example, in Barbados, a number of focus groups were asked to use Google My Maps to identify and discuss environmental changes occurring in their local areas (Genovese and Roche, 2010). The use of focus groups helped foster a comprehensive dialogue about environmental changes in the area, thus bringing the community into previously remote decision-making processes. In the Amazon rainforest, VGI technologies have been used by non-profit organizations to locate resources of interest using GPS units and then mapping them on Google Earth. The end result was a culturally significant map that helped in land management and conservation efforts, notably in detecting illegal gold mining activities and empowering local tribes in their fight against more technological equipped commercial interests (Tulloch, 2007).

Besides such land-related purposes, VGI has also been successfully mobilized for humanitarian purposes, with UN acceptance of VGI for promoting international cooperation, and direct use in emergency planning services, disaster relief (United Nations, 2011) and improving situational awareness (Davidovic and Leanid, 2012). The UN acknowledges that the increased demand for electronic access to land-related data has led to greater empowerment of citizens in collecting and sharing geospatial content information.

The technical manifestation of such VGI-sourced projects is primarily through web-based systems which incorporate an ability to derive contributions from the public: in this context this should result in better information management, and consequently better management of land and its resources. The idea is that current LAS can and should be augmented using VGI, especially in the updating and creating of new local information about land.

Current LAS are commonly rigid, based on relational databases with pre-defined fields and rows for recording land information deemed important by governmental authorities. These systems may not be flexible enough to allow a user to, for example, input additional data that they feel is an important descriptor, or an extra attribute of a land parcel familiar to them. VGI-enabled platforms should be able to address such a limitation, giving a stakeholder (whether government official, community leader, land owner, tenant, or occupier) the flexibility to enter as much information as possible about a land parcel, retrieve data efficiently and link the land-based data to other datasets, in both formal (governmental) and informal systems.

Technological advances in the use of Internet, GPS and smart phones can radically transform how geospatial data are collected, stored, disseminated, visualized, analysed and used (Goodchild, 2007), empowering the general public to contribute geographic data to authorities that could be of importance in decision making purposes. The smooth integration of such VGI with official LAS, however, may be perceived as problematic. The technological options, for example to clear conflict resolution in data of citizen contributors, have not been explored extensively. Challenges remain in authentication, verification and validation of the potential wealth of citizen-sourced geospatial information such as street addresses, land parcel delimitation, road networks, ownership records, and other attribute information of value to LAS. 

Specifically, data redundancy and reliability when handling increasing amounts of data, are of concern. In fact, such redundancy can be handled automatically (e.g. aggregating entries of a similar and concentrated set of points of interest, can actually improve the reliability, trust and the geometric accuracy of that feature; similarly, aggregation can also be used to delineate vernacular areas, which are commonly termed, but undocumented, localities, well known only to local people); and reliability can be addressed using tools developed within the broader arena of citizen science.

Methods of geospatial data collection by citizens are particularly valuable if they have access to sufficiently precise and accurate positioning devices, including GPS-enabled smartphones. However, novel geospatial data processing methods may be required to ensure integration and alignment of VGI and official geospatial data. With such resources, the establishment of a parallel citizen-sourced cadastre, perhaps more effective than traditional government systems, could possibly be envisaged. The acceptance of information derived from VGI-based data can be examined, ranging from tacit acceptance that there is some merit in an alternative system, to full government guarantee of title based on a VGI-informed system, replacing the official system. Data outputs to a range of platforms in different scenarios can also vary depending on the nature of the data and the rigour of its application. The final management of any resultant LAS which incorporates VGI must be considered also: traditional systems are perceived as being remote, secretive, corruptible, and expensive to access, whilst a citizen-based cadastre could overcome these negativities. 

In addition to directly-observed positional data collection in the field, VGI derived from citizens' engagement with existing geospatial data in the form of other maps and aerial images can also be of value in the establishment of usable cadastral systems and the operation of land administration. For example, citizens can be asked for their definition of land holdings: community meetings and discussions around large-scale maps and imagery can be effective in establishing and confirming property boundaries.
4. Existing LIS issues in Botswana
The LAS situation in Botswana is typical of many developing countries, in which an existing official system of land records (usually holding information only on tenure, owner, and charges) has been in place for decades, but has become outdated and ineffective in addressing current requirements. Lack of investment can lead to systems which have very little application beyond preserving an archival snapshot of historical data; the use of digital technologies may be completely unknown; and the preservation of a disengagement between the official operator of the system and the populace which it is meant to serve, means there is little incentive to improve. In order to understand the current challenges in the southern African country of Botswana, a study was initiated to examine the role of VGI in improving the capabilities, effectiveness and content of its land information systems.

In a general sense, land administration in Botswana has numerous varied challenges, for example the integration of modern politico-technical structures with indigenous systems, and the environmental degradation which can result from rapidly expanding informal sectors on the fringes of urban areas. The current land management procedures in Botswana rely on local Lands Boards, operating at a District level. These hold information about land inventories, land parcels and tenure in registers, which are primarily descriptive. The system is complicated by varying patterns of land ownership – significant proportions are held as Tribal Land, and as State land, as well as a small amount of freehold property. Further, most land parcels are not registered or mapped in detail until they are subject to the land-holder (or prospective land-occupier) planning some development, notably building on the site. 

Although map data is supplied to the Land Boards by the national Department of Surveys and Mapping, the remit of the latter is to produce topographic mapping, and the maps held by the Lands Boards for the purposes of documenting tenure are limited. In most cases, boundaries of land parcels are recorded purely descriptively, in text form.

A preliminary study using questionnaire, interview and observation involving over 30 stakeholders, undertaken in late 2014, revealed that a number of specific issues pertain to the case study area chosen (near Mochudi, Kgatleng District, in Botswana). These include:

· a reliance on manual systems, which can result in lack of authoritative and permanent registers to record allocated land parcels; writing in minute books and registers by recording officers, often in an ‘interim mode’, can be result in inadvertent, but significant, errors;

· poorly constituted records within the system which can allow for possibilities of land grabs, conflicting ownership battles, underhand practices, and community unrest; 

· problems where corruption is suspected: in addition to long-term attempts to modify the culture, any cases investigated usually take time to be resolved, and can be expensive for both land owners and land authorities;

· poorly maintained land registers of new allocations leading to a lack of evidence of personal land rights: in particular, double allocations of the same land parcel as a result of mis-checking of historical documents can lead to time-consuming and expensive grievance rulings in land tribunals;

· insufficient data sharing activities due to a lack of land policies, standards and conducive infrastructures;

· a failure by the Land Boards to use technological advances including Web based systems to help ease communication, interactions, and better service delivery: effective utilization of such technologies can also help improve and expedite the processing of land transactions;

· the associated lack of an enabling platform which the public can use to conveniently interact with the system: straightforward access to records requires the public to request services by physically visiting offices of the land authority. This can be an inconvenience to those who do not have the time to visit or those for whom any engagement with authority is problematic. There is certainly no way for the public to contribute information to the land administrators. The end result of such lack of engagement is that records become outdated or incomplete.

These problems contribute to delays in recording and processing of change of land use, transfer of land rights, demarcations and allocations, leading to a slow land delivery process. Such problems also deprive citizens of the economic benefits of having formalized land titles recorded in a reliable LIS, which could open doors for credit (Ting et al., 1998). Effective land administration enables individuals to invest in property which could later be used as collateral for mortgages and equity in financial institutions. In addition, it brings about substantial economic benefits derived from higher incomes, improved services per unit of land, and increased numbers of land transactions and a more developed market allowing higher-value land use (Mitchell and Baxter, 2008). The issues listed above can be addressed by the adoption and utilization of technological solutions available and development of platforms for citizen participation in land related issues. Emerging spatial information technologies can expand the capacity of communities to actively participate in land administration issues in their local area.
5. VGI systems for developing LAS in Botswana
General public and citizen respondents to the survey stressed their unhappiness regarding the current LAS. Their concerns were that the current systems and procedures did not meet their requirements. They suggested instances that they felt could help improve service delivery and emphasized on improvement of service standards and the encouragement of public participation in land related issues. VGI is associated with Web based systems and GPS-enabled hand held devices like smartphones: thus a question posed to the public on whether they would embrace such technological advances received mostly positive responses.

Further, the survey revealed that there is some mismatch between the information which some stakeholders wish to record and what is already in the formal system. It is suggested that the design of a bottom-up participatory system should allow for the incorporation of what the public may want to record, especially those informal land rights not recognized by government, as well as giving the opportunity to populate the records where they are currently incomplete or non-existent. One possible outcome of the survey is, therefore, that a completely new geospatial system, parallel to the existing formal LIS, may be envisaged, completely based on VGI data, open-source technologies, and citizen-led design and management. A more sustainable, and legally acceptable alternative may be to attempt to graft the novel approaches derived from this bottom-up participatory system onto the existing official system.

Such integration of VGI into the existing formal systems must appreciate technical issues such as data merging, conflict resolution, variable data accuracies, the role of standards, and nature of open-source solutions; the need for functions related to data acquisition, user interface and dissemination; and a recognition of the role of human beings with differing skills, levels of interest and engagement in the LAS. 

This leads to a significantly broad scope to the design and implementation of the system. Notably, we must recognise the participation of a range of users, from novices (those technologically and legally illiterate people who are, nevertheless, interested in collecting data about their own land-holdings for inclusion in a revised database) to professionals (those government officials who deal with the current LIS everyday, and have considerable experience in handling systems and geospatial data). Note that Coleman (2009) has argued that labels such as “professional” and “amateur” are unsatisfactory descriptors when it comes to classifying VGI contributors: everyone is, in fact, an “expert” in their own local community.
It is expected that the system to be eventually designed will be open-source, handling data, interactivity and dissemination using web-based technologies. It must be platform-independent, and possess an appropriate interface and functionality. The universal nature of web-based tools, compared to proprietary GIS software, is advantageous: contemporary customisation possibilities are extensive and appropriate for the VGI community.

The geospatial data to be initially held and used in the prototype system in Botswana includes base layers of the area, ideally imagery-based; topographic details, particularly road networks and river/drainage data; and land parcel data derived from the official records (also incorporating data such as land use, development status, etc). The data will be served in a web-based platform as Web Feature Service (WFS) layers for interoperability purposes. This OGC interface, supplemented by its transactional component, WFS-T, allows end-users to manipulate geospatial features including querying feature information, but also creating new features, deleting features and editing existing features. The user should be able to digitize areas of familiarity on the given base map and orthophoto; attach attribute data about features; update existing information; highlight and place points of interest; and flag incorrect and inconsistent data to bring attention to administrators to make further investigations on the data. Initially, the delete functionality will only be open to those with administrator rights, specifically authorities in the Land Board. However, it is suggested that a mature VGI-based system should be able to act upon those notifications of data problems automatically.

Experience gained in the initial survey will be applied to a continuous programme of user testing and opinion gathering. The system envisaged will be flexible, expandable and tailored to user needs.
6. Conclusion
The aim of this study is to investigate improved methods by which the citizen can access and interact with the cadastral system for informative and transactional purposes, and contribute to the improved efficiency of LAS. We have reflected on the merits of citizen and volunteer-sourced data in LAS, and its practical application in enhancing and maintaining cadastral records in a land information system. Engaging the public has a potential to increase landholder awareness in the value of the land they possess and improve current land administration procedures. Further work will consider the detailed specification and implementation of a system which applies these concepts of VGI, the technological possibilities which exist, and adherence to (ideally flexible) government policy to meet the needs for effective LAS in developing countries.
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