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The use of Geographic Information Systems (GIS) has witnessed rapid growth over the recent years. It is a system designed for capturing manipulation, management, analysis, storage and presentation of geographic or spatial data. It is an information system that has the capability of integration, display, sharing, analysis, storage, and editing of geographic information (Lovett and Appleton, 2010). Its applications are composed of tools that allow users to create interactive or user-created searches or queries, edit data in maps, analysis of spatial information, and presentation of the results and outcomes of all these operations. In the past GIS was predominantly a preserve of cartographers but now it has changed, and it is used by an array of professionals including rural and urban developers, civil engineers and conservation professionals among others (Bishop, 2009). GIS is attached to many operations related to business, telecommunications, logistics, planning, and engineering among others. With the powerful technology getting more advanced and cheaper, as well as system memories expanding, it means that bigger data sets can be handled (International Conference on Geoinformatics et al, 2008). This paper will concern itself with the implications and applications of GIS in the built environment. 
In general terms, the concept of built environment is described as the human-made surroundings that offer the setting for human activities including in small settings such as buildings and large settings such as parks. It is the human-made space within which people recreate, live, do business and work on a regular basis (Ameri, 2009). It encompasses spaces and places that have been modified or developed by people including transportation systems, parks and buildings. The implications of GIS in the built environment are enormous. There is a growing interest in using GIS in creating objective measures of exploring the relationships between the built environment and other human aspects including physical activity, nutrition and health (Emmanuel and Baker, 2012). It is used in the development and evaluation of objective measures of recreational areas. This implication often involves interdisciplinary teams from fields such as landscape architecture, geography, public health, and physical activity (Frank, Engelke, & Schmid, 2003). These teams are involved in developing and evaluating objective measures regarding outdoor recreational settings where cycling, walking and other linear activities can be undertaken (Langston and Ding, 2011). Selection of such measures can be on the basis of frameworks like social cognitive theory, ecological models, practice guidelines from landscape architecture, available evidence from physical activity and public health studies, as well as the formative work that the teams perform. Current GIS databases, auditing and observation of facilities, along with other methods are also used in developing objective GIS measures of features of characteristics of facilities (Pearce et al, 2012). 
The implication of GIS in the built environment also extends to school and neighbourhood environments. Its use takes advantage of a huge existing database of physical activities in such environments where those involved can see if the environments are associated with residents or students’ levels of activity (Templeton, 2007). The physical activity data are often measured using self-report and accelerometers thus allowing the users of GIS to identify patterns like sedentary and active periods over a certain period of time (Bishop, 2009). It also helps in the assessment of factors like identity, aerial photographic maps, site visits of surrounding neighbourhoods and schools, completeness and thoroughness of the sidewalk network, and mix of land uses among other aspects (Korte, 2011). At the same time, layout of the schools and neighbourhoods can be looked at by including gathering of information on their sizes. This process may entail asking questions such as whether the pedestrian environment in the schools and neighbourhoods are related to the residents and students’ physical activities on weekdays and weekends (Orford, 2009). Additionally, the database includes information on climatic and weather conditions where the researchers considers if the neighbourhood environment influences whether residents and students biked or walked to schools during different weather conditions (Ameri, 2009). 
Moreover, the implication of GIS extends to the health and wellness of those living within and around a given space and place. There are GIS variables that are associated with physical activities like walkability (International Conference on Geoinformatics et al, 2008). These variables are then used in investigating the impact of the built environment on health and wellness indicators and outcomes such as obesity, body mass index, and physical activities among individuals and groups (Collier, 2011). Those involved in examining and analyzing these parameters and outcomes find GIS to be important in studying the subset of the study population through surveys and studies with the view of learning more about physical activity patterns and the built environment (Frank, Engelke, & Schmid, 2003). 
The application of GIS in built environment is enormous. It has proved to be instrumental in advancing the objectives of built environment in ensuring that spaces and places are more liveable (Langston and Ding, 2011). By aggregating and importing into a GIS the tabular data and geometrics of the multiple Building Information Modelling (BIM) and Computer-Aided Design (CAD) files needed for accurate representation of the built environment, their power and efficiencies can be extended, connected, and leveraged in geographic space to neighbourhoods, regional and municipal data, and other relevant sites (Santamouris, 2011). The asset and infrastructure management capabilities of CAD and BIM systems are significantly expanded by the use of databases that are geospatially enabled, as well as by the use of rich visualization and analytic tools inherent in GIS (Pearce et al, 2012). 
BIM is a methodology and process by which a team of contractors, engineers, and architects work together in designing and building a commercial building by the use of the same computer and database model. This approach enables them to visualize and analyze design decisions way before a project breaks ground (Bishop, 2009). Fundamentally, BIM provides real facility’s digital representation, including aesthetics (windows, roof, walls) and function systems (electrical, HVAC). It does these operations while being a shared tool from the beginning to the end across multiple disciplines that participate in the building and designing (Orford, 2009). It is often considered as a marriage between work technology and process that creates one communication channel of pushing projects forward in a collaborative and efficient manner (Ameri, 2009). It has the convenience of a central 3D model which lends itself to a more time-efficient and cost-effective process, in addition to a notable minimization of errors, which can be detected much earlier (Korte, 2011). Its software tools, as well as the overall re-engineering process of design-to-construction workflow are increasingly becoming the focus of most engineering and architectural design firms and for contractors as well (Smith and Granqvist, 2013). The increase use of BIM has enabled contractors and design engineers to expect manufacturers to offer richer product information in various Building Product Manufacturers of “mechanical, electrical and plumbing products (MEP)” and BIM formats. Besides, its increase use is making the path to become “BIM-ready” through architectural products more strategic priority (Emmanuel and Baker, 2012). 
Importation and aggregation of CAD has further made the application of GIS in built environment to become more significant and beneficial. CAD allows for the designing and documenting through computer technology. It is used for projects that need multiple components and parts to fit with precision within a broader assembly (Lovett and Appleton, 2010). Its integration into GIS ensures that users can efficiently and effectively produce 3D models and 2D drawings of assemblies and parts to be manufactured from the desirable materials (International Conference on Geoinformatics et al, 2008). Use of 3D CAD software in the built environment has helped in the transformation of built environment over the recent past as it has allowed for more complex products which are designed and developed much faster than before. CAD has become a strategic part of the built environment due to its ability of creating high quality, unique products (Collier, 2011). 
By geospatially facilitating and enabling their current built environment management systems, industry stakeholders including portfolio managers are able to get holistic and deeper access to relevant facility information. This in turn supports more accurate and faster decision making (Ameri, 2009). As a consequence, facility managers, engineers and other specialists involved in the built environment are presently exploring and using GIS as a means of overcoming the challenges in that in that field. It provides typical solutions to these challenges (Pearce et al, 2012). One of the solutions is designing and configuration of models and workflows aimed at transforming existing computer-aided facilities management (CAFM) and CAD data into integrated GIS models. The other solution relates to transforming existing BIM and CAD objects to GIS and through common keys, to relate them to relevant and appropriate facility information systems (FIS) data (Smith and Granqvist, 2013). Besides, the solution involves designing and configuring of facility viewers and executive dashboards to offer stakeholders with a coordinated, common built environment view, along with the performance and status of the facilities that are managed within it (Bishop, 2009). 
The application of GIS in the built environment is underpinned by the fact that the fundamental component supporting it to leverage and extend existing systems for building and facilities information is a relational database (Langston and Ding, 2011). This is a GIS-based Relational Database Management System (RDBMS) which supports all facilities that compose the built environment, both outside and inside the spaces and buildings (Smith and Granqvist, 2013). The workflow data management processes needed in the collection, editing, modeling, analysis, and management of infrastructure data can be improved through an enterprise GIS approach (Templeton, 2007). At the same time, those workflows can not only be documented but also enforced within GIS. It is however important to note that GIS is not a replacement or existing building and facilities information systems. Instead, it is a complementary technology aimed at leveraging and extending their capabilities within an enterprise context (Orford, 2009). 
Data standards and models associated with GIS play important role in its application in GIS. GIS uses BIM data and technology in the design and management of the built environment through fascinating aspects. These aspects entail interoperability standard, IFC or Industry Foundation Class that has proved to be a format that operates readily with the relational database technology and data models powering GIS (Emmanuel and Baker, 2012). This standard offers a coherent and practical hierarchical structure for the elements like floors, walls, doors and windows, as well as spatial containers like stories, conveyances, spaces, buildings and sites that make up a building. OmniClass offers an ideal example of this kind of application (Santamouris, 2011). It is a robust and well-defined taxonomy that describes the objects in every leaf of the hierarchy known as OmniClass that is compatible with 12006-2 ISO Standard. It is described as the strategy of classifying built environment. Its design was meant to offer a standardized framework for the classification of information developed and utilized by the construction, engineering, and architectural industry (Smith and Granqvist, 2013). It encompasses all the various forms of construction that compose a built environment, and it is meant for the organization, sorting, and retrieval of information regarding built environment, as well as obtaining relational computer applications for it (Smith and Granqvist, 2013). 
The application of GIS not only aimed at providing solutions but also in addressing challenges in the built environment. One of the main challenges relates to the prevention of loss of key facility information from BIM as it is migrated and mapped to GIS (Lovett and Appleton, 2010). Addressing this challenge has been a major concern for professionals in the built environment over the past decade. They have also been grappling with the challenges like budgeting and programming process (Korte, 2011). GIS has been useful in dealing with them as it allows the professionals to have a better way of determining the estimated operating and capital costs of facilities that have been selected geospatially. It has allowed these professionals to link selected features to industry standard sources for estimation of costs using common keys imported from BIM into GIS (International Conference on Geoinformatics et al, 2008). 
By combining multiple CAD and/or BIM data in GIS and then structuring it on common schemas, the relational database technology that underlie GIS is significantly exploited in summarizing and decomposing key facility information for professionals and decision makers (Ameri, 2009). As such, they are able to interrogate their GIS with the view of retrieving the correct information, regarding the right building element and place, and at the right time to respond to questions about the best way of creating and managing the built environment (Collier, 2011). This powerful capability is further augmented by the GIS capacity of identifying spatially related objects, particularly those that are within completely different domains. GIS’ ability of merging these different knowledge worlds on the bases of location is powerful and significant as it exposes and unearths related patterns that may otherwise have gone undiscovered (Templeton, 2007). 
In conclusion, the above discussion has demonstrated that, indeed, GIS, has enormous implications and applications in the built environment. As has been noted, its implications relate to the development if objective measures aimed at exploring the relationships between the built environment and the physical activities, health and wellness, and food environment among others. Also, it has been noted that there are multiple applications of GIS in the built environment. These applications include in areas such as asset and infrastructure management, improvement of performance of facilities, and enhancing decision making among others. 
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