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Abstract: The emergence of new technologies in the architecture, engineering, and
construction (AEC) industries allow decision-makers to gain a great deal of control
over every stage of their projects. However, due to the dynamic and fragmented
nature of the AEC industry, developing an effective data exchange between AEC
professionals and the construction industries is challenging and requires a major
effort for bilateral integration. This challenge calls for an integrated approach across
several commonly used platforms. As a representative example, this article
discusses the wviability of integrating Building Information Modeling and
Geographic Information Systems (BIM-GIS) to solve problems in the built
environment, such as the data-driven disaster-mitigation process. By thoroughly
reviewing previous studies, this paper aims to identify the ongoing theme of BIM-
GIS integration and highlight gaps in the literature. As a result, the paper presents
several recommendations to address these gaps and improve data exchange in the
AEC industry.
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1 INTRODUCTION

The fragmented and dynamic nature of the architecture, engineering, and construction
(AEC) industries makes it challenging to effectively achieve robust data communication
between industry professionals and the construction fields (Isikdag and Zlatanova 2009).
However, new technologies offer professionals the chance to obtain much better control
over their ongoing projects.

Integration and interoperability between emerging technologies are critical to
achieve a better, more efficient outcome. One example of effective data exchange is the
integration of Building Information Modeling (BIM) and Geographical Information
Systems (GIS;(Song et al. 2017). BIM has been the tool that bridges the interoperability
gap between different disciplines involved in a project. Meanwhile, GIS is predominantly
used as a tool to extract the geographical information of an area. Its use is not restricted
to the AEC industry, so GIS has been used in relatively diverse disciplines, including
construction, disaster mitigation, and forest management (Isikdag and Zlatanova 2009).
Others include agriculture and natural resources, community and regional planning, and
infrastructure and urban facilities management.
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While each platform has different uses, incorporating the data generated by both
platforms could yield an extremely detailed and comprehensive image of a project. This
process can help AEC professionals address several complexities in their industry, from
managing the flow of information between project stakeholders to micromanaging
elements of an AEC project. For instance, the BIM-GIS integration can be useful to a
facility manager overseeing the location of various assets, as well as managing the
energy assessment for each asset (Zhang et al. 2009; Fosu et al. 2015; Song et al. 2017).

With the increased interest in the integration of BIM and GIS, it is critical to map
how far current knowledge has progressed. To that end, this study aims to address some
of the potential applications of BIM and GIS integration and any gaps in knowledge in
the BIM-GIS literature. More specifically, the objectives of the paper include (1) to
identify current trends in BIM and GIS research; (2) to report on existing knowledge
surrounding the integration of BIM and GIS; (3) to provide a framework for
implementation of BIM and GIS in real-world scenarios; and (4) to present
recommendations for future studies.

In addition, this paper provides a critical evaluation of BIM-GIS integration for
disaster mitigation. This theme was chosen because of the systems’ capacities to
complement each other. In a disaster-mitigation situation, GIS could provide information
on terrain conditions of the disaster area. Meanwhile, BIM would provide detailed
information on the buildings and built environment in the area.

By identifying these research trends, solutions can be proposed to pave the way for
designing an advanced AEC data exchange.

2 RESEARCH TRENDS IN BIM-GIS INTEGRATION

There have been several studies on BIM-GIS integration over the past years. Researchers
identified trends in both technical and applied aspects. To identify these trends, a digital
search query of the ASCE library and Automation in Construction was performed. The
query yielded 274 publications dated from 2007 to 2018. To examine this trend, 33
publications were selected for review. The analysis yielded several major themes: (1)
BIM as a representation and information management tool; (2) data exchanges between
platforms in BIM-GIS integration; and (3) GIS for disaster-management tools (Table 1).
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Figure 1. BIM-GIS integration publications between 2007-2018
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Table 1. BIM-GIS publication themes from 2007 to 2018

Themes Author Year
Hijazi et al. 2010
Approaching BIM-GIS technical challenge Kang and Hong 2016
Automatic data translation from BIM to GIS Isikdag and Zlatanova 2009
Benefits of a successful BIM-GIS Implementation ~ Zhang et al. 2009
Benefits of BIM-GIS Implementation Fosu et al. 2015
BG-ETL software architecture Kang and Hong 2017
BIM-GIS data exchanges Ma and Ren 2017
Lapierre and Cote 2007
Dollner and Hagedorn 2007
Isikdag et al. 2008
Chen et al. 2014
Amirebrahimi et al. 2015
BIM-GIS in disaster mitigation Tashakkori et al. 2015
Deng et al. 2016
Wu and Zhang 2016
Xu et al. 2016
Teo and Cho 2016
Hu et al. 2016
El Meouche et al. 2013
Dollner and Hagedorn 2007
. Isikdag and Zlatanova 2009
BIM-GIS technical challenge

de Laat and van Berlo 2011
Mignard and Nicolle 2014
Karan and Irizarry 2015
) ) ) Song et al. 2017

Compromises on Current BIM-GIS integration
Ma and Ren 2017
Data exchange between BIM and GIS Yuan and Shen 2010
IFC and City GML role in BIM-GIS integration Groger and Plumer 2012
Multiple benefits of BIM-GIS integration Amirebrahimi et al. 2016
Dollner and Hagedorn 2007
Isikdag and Zlatanova 2009
El Mekawy and Osmtman 2010
El Mekawy et al. 2011
de Laat and van Berlo 2011
The importance of data integrity in data exchange  E] Mekawy et al. 2012
El Meouche et al. 2013
Mignard and Nicolle 2014
Chen et al. 2014
Kang and Hong 2015
Fosu et al. 2015

Researchers found that disaster mitigation is one of the more popular themes in recent
publications, whereas other publications also partially covered disaster management.
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3 KEY STRENGTHS OF BIM AND GIS

3.1 BIM as a Representation and Information Management Tool

BIM refers to the first building-depiction system targeting both digital transformation
and visualization of building components (Eastman et al., 1974). National BIM Standards
Purpose (NBIMS 2006) defines BIM as a digital representation of a facility that can
display its physical and functional characteristics simultaneously. Although Van
Nederveen and Tolman (Nederveen and Tolman 1992) first suggested the term “BIM” in
1992, it did not become popular until the early 2000s, when Autodesk, Bently, Graphisoft,
and CAD applications became pervasive (Autodesk Inc. 2003). Furthermore, as the level
of development and detail plays a critical role in BIM visualizations, the progress of BIM
models from the lowest 2D Level of Development (LOD) to the highest BIM LOD (with
3D models and related non-geometric information) started to accelerate (Bedrick 2013;
Fai and Rafeiro 2014).

BIM refers to the first building-depiction system targeting both digital transformation
and visualization of building components (Eastman et al., 1974). National BIM Standards
Purpose (NBIMS 2006) defines BIM as a digital representation of a facility that can
display its physical and functional characteristics simultaneously. Although Van
Nederveen and Tolman (Nederveen and Tolman 1992) first suggested the term “BIM” in
1992, it did not become popular until the early 2000s, when Autodesk, Bently, Graphisoft,
and CAD applications became pervasive (Autodesk Inc. 2003). Furthermore, as the level
of development and detail plays a critical role in BIM visualizations, the progress of BIM
models from the lowest 2D Level of Development (LOD) to the highest BIM LOD (with
3D models and related non-geometric information) started to accelerate (Bedrick 2013;
Fai and Rafeiro 2014).

3.2 BIM as a Multi-dimensional Model

BIM is mostly used in large and complex projects because it integrates the management
of several project dimensions (e.g., cost, time, and environmental influences), in addition
to the 3D representation of the building. Because of these added dimensions, BIM
introduced the concept of 4D, 5D, 6D, and 7D BIM, in which the dimensions of time, cost,
sustainable components, and facility-management lifecycle, respectively, are considered
(Ikerd 2010; Smith 2014). The various dimensions of BIM require project stakeholders to
work consistently and productively, so each dimension can be managed efficiently
(Ponting et al. 2005; Succar 2009).

The capacity to run multidimensional BIM modeling allows for the creation of a
centralized data-management system for building information. Since cost, quantity,
schedule, and other elements are integrated into the model, stakeholders can then
retrieve consistent inforication throughout the building lifecycle.

3.3 GIS for Topography Data Management

Augmenting BIM, GIS focuses on the management of topographic data and human-made
phenomena based in a geographic reference system (Fosu et al. 2015). The system
should be compatible with all digitized spatial or geographical data (Huxhold 1991). GIS
is essentially an information system that includes topographic data and human-made
phenomena grounded in a geographic reference system (Fosu et al. 2015). A GIS
database contains operations for spatially referenced data, which are applicable in
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various diverse spatially grounded disciplines, such as facility management, agriculture,
natural-resource management, public health, and business (Berry 1996), among others.
With its versatility as a geographic database system, its main advantages include (Lin et
al. 1997; Lemer 1998; Valcik and Huesca-dorantes 2002; Zhang et al. 2009): (1) spatial-
analysis functions supporting 3D measurements; (2) facilitation of the identification of
buildings; (3) enabling users to analyze and predict the remaining service life; and (4)
assessing investments based on GIS multicriteria- evaluation support systems.

4 DATA EXCHANGE BETWEEN BIM-GIS PLATFORMS

In terms of data structure, BIM and GIS are considered stand-alone systems. Each has a
specialized file format that stores only necessary information, such as the BIM file
format, which contains information on building elements and materials. Attempting to
develop a file format that encompasses both systems would be too complex because the
information must be mapped across each system. In addition, each BIM’s and GIS's
development mean the respective system's file structure is always updated (Andrews
2019).

Many researchers have investigated how data exchanges between BIM and GIS
platforms can be executed. There have been several approaches: (1) BIM to GIS data
export; (2) GIS to BIM data export; or (3) BIM and GIS data export to a third platform
known as City Geography Markup Language, or City GML (Ma and Ren 2017). City
GML is the common standard used in GIS, whereas Industrial Foundation Class (IFC)
performs the same role in BIM, which is the leading standard for BIM-GIS integration
(Hijazi et al. 2011; Groger and Plimer 2012; Cheng et al. 2013). However, this
conventional approach inadvertently led to the misalignment of data between the BIM-
GIS system (Yuan and Sheng 2010). In this respect, Isikdag and Zlatanova (2009a)
observed that due to the conceptual misalignment of the BIM-GIS systems, viable data
conversion could not be achieved by transferring one dataset to the other one. This
limitation can be addressed by using models that not only support both IFC and City
GML but also allow bi-directional conversion of data between the two, such as the
Unified Building Model (UBM;(El-Mekawy and Ostman 2010; El-Mekawy et al. 2011,
2012). To this end, a two-part transformation of the geometric and semantic datasets is
required.

In addition to the UBM, there are approaches studied by other researchers to address
BIM-GIS technical challenges, including web technology, a semantic-based multi-
representation approach, prototype implementation, and a resources-description
framework. For example, a study suggested a web platform as a transition between the
GIS and BIM systems that visualizes both models (Dollner and Hagedorn 2007).
Meanwhile, another study found an approach using a semantic web format allows
researchers to query multiple models (Karan et al. 2016).

Researchers also developed programs such as Geo BIM (Berlo and Laat 2011) and the
Urban Information Modeling extension to manage facilities (Mignard and Nicolle 2014).
Another study introduced a prototype displaying the procedure of interoperability based
on existing software (EI Meouche et al. 2013). Finally, a number of researchers tried to
shed light on this gap by demonstrating conceptual frameworks to transition
automatically from BIM to GIS (Isikdag and Zlatanova 2009; Chen et al. 2014). The data-
integration solution presented by previous research seemed to focus mostly on a
conceptual level. Even though the solutions promised interoperability between them
systems, case studies are necessary to investigate their applicability in a real-world
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scenario. Therefore, the next part of this study presents several cases showing how
integration can be implemented.

5 BIM-GIS UTILIZATION FOR EMERGENCY AND DISASTER
RESPONSE

5.1 BIM-GIS-Based Emergency Navigation System

Five articles were reviewed on BIM-GIS integration that focused on emergency indoor-
outdoor navigation systems (Tashakkori et al. 2015; Hu et al. 2016; Teo and Cho 2016;
Wu and Zhang 2016; Xu et al. 2016). One study combined a building’s IFC data with the
surrounding environmental data from a GIS to propose an indoor, emergency spatial
model (Tashakkori et al. 2015). According to the study, the model serves to improve a
responder’s awareness of the situation indoors. It is expected that by improving
situational awareness, responders could identify the best rescue route in the event of an
emergency.

Another study determined a practical algorithm for an optimal evacuation route in a
crowded situation (Xu et al. 2016). CAD-BIM data was incorporated into the GIS dataset
to develop an algorithm that created an optimized evacuation route inside a building.

Since there has been interest in developing a BIM-GIS-based system to generate an
evacuation route, one study sought to shed light on the issue and researchers
summarized their contributions as follows (Teo and Cho 2016): (1) developing a
framework considering BIM and the Multi-purpose Geometric Network Model (MGNM),
based in IFC and indoor networks to display a novel approach to determining the indoor
network from IFC automatically; (2) connecting the entrances of buildings and streets by
transferring arcs based on indoor-outdoor networks from on a given scheme; and (3)
developing a route planning system that is coarse to fine based on both city and building
scales.

5.2 Integration of BIM-GIS into Disaster Response Systems

BIM models can also be added to map and terrain data from GIS databases to generate a
large dataset housed in an Open Geospatial Consortium (OGC) web service. In a disaster,
these web services can be used for better disaster management (e.g., selection of sites or
designing a field hospital;(Dollner and Hagedorn 2007; Lapierre and Cote 2008; Ma and
Ren 2017). BIM-GIS integration could also support construction phases, including
disaster-related ones. In general, the advantages of BIM-GIS applications to the built
environment are as follows (Song et al. 2017): (1) using data with different spatial scales
to discover issues in the built environment; (2) providing comprehensive information on
geometry and material of building components by integrating BIM; and (3) enhancing
the effectiveness and performance of AEC projects.

6 GAPS IDENTIFIED IN BIM-GIS INTEGRATION

Even with the general success of BIM-GIS integration, some uncertainties remain. Most
publications that studied their integration did not take full advantage of an independent
BIM and GIS. For instance, sometimes, just the visualization of GIS was used, whereas
GIS by itself can be used for any geographic decisions with visual content and geospatial
modeling. In most occasions, the spatial and spatiotemporal analysis was not explored.
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In the publications, some problems with the BIM’s generally viable applications and
advantages were also discovered. Even though BIM provides geometric and semantic
information, the study found that user requirements for information in AEC projects
were still lacking. This issue has become more important in recent years as more users
are seeking out BIM for the examination of issues such as quality, time, and cost.
Another component, such as LOD, is also underused; it has not been considered a
spatiotemporal attribute in the integration procedure for the decision-making process.

Notably, in spite of the fact that these elements serve critical functions in GIS, little
attention has been given to both spatial and spatiotemporal statistical modeling of GIS
and a multidimensional BIM to address knowledge. Unlike construction, the
spatiotemporal modeling has been used in several domains (e.g., social science,
atmospheric, hydrology, geology, etc.). Spatiotemporal statistical modeling in
construction could be used for analyzing different aspects of projects, including quality,
progress, safety, contract, coordination, and, especially cost. Considered simultaneously
are achieving accuracy and dynamic financial-resource allocation. These are of critical
analytical help in the use of holistic, data-driven spatiotemporal modeling, especially
examining multiple projects.

Interestingly, there is an enormous potential for a more precise, flexible, or broader
use of BIM with GIS integration. For example, it is possible to conduct spatiotemporal
statistical modeling in a post-disaster area. This element can be used to analyze the
allocation of financial resources in a restoration effort. It would be more efficient than a
conventional damage-assessment method, especially if the disaster occurred over a large
area.

7 CONCLUSION

Despite the extensive topics covered by the literature on BIM-GIS integration, we note
here several key areas that have not been fully explored. The integration of BIM-GIS
mostly results in compromised data exchange between them. In addition, future studies
should address spatiotemporal statistical modeling to measure various aspects of
construction projects. The literature review also highlighted several potential uses of
BIM-GIS integration studies going forward, including a technology hypothesis, a
scientific hypothesis, and a data-source hypothesis. Successful implementation of the
hypotheses lies in the extensive data-driven spatiotemporal modeling of AEC projects.
The combination of objective analysis and decision making characteristic of BIM-GIS is
expected to satisfy the AEC industry’s need for future applications.
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