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ABSTRACT 

Building Information Modeling (BIM) is increasing the transparency and 
consistency of data in the planning, design, and operations phases of infrastructure 
projects (Autodesk 2014). Economic Cost-Benefit Analysis (CBA) is currently used 
on infrastructure projects to decide whether to proceed and, occasionally, which 
alternatives to design. Marrying CBA with BIM has tremendous potential to help in 
making sustainability and resiliency decisions related to infrastructure. This paper 
shows how CBA-BIM can produce better estimates of the social value of 
infrastructure, characterized in the Quality of Life category in EnvisionTM, as well as 
addressing issues of social equity. CBA-BIM has the potential to measure the 
“resiliency of physical infrastructure across the full economic, social, and 
environmental dimensions of sustainability” (Institute for Sustainable Infrastructure 
2012).

INTRODUCTION

Three innovations in the economic analysis have led to the ability to include 
Cost-Benefit Analysis (CBA) in Building Information Modeling (BIM) models 

First, CBA’s methodology, input data, and outputs are being standardized. 
Some examples of standardization from U.S., E.U., Canada, and Australia are: US 
department of Transportation (2014 and 2014a); US department of Transportation, 
Federal Highway Administration (2013); European Commission (2008); Treasury 
Board of Canada Secretariat (2013); and, Australia Department of Finance and 
Deregulation, Office of Best Practice Regulation (2013).  

Second, risk analysis and meta-analyses1 mean that uncertain or controversial 
inputs can be used. Finally, multiple account CBA allows for an understanding of all 
stakeholders’ benefits. 

 

1 “a meta-analysis refers to methods that focus on contrasting and combining 
results from different studies, in the hope of identifying patterns among study results, 
sources of disagreement among those results, or other interesting relationships that 
may come to light in the context of multiple studies.” Meta-analysis From Wikipedia, 
the free encyclopedia, http://en.wikipedia.org/wiki/Meta-analysis
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A linking of CBA’s valuation methodologies, such as willingness to pay to a 
geographical information system (GIS), allows for CBA to add new data layers to a 
BIM model. CBA-BIM gives architects, engineers, designers, and planners access to 
a powerful tool that can help them decide what to build, how to build it, what the 
risks are, and who benefits. 

THE BENEFITS OF CBA-BIM 

The benefits of using CBA inside BIM are that: BIM defines relationships 
between objects and keep changes consistent and coordinated. So, as the design 
changes, so can the economic costs, benefits, and risks. BIM can show the economic 
business case for design alternatives while maintaining constraints such as building 
codes, design or safety criteria, and local or community standards. Also, BIM is 
visual, enabling better analysis, simulation, and communication. When combined 
with risk-based multiple account cost-benefit analysis, it becomes a powerful 
stakeholder visualization tool (Impact Infrastructure 2014). 

Many of the benefits that are captured in the EnvisionTM’s Quality of Life 
category are quantified and monetized in the Economic Companion Tools to 
EnvisionTM such as the Business Case Evaluator (BCE) (Impact Infrastructure 2014a, 
2014b). Extending the monetization of the EnvisionTM credits to give them a 
geographical dimension in CBA-BIM further builds EnvisionTM’s usefulness to the 
infrastructure community.  

DISTANCE DECAY FUNCTIONS – LINKING ECONOMICS AND 
GEOGRAPHY 

Willingness to pay distance decay functions are a critical link in the CBA-
BIM story. They link how much people value infrastructure based on distance, use 
and income.  

In geographical-based business case analysis we want to know which location 
for infrastructure will generate the most use and how it may be useful or harmful in 
addressing social equity. 

“Our main conclusion is that distance decay relationships 
may well prove very useful in applied valuation work, since they 

provide a natural way of conceptualising the question ‘who 
benefits?’” Hanley et al. (2003) 

Distance decay is a geographical term which describes the effect that distance 
has on spatial interactions. It states that the interaction between two locales declines 
as the distance between them increases.  

761ICSI 2014: Creating Infrastructure for a Sustainable World
© ASCE 2014



Impact Infrastructure, LLC. July 3rd, 2014 

Page 3 of 12 
 

Distance decay functions link the economic concept of willingness to pay 
(WTP) with geographical information systems. Typically, WTP is assumed to be 
invariant to distance within some arbitrary area (usually the area for which a survey 
of WTP was done) and that it is zero outside of this area. A more likely state of 
affairs would be that as you get further from an amenity you are willing to pay less 
for it since it will cost you more in travel time, and transportation costs, to get there. 
Also there is evidence that people may value not just the use of the amenity but also 
the option to use it as well. In addition they may value the bequest of a public good or 
service to future generations or perhaps, although they will never travel to use the 
amenity and so distance doesn't matter, it is important to them that others have 
access.  

These arguments and findings (Bateman et al. 2001, Brainard et al 2002, 
2003, Ghebreegziabiher et al. 2005, Hanley et al. 2003, and Pastor and Hipp 2001) 
suggest there are probably a couple of factors that need to be considered when linking 
economic WTP with a GIS. WTP will likely decrease as distance increases. But there 
may also be some value (bequest or altruistic value) that it unrelated to distance. A 
WTP distance decay function would therefore be a negatively-sloped relationship 
between WTP and distance. It could be linear (decreasing to zero at some distance) or 
non-linear (allowing for people far away from the facility to value it) as shown in the 
illustration (see Figure 1). The example uses values from a hypothetical WTP by 
households to close a quarry in a nearby national park (U.K. Government, 
Department for Environment, Food and Rural Affairs 2010).   

Figure 1. Willingness to Pay for Infrastructure Distance Decay Functions. 
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Meta-analysis results that show that users are likely to pay more than non-
users regardless of distance (see Figure 2). Also people are willing to pay more for 
big changes over small (Bateman et al. 2001) (see Figure 3): 

Figure 2. Willingness to Pay by Size of Infrastructure Improvements. 

Figure 3. Willingness to Pay by Users and Non-Users of Infrastructure. 
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EXAMPLE: TRANSIT INFRASTRUCTURE AND SOCIAL EQUITY 

How much local residents will benefit from, or be harmed by, a new railway 
station close by is an important question from several perspectives. Infrastructure 
proponents need to know who will support the new station and how, for example, 
might taxes be adjusted to capture some of the increased property value associated 
with the station.  

EnvisionTM recognizes the importance of transit to quality of life (The 
relevant credits are: QL2.4 Improve Community Mobility and Access and QL2.5 
Encourage Alternative Modes of Transportation) and, at higher levels, recognizes the 
importance of inclusion: 

“The team works not only with decision-makers in adjacent 
facilities, et al., but also with local community officials. Design 

considerations have moved beyond access issues and now address 
the reduction of traffic congestion, improvements in walkability in 
the community, and other key measures of mobility and access.” 

Institute for Sustainable Infrastructure (2012) 

The response of residential house prices to distance to a railway station is 
captured in a Dutch study (Ghebreegziabiher et al. 2005). The researchers “observe as 
big as 31% price difference for houses within 500m of the nearest station and houses 
beyond 15km for the station. … Apart from some irregularities at distance category 
7,500 to 8,000 metres we see a smooth decline in the effect of distance on house 
prices.” The empirical data are from 1985 to 2001 are shown along with the trend line 
(Figure 4): 
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Figure 4. Railway Station's Effect on Property Prices. 

People with low incomes may benefit from, or be harmed by, infrastructure 
improvements more than others with higher incomes who may have more options 
available to them.  The distance-decay relationship can be refined for these factors. 
An example is that the economic value of transit differs for low income families.  

Low income households may not have access to a car which may cost, say, $3 
per trip (using data from Table 4.7 from Lewis and Williams 1999). They may have 
to rely on taxis that cost $6.10 per trip. Introducing transit at a cost of $1.50 per trip 
benefits both low and higher income groups by providing more affordable 
transportation. By calculating the area under their respective transit demand curves 
the value (WTP) to the two groups can be calculated. Figure 5 shows the demand for 
transit for low and Figure 6 shows the same for median income transit users. 
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Figure 5. Transit Demand by Low Income Individuals. 

Figure 6. Transit Demand by Median Income Individuals. 
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The value, in this case, for low income riders is $100 million. The value for 
median income riders is $20 million. The low income value is, therefore, a factor of 5 
times greater.  

The Transit BCE Economic Companion Tool for EnvisionTM (Impact 
Infrastructure 2014c) includes the benefits to low income families. 

When the total value number for the low income segment is translated into a 
WTP per rider per year it can then be combined with a distance decay function that 
uses meta-analysis results from the literature (Bateman et al. 2001, Brainard et al 
2002, 2003, Ghebreegziabiher et al. 2005, Hanley et al. 2003, and Pastor and Hipp 
2001) to differentiate between low and median income earners. The resulting 
relationship (Figure 7) shows the benefit of new transit to differing income groups 
along with their distance to the transit station. 

 

Figure 7. Willingness to Pay Distance Decay Functions for Low and 
Median Income Users. 

Mapping low income neighborhoods and their distances to the proposed 
transit station the income-differentiated distance decay allows for estimating the 
benefit to these neighborhoods. The ability to answer the “what's in it for me” 
question becomes a powerful tool to build stakeholder support for infrastructure 
projects.

The example of the transit stop demonstrates that how valuable an 
infrastructure asset is in a city’s sustainability portfolio depends on its context. For 
example a park is more valuable the fewer parks are nearby (Impact Infrastructure 
2014d). The same relationships can be used to measure the value of dis-benefits of 
localized effects of infrastructure projects such as pollution, noise, and odor. Some 
example of these effects by different income group are provided below. CBA-BIM 
captures these economic and geographical relationships.  
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In the same vein, we are learning that resiliency must consider relationships 
and inter-dependencies. A city’s resiliency to climate risks is only as strong as its 
weakest infrastructure link. The city- or region-wide aspects of sustainability and 
resiliency can only be addressed in the larger context of BIM models that consider the 
context of infrastructure and its geographical, strategic and economic relationship to 
other infrastructure. 

CBA-BIM FOR ACCURATE SOCIAL VALUE OF INFRASTRUCTURE & 
SOCIAL EQUITY CONSIDERATIONS 

More social equity impacts from infrastructure are found in the literature. One 
study (Pastor and Hipp 2001) found that it was more likely that toxic waste dumps 
were sited in poor neighborhoods than low income people moving to where these 
sites were because of lower house prices.  

Interesting equity issues are raised by authors (Brainard et al. 2003) who 
examine the extent to which inequalities in transportation noise exposure are present. 
Disparities were observed in estimated noise exposures and levels of socio-economic 
deprivation. Almost the same authors (Brainard et al. 2002) have studied air 
pollution. They find the overall distribution of the non-immigrant, native ethnic group 
(labelled as ‘>90% White’) enjoys substantially lower levels of pollution than does 
the Afro-Caribbean group. Also, while both non-immigrant and some immigrant 
groups respond to improvements in personal socio-economic circumstances by 
relocating to lower-pollution neighborhoods, there ae other groups are less responsive 
to such improvements.

Similar to the geographical impacts of noise of different socio-economic 
groups, local pollution has different economic damage costs depending on where the 
pollution is emitted and where the people, buildings, and crops are. In dense urban 
areas, damages to health and buildings are more than in less dense urban 
environments. Damages to health and buildings in rural locations are less again. For 
projects that change pollution, BIM allows local air quality to be modeled based on 
the number of trees, distance to pollution source, elevation, density and value of 
people, buildings, and crops. It can show which neighborhoods benefit and by how 
much. Distance and noise effects are also dealt with in the Ghebreegziabiher et al. 
(2005) rail study. 

CBA-BIM FOR INFORMED, SOCIALLY EQUITABLE, AND DEFENSIBLE 
SUSTAINABLE INFRASTRUCTURE & RESILIENCY DECISIONS 

Currently planners, engineers, architects and designers make many decisions 
that affect the sustainability of a project without the aid of a business case, or even a 
consistent set of data. CBA-BIM provides the standard framework and data to make 
consistent, sustainable and value-enhancing decisions.  

For example, tree density, often easily available and able to be pulled into a 
BIM model, affects the urban heat-island effect. Temperatures in excess of a certain 
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threshold can kill people. Population density layered on top of tree density allows 
economists to put a value to how trees reduce the number of people dying from 
excessive heat events For example the vulnerability is shown in Pima Association of 
Governments (2014) and Tucson (2014).

To add to the transit example above, in CBA-BIM, transit locations, trail and 
bike path information can be overlaid with income, health (Toronto 2014), and job 
information. Low income neighborhoods can benefit from increased access to job 
opportunities when there is an improvement in transportation; this benefit can be 
quantified (with care being exercised not to double count possibly overlapping 
benefits). So can the economic value of reductions in obesity rates or diabetes risk 
that can result from increased access to transportation or increased recreational use 
space. By simply placing a new transit stop in a BIM model and triangulating the 
distances to job prospects and health-care centers, economic benefits and health 
benefits can be calculated, monetized and compared with costs. When infrastructure’s 
benefits to public health, the economy, and disadvantaged groups are considered, 
EnvisionTM’s full purpose is being realized: 

“Its purpose is to foster a necessary and dramatic 
improvement in the performance and resiliency of physical 

infrastructure across the full economic, social, and environmental 
dimensions of sustainability.” Institute for Sustainable 

Infrastructure (2012) 

CONCLUSION 

The CBA-BIM framework is a combination of existing and available tools. 
CBA-BIM’s use in planning and designing sustainable and resilient projects will 
mean that the value of infrastructure, its sustainability, and its impact across different 
groups can now be reliably be estimated and incorporated into the planning and 
design process. Armed with this information, decisions that are good for the 
environment, society and neighborhoods can be made.  

Extending the monetization of the EnvisionTM’s Quality of Life credits to give 
them a geographical dimension in CBA-BIM further builds EnvisionTM’s usefulness 
to the infrastructure community.  
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