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Abstract. Standards engender productivity. They reduce waste, improve communication, and 
reduce risks. By not counting the full social, environmental and financial cost of their projects, 
the engineering and architecture community is unnecessarily increasing the financial risk of their 
firms and of their, and their clients', infrastructure projects. This paper describes how making 
comprehensive cost benefit analysis (CBA) part of infrastructure planning exposes 
environmental and societal risks that may become financial risks. To do this CBA has to be 
standardized and embedded into engineering, architecture and design processes such as 
Building Information modelling (BIM). 
 
Many of the intangible costs and benefits encountered during infrastructure projects are related 
to sustainability. Project delays can be caused by not anticipating risks, regulatory delays, or 
stakeholders' perceived negative consequences. If an Architecture, Engineering and Consulting 
(AEC) firm is designing an infrastructure project and has not developed a plan to deal with 
wetland loss it may have angry birders on its case. When peoples' hackles are raised, 
environmental and social risks can quickly become project and financial risks with real dollar 
impacts. This is why so many companies in industries with active opponents or sensitive 
stakeholders are using CBA to put prices on non-market goods and services. 
 
Infrastructure projects should take responsibility for their externalities. The demands to plan, 
build and operate responsibly are dramatically increasing. Standardization of the data, 
methodologies, and output from CBA is required to make it accessible to AEC firms in their 
familiar planning, design, and construction processes. A standardized cost benefit framework 
that monetizes externalities allows AEC firms to respond rationally and in ways that are 
simultaneously defensible and transparent to all stakeholders. Using non-market or shadow 
prices, internalizing externalities, or valuing the environmental, social as well as the financial 
risks are all ways for AEC firms to address the obligation to fully assess the impacts and returns 
associated with their infrastructure projects. 
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Introduction – Infrastructure’s Footprint. Infrastructure projects have large impacts on the 
economy, the environment and, not least, people. Large infrastructure projects can also be a big 
gamble for Architecture, Engineering and Consulting (AEC) firms. Standardization is one way 
these firms manage project risk. Building Information Modelling (BIM) is an emerging framework 
for incorporating standards that can help ensure legal, regulatory and even community 
standards are met. BIM can also minimize re-work by detecting clashes and ensuring efficient 
hand-offs between planning, design, and construction stages. Unfortunately, the tools used for 
decision making do not use standard data inputs, methodologies or output formats. Risk 
management demands that the standard for infrastructure decision making, cost benefit 
analysis (CBA), be standardized. 
 
Sustainability and The Public Good. Infrastructure projects are often sold on their sustainability 
benefits or how the infrastructure contributes to resiliency. There are always public and quality 
of life benefits associated with infrastructure. Indeed, we build infrastructure for the public good 
and the public benefits that it brings. That is why these projects are called Public Works.  
 
The sustainability benefits can help make the business case for a project that otherwise just 
looks like a cost on the public ledger. These sustainability benefits can include resiliency and 
insurance against climate change. Architecture, Engineering and Consulting (AEC) firms are 
more and more being hired to assess, or be responsible for, infrastructure's impact on 
sustainability and ecosystems. These firms are being asked to minimize the negative 
externalities of their projects while at the same time maximizing the positive spin-offs and public 
benefits. There is a need for a decision framework that is transparent, objective and can 
evaluate infrastructure project sustainability. CBA can be made to fit this bill, and when 
standardized and integrated into BIM can be a key risk management tool. 
 
The Long Journey to Standardizing CBA. While standards are useful to engineers and 
architects, our experience is that economists and what they contribute to infrastructure 
decisions are generally useless. This is unfortunate because economists’ most useful tool, cost 
benefit analysis (CBA) is wonderful at combining disparate and often hard to compare 
information and at teasing out those things that may have no market price but affect our quality 
of life. CBA is the most useful tool, bar none, for design, project, and portfolio decisions for 
infrastructure. It also can be designed to answer stakeholders’ “what's in it for me?” question.  
 
CBA was developed over 170 years ago. It was standardized and codified 70 years ago. In the 
last decade governments have standardize the inputs, methodologies, and outputs of CBA to 
allow for comparison and decisions about projects across geography, size, and type.  
Economists regularly ignore this standardization and continue to sell custom one-off CBA 
studies. There are opportunities for AEC’s to embrace government led CBA standardization and 
integrate it into their planning and design processes to reduce their risks. But economists have 
refused to get on the standards bandwagon and as a result CBAs are not comparable, costly 
and cannot be updated as the project or design changes. 
 
Economics is often done for large infrastructure projects but it is done outside of the process 
used by planners, engineers, architects and project professionals. CBA is used for the big go/no 
go and project alternatives. After the CBA has confirmed a go or major alternative is the best, 
then the million and one decisions are made that really determine the cost, benefit, 
sustainability, and societal value of the project.  What gets built is rarely what is analyzed. Also, 
economics doesn't address the crucial question each stakeholder wants to know of how it 
affects them. So, while one group or sector may be hurt significantly by a project, if another 
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group wins more, economists would recommend a go. Risk in estimates is also ignored in most 
CBAs. 
 
This is all too bad because CBA is the gold standard for decision making. CBA has techniques 
to valuing the difficult to value such as the ecosystem services of a wetland or the value of an 
endangered species or the health benefits of active transportation. It can handle benefits and 
costs occurring at different time, to different groups and it can handle uncertain inputs. 
Sustainable Return on Investment or SROI is one recent incarnation of smart CBA that includes 
risk and values sustainability. 
 
Economist and Civil Engineer Jules Dupuit, is credited with founding CBA and its key concept 
consumer surplus “when he pointed out that the users of roads and bridges in France enjoyed  
benefits in excess of the tolls they paid for the usage (Dupuit, 1844).” In the 1920s, an English 
economist Arthur Pigou developed “the concept of externality ... there is a difference between 
private economic production and public economic product, citing child labour, maternity leave 
for working mothers, alcohol, war and factory pollution.” (Pigou, 1952). And since one of the 
authors was born in England we'd like to point out that Sir William Petty (1623–1687) English 
economist, scientist and philosopher came up with three important ideas for CBA: valuation, 
discounting, and the transparent use of data (Petty, 1992). 
 
Cost‐benefit analysis has a long history and it was standardized and codified in the late 1940’s 
as part of the U.S. flood control act. Interestingly, it was engineers building dams that demanded 
that economics get its act together and standardize its inputs and methodologies. There was a 
move to make sure that projects evaluated were based on the net benefits to society instead of 
basing decision on the financial appraisal, which looks at the interests of only the producers.  
 

“Owing to the lack of specific and concrete guidelines, inconsistent sets of standards and 
procedures were developed and implemented by the various agencies involved in the 
development of water resources. This gave the impression that each agency’s main 
objective of the CBA was to justify the projects that each agency wanted to carry out 
instead of providing critical evaluations of the merits of the projects.” (Mishan and Quah, 
2007) 

 
To ensure consistent and standardized practices, an inter‐agency group was formed in 1946. 
Called the US Federal Inter‐Agency River Basin Committee’s Subcommittee on Benefits and 
Costs, it produced the Proposed Practices for Economic Analysis of River Basin Projects (1950; 
revised 1958) - more commonly known as the U.S. Army Corp of Engineers Green Book. 
 
Since then, most national governments have standardized the methodology and many publish 
recommended input data values to use. Governments have been updating and publishing 
recommendations for methodologies and data since. Some examples include: US Department 
of Transportation (2012, 2013, 2015); US Federal Highway Administration (2013); European 
Commission (2008); Treasury Board of Canada Secretariat (2013); Australia Department of 
Finance and Deregulation Office of Best Practice Regulation (2013). 
 
One specific example of CBA standardization comes from the U.S. Department of 
Transportation (DOT), which administered the Transportation Investment Generating Economic 
Recovery (TIGER) discretionary grant program as a part of the American Recovery and 
Reinvestment Act. The legislation provided $3.1 billion from 2009-2012, awarded on a 
competitive basis. The program has continued through this year. These grants require a CBA. 
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From the start of the TIGER program to date, three significant innovations have been made. In 
order to compare what are often very different projects on a common footing: the DOT 
standardized the methodology, the expected output, and the data to be used. The DOT 
experience is not unique; there are other examples across the world as governments have 
sought to use CBA for decision-making in an era of increasing infrastructure requirements and 
shrinking budgets.  
 
Standard Methodology. The first DOT innovation was that the methodology to be used by grant 
applicants was defined. The DOT published the representative benefit categories. They also 
released technical information for monetizing benefits and costs in their Benefit-Cost Analyses.  
For example, they re-iterated a key tenet of benefit-cost analysis: 
 

“Transfers are not benefits. Analysis should distinguish between real benefits and 
transfer payments. Benefits reflect real resource usage and overall benefits to society, 
while transfers represent payments by one group to another and do not represent a net 
increase in societal benefits.” (U.S. Federal Register, 2012) 

 
And to be concrete, they provided examples: “In the case of job creation, for example, every job 
represents both a cost to the employer (paying a wage) and a benefit to the employee (receiving 
a wage), so it is a transfer payment, rather than a net benefit.” (USDOT 2013) 
 
Standard Data Inputs. The second DOT innovation was that the input data to be used was 
published. The example below shows an extract from a table that supplies the value to place on 
human life and the cost of carbon to cite two controversial examples: 
 

“While the impacts may differ from place to place, the Department does recognize 
certain monetized values (and monetizing methodologies) as standard, such that various 
projects from across the country may be evaluated on a more equivalent “apples-to-
apples” basis of comparison. The following table summarizes key values for various 
types of benefits and costs that the Department recommends that applicants use in their 
benefit-cost analyses.” (USDOT 2012) 

 
Table 1.  TIGER Recommended Monetized Values (extract) 

Cost/Benefit 
Category 

Recommended Monetized 
Value(s) 

Reference and Notes 

Value of 
Statistical Life 
(VSL) 

$6,200,000 per fatality 
($2011) 

Treatment of the Economic Value of a Statistical Life in Departmental 
Analyses (2008 revised guidance and 2011 
update) http://ostpxweb.dot.gov/policy/reports.htm 

Social Cost of 
Carbon (3%) 

3% SCC Year 
(2007$) 
2010 21.40 
2011 21.90 
2012 22.40 
2013 22.80 
… 

3% SCC Year 
(2007$) 
2031 33.40 
2032 34.10 
2033 34.70 
2034 35.40 
… 

Social Cost of Carbon for Regulatory Impact Analysis Under Executive 
Order 12866 (February 2010), page 39, Table A-1 “Annual SCC Values 
2010-2050 (in 2007 
dollars)”http://www.epa.gov/oms/climate/regulations/scc-tsd.pdf. NOTE: – 
SCC values are per unit metric ton of carbon dioxide and already 
discounted forward to the reference year (in 2007 nominal dollars). See 
Part II, Section 1 (“Clarification on the Social Cost of Carbon (SCC) 
Guidance and the Annual SCC Values”), for methodology of how to use 
3% SCC values in TIGER BCA. 

 

http://ostpxweb.dot.gov/policy/reports.htm
http://www.epa.gov/oms/climate/regulations/scc-tsd.pdf
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Standard Output. The third DOT innovation was that good examples of outputs and CBA 
presentation were published so that applicants knew what they were aiming at. The output 
expected was defined using these examples. For the published examples, a common feature 
was that all of these analyses were “transparent and reproducible.”  Insisting on transparent and 
reproducible analysis also helped the DOT do its due diligence on the hundreds of projects that 
they had to evaluate.  
 
In addition to national standards, some economists, have been collecting data CBA’s input data, 
methodologies, and making them available in databases or summarized in the form of meta-
analyses. Meta-analyses and databases of the value of externalities give ready access to 
standardized values that can be used in the CBA.   
 
How do you value …? CBA gives economists the framework to put a price on the difficult to 
price: the value of a walk in the woods, the benefit of green space in a city. Economists have 
many ways of measuring the intangible items that do not have prices because they are not 
traded in markets. They use cunning methods to determine the value of a wetland, walk, or 
wilderness. Economists have a toolbox of methods from asking people hypothetical questions, 
watching peoples' actions, or seeing how the value may be embedded in other observable 
prices. 
 
There are many valuation methodologies that are used to calculate ecosystem service value. 
Some of these are direct such as the price of a resource or service (market price – such as the 
price of water, lumber, fish or game). Some are more indirect such as water quality 
improvements that increase fish take and related fishing incomes (factor income). Some are 
more theoretical such as the cost of replacing a natural system with infrastructure or the costs 
avoided by ecosystem services such as flood control (avoided cost). Others rely on surveys or 
observation. Observation can come from analyzing property prices to see how much of the 
value of an ecosystem is embedded in the property price (hedonic pricing). Travel costs of 
visitors to the ecosystem can also be examined to determine the implied value of the service 
(travel cost). Other surveys of direct willingness to pay can be done by posing scenarios related 
to valuing ecosystems (contingent valuation).  
 
Once a willingness to pay for these intangible benefits has been established it can often be re-
used. Benefits transfer, that is using results from one study in a different location or 
circumstance, means that a CBA could be made much easier, completed more quickly and 
cheaply, and be more defensible if the findings of previous valuation studies could be 
systematically distilled and organized. 
 
Collect, Compile, Collate. Research on the value on intangible benefits is rapidly increasing. For 
example, research addressing ecosystem services. The graph below is based on searching ISI 
web of science using the terms ecological or ecosystem service(s).   
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 Figure 1:  Ecosystem Services Research Growth.  The graph shows increases in the number of ecosystems 
services papers (Peterson, G. 2010. Growth of ecosystem services concept.  Resilience Science.  

http://rs.resalliance.org/2010/01/21/growth-of-ecosystem-services-concept/).  
 
While there are more studies available for use in CBA, databases of these studies allow the 
information to be filtered according to the design, location and needs of the current project. 
Some examples include: 

• The Environmental Valuation Reference Inventory - EVRI is a searchable storehouse of 
empirical studies on the economic value of environmental benefits and human health 
effects. It is sponsored by Environment Canada and agencies and governments from 
several countries.  

• Ecosystem Service Valuation Toolkit - Earth Economics maintains a web-based 
repository of published and unpublished economic values for ecosystem services. The 
database of thousands of ecosystem service values. The repository can be used to 
conduct low-cost ecosystem service valuation using benefit-transfer methodology. 

 
Another organization method, the meta-analysis, also allows for determining average (and 
range) results from a large number of studies. 
 
Meta-Analysis to the Rescue. A type of research report called a meta-analysis is important in 
collecting research results. Meta-analyses combine results from many studies to identify 
averages, differences and patterns. Economic meta-analyses are used to synthesize and 
summarize the prices of non-traded goods as well as highlighting differences in values. They 
can help understand the differences in various valuation methodologies; they can also highlight 
geographical differences, or changes in values over time.  
 
Take for example wetland valuation. Sometime wetlands are bought and sold. Although 
possible, it is unlikely though that the price paid reflects the value that a wetland provides as 
habitat, the water treatment services, recreational use, or the flood control benefits it may 
provide. These characteristics are important, but underappreciated, and hence under- or not-
priced. One meta- analysis study - “reports a … mean value per acre of wetland services is 
$262.43 (in 2003 US dollars). American household’s annual mean willingness to pay associated 
with surface water quality change is $102.51. Benefit per acre of terrestrial habitat is estimated 
to average $130.32.” (Borisova-Kidder, 2006). Apart from valuing wetland habitat and water 
quality services, there are hidden gems that come out of studies like this. For example, holding 
other things constant, wetland value per acre rises by 234.4% if a wetland provides a 

http://rs.resalliance.org/2010/01/21/growth-of-ecosystem-services-concept/
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birdwatching function. Or, saltwater marshes and prairie potholes tend to have significantly 
lower value than swamps. 
 
So the values can vary based on the functions the wetland provides (as with the birdwatching 
example), by region of the country, or by income or demographics of those affected. By using 
meta-analyses that synthesize many studies, the most important variations in these values can 
be included in a wetland valuation so that if, for example, the social cost of water is high in the 
South West due to scarcity, this can be captured in the value of the wetland. In addition, looking 
at hundreds of studies at once one can not only value wetlands but gain an understanding of the 
range of values and hence the risk in using these values. 
 
Standardization Allows the Project Professionals to Use CBA. Unfortunately, despite the 
increase in knowledge and the categorization of this knowledge into quantified and usable 
information, economists wanting to do custom studies are ignoring the standardization being 
driven by governments, the accumulation of research in databases and the application of 
benefits transfer using meta-analyses. 
 
The answer is - don't leave it to economists. Give the tools to those who know the most about 
the project, the professional planners, engineers and architects. And make it part of the 
workflow these professionals use. The standardization in CBA has to use the plans, designs, 
visualization and collaboration tools these infrastructure professionals are using. The CBA 
results need to be available for all decisions, big, small and be available when these 
professionals need it and it has to be inexpensive to run so that it can be run often and used for 
all the small design changes that affect the sustainability of a project. CBA is up to the task. It 
can be run to evaluate different groups and sectors. It can account for risk. And it can use the 
incredibly rich and abundant data on monetized externalities in databases and meta-analyses. 
 
Planners, architects and engineers are using Building Information Model (BIM) to collaborate 
and to manage projects and project risk. The same data, the same model is used by all, 
throughout the planning, design, collaboration, construction and operation of the project. 
Relationships between objects are managed to make sure codes and standards are met. Why 
not use it to also manage triple bottom line objectives or stakeholder concerns by embedding 
CBA into the process? 
 
Standardization of CBA data and methodologies means that it can be embedded in BIM and 
automatically extract up to date project data. It can use quantity take-offs and regional prices to 
determine costs and use regionally-specific, government approved or industry recommended 
defaults. As designers sketch ideas, plans and use the intelligence of a BIM model to optimize 
over many dimensions – CBA allows triple bottom line feedback immediately to planning ideas, 
concepts and designs. Every tree placed in a project is registered in a BIM model and can be 
fed into the CBA analysis and the urban heat island benefits, the stormwater flood control, 
water, and air quality and carbon benefits are fed back to the designer in real time. And when 
the time comes to move into civil engineering or architectural drawings, the same model and 
information can be used. Just as a common data model across planning, design, and 
stakeholder engagement can be used to reduce risk at the hand-off points, so the CBA model is 
updated with design changes and at each stage the benefits of ecosystem goods and services 
and the value of sustainability can be quantified.   
 
Making CBA part of infrastructure planning exposes environmental and societal values and risks 
that may become financial risks. To do this CBA has to be standardized and embedded into 
engineering, architecture and design processes such as BIM. Given advancement in the volume 
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of research, databases and meta-analyses that summarize it, and government initiatives to 
standardize CBA, large and small design decisions on infrastructure projects that affect 
sustainability and project risk can be made by project professionals as part of their BIM 
workflow. 
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