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Executive Summary 
 
The Intersection Decision Support (IDS) system is designed to assist drivers on stop-
controlled low-volume rural roads choosing gaps when confronted with busy multiple 
lane divided-highways, without affecting traffic on the high-volume road. The hope is 
that by providing better gap guidance, fewer crashes (and fatalities) will occur. This 
research develops a framework for analyzing such a new and presently under-specified 
technology, and illustrates that framework by comparing that with more conventional 
engineering approaches, as well as a “do-nothing” base case. 
 
Investments in roadway safety programs are often expensive, and may not always 
produce the intended results. Many alternatives exist, and it is desirable for the 
sponsoring agency to determine the best use of funds. Increasingly, agencies are 
conducting benefit-cost analyses to aid in their decision making. The main idea is to 
define a base-line scenario (often the “do-nothing” alternative), identify alternative 
solutions, develop measures of effectiveness, and determine the benefits and costs 
associated with each alternative.  A comparison of benefit-cost ratios can identify the best 
alternative.  However, simple reporting of benefit-cost ratios fails to capture the potential 
for variability in the costs and benefits incurred by a project. A more useful tool for 
decision makers would be to provide them with a range of probable outcomes for the 
benefits and costs of a project. 
 
The results show that the IDS System may reduce crash rates at various intersections.  
More research is needed to address reliability and stability issues, and in determining how 
cost-effective of a solution the IDS System is compared to other “traditional” 
alternatives. 
 
An analysis of the various safety countermeasures alternatives at US 52 and CSAH 9 in 
Goodhue County, Minnesota provided insight into the best use of funds for intersection 
safety improvements. In general, all of the alternatives had benefit-cost ratios greater than 
1.0 on average, (meaning it is cost-effective to make the investment). 
 
Two alternatives were compared, a best of breed engineering approach, in this case a 
Directional Median Opening, and the IDS. The Directional Median Opening Alternative 
will always cost more than the IDS alternative. If it works as intended, the IDS 
alternative will generally provide greater benefits, however there is an approximately 16 
percent chance the DMO alternative will perform as well or better. 
 
It is important to note several issues that may impact the results of the analysis.  First, the 
cost of the directional median opening varies depending on site-specific circumstances, 
and requires there be existing adequate median space to construct U-turns that allow large 
vehicles to maneuver (otherwise the mainline lanes may need to be moved at 
considerable additional costs, and reduction in benefit-cost ratio). Second, it is possible 
that the crash reduction benefits in the IDS alternative may have been overestimated or 
underestimated. The crash reduction benefits were determined from driving simulator 
data, and the model has not been verified. Third, it is also possible these benefits would 



be reduced (or negative) due to a number of potential failure and reliability issues, driver 
interpretation issues, and attention issues as identified in Chapter 9. 
 
It is recommended that additional research be carried out to resolve these issues. 
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1.  Introduction 
 
The Intersection Decision Support (IDS) system is designed to assist drivers on stop-controlled 
low-volume rural roads choosing gaps when confronted with busy multiple lane divided-
highways, without affecting traffic on the high-volume road. The hope is that by providing better 
gap guidance, fewer crashes (and fatalities) will occur.  There are a number of technologies 
being tested, including sensing technologies and a driver-infrastructure interface.  This research 
develops a framework for analyzing such a new, and presently under-specified technology, and 
illustrates that framework by comparing that with more conventional engineering approaches, as 
well as a “do-nothing” base case. 
 
Understanding driver behavior in traffic is a crucial element in developing safety improvement 
programs.  A first step in this direction may involve learning how drivers interact with other 
drivers within the context of the overall driving environment.  Of particular interest is how 
drivers select gaps when crossing and/or entering a traffic stream.  Simulation methods are 
developed to estimate crash rates.  These models can be applied to scenarios such as the 
installation of a safety countermeasure to estimate the change in driver behavior, conflict 
frequency, and crash frequency.  The simulation is used to predict the effectiveness of the 
Intersection Decision Support System in terms of the impact it has on the conflict/crash 
frequency.  It is expected the system will change not only the number of crashes, but the types of 
crashes and their severity as well.  Data from these simulation runs will then be used to 
determine the potential benefits from the implementation of the IDS project. 
 
Investments in roadway safety programs are often expensive, and may not always produce the 
intended results.  Many alternatives exist, and it is desirable for the sponsoring agency to 
determine the best use of funds.  Increasingly, agencies are conducting benefit-cost analyses to 
aid in their decision making.  The main idea is to define a base-line scenario (often the “do-
nothing” alternative), identify alternative solutions, develop measures of effectiveness, and 
determine the benefits and costs associated with each alternative.  A comparison of benefit-cost 
ratios can identify the best alternative.  However, simple reporting of benefit-cost ratios fails to 
capture the potential for variability in the costs and benefits incurred by a project.  A more useful 
tool for decision makers would be to provide them with a range of probable outcomes for the 
benefits and costs of a project. 
 
The benefit-cost analysis for the IDS project follows this approach and is the purpose of this 
research.  Chapter 2 gives a brief history and theory of benefit-cost analysis.  Chapter 3 presents 
the framework and methodology employed in the analysis.  Chapter 4 identifies the relevant 
countermeasures.  Estimates of the lifespans of the various technologies are presented in Chapter 
5.  Chapter 6 details the costs associated with each of the alternatives, and Chapter 7 describes 
the methodology used in determining delay costs.  The methodology used in calculating crash-
reduction benefits of the countermeasures is presented in Chapter 8.  Chapter 9 discusses and 
presents the results of the sensitivity analysis performed on the benefits and costs of each 
alternative.  Chapter 10 presents a discussion of the results, followed by recommendations and 
conclusions. 
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2.  A Brief History and Theory of Benefit-cost Analysis 
 
Early Beginnings 

When Benjamin Franklin was confronted with difficult decisions, he often recorded the pros and 
cons on two separate columns and attempted to assign weights to them.  While not 
mathematically precise, this “moral or prudential algebra,” as he put it, allowed for careful 
consideration of each “cost” and “benefit” as well as the determination of a course of action that 
provided the greatest benefit (Gramlich, 1990).  While Franklin was certainly a proponent of this 
technique, he was not the first.  Western European governments, in particular, had been 
employing similar methods for the construction of waterway and shipyard improvements. 
 
Ekelund and Hebert (1999) credit the French as pioneers in the development of benefit-cost 
analyses for government projects.  The first formal benefit-cost analysis in France occurred in 
1708.  Abbe de Saint-Pierre attempted to measure and compare the incremental benefit of road 
improvements (utility gained through reduced transport costs and increased trade), with the 
additional construction and maintenance costs.  Over the next century, French economists and 
engineers applied their analysis efforts to canals (Ekelund and Hebert, 1999).  During this time, 
the Ecole Polytechnique had established itself as France’s premier educational institution, and in 
1837 sought to create a new course in “social arithmetic”:  “…the execution of public works will 
in many cases tend to be handled by a system of concessions and private enterprise.  Therefore 
our engineers must henceforth be able to evaluate the utility or inconvenience, whether local or 
general, or each enterprise; consequently they must have true and precise knowledge of the 
elements of such investments.” (Ekelund and Hebert, 1999, p. 47).  The school also wanted to 
ensure their students were aware of the effects of currencies, loans, insurance, amortization and 
how they affected the probable benefits and costs to enterprises. 
 
In the 1840s French engineer and economist Jules Dupuit (1844, tr. 1952) published an article 
“On Measurement of the Utility of Public Works,” where he posited that benefits to society from 
public projects were not the revenues taken in by the government (Aruna, 1980).  Rather, the 
benefits were the difference between the public’s willingness to pay and the actual payments the 
public made (which he theorized would be smaller).  This “relative utility” concept was what 
Alfred Marshall would later rename with the more familiar term, “consumer surplus” (Ekelund 
and Hebert, 1999). 
 
Vilfredo Pareto (1906) developed what became known as Pareto improvement and Pareto 
efficiency (optimal) criteria.  Simply put, a policy is a Pareto improvement if it provides a benefit 
to at least one person without making anyone else worse off (Boardman, 1996).  A policy is 
Pareto efficient (optimal) if no one else can be made better off without making someone else 
worse off.  British economists Kaldor and Hicks (Hicks, 1941; Kaldor, 1939) expanded on this 
idea, stating that a project should proceed if the losers could be compensated in some way.  It is 
important to note that the Kaldor-Hicks criteria states it is sufficient if the winners could 
potentially compensate the project losers.  It does not require that they be compensated (Zerbe, 
1994). 
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Benefit-cost Analysis in the United States 
 
Much of the early development of benefit-cost analysis in the United States is rooted in water 
related infrastructure projects.  The US Flood Control Act of 1936 was the first instance of a 
systematic effort to incorporate benefit-cost analysis to public decision-making.  The act stated 
that the federal government should engage in flood control activities if “the benefits to 
whomsoever they may accrue [be] in excess of the estimated costs,” but did not provide guidance 
on how to define benefits and costs (Aruna, 1980, Persky, 2001).  Early Tennessee Valley 
Authority (TVA) projects also employed basic forms of benefit-cost analysis (US Army Corp of 
Engineers, 1988).  Due to the lack of clarity in measuring benefits and costs, many of the various 
public agencies developed a wide variety of criteria.  Not long after, attempts were made to set 
uniform standards. 
 
The U.S. Army Corp of Engineers “Green Book” was created in 1950 to align practice with 
theory.  Government economists used the Kaldor-Hicks criteria as their theoretical foundation 
for the restructuring of economic analysis.  This report was amended and expanded in 1958 
under the title of “The Proposed Practices for Economic Analysis of River Basin Projects” 
(Persky, 2001). 
 
The Bureau of the Budget adopted similar criteria with 1952’s Circular A-47 - “Reports and 
Budget Estimates Relating to Federal Programs and Projects for Conservation, Development, or 
Use of Water and Related Land Resources”. 
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Modern Benefit-Cost Analysis 
 
During the 1960s and 1970s the more modern forms of benefit-cost analysis were developed.  
Most analyses required evaluation of:   

 
1. The present value of the benefits and costs of the proposed project at the time they 

occurred 
2. The present value of the benefits and costs of alternatives occurring at various points 

in time (opportunity costs) 
3. Determination of risky outcomes (sensitivity analysis) 
4. The value of benefits and costs to people with different incomes (distribution 

effects/equity issues) (Layard and Glaister, 1994) 
 
The Planning Programming Budgeting System (PPBS) - 1965 
 
The Planning Programming Budgeting System (PPBS) developed by the Johnson administration 
in 1965 was created as a means of identifying and sorting priorities.  This grew out of a system 
Robert McNamara created for the Department of Defense a few years earlier (Gramlich, 1981).  
The PPBS featured five main elements: 

 
1. A careful specification of basic program objectives in each major area of 

governmental activity. 
2. An attempt to analyze the outputs of each governmental program. 
3. An attempt to measure the costs of the program, not for one year but over the next 

several years (“several” was not explicitly defined). 
4. An attempt to compare alternative activities. 
5. An attempt to establish common analytic techniques throughout the government. 

 
Office of Management and Budget (OMB) – 1977 
 
Throughout the next few decades, the federal government continued to demand improved 
benefit-cost analysis with the aim of encouraging transparency and accountability.  
Approximately 12 years after the adoption of the PPBS system, the Bureau of the Budget was 
renamed the Office of Management and Budget (OMB).  The OMB formally adopted a system 
that attempts to incorporate benefit-cost logic into budgetary decisions.  This came from the 
Zero-Based Budgeting system set up by Jimmy Carter when he was governor of Georgia 
(Gramlich, 1981). 
 
Recent Developments 
 
Executive Order 12292, issued by President Reagan in 1981, required a regulatory impact 
analysis (RIA) for every major governmental regulatory initiative over $100 million.  The RIA is 
basically a benefit-cost analysis that identifies how various groups are affected by the policy and 
attempts to address issues of equity (Boardman, 1996). 
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According to Robert Dorfman, (Dorfman, 1997) most modern-day benefit-cost analyses suffer 
from several deficiencies.  The first is their attempt “to measure the social value of all the 
consequences of a governmental policy or undertaking by a sum of dollars and cents”.  
Specifically, Dorfman mentions the inherent difficultly in assigning monetary values to human 
life, the worth of endangered species, clean air, and noise pollution.  The second shortcoming is 
that many benefit-cost analyses exclude information most useful to decision makers:  the 
distribution of benefits and costs among various segments of the population.  Government 
officials require this sort of information and are often forced to rely on other sources that provide 
it, namely, self-seeking interest groups.  Finally, benefit-cost reports are often written as though 
the estimates are precise, and the readers are not informed of the range and/or likelihood of error 
present. 
 
The Clinton Administration sought proposals to address this problem in revising Federal benefit-
cost analyses.  The proposal required numerical estimates of benefits and costs to be made in the 
most appropriate unit of measurement, and “specify the ranges of predictions and shall explain 
the margins of error involved in the quantification methods and in the estimates used” (Dorfman, 
1997).  Executive Order 12898 formally established the concept of Environmental Justice with 
regards to the development of new laws and policies, stating they must consider the “fair 
treatment for people of all races, cultures, and incomes.”  The order requires each federal agency 
to identify and address “disproportionately high and adverse human health or environmental 
effects of its programs, policies and activities on minority and low-income populations” 
(Environmental Protection Agency, 1994). 
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option for drivers in conflict, even though from the perspective of observers it is mistaken 
strategy and unsafe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  




