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INTRODUCTION 
 
Decisions regarding transportation infrastructure are costly and have significant societal 
consequences. Various interest groups utilize democratic planning and design processes with 
public involvement to have their own influence on the decisions. Transportation engineering is 
a part of this complex and multifaceted process and its role is to provide a sound engineering 
basis for decision-making. Manuals for transportation studies provide or recommend tools for 
planning, design, and operational analyses of individual road facilities and transportation 
systems. The Highway Capacity Manual (HCM) and capacity manuals developed in other 
countries are among examples of such transportation manuals (Akcelik, 1981; Kimber et al., 
1986; Teply, 1984; TRB, 2000).  
 
Communication between transportation analysts and other stakeholders, such as local officials, 
business owners and residents is an important condition of arriving at a sound decision. The 
current HCM version provides easy to comprehend estimates of measures of effectiveness such 
as speeds and delays and interprets these results by assigning six letters A-F (levels of service, 
LOS) to traffic conditions with A reserved for the best traffic conditions and F for the 
completely unacceptable conditions. This format has been found convenient for conveying the 
transportation analyses results to public and decision-makers.  
 
All of the manuals without exception return point estimates that in most cases are considered 
the mean values. Although some manuals provide general remarks about possible inaccuracies 
of some of the predictions (Teply, 1984; TRB, 2000), none of the existing capacity manuals 
handles uncertainty in their procedures. This practice contradicts with the growing 
understanding that transportation predictions are burdened with a considerable uncertainty 
(Khatib and Kyte, 2000; Luttinen, 2002; Tarko and Tracz, 2000). Figure 1 shows assumed 
uncertainty in the input to the HCM procedure for freeway segments and the resulted 
uncertainty in the results (traffic density and LOS). 
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This paper discusses the potential issues of handling and reporting uncertainties in the real-
world decision-making process. It presents results of our survey of the U.S. transportation 
community on the subject. An analytical illustration of some of the respondents concerns 
follows. The paper concludes with proposed directions of research on uncertainty. 

Item Unit Mean Std. Error
Volume veh/h 3000 300
Percent of HV % 15 1.5
Free-flow speed     mi/h 65 2
Population factor    - 0.9 0.027 
Number of lanes  - 2 0
Terrain - level no uncertainty
Predicted density   veh/mi 1.4
Zero error co-variances
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Figure 1:   Uncertainty in the HCM results for the example freeway segment 

 
SURVEY AND RESPONDENTS 
 
A web-based survey was carried out to investigate the opinions of the HCM users on the 
uncertainty issues related to the HCM. The primary objectives of the survey were to gauge the 
current confidence level of users towards HCM outputs, obtain the current opinions of HCM 
users towards handling uncertainty in the HCM, and identify possible implications of reporting 
uncertainty in HCM-produced results. 
 
The questionnaire was posted on the web in late June 2001. A data collection started 
immediately with email notification about the survey to the members and friends of the HCQS 
committee. In early July, more than 5,000 emails with the information about the  

 

Table 1: Distribution of Respondents 

Expertise No. % Employer No. % Experience No. % 
Planning 60 17.3 Administration 87 25.1 <5 yrs 65 18.7 
Traffic 239 68.9 Consulting 197 56.8 5-15 yrs 135 38.9 
Design 27 7.8 Research 33 9.5 > 15 yrs 140 40.3 
Others 21 6.1 Others 30 8.6 Unknown 7 2.0 
Total 347 100.0 Total 347 100.0 Total 347 100.0 

 
survey were sent to the members of the Institute of Transportation Engineers whose are 
potential users of the HCM. Three hundred forty seven valid responses were received within 
next two weeks (until July 17, 2001). The representation of each respondent group although 
strongly diversified, seems to be sufficient for analysis (Table 1).  
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DO THE HCM USERS SUPPORT HANDLING UNCERTAINTY? 
 
Nearly 70% of the respondents agree that the knowledge of uncertainties would better the 
decision-making process. Almost all of these respondents (67% of all) support the idea of 
including uncertainties in HCM analysis. About one out of five respondents had no opinion on 
the matter. 
 
The classification of responses by employer type showed that researchers are the group with the 
highest approval of the idea of handling uncertainties in the HCM. Consultants have the highest 
percentage of disagreement with this idea. This is sensible because researchers are likely to 
know the most about the mechanisms and shortcomings underlying HCM models and thus 
support the approaches that will help address these concerns. On the other hand, consultants are 
those who use the HCM on daily basis and are most concerned about possible implications.  
 
The administration group, though agrees that knowledge of inaccuracies would help making a 
better decision (68%), exhibits a large percentage of disagreement with the incorporation of 
uncertainty part (25%). By the nature of their work, they are sensitive to potential implications 
for the decision-making process when uncertainty is reported in the results. This group exhibits 
an interesting discrepancy between the percent of pessimists about the usefulness of reporting 
uncertainty (19%) and the percent of disapproval of making the uncertainty known (25%).   
 
Based on the classification by expertise area, planners appear to prefer with this idea to traffic 
engineers and designers. Predictions and uncertainty are involved in planning, thus planners are 
first to appreciate knowing the level of uncertainty to deal with.  The designers agree that 
knowledge of inaccuracies would be helpful; however, they show less degree of support for 
inclusion of the information in the results.  
 
Classification by years of HCM experience manifests that the degree of support increases with 
the decrease in experience. This trend is not a surprise since experienced transportation 
engineers might have throughout understanding of non-engineering implications of reporting 
uncertainty, while less experienced (and probably younger) professionals are more open to 
changes in the engineering methodology. 
 
 
ANTICIPATED IMPLICATIONS 
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The same survey asked the respondents to point out positive and negative implications of 
reporting the uncertainty in the results. It was an open-end question. Most frequent responses 
are shown in Table 2. 

Table 2: Summary of Significant Implications Identified by Respondents 

Frequently Mentioned Implications 
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Benefits       
Encourage professional judgment and increase the users' cognizance of 
the underlying uncertainties 7 11 3 21 
Provide more rational decision-making process 1 7  8 
Improve the planning process such as more realistic prediction 1 4  5 
More realistic outputs and better results 2 2  4 
Increase the awareness of the stochastic nature of the required data 1 1 1 3 
Professional integrity  3  3 
Help explain the difference between the HCM outputs and field 
observations 1 1  2 
Concerns       
Leave more rooms for interpretations and for public and others to 
question the results 8 8 2 18 
Difficult to use/explain the results and possible to misinterpret the 
outputs 3 11 2 16 
Decrease the credibility of HCM and its results 5 5 1 11 
Confuse technical and/or non-technical users 2 8  10 
Complicate the decision-making process 2 6 1 9 
The results could be abused (e.g. by either projects' opponents or 
proponents) 1 3 2 6 
Difficult or almost impossible to implement 1 2 2 5 
Difficult to defend the results 3 1  4 
Increase complexity to the HCM  3  3 
Additional time and expense may not worth the additional information 1 1 1 3 

 
The respondents frequently anticipated a positive educational impact on practicing engineers 
manifested through increased awareness of true traffic nature and of methods’ limitations. 
Many respondents indicated that the results would look more realistic and will promote 
educated decisions. Some respondents added that this approach is needed to preserve 
professional honesty and integrity. Quite frequently, the respondents indicated that the 
knowledge of the imperfections of the HCM methodology would prompt researchers for 
models improvement while promote among the HCM users more reliable methods of analyses.  
 
Opponents of reporting accuracy in the HCM results and as well as some proponents expressed 
multiple concerns about the implications. Most frequently, the respondents anticipated that the 
results would be easily abused and questioned (by decision-makers and by public).  One 
explanation of this concern was that the results would be more difficult to interpret and less 
decisive. A frequent concern expressed in the responses was about the anticipated reduction or 
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even loss of credibility of the HCM and of the traffic engineering profession. Multiple times, 
the respondents were concerned about themselves anticipating that the methodology will be 
more complex and more confusing. 
 
 
ANALYTICAL ILLUSTRATION  
 
The results of the survey indicate a considerable amount of concern among the HCM users 
towards potential implications of reporting uncertainty in the engineering analyses. The most 
frequently expressed anticipation was about a weakening impact of engineering criterions on 
the final decision due to erosion of public and decision-makers confidence towards the 
transportation studies. In the extreme situation, decisions are made on non-engineering basis. 
Another two extreme situations are that transportation decisions are made solely on engineering 
basis with and without considering uncertainty. Altogether, there are three distinct scenarios: 
(1) Engineering basis with handling uncertainty (optimistic future), (2) Engineering basis 
without handling uncertainty (optimistic presence), (3) Non-engineering basis (pessimistic 
presence or future).   
 
Let us consider the outcome of the three decision-making scenarios for a case where a decision-
maker has to pick up one from two alternatives for a transportation facility for which the 
demand-cost functions are given in Figure 2. The functions yield the daily equivalent amount 
for the investment lifetime. The costs include the users’ and agency’s costs for delays, fuel, 
capital investment, maintenance, etc.  The uncertainty about the actual costs is brought by an 
imperfect future demand prediction represented by a normally distributed random variable.  The 
uncertainty of the model (cost-demand functions) is neglected. The three decision-making 
scenarios for the considered cases are as follows: 
 
 The expected costs for each alternative are estimated using the demand-cost function and the 
demand distribution. The alternative with a lower expected cost is selected. 
 The future costs for each alternative are estimated using the demand-cost function and the 
expected demand (point estimate). The alternative with a lower expected cost is selected. 
 An alternative is picked up randomly without engineering analysis. In this example, both the 
alternatives are assumed to have an equal chance. 
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Figure 2: The demand-cost functions for the analytical example 

Table 3: Expected future daily costs 

Expected Demand1 (veh/day) Scenario 45,000 50,000 55,000 60,000 65,000 
1 2,810 3,550 4,960 5,660 6,090 
2 2,810 3,550 4,960 7,662 6,090 
3 3,980 4,400 5,180 6,660 9,410 

 
 

Table 3 presents expected future daily costs incurred at the road facility as the effect of 
implementing each scenario. Neglecting uncertainty in Scenario 2 may be costly for a particular 
range of demands, while not considering costs at all brings expected loss regardless of the 
demand level. These results illustrates why some respondents are concerned about the non-
engineering implications of reporting uncertainty.  
 

 

CLOSURE 
 

Majority of transportation engineers who use the HCM support handling and reporting 
uncertainty. They believe that reporting uncertainty may help transportation agencies make 
better decisions. At this time, the opponents and even some proponents of handling uncertainty, 
warn against potential negative impacts that primarily may be caused by justified or unjustified 
weakening of the public and decision-makers confidence towards engineering studies. The 
analytical example illustrated this potential impact. 
 
Although it is difficult in particular cases to predict whether positive or negative impact of 
reporting uncertainty prevails in the real-world decision-making process, one conclusion is 
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obvious. Handling and reporting uncertainty must be researched and implemented with a 
careful consideration of non-engineering impacts. It is important that the uncertainty-related 
concepts and format of uncertainty reporting fit the knowledge and skills of those transportation 
stakeholders who may have considerable impacts on final decisions.  
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