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Purpose 
 Find a measure of reliability that will be useful and 

meaningful in a Benefit-Cost (B-C) analysis 

 This requires: 

  Deciding on a measurable definition for travel time 
reliability  

 Identifying a value to use for reliability in freight 
transportation.   

 



Background 
 Must consider important differences between 

passenger and freight transportation to accurately 
assess the impact of highway infrastructure 
improvements.    

 Particularly true when it comes to improvements on 
congestion and time reliability.   

 Much more complicated than for passenger travel.  



Current Measures of Reliability: 
The Mean Variance Approach 

 uses the mean travel time as well as the standard 
deviation of travel times.  

 This method is straight forward and relies upon 
extensive dataset collected from loop detectors, radar 
detectors, GPS devices, and other technical sensors.  

 The larger the size of the standard deviation from the 
mean, the lower travel time reliability.  



Current Measures of Reliability: 
Percentiles 
 

 Unreliability is measured and commonly valued as the 
95th percentile travel time.  

 This approach is presented as a numerical difference 
between the average travel time and a predictable upper 
deviation from the average.   

 This difference (a real number) is then directly used to 
monetize the value of unreliability. 

 Estimates the time travelers need to plan their trips in 
order to be on time 

 



Current Measures of 
Reliability:Buffer Time Index 
 Buffer time is defined as the 95th percentile of the 

travel time distribution minus the mean time. 
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Current Measures of 
Reliability:Planning Time Index 

 Estimates the total travel time that should be planned 

 the planning time index differs from the buffer time 
index in that it considers both recurrent delay and 
unexpected delay 

ὖὰὥὲὲὭὲὫ ὸὭάὩ ὭὲὨὩὼ=  
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The Bimodal Approach 
 Instead of examining travel time, this approach uses the 

GPS spot speed directly. 

 Travel speed can be statistically represented by either a 
unimodal or bimodal probability density function.  

 A mixture of two Gaussian distributions was identified 
as the best fit for the distribution of speed data. 

 

 



Current Measures of Reliability 
 Bimodal approach (cont.) 

 Five parameters represent the speed distribution: mean (μ1) 
and standard deviation (σ 1) of the first normal distribution, 
mean (μ2) and standard deviation (σ 2) of the second 
distribution, and mixing proportion (α) of the first normal 
distribution. 
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Bimodal approach (cont.) 
 

 

 Travel performance is classified into three categories: 
unreliable, reliably fast, and reliably slow. 

 Travel condition is defined as unreliable if and only if  

 

                                                             

 

otherwise, it is viewed as reliable.  

 

 If traffic along the segment is defined as reliable and  

, then the traffic is reliably slow, otherwise it is reliably fast.  
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Current Measures of Reliability 
 Comparison of the three methods 

 Study area: Southbound I-5 between SR-520 and I-90 

 Length: 3.47 mile 

 Data: Truck GPS data collected in May 2012 

 Analysis period: weekday Night period (12 AM – 6 AM) and AM 
Peak period (6 AM – 9 AM) 

 

I -5 

SR-520 

I -90 



Current Measures of Reliability 
 Comparison Results 

Methods  Measures  Night (12 AM ɀ 6 

AM)  

AM Peak (6 AM ɀ 9 

AM)  
  Mean speed (mph) 57.324 38.831 

  Mean travel time (min) 3.638 5.618 

Standard deviation 

method  

Travel time standard 

deviation (min) 

0.027 1.325 

Percentile method  95th percentile travel time 

(min) 

3.932 8.990 

  Buffer time (min) 0.294 3.371 

  Buffer time index (%) 8.1% 60.0% 

  Planning time index 1.133 2.591 

Bimodal method  Bimodal method Reliably fast Unreliable 

 

 



Measure Recommendations 
 If sufficient travel time data is available, e.g. every 5 

minute loop detector data 
 Use the buffer time index 

 Represents the extra travel time travelers must to add to 
ensure on-time arrival. 

 When data is sparse, e.g. low reading frequency GPS 
data 
 Use the bimodal approach employed by WSDOT 

 Does not require extensive travel time data, but still can 
examine and classify the reliability based on spot speed 
data.  

 



Issues Valuing Freight Time and 
Reliability 
 Problems with stated preference (SP)or revealed 

preference (RP)surveys used to calculate these values: 

 Shippers transporting different commodities will have 
varying values of time and reliability 

 Humans typically are not able to assign value to variance 

 Solutions? 

  Careful survey design and appropriate sample selection 



Case Study: de Jong et al. (2004) 
 

 Use SP and RP techniques and find that a 10% change in 
reliability as defined by percent of shipments not 
delivered on time is equivalent to: 

 

 $1.38 per truckload for low valued raw materials and semi-
finished goods 

 $1.79 per truckload for high valued raw materials and semi-
finished goods 

 $3.90 per truckload for containers 

 $2.42 per truckload for total freight transport by road 

 



The Reliability Ratio  
 The ratio of the value of freight travel time 

reliability(VOFTTR) to the  value of freight travel time 
(VOFTT) savings 

 If ratio is > 1, the respondent values reliability more 
highly than travel time, if ratio < 1, the travel time is of 
more highly valued than reliability. 
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Reliability Ratio Table ($ in 2010 USD) 

Source Criteria (Industry/Region) Value of Travel Time 
Value of Travel Time 

Reliability  
Reliability 

Ratio 

Weisbrod, Vary, Treyz, 
2001 Agriculture $25.07/ transport hour $176/transport hour 7.020 

Weisbrod, Vary, Treyz, 
2002 Mining $24.04/ transport hour $60.60/transport hour 2.521 

Weisbrod, Vary, Treyz, 
2003 Manufacturing $25.66/ transport hour $222.73/transport hour 8.680 

Fowkes et al., 2001* shippers, carriers, UK $95.4/transport hour 

For deviations from the 
scheduled departure time, 
$90/ transport hour 0.943 

Halse and Killi, 2011 
Shippers buying transport 
services 

Value of average value ot 
travel time (VATT): 
$16.81/ transport hour 

$68.2/ transport for every 
hour of expected delay 4.057 

Halse and Killi, 2011 Own-Freight Account 
VATT: $61.55/ transport 
hour 

$233.21/ transport for 
every hour of expected 
delay 3.789 

Halse and Killi, 2011 Transport Companies 
VATT: $72.35/  transport 
hour 

$173.54/transport for 
every hour of expected 
delay 2.399 

Zamparini, Layaa, 
Dullaert, 2011 

Tanzania, own freight 
account $0.0393 per ton-km $0.00139 per ton-km 0.035 

Zamparini, Layaa, 
Dullaert, 2011 Tanzania, carriers $0.1243 per ton-km $0.00413 per ton-km 0.033 

*Values calculated from table 1 in De Jong (Values of Reliability, 2004) 



Conclusion 
 Different measures of reliability are available with new 

GPS collection systems 

 The value of reliability for freight may vary 
considerably across shippers and commodities 

 To find a value of travel time reliability for cost-benefit 
analysis, conduct a survey in the region of interest. 

 Until these surveys are conducted, a Reliability Ratio 
between 2 and 8 could be used in Oregon and 
Washington to provide a reasonable range of vallues 



Road Freight Travel Time ($ in 2010 USD) 

Source 
Survey 
Date 

Criteria 
(Industry/Region) 

Collection 
Method 

Value Notes 

Fowkes et al., 2001* 1999 
shippers, carriers, 
UK SP $95.4/transport hour   

Halse and Killi, 2011   
Shippers buying 
transport services SP 

Value of Freight Travel Time 
Savings (VFTTS): $9.65/ 
transport hour ; value of 
average transport time 
(VATT): $16.81/ transport 
hour average weight: 3.8 tons 

Halse and Killi, 2011   
Own-Freight 
Account SP 

VFTTS $54.04/hr per 
transport; VATT $61.55/ 
transport hour average weight: 3.6 tons 

Halse and Killi, 2011   
Transport 
Companies SP 

VFTTS $73.85/ transport hour; 
VATT $72.35/ transport hour average weight: 12 tons 

Transek, 1990***   Sweden SP $3.26 VFTTS/ transport hour 

Besides transport mode (only road 
entries are listed here), Country was 
the only other criteria variable used.  

The collection method was reportedly 
SP for all of the studies reported by 

Zamparini and Reggiani, and a 
combination of shipping firms and 

transportation companies are 
surveyed. 

Bergkvist, 2000*** 1991 Sweden SP $2.08 VFTTS/ transport hour 

Transek, 1992***   Sweden SP $4.35 VFTTS/ transport hour 

Bergkvist and 
Johansson, 1997***   Sweden SP $6.53 VFTTS/ transport hour 

Kurri et al., 2000***   Finland SP $9.86 VFTTS/ transport hour   

Bickel et al., 2005*** 2002 Finland SP $21.71 VFTTS/ transport hour   

de Jong et al., 1995***   Denmark SP $45.09 VFTTS/ transport hour   



Road Freight Travel Time Reliability ($ in 2010 USD) 

Source 
Survey 
Date  

criteria 
(Industry/Region) 

Collection Method Value Notes 

Weisbrod, Vary, 
Treyz, 2001 2001 Agriculture 

Stated Preference 
(SP) 

$8.61/min2 ($176.07/ transport 
hour)   

Weisbrod, Vary, 
Treyz, 2001   Mining   $1.02/min ($60.60/ transport hour)   

Weisbrod, Vary, 
Treyz, 2001   Manufacturing   

$13.78/min2 ($222.73/ transport 
hour)   

Accent and 
Hague 
Consulting 
Group, 1995* 1995 

United Kingdom 
(UK) SP 

A 1% increase in the probability of 
delay of 30 min. or more is 
equivalent to $0.60 - $2.41 per 
transport   

Bruzelius, 2001* 1989-1990 Shippers, Sweden SP 
A 1% increase in the frequency of 
delays $4.69 - $43.68 per transport 

Based on Transek, 1990, 
1992 

Fowkes et al., 
2001* 1999 

Shippers and 
Carriers, UK SP 

For deviations from the scheduled 
departure time, $90/ transport hour   

Hague 
Consulting 
Group, 1992a* 1991-1992 

The Netherlands, 
shippers and 
carriers for road, 
rail and inland 
waterways SP 

An increase in the percentage of 
shipments not on time of 10% (e.g. 
from 10% to 11% or 90% to 99%) is 
equally as bad as 5-8% higher 
transport costs.   

Hague 
Consulting 
Group, 1992b* 1992 

The Netherlands, 
Germany and 
France SP 

A decrease in the probabliity of 
delay by 10 index points (e.g. from 
15% to 5%) is worth $0.01 to $0.04 
per ton-km    

            



RAND Europe et 
al., 2004* 2004 

The Netherlands, 
shippers and 
carriers SP/RP 

An increase in the percentage of 
shipments not on time of 10% (e.g. 
from 10% to 11% or 90% to 99%) is 
equivalent to $2.37 per transport   

Small et al., 
1999* 1999 USA, carriers SP 

 
A one hour delay is worth $526.62 
per transport   

Watson et al. 
1974**   

USA, large 
household 
appliance shippers 

RP (audit copies of 
freight bills) 

Willing to pay $45.98 to reduce 
standard deviation of travel time by 
one day   

Winston, 
1981**   

USA: unregulated 
agriculture RP 

 
Willing to pay $541.36 to reduce 
standard deviation of transit time by 
one day   

Winston, 
1981**   

USA:Regulated 
agriculture RP 

Willing to pay $5,507 to reduce 
standard deviation of transit time by 
one day for the regulated agriculture 
industries   

Winston, 
1981**   

USA: Stone, clay 
and glass products RP 

Willing to pay $4,345 to reduce 
standard deviation of transit time by 
one day for stone, clay and glass 
products   

Winston, 
1981**   

USA: Primary and 
fabricated metals RP 

Willing to pay $1,714 to reduce 
standard deviation of transit time by 
one day for primary and fabricated 
metals   

Wilson et al. 
1986**   USA, shippers RP 

 
Willing to accept 1.3 extra transit 
days to reduce late shipments by 1%   



            

Ogwude, 1990, 
1993**   

Nigeria: consumer 
goods RP 

Firms WTP $0.006 (half a cent) per 
ton to reduce standard deviation of 
transit time by 1 hour   

Ogwude, 1990, 
1993**   

Nigeria: capital 
goods RP 

Firms WTP $0.00225 (a quarter of a 
cent) per ton to reduce standard 
deviation of transit time by 1 hour.    

Abdelwaham 
and Sargious, 
1992**     

RP (based on 
commodity flow 
survey) 

$433/lb per day of improved 
reliability 

Reliability is measured as 
number of days above 
average travel time on 
which 95% of arrival is 
achieved 

Fowkes et al., 
1991**     SP 

Increasing on-time deliveries by 5% 
was valued equivalently to a one-half 
day decrease in scheduled journey 
time.   

Small et al., 
1997**   Industry composite SP 

Value of reduction of late scheduled 
deliveries was $497.58 per hour per 
truck delivery   

Halse, Askill and 
Marit Killi, 2011   

Shippers buying 
transport services SP 

$11.83/transport  for every hour the 
standard deviation of travel time 
decreased; $68.25/transport for 
every hour of expected delay 

The sample used in this 
experiment included 
shippers, carriers and 

own-account 
shipper/carriers with 

"many sectors 
represented" 

Halse, Askill and 
Marit Killi, 2011   

Own-account 
freight SP 

$233.21/transport for every hour of 
expected delay 

Halse, Askill and 
Marit Killi, 2011   

Transport 
companies SP 

$173.54/transport for every hour of 
expected delay 

Zamparini, 
Layaa, Dullaert, 
2011   

Tanzania, own 
freight account SP $0.00139 per ton-km 

SP survey from 24 
different companies 
across a variety of 
industries 

            



            

Zamparini, 
Layaa, Dullaert, 
2011   Tanzania, carriers SP $0.00413 per ton-km   

Halse, Samstad, 
Killi, Flugel, 
Ramjerdi, 2010   Norway, shippers SP 

$11.54 per hour change in travel time 
standard deviation and $386.69 per 
hour of unexpected delay   

Halse, Samstad, 
Killi, Flugel, 
Ramjerdi, 2010   

Own-account 
freight SP $189.30 per hour of unexpeted delay   

Halse, Samstad, 
Killi, Flugel, 
Ramjerdi, 2010   Carriers   

$121.29 per hour of unexpected 
delay   

*Values calculated from table 1 in De Jong (Values of 
Reliability, 2004) **Values calculated from table 2.3 in Weisbrod et al. (2001)  


