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1. INTRODUCTION 
 
This paper is based on work conducted for Transport Scotland by the Institute for Transport Studies, 
University of Leeds. The views expressed here are those of the authors and should not be taken to 
represent the views of Transport Scotland.  
 
The principal aim of that research was to generate first hand evidence from road users in Scotland on 
journey time reliability. Further aims were to assess the usefulness of the data that exists within and 
outwith Transport Scotland on journey time reliability and, together with the principal aim, evaluate 
how this information might be used to update and improve the appraisal guidance on assessing 
journey time reliability impacts in Scotland. 
 
Section 2 reports theory and values from a survey of current literature. Section 3 reports the results of 
two surveys of companies: one regarding freight and one regarding general activities. For both 
surveys, estimates of a quantity known as the reliability ratio are calculated. Section 4 presents results 
from an analysis of some specially extracted automatic traffic count site data for which vehicle speed 
estimates were available. Section 5 provides some conclusions. 
 
2. THEORETICAL BACKGROUND AND CURRENT BEST PRACTICE 
 
Current best practice in establishing user valuations of Journey Time Variability (JTV)  is to calculate 
what is known as a Reliability Ratio (RR), where the ratio is to the Value of a Travel Time Saving 
(VTTS). The effect is to convert JTV into an equivalent number of minutes of travel time, which can 
then be valued in appraisals by the conventional VTTS.  
 
In a project for the German Federal Ministry of Transport, Building and Urban Development, 
international experts1 on travel and transport time reliability were interviewed (Significance et al., 
2012).  One of the questions was which operational definition of reliability they would recommend for 
including reliability in the Cost Benefit Analysis in the next 2-3 years. Standard Deviation of Travel 
Time (T ) had the most support among the experts, with 10 out of 23 votes (plus another 2 for its 
square ‘variance’). Note that this is the standard deviation of travel time, not of lateness.  
 
That advice is adopted in the definitions below, which closely follow the method set out in section 
9.2.2.9 of Transport Scotland’s “STAG Technical Database Section 9”, reliability, and the equivalent 
section of UK DfT’s WebTAG advice. 
 
                                                
1 John Bates, Richard Batley, Maria Börjesson, Jonas Eliasson, Leonid Engelson, Mogens Fosgerau, Tony Fowkes, Joel 
Franklin, Justin Geistefeldt, Askill Halse, Bruce Hellinga, David Hensher, Yaron Hollander, Juergen Janssen, Anders Karlström, 
Paul Koster, Hao Li, Tim Lomax, Hani Mahmassani, Rich Margiotta, Kai Nagel, Juan de Dios Ortúzar Salas, Stefanie Peer, 
John Polak, Farideh Ramjerdi, Piet Rietveld, Henrik Swahn, Lori Tavasszy, Erik Verhoef, Inge Vierth, Peter Vovsha, Tom van 
Vuren, Mark Wardman, Pim Warffemius. 
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Reliability Ratio = (Value of ΔT) / (Value of ΔT)  = VOR / VTTS   
 
where: 
 VOR: value of reliability  
 VTTS: value of travel time 
 ΔT : a change in the standard deviation of travel time 
 ΔT: an identically sized change in scheduled travel time. 
 
For example, we might have an estimate of VTTS as £6/hour for some group. That means that the 
value of a ten minute saving (ΔT=  ‒10) minutes is estimated at £1. We now need to know the value of 
reducing the standard deviation of travel times also by 10 minutes. From the literature, the consensus 
of opinion is that RR is often around 0.8, in which case the value of reducing the standard deviation of 
travel times would be about £4.80 per hour, and so the value of reducing the sd by 10 minutes would 
be £0.80 if we used that value of RR. 
 
For public transport however, the RR is usually defined differently:  
Reliability Ratio = (Value of ΔL) / (Value of ΔL) = VOR / VOL   
where: 
 VOL: Value of (mean) lateness = f . VTTS  
 (f is a factor to be estimated or taken from the literature, currently recommended as 2.5) 
 ΔL : a change in the standard deviation of lateness 
 ΔL: an identical sized change in lateness (= Ai  - AS, where Ai is the actual arrival time of 

trip i and AS is the timetabled arrival time referring to that trip; with Ai – AS ≥ 0, ie. early 
arrivals are treated as being on time).  

 
For example, we might have an estimate of VTTS as £6/hour for some group. That means that the 
value an hour of lateness is £15 (using the recommended f value of 2.5). From an expert workshop 
held in the Netherlands in 2004, the recommended RR value for public transport was 1.4. In that case 
the value of increasing the standard deviation of lateness would be about £21 per hour. 
 
A good overview of estimates found in the literature, together with values adopted at a 2004 expert 
workshop, is available in Significance et al. (2013). The consensus for the RR of car travelers is 
around 0.8. For Public Transport the position is less clear. For road freight transport the RR using the 
standard deviation of road freight transport time in Significance et al. (2013) is around 0.4. Other 
recent empirical studies, notably Halse et al. (2010) and Fowkes (2006), also found similar low RRs in 
freight (when including the valuation of transport staff time and vehicles from the carriers in the values 
of reliability and time). 
 
3. RESULTS FROM THE SURVEY OF COMPANIES 
 
In this section we shall give some results from a survey of companies regarding unreliability on 
Scottish trunk roads. Further results will be made available via the Transport Scotland website. 
Respondents were initially approached by telephone and either responded on the telephone or on-
line. In order to boost the sample sizes, members of a commercial panel were subsequently asked to 
complete it on-line. It will be evident that the sample is not statistically representative of any particular 
population, but we have aimed to achieve a spread over both sectors and regions.  
 
The total achieved sample size was 167, all obtained between 05/03/14 and 12/05/14. Respondents 
were asked to respond on behalf of their companies/organisations. There were two separate 
questionnaire designs. One was particularly tailored to the effects of unreliability on freight movements 
and 45 responses to this Freight (F) questionnaire were achieved. Of these, only 33 were judged to be 
sufficiently complete to be analysed. Those respondents who had no significant freight movements to 
report completed the second, Non-Freight (NF), questionnaire. This looked at impacts of unreliability 
on the organisations’ staff and customers. It attracted 122 responses, of which 116 were judged to be 
sufficiently complete to take forward. The total useable sample, to both questionnaires, was therefore 
149.   
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3.1 Results from the freight (F) survey 
  
Due to the small sample size, 33, splitting respondents is not sensible, and might permit the 
identification firms. Almost a third (10) of the Freight respondents are Manufacturers, and another 5 
were involved in Energy or Construction. A further 3 companies report themselves as Food and Drink, 
and four respondents are broadly involved with transport and distribution. Services, Retail, Financial 
and Creative/Digital account for 8 companies, leaving 3 Government respondents. Typically, several 
thousand tonnes were moved p.a. The distribution of tonnages was heavily skewed, with the Mean 
tonnage three times the Median.  
 
Respondents were asked to provide data on a typical freight flow. As the survey specifically refers to 
trunk roads, the typical journeys reported are quite long, taking a mean of 7.3 hours and a median of 4 
hours. The shortest took 30 minutes and the longest 48 hours. No response was obtained from 5 
firms. 
 
Table 1 shows the distribution of arrival times, relative to the scheduled arrival time, for the typical 
freight flows. Median lateness is close to 30 minutes. 
 
Table 1  Distribution of Arrival Times for the Typical Freight Flow (ie. Lateness) 
 

ARRIVAL TIME RANGE MEAN PERCENTAGE 
On Time 54.9% 
Up to 30 mins. Late 24.5% 
Between 30 & 60 mins. late 10.5% 
Between 1 & 2 hrs. Late  5.1% 
Between 2 & 4 hrs. Late  2.4% 
Between 4 & 12 hrs. Late  0.8% 
Between 12 & 24 hrs. Late  1.0% 
Over 24 hours late  0.8% 
TOTAL 100% 

 
 
Table 2 reports the greatest impact on reliability of freight movements is felt to be that roads are 
insufficiently large to cope, closely followed by the concentration of traffic at particular times.  
 
Table 2 Ratings of the Scale of Various Impacts on Unreliability (F Survey) 
 

IMPACT RATING (out of 10) MEAN MEDIAN 
Road Design 6.4 6 
Roads not large enough 7.7 8 
Traffic concentrated at particular 
times 

7.3 7 

Roadworks 6.7 7 
Weather 4.9 5 
Accidents 5.3 5 

 
 
Table 3 shows the cost to the firm, per shipment of the typical flow, if road conditions were such that 
the scheduled journey times had to be increased by stated amounts. A lot of firms failed to identify any 
cost, possibly because they used Road Hauliers who charged by distance, not appreciating that such 
charges would be bound to rise, to cover driver wages and vehicle provision for more hours, and so 
minima of £16/hour were applied where firms were actually transporting goods. The results were 
therefore ‘amended’ to that extent. The figure of £16/hour is consistent with the figures in Table 9.15 of 
STAG 2012 (see Transport Scotland, 2012) for “Values of Time per Vehicle”.           
 



STAR 2015 
Fowkes, A.S., Shires, J.D., Laird, J., and Haibo Chen 
 

 
Page 4 

 

 

 
Table 3 Amended Reported Costs Arising, for a Single Shipment, from Increases in the 

Scheduled Journey Time for the Typical Flow 
 

 30 MINS LONGER 60 MINS LONGER 2 HOURS LONGER 4 HOURS LONGER 
Median £8 £16 £32 £64 
Mean £11 £21 £37 £78 

 
Table 4 looks not at scheduled time increases but at unscheduled ones, ie. unexpected lateness. The 
results are something of a puzzle. Even more firms can find no costs arising from occasional lateness 
It should be noted that the sample mainly contained shippers, rather than receivers, so costs may 
have been incurred by others.  As discussed in relation to Table 3, it was again felt appropriate to 
amend the data to impose a minimum £16 per hour cost for those (many) firms involved in carrying 
freight. However, the amendment has had minimal impact in this case.  
 
Table 4   Amended Reported Costs Arising, for a Single Shipment, from Unscheduled 

Journey Time Increases, ie. Unexpected Lateness, for the Typical Flow 
 

 30 MINS LATE 60 MINS LATE 2 HOURS LATE 4 HOURS LATE 
Median £8 £23 £112 £204 
Mean £85 £170 £549 £866 

 
From Table 4, the median figure of £23/hr of lateness was used as a starting point for the calculation 
of the Reliability Ratio. The definition of RR for Road was given section 2 as: 
 
                 RR = (Value of ΔT) / (Value of ΔT)  = VOR / VTTS  
   
It was decided to work with medians as there were worries about some of the higher costs reported 
(eg. vessel docking charges) which have raised the mean greatly above the median (which will have 
been little affected by outliers or mistakes in the data). The median Values of Time (VTTS), for a one 
hour longer journey, was reported in Table 3 as £16. The standard deviation of the reported 
distribution of lateness was earlier noted to be 3 hours. In order to estimate VOR, two extremes were 
considered. The first added a fixed amount of additional lateness to all arrival times in the distribution.  
 
This, obviously, left the T unchanged. Secondly, all lateness amounts were increased in proportion. 
This had the disadvantage of leaving all on-time arrivals as still on-time. Following experimentation, it 
was decided to take a weighted average of these two extremes: roughly 25% fixed and 75% variable. 
Experiments included a 20 minute increase to lateness, which raised T by 60 minutes, and a 60 
minute increase to lateness, which raised T by 180 minutes. In both cases the resulting distributions 
of lateness looked plausible. Having checked for a ‘scale’ effect, it was deduced that one minute of 
lateness increased sd of lateness by 3 minutes. Working with values per hour, it was concluded that 
an extra hour of sd of lateness was valued at the value of 20 minutes of lateness. Therefore, one third 
of the (median) value of 1 hour lateness (£23) is the value a standard deviation of lateness. Hence, 
RR can be calculated as follows: 
 
                           RR = (23/3)/16 = 0.48 
 
In order to try to delve further, it was decided to investigate ‘within observation’ calculations (ie time 
distributions and valuations by respondent), from which means and medians could be taken, either for 
the whole sample or for subgroups. Due to sample size considerations, only two subgroups could be 
identified: Transporters (ie. Own Account operators plus hauliers) and Others (ie. everyone else, 
mostly shippers not undertaking Own Account operations).  
 
Table 5 presents a mixed picture regarding arrival times. Using the median figures (of the Mean and 
Standard Deviation of the individual arrival time distributions by respondent) gives typical movements 
arriving 14.5 minutes late with a standard deviation of 18.4 minutes (indicating a long tail). The two 
groups of respondents do not differ much, in that regard. Taking mean values (of mean and s.d.), 
however, shows average lateness at 42.1 minutes, with a standard deviation of 75.9 minutes. None of 
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the standard deviation figures comes remotely close to the 3 hours, a figure which arose because data 
from 4 firms reporting lots of 24 hour late arrivals was averaged to say all firms had some arrivals 24 
hours late. Working with the distributions of individual firm data gives just 4 very high figures among 
27. The remaining 23 dominate, so the SD is estimated at roughly 60 mins and 90 mins for the 2 
groups, and at 76 minutes rather than 180 minutes for ‘All Respondents’. 
 
Table 5 Means and Standard Deviations of Current Arrival Times, Averaged over 

respondents.(in minutes) 
 

 TRANSPORTERS OTHERS ALL RESPONDENTS 
MEAN    
Median 10.8 15.8 14.5 
Mean 53.1 28.4 42.1 
S.D.    
Median 18.4 21.0 18.4 
Mean 89.4 59.1 75.9 

 
 
Table 6 considers valuations for Scheduled and Unscheduled journey time increases, but only for 60 
minutes, with valuations for other amounts of delay ignored. Starting with the median scheduled delay 
(VTTS), it can be seen that the £16 assumed figures for drivers’ wages dominates for Transporters, 
but ‘zero’ dominates for those who do not do transporting. The mean values, however, go the other 
way, indicating some high disutility of longer journey times by ‘Others’.  
 
Moving on to Unscheduled journey time increases (VoL), Transporters have much lower values than 
the Others. Following the reasoning given earlier, VoR figures were obtained by dividing the VoL 
figures by 3. The calculated RR figures are also shown in Table 6. For the ‘median’ estimates, there is 
the problem that the zero estimate for ‘Others’ VTTS leads inevitably to an estimate of infinity for that 
RR. It was felt that the best course of action was to apply the relativity of ‘Others’ to ‘All’ RR values 
using means to the ‘All’ estimate using medians, ie  0.48*(4.01/2.7) = 0.71.  
  
Table 6 Reported Costs Arising, for a Single Shipment, from Scheduled & Unscheduled 60 

Minute Journey Time Increases 
 

 TRANSPORTERS OTHERS ALL RESPONDENTS 
SCHEDULED (VTTS)    
Median £16 NIL £16 
Mean £17 £35 £21 
UNSCHEDULED (VoL)    
Median £10 £125 £23 
Mean £69 £421 £170 
RELIABILITY RATIO (RR)    
Median 0.21 Infinity 0.48 
Mean 1.35 4.01 2.70 

           
 
The preferred RR estimates for Freight are therefore: 
 
 FIRMS CARRYING GOODS     
 FIRMS JUST SHIPPING OR RECEIVING GOODS RR = 0.71 
 ALL FIRMS INVOLVED WITH FREIGHT MOVEMENTS  RR = 0.48 
 
 
These values fit well with the literature, where Carriers have been found to have very low values of 
RR, while Shippers have much higher values. Note that the overall “All Firms” result merely reflects 
the mix between the two sub-groups in the sample, and so has no particular significance.  Presumably 
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by pure chance, it is equal to the result for the whole sample when pooling over all respondents. If 
more robust estimates are required, then a much larger sample would be necessary. 
 
3.2 Results from the non-freight (NF) survey 
 
Again, we wanted respondents who could speak on behalf of their companies. The 116 respondents 
to the Non-Freight (NF) Survey were grouped by their stated position within the organisation. The 
most popular of those categories (with 26) was the one covering a myriad of types of “manager”, 
including some “senior” ones, but excluding General Managers (another 3), Financial (another 4) and 
Managing Directors (another 6). A surprisingly large number, 21, of respondents claimed to be 
Owners, Partners, or Proprietors. A further 16 described themselves as “Directors”, 2 as CEOs and 4 
more as Chairpersons. The above accounts for 82 of the 116 respondents, without yet getting to the 
more technical and specialist grades, so it is believed that the sort of respondents targeted have been 
reached.  
 
The geographic spread of respondents was also pleasing, with roughly equal numbers in the following 
area: Inverness (IN); Aberdeen (AB); Tayside(TY)/Central(CE); Glasgow(GL); Edinburgh(ED); and ‘the 
rest’ (AY/OT, including some in South West Scotland, some outside Scotland, and some not reported). 
 
Table 7 shows the spread of responses by (self-selected) sector, and also reports impressions of 
reliability change. Overall, 41% of respondents feel that roads have become less reliable, with an 
equal number noticing no difference. By area, it was those in the north (Aberdeen and Inverness 
areas) that reported most of the deterioration. For the bulk of Scotland, only about 20% to 30% felt 
that reliability was getting worse, with 22% feeling that roads were getting more reliable. That last 
figure is, though, heavily driven by the 48% reporting that in the Glasgow area.  
 
Table 7   Perceived Change in Reliability of Travel Times on the Scottish Trunk Road 

Network in the Last 5 Years by Sector (NF Survey) 
 
SECTOR LESS  

RELIABLE 
THE 
SAME 

MORE 
RELIABLE 

DON’T TOTAL 
RESPONSES 

D – Digital etc 38% 38% 25% 0% 8 
E – Energy/Forestry 56% 22% 22% 0% 9 
F – Financial 88% 13% 0% 0% 8 
R – Retail/Food/Drink 28% 44% 11% 17% 18 
L – Life Sciences etc 42% 58% 0% 0% 12 
T – Tourism/Ferries 0% 75% 25% 0% 8 
C – Construction 50% 50% 0% 0% 8 
M – Manufacturing  25% 25% 33% 17% 12 
S – Services 52% 30% 17% 0% 23 
G – Government 30% 60% 10% 0% 10 
TOTAL RESPONSES 47 47 17 5 116 
% 41% 41% 15% 4%  
 
 
Table 8 reports responses regarding actual impacts on companies of trunk road unreliability in the last 
year. The only impact to have affected more than half of respondents was difficulty with staff travel.  
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Table 8 Reliability Impacts over the last year (NF Survey) 
 

IMPACT NO YES NO REPLY 
Reduced Productivity/Sales 86 28 2 
Additional Transport Costs 75 38 3 
Delays to time-critical Deliveries 86 27 3 
Additional Staff Costs 81 33 2 
Difficulty in Attracting Customers 100 12 4 
Difficulties with Staff Travel (on business, and 

commuting)  
46 69 1 

 
As can be seen from Table 9, the chief impacts on reliability are felt to be the concentration of traffic at 
particular times and roads being insufficiently large to cope. The weather did not appear to have been 
much of a problem, the previous 12 months having been unusually clement in Scotland.  
 
Table 9 Ratings (out of 10, with greater impacts given higher ratings) of the Scale of 

Various Impacts on Unreliability, by Location. (NF Survey) 
 

IMPACT AB AY CE ED GL IN TY OT ALL 
Road Design 5.5 4.1 4.9 4.7 4.3 6.6 4.2 6.5 5.2 
Roads not large enough 7.6 6.0 7.1 7.0 5.6 8.1 6.8 8.8 7.1 
Traffic concentrated at  
particular times 

8.4 5.6 7.6 7.5 7.0 5.4 7.7 7.3 7.1 

Road works 6.2 5.9 6.1 6.8 5.6 6.4 6.7 7.4 6.4 
Weather 4.8 5.1 5.1 4.7 4.6 5.3 5.0 4.6 4.8 
Accidents 4.5 4.4 5.1 4.0 5.1 6.7 5.2 4.8 4.9 

 
 
Finally, respondents were asked to estimate the travel time for one day in 5, where the remaining 4 
were all “as now”, that would make that set of 5 journeys equally desirable to a set of 5 days where 
travel time was always 10 minutes longer than now. The Median response was 30 minutes, and the 
Mean response was 35 minutes. This is a somewhat complex question, so we worked with medians 
so as not to be affected by outliers.  
 
Denote the current travel time as T, the value of a minute of standard deviation of travel times by 
VOR, standing for value of reliability, and the value of a minute of travel time as VTTS. The standard 
deviation of option 2 is zero, as travel time is (T+10) minutes each day. Then denote the standard 
deviation of option 1 by S, and the travel time reported for the 5th day by (T+X). Working in minutes 
gives: 
 
OPTION 1:  (T, T, T, T, T+X)                            TIME1 = 5T+X      SD1 = S 
 
OPTION 2:  (T+10, T+10, T+10, T+10, T+10)  TIME2 = 5T+50     SD2 = 0 
 
It is known, by design, that the two options are equally valued, so we have per day: 
 
 (VTTS)(T+X/5) + (VOR)(S)  =  (VTTS)(T+10) + (VOR)(0) 
 
Whence (VTTS)(10 – X/5)  =  (VOR)S 
 
The Reliability Ratio was defined in Section 2 as 
 
 RR  =  (VOR)/(VTTS) 
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which here gives 
 
 RR  =  S/(10 – 0.2X) 
 
The median response was X = 30, so  S = sd(T, T, T, T, T+30) = 13.42 & RR = (10 – 6)/13.42 = 0.3  
 
This value is at the bottom end of values found in the literature, suggesting that reliability is valued 
less by the company respondents in Scotland  than by the respondents to earlier surveys. 
 
4. RESULTS FROM AUTOMATIC DATA CAPTURE 
 
A requirement of the study was to investigate the data on journey time reliability available within 
Transport and Traffic Scotland and other potentially useful data on transport time reliability. A key 
issue here is whether these data are sufficient for the development of empirical models that can 
predict travel time reliability and that can be integrated into the existing large-scale traffic model 
systems. As found in the literature from empirical studies (among others, in the US and the 
Netherlands – see Mahmassani, 2011, and de Jong and Bliemer, 2015), there seems to be a near-
linear relationship between the route travel time standard deviation and the route travel time divided by 
the route distance. In other words, the route standard deviation is a (near) linear function of the 
inverse of the average speed on the route. Other researchers (e.g. in England and Sweden – see 
Bates et al, 2001, and Eliasson, 2004) have found a different time-based specification with the relative 
standard deviation as a function of the congestion index (the ratio of actual travel time to free-flow 
travel time).   
 
In order to try to provide similar calculations for Scotland, preliminary investigation of speed data 
obtained automatically from fixed road sites suggested there might be a good spread of 511 such sites 
by region and road type, with speed data available Vehicle by Vehicle. After consulting interested 
parties within Transport Scotland, data for 38 sites was requested, giving a good coverage both 
geographically and by road type. Not all had usable data and there was a limit to the time available 
(both ‘input’ and ‘elapsed’) for extraction, so that the study actually received data for only 31 sites, but 
that was judged adequate. Data was requested for the second Friday in each month of 2013, but with 
some latitude if data for that day was not available. The sites are listed in Table 10. In this paper, 
discussion will be confined to cars. 
 
It was decided to aggregate the data into 10 minute bins. Table 10 shows actual mean speeds for 
cars. There is a noticeable difference between the Grand Mean (71.69 kph) and Grand Median (75.15 
kph). The ordering of Median greater than Mean shows that there is negative skew. That means that, 
compared to a symmetric bell shape, there is a longer tail of lower speeds than of higher speeds. 
Given that there are some urban 30mph limited roads,that should not be surprising. At the top end, the 
legal 70 mph limit gives a cluster just below that speed. 
 
From the theory mentioned earlier, the study was led to look for a linear relationship between the 
standard deviation of speeds over the (12 days of the) year against the inverse of speed. Table 11 
reports the findings. Only 17 sites had data for all 12 months, and one of those was excluded as being 
a clear outlier. A good R-sq was obtained with those 16. Another two sites had major data 
interruptions on some  days, but excluding them made hardly any difference to the results. Finally, a 
site which had one bad afternoon was excluded. This actually made the R-sq slightly worse, but the 
intercept and slope were again hardly affected. This regression line is shown in Figure 1.   
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Table 10:  Mean Car Speeds Recorded at ATC sites 
 
SITE Road Location JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MEAN MEDIAN
108370 A82 CRIANLARICH 91.1 87.4 86.1 85.6 86.1 83.4 86.2 87.2 86.3 86.60 86.20
113120 M8 HARTHILL 107.3 102.6 102.0 104.0 105.8 106.5 95.2 84.6 101.00 103.30
115322 A75 CASTLE DOUGLAS 88.2 88.8 87.8 87.4 88.6 88.9 88.8 88.36 88.60
122402 A90 FORFAR 107.9 108.0 107.0 108.9 108.5 109.5 109.7 109.2 109.0 109.4 107.9 106.7 108.48 108.70
130094 A68 JEDBURGH 49.7 50.1 50.3 50.8 49.9 49.9 42.9 49.7 50.0 49.26 49.90
136700 A73 AIRDRIE 62.9 61.7 62.0 62.5 63.7 63.2 64.4 63.0 62.7 63.6 62.3 62.91 62.90
183200 M73 GARTCOSH 104.7 104.3 102.0 107.2 105.2 103.7 104.52 104.50
185150 M898 ERSKINE BRIDGE 89.8 92.2 93.3 97.0 88.3 94.2 95.2 92.8 86.7 47.4 58.8 68.4 83.68 91.00
236265 A95 BOAT OF GARTEN 83.8 85.2 86.3 87.8 86.5 84.9 84.6 84.8 85.6 85.7 85.52 85.40
JTC00013 M9 S OF J10 108.9 109.1 109.5 108.8 109.6 109.18 109.10
JTC00050 M9 S OF A9 J, NEWBRIDGE, NTH 74.0 74.0 74.4 75.8 76.5 77.2 77.9 77.3 76.4 75.2 75.1 75.3 75.76 75.55
JTC00270 A8 BAILLIESTON LIGHTS - 200M 45.7 45.8 45.3 46.6 45.9 46.1 46.7 46.8 45.8 46.5 45.6 45.7 46.04 45.85
JTC00313 A9 AVIEMORE 58.7 59.3 59.8 58.8 58.8 57.6 58.6 58.80 58.80
JTC00366 A77 ARDWELL BAY, S OF GIRVAN 53.3 53.3 53.6 52.4 53.2 52.4 52.5 52.1 53.5 53.0 52.9 53.0 52.93 53.00
JTC00373 A702 S OF BIGGAR, N OF A72 38.6 38.0 38.1 37.8 36.8 38.9 38.8 38.3 38.2 38.9 38.4 38.7 38.29 38.35
JTC00378 A76 DUMFRIES, GLASGOW RD 30.6 30.9 30.1 31.3 30.6 29.9 29.6 30.4 30.1 30.39 30.40
JTC00523 A96 INVERURIE RD 82.0 85.7 84.8 84.2 79.3 81.4 82.90 83.10
JTC00534 A82 DUMBARTON, MILTON 38.1 37.0 38.2 38.4 38.0 37.6 37.5 37.3 37.4 37.72 37.60
JTC00536 A85 5.5KM W OF TYNDRUM 60.8 61.3 60.0 59.3 61.2 59.7 60.3 61.1 59.6 58.5 60.18 60.15
JTC00538 A78 FAIRLIE, MAIN RD 32.4 32.5 32.5 33.0 32.8 33.2 32.3 32.1 32.2 32.1 31.7 32.0 32.40 32.35
JTC00539 A737 DALRY, KILWINNING RD 30.0 26.7 30.1 30.4 29.9 29.8 30.2 29.8 29.6 29.4 29.3 29.2 29.53 29.80
JTC00573 A91 STIRLING BYPASS, S OF A907 82.5 83.0 84.4 83.8 82.9 83.5 84.4 83.5 84.4 84.2 83.2 82.7 83.54 83.50
JTC00604 A71 RICCARTON 66.9 67.2 67.5 68.8 66.3 68.6 69.9 68.4 68.7 68.1 64.7 67.4 67.71 67.80
JTC00614 M74 E OF J2, CAMBUSLANG, NTH 101.0 101.2 103.5 102.4 102.7 103.7 104.5 104.3 103.0 99.2 99.1 101.9 102.21 102.55
JTC00616 M80 E OF J7, HAGGS, NTH 94.4 105.4 109.2 104.5 104.0 110.1 110.2 109.8 108.6 104.8 101.7 105.3 105.67 105.35
JTC03031 A90 FERRYTOLL, STH 63.5 68.0 58.7 59.4 61.6 57.4 61.43 60.50
JTC08199 A7 LANGHOLM 61.8 62.9 64.3 64.0 64.4 63.7 64.2 64.1 63.0 64.9 61.5 62.5 63.44 63.85
JTC08216 A84 DOUNE 85.7 86.0 86.7 85.8 86.7 85.0 82.6 82.9 83.9 85.3 84.6 86.2 85.12 85.50
JTC08225 A9 DORNOCH 79.3 79.1 79.4 79.8 79.0 79.6 79.1 78.3 78.8 79.0 78.3 78.7 79.03 79.05
JTC08236 M876 BONNYBRIDGE 103.4 103.2 102.6 104.6 105.5 106.5 107.5 106.1 105.5 105.3 103.3 103.1 104.72 104.95
JTC08338 A83 W OF ARROCHAR 77.6 76.9 77.4 75.7 75.8 73.9 74.5 74.4 75.8 75.5 76.6 76.8 75.91 75.80
MEAN 76.84 75.01 72.73 74.03 72.09 70.63 71.83 70.68 70.69 68.94 67.67 69.18 71.69
MEDIAN 82.50 79.10 75.90 75.80 76.15 71.25 74.50 74.40 75.80 71.65 63.50 71.85 75.15  
 
Table 11   Effect of Data Cleaning on the Linear Regression of Standard Deviation of Monthly 

Speeds against the Inverse of Speed 
 
NUMBER OF SITES INTERCEPT SLOPE R – SQ 
16 0.0102 21.602X 0.5433 
14 0.0096 21.992X 0.5799 
13 0.0098 21.771X 0.5755 
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Figure 1   Linear Regression of Standard Deviation of Monthly Speeds against the Inverse of 

Speed 
 

 
 

 
5. CONCLUSIONS 
 
This paper has looked at the concept of Journey Time Reliability (JTR) and its valuation. Surveys were 
conducted of Scottish businesses, both of Freight Users (F) and those not involved with freight (NF). A 
flavour of the survey results is given in Section 3. In broad terms, the feeling was that JTR had got 
worse on the Scottish Trunk Road network in recent years, but that this had not yet become a 
pressing matter for the vast majority of respondents. User valuations of JTR have been obtained in the 
form of Reliability Ratios.The paper also looked at the data currently available that could be used to 
gauge JTR on the Scottish Trunk Road Network. The most useful source of data was found to be from 
Automatic Traffic data Collection sites, some of which recorded and output Vehicle By Vehicle data, by 
vehicle type, on the traffic passing and its speed. Given resources not currently available, this data 
could be converted to a common coding and aggregated in various ways not currently attempted. The 
study was able to mount a pilot investigation. Amongst other interesting findings, it was found possible 
to establish an approximate linear relationship between the standard deviation of average speeds, for 
days taken at monthly intervals, and the inverse of speed. It appears that around half of the variation 
in that standard deviation can be explained in that way. Since speed is routinely predicted, from 
speed/flow curves for example, this opens the way to building a forecasting model of the standard 
deviation of speeds incorporating additional variables such as weather conditions, road capacity, etc. 
Future appraisals might then be able to estimate both the mean and standard deviation of speeds on 
links affected by a scheme.  
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Map of TheScottish Trunk Road Network  

 
Source: http://www.transportscotland.gov.uk/files/images/Road/trunk-roads-map-2008.pdf 
 


