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Change in consumer surplus = ½ x (T0 + T1) x (P0 - P1) 
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2.1.7  This formula forms the basis of the user benefit calculations performed by the Department’s 

appraisal software, TUBA. 

 

Figure 1 - Calculating the change in consumer surplus 

 

2.1.8  In general, the true situation is highly complex compared with the above. The main substitutes and 

complements for travel from A to B are travel from A to other destinations, by other modes, using 

other routes and so on. However, provided that consistency can be achieved between the pattern of 

travel demand and the outturn, the rule of a half formula can be extended to cover network appraisal 

with many modes and origin/destination pairs.  A useful source which discusses the principles and 

assumptions is Jones (1977).  

2.1.9  It is implicitly assumed in the rule of a half formula that the demand curve is linear. If this is not the 

case, and the demand curve is convex to the origin, then the rule of half will tend to overstate the 

benefits. With very small changes in cost the inaccuracy is not significant. 

2.1.10 In some situations, for example when a mode is introduced or taken away, the perceived cost in the 

without-scheme (P0) or with-scheme (P1) will not be defined and the rule of a half formula fails. 

Typical examples of this situation include the introduction of a light rapid transit system, in an urban 

context, or the closure of a rural railway service. 

2.1.11 The issues of large cost changes and the introduction of new modes are discussed in detail in 

Nellthorp and Hyman (2001) and advice on how to address them is given in TUBA guidance. 

Special treatment of unperceived costs 

2.1.12 Some costs that are incurred as a result of trip-making are considered not to influence travel 

decisions. Net changes in these ‘unperceived’ costs must be calculated and added to the results 

obtained by applying the rule of a half formula. Non-working car drivers are assumed not to perceive 

non-fuel elements of cost, such as tyres, maintenance and depreciation. 

https://www.gov.uk/government/publications/tuba-downloads-and-user-manuals
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4  Values of travel time savings 

4.1.1  A value of time savings is required to convert the forecast changes in travel time resulting from an 

intervention in to monetary values that can be used in appraisal. The TAG Data Book contains 

values of travel time savings for working and non-working time that should be used in most 

economic appraisals of transport projects: 

A1.3.1: Values of time per person (single year) 

4.2  Values of working time per person 

4.2.1 Table A1.3.1 gives the values of working time per person by mode. These values apply only to 

journeys made in the course of work and this excludes commuting journeys. Businesses perceive 

travel costs in the factor cost unit of account. Therefore the perceived cost and the resource cost are 

the same for values of working time and these should be converted to the market price unit of 

account for appraisal (see TAG Unit A1.1). 

4.2.2  Businesses benefit from reduced travel times in a number of ways, including improved access to 

suppliers or customers, which increase productivity by lowering the cost or raising the quality of 

inputs and widening the market which a business can serve. Therefore, it follows that businesses 

should be willing to pay for quicker journeys and it is this willingness-to-pay which forms the basis of 

values of working travel time savings. 

4.2.3  There are many real world situations where business travellers choose to pay more for a quicker 

journey when a cheaper, slower alternative is available. For example, surveys found that around 

one third of M6 toll road users are travelling on employers’ business and they stated that saving time 

compared to alternative routes was their main reason for using the toll road2. 

4.2.4  Market prices are often used to represent willingness-to-pay in cost-benefit analysis. However, 

although examples exist where travellers trade travel time for cost, market prices for travel time are 

not easily obtainable and, in the absence of market prices, alternative techniques are required to 

estimate willingness-to-pay. There are a range of approaches available and, while the techniques, 

assumptions and resulting values vary, all of the methods aim to estimate values that effectively 

proxy for willingness-to-pay. 

4.2.5  Revealed preference evidence is the most direct way to estimate willingness–to-pay, and is based 

on actual business traveller behaviour (for example, surveys of users of the M6 toll road and 

alternative routes). However, it is difficult to collect revealed preference data of sufficient quality and 

quantity to estimate robust values and provide the detail needed to fully populate a framework of 

values. In the absence of revealed preference evidence of sufficient quality, it is necessary to use 

alternative methods and techniques to estimate values. 

4.2.6  The Department’s approach is to take account of all the relevant evidence available and to seek to 

make reasonable judgments, in light of economic theory. This includes the information available on 

distance-weighted average hourly incomes of business travellers. 

Evidence of businesses willingness-to-pay for travel time savings 

4.2.7  The Department commissioned a review of the different methods, including a review of UK and 

international evidence on the values they produce: ‘Valuation of Travel Time Savings for Business 

Travellers’, by the Institute for Transport Studies, University of Leeds (ITS Leeds), 2013. Alongside 

revealed preference evidence and the Department’s current approach, this review considered stated 

preference evidence, collected from survey responses to realistic, hypothetical choices, and the 

                                                      
2 M6T Research Study – Stage 2 Utilisation Surveys, Faber Maunsell / AECOM (2008): 
https://www.gov.uk/government/publications/utilisation-surveys  

https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/government/publications/utilisation-surveys
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‘Hensher’ approach, which builds on the Department’s current approach with explicit assumptions 

about how travel time would be used with and without the scheme being assessed. 

4.2.8  The review provides valuable insights on businesses’ willingness-to-pay for travel time savings, but 

also raised concerns about inconsistencies and uncertainties in the current evidence base. Figure 2 

summarises values from this review along with the car driver and rail passenger values 

recommended for use in transport appraisal in Table A1.3.1 (labelled “WebTAG values”). The figure 

also provides ranges around the values to indicate the degree of confidence in the estimates.  

4.2.9  The figure shows a wide range of values, with significant variation in estimates across the 

techniques, modes of transport analysed and study locations. The wide ranges around the revealed 

preference data result from the small number of available studies and reflect the difficulties in 

obtaining this data. The “WebTAG values” are towards the centre of the range of values and 

correspond closely with the average values from the available revealed preference evidence. Based 

on this summary of the current evidence, the Department is firmly of the view that the “WebTAG 

values” presented in Table A1.3.1, represent a reasonable estimate of willingness-to-pay for travel 

time savings in the course of work. 

Figure 2 – Values of travel time savings in the course of work resulting from different valuation 
techniques 

 
Sources: Valuation of travel time savings for business travellers, ITS Leeds, 2013; and DfT analysis 

Notes:  

* ITS Leeds’ report raised concerns over the approach taken in many UK Stated Preference studies to explaining how company travel 

policy should be considered and who should be assumed to pay for, and benefit from, travel time savings. There is therefore a concern 

that the values could reflect more personal, than business valuation, likely leading to a downward bias in the values shown in the chart.  

1. The solid line error bars represent robustly calculated confidence intervals. The dotted lines are indicative representations of 

potential variability as the sample sizes are not sufficient to support calculation of formal confidence intervals. 

2. Revealed preference data are taken directly from the ITS report, with the ranges based on the reported standard errors.  

3. The Stated preference data for UK car and non-UK rail and car are derived by pooling the urban and inter-urban “valued” data from 

the ITS report. The mean values have been calculated on a travel time-weighted average basis, with 2008-10 National Travel Survey 

data, with the ranges calculated as the weighted average standard error. The SP data for UK rail are based on the mean and standard 

errors reported for inter-urban rail “valued” due to the very small number of UK urban rail studies. 

4. The High Speed Rail values are based on the 3 reports covered by ITS Leeds most relevant to the UK domestic HSR market: Bates 

(2012), Atkins (2009) and SDG (2002). The range is based on the standard error of the mean of 5 values from these studies, meaning 

the sample is too small to be considered a robust, formal confidence interval. 

5. The Hensher approach values are calculated using the parameters included in the ITS report and the values given in Table 1. The 

range represents the range of parameter values recommended in sensitivity testing in ITS Leeds’ report. 

6. The WebTAG values have been calculated with data from the 2008-2010 National Travel Survey, 2009 Labour Force Survey and 

2008 Labour Cost Survey. The range around them represents the +/-25% sensitivity testing recommended in this unit. 
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Applying the values and sensitivity testing 

4.2.10 The wide range of values resulting from different approaches presented in Figure 2 shows the 

uncertainty around the values of travel time savings in the course of work and analysts should 

undertake sensitivity tests to demonstrate the sensitivity of the appraisal results to the value used.  

4.2.11 Where specific evidence is not available, or where business time savings form a relatively small 

proportion of total benefits, a sensitivity test of +/-25% of the values given in Table A1.3.1 may be 

used, based on the tests recommended in ITS Leeds’ report. While this does not encompass the full 

range of values resulting from ITS Leeds’ review, it is sufficiently wide to reflect the range of values 

resulting from the different approaches used to estimate willingness-to-pay.  

4.2.12 For simplicity and proportionality, this test can be applied as an adjustment to the present value of 

time saving benefits for business travellers. As the key uncertainty around willingness-to-pay for 

travel time savings relates to business passengers, rather than professional drivers, time savings for 

goods vehicles and other freight modes should not be included in the sensitivity testing. 

4.2.13 Where specific willingness-to-pay evidence is available, sensitivity tests should represent the 

uncertainty around the willingness-to-pay of business travellers most affected by the scheme. The 

tests should be developed with evidence from studies relating to the modes of transport and market 

(e.g. urban or long-distance trips) most relevant to the scheme. Useful sources of information for 

developing sensitivity tests may include ITS Leeds’ evidence review in Valuation of Travel Time 

Savings for Business Travellers or studies undertaken as part of development of the transport model 

used to assess the scheme. 

4.2.14 Where specific evidence is used to inform sensitivity tests, both ‘high’ and ‘low’ tests should be 

developed (that is, using values both greater and smaller than those given in Table A1.3.1). In such 

circumstances, analysts should contact TASM division, DfT to agree the appropriate range of values 

to be tested. 

Box 1: Future development of values of working time 

In their report Valuation of Travel Time Savings for Business Travellers, 2013, ITS Leeds set out a 

number of options for development of the values of travel time savings in the course of work. Due to 

the uncertainties and inconsistencies in the existing evidence, the Department believes that fresh 

empirical evidence on business travellers’ willingness-to-pay for travel time savings is required. 

The Department plans to undertake research to collect new evidence of business travellers’ 

willingness-to-pay for travel time savings, which will improve our understanding of the current 

uncertainties and result in future revisions to the values and ranges provided in this Unit. 

Before undertaking any new research, the Department will engage widely with stakeholders on the 

methods and valuation techniques which merit further investigation and the form this research 

should take. 

4.2.15 In appraisal, travel time savings on employer’s business are valued the same regardless of the 

stage of the journey, e.g. there is no weighting to take account of passengers’ reluctance to walk or 

wait. This is because the time saved is assumed to be gained in productive working time and the 

travel activity is therefore irrelevant. For staged journeys, the value of working time for the main 

mode (with the longest distance) should be used. 

4.2.16 Using different values for each mode may appear to introduce inconsistency in appraisal since it 

suggests that those switching modes change their values of time. However, this is not the case 

because for any group (bus passengers, car drivers etc.) there will be a distribution of values around 

the average value for the group and the distributions for each group are likely to overlap. Therefore, 

the value of time for an individual within a group need not be the average value for that group and, 

when they switch mode, the individual will take up a different position in the distribution of values of 

https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book


https://www.gov.uk/transport-analysis-guidance-webtag#m1-modelling-principles
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
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4.3.7  Further research by ITS Leeds, ‘Advice on Statistical Confidence of Appraisal Non-Work Values of 

Time’, 2012, estimated the statistical confidence intervals around the values for ‘commuting’ and 

‘other’. The confidence intervals widen over time due to the impact of GDP growth. Analysis of 

applying the lower and upper confidence interval values to a wide range of schemes showed that 

the impact is approximately +/-25% of the present value of non-work time savings. 

4.3.8  As with the values of working time, this range should be applied in sensitivity testing. This analysis 

should be carried out and reported separately from analysis carried out on values of working time. 

4.4  Increases in values of time over time 

4.4.1  Both the work and non-work values of time are assumed to increase with income over time with an 

elasticity of 1.03. The TAG Data Book Annual Parameters table includes forecasts of real GDP 

growth per head, which is the measure of income used, and the resulting growth rates which should 

be applied to the values. The results of applying the income growth forecasts, are given in: 

A1.3.2: Forecast values of time per person 

4.5  Values of time per vehicle 

4.5.1  The TAG Data Book provides data on vehicle occupancy rates; how they are forecast to change 

over time; and proportions of travel by journey purpose, time of day and vehicle type: 

A1.3.3: Vehicle Occupancy (2000); Annual percentage change in car passenger occupancy 

A1.3.4: Proportion of travel and trips in work and non-work time 

4.5.2  These variables are combined with the relevant values of time per person to give values of time per 

vehicle in the Department’s base year and forecast values per vehicle: 

A1.3.5: Value of time per vehicle (single year) 

A1.3.6: Forecast value of time per vehicle 

5  Vehicle operating costs 

5.1.1  Use of the transport system gives rise to operating costs for the user. These include fuel and non-

fuel costs, where non-fuel costs include oil, tyres, vehicle maintenance and mileage-related 

depreciation (meaning allowance is made for the purchase of new vehicles4). 

Fuel operating costs 

5.1.2  Fuel costs for use in appraisal are given in: 

A1.3.7: Fuel and electricity price forecasts 

5.1.3  based on fuel price forecasts published in Supplementary Green Book guidance on valuation of 

energy use and greenhouse gas emissions5. For business and freight trips, the perceived fuel cost 

should include fuel duty but not VAT (which is reclaimable). These costs are perceived in the factor 

cost unit of account and so should be converted to market prices using the indirect tax correction 

                                                      
3 Elasticity is the relative response of one variable to changes in another variable. The phrase "relative response" is best 
interpreted as the percentage change. In this context, the inter-temporal income elasticity of the value of time, is the 
percentage change in the value of time (over time) measured against the percentage change in income (over time). The 
elasticities are based on findings from Abrantes & Wardman (2010). 
4 For business cars, an allowance is also made for the decline in vehicle capital value (other than that accounted for by 
mileage related depreciation). 
5 https://www.gov.uk/government/publications/valuation-of-energy-use-and-greenhouse-gas-emissions-for-appraisal  

https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/government/publications/valuation-of-energy-use-and-greenhouse-gas-emissions-for-appraisal
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factor (see TAG Unit A1.1). Fuel costs for non-work trips, which are perceived in the market prices 

unit of account, should include both fuel duty and VAT. 

5.1.4  Fuel consumption is estimated using a function of the form: 

L = (a + b.v + c.v2 + d.v3) / v  

Where: 

L = consumption, expressed in litres per kilometre; 

v = average speed in kilometres per hour; and 

a, b, c, d are parameters defined for each vehicle category.  

5.1.5  The parameters for these equations were derived6 to be consistent with the latest fleet composition 

and projections and methods used in the National Atmospheric Emissions Inventory (NAEI), which 

can be found at: http://naei.defra.gov.uk/. The parameters, by vehicle type, are given in: 

A1.3.8: Fuel/energy consumption parameters 

5.1.6  Figure 3 shows how fuel consumption varies with speed, using these functions. 

 
Figure 3 – fuel consumption rates at different speeds (2010 fleet) 

5.1.7  The proportion of cars and LGVs using petrol, diesel or electric fuel is required to calculate the 

averages for cars and LGVs shown in Figure 3. These proportions, and forecast changes over time, 

are given in: 

A1.3.9: Proportions of vehicle kms by fuel type 

5.1.8  Fuel efficiency is expected to improve over time, meaning that these parameters will decrease over 

time. Fuel efficiency improvement assumptions (with negative values representing improved 

efficiency) are given in: 

A1.3.10: Forecast fuel efficiency improvements 

A1.3.11: Forecast fuel consumption parameters 

5.1.9  The parameters in the fuel consumption equation (in litres/km) can be multiplied by the cost of fuel 

(in pence per litre) to give a fuel cost equation (in pence per km). The forecast costs of fuel, changes 

in the fleet mix and efficiency improvements can then be combined to provide forecasts of the fuel 

cost equation by vehicle type and journey purpose:  
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 Ricardo-AEA unpublished report “Production of Updated Emission Curves for Use in the National Transport Model” 
dated 24 February 2014. 

https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
http://naei.defra.gov.uk/
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
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A1.3.12: Forecast fuel cost parameters (work) 

A1.3.13: Forecast fuel cost parameters (non-work) 

Non-fuel operating costs 

5.1.10 The elements making up non-fuel vehicle operating costs include oil, tyres, maintenance, 

depreciation and vehicle capital saving (only for vehicles in working time). The non-fuel elements of 

VOC are combined in a formula of the form; 

C = a1 + b1/V 

where; 

C = cost in pence per kilometre travelled; 

V = average link speed in kilometres per hour; 

a1 is a parameter for distance related costs defined for each vehicle category; and  

b1 is a parameter for vehicle capital saving defined for each vehicle category (this parameter is only 

relevant to working vehicles). 

5.1.11 The parameter values, in resource costs (i.e. excluding indirect taxation), are given in: 

A1.3.14: Non-fuel resource vehicle operating costs 

5.1.12 Non-fuel VOC parameters for work and non-work cars and private LGVs have been derived in 

accordance with methods outlined in ‘Review of Vehicle Operating Costs in COBA (EEA Division, 

DoT 1990-91)’. Non-fuel parameters for all other vehicles have been updated from the ‘Transport 

Economics Note (DfT 2001)’. 

5.1.13 The ‘a1’ term represents the marginal resource costs of oil, tyres, mileage and maintenance related 

depreciation7, which are assumed to be fixed costs per kilometre. The difference between the work 

and non-work values reflects the difference in the composition of the vehicle fleet in work and non-

work time (in work time, a large proportion of mileage is by cars with large engine sizes with higher 

non-fuel VOCs). 

5.1.14 The ‘b1’ term in the non-fuel VOCs represents changes in the productivity of cars, goods vehicles 

and PSVs in working time. 

5.1.15 It is assumed that non-fuel VOCs are only perceived during work time. Therefore, for work purposes 

non-fuel VOCs should be included in generalised cost and benefits estimated using the rule of a half 

(and converted from the factor cost to market price unit of account in appraisal). 

5.1.16 For non-work purposes, non-fuel VOCs should not be included in generalised cost or calculations of 

changes in surplus using the rule of a half. However, changes in users' expenditure on non-fuel 

VOCs are included in user benefits for non-work purposes. This should be calculated as the total 

change in expenditure on non-fuel VOCs, including indirect taxes (see Appendix A). Therefore, the 

resource costs in table A1.3.14 should be multiplied by (1+VAT) to give non-fuel VOCs for non-work 

trips. 

5.1.17 Non-fuel VOCs are assumed to remain constant in real terms over the forecast period because the 

main elements which make up non-fuel VOCs are subject to less volatility than fuel VOCs. However, 

will vary due to the forecast change in fleet mix and are given in: 

A1.3.15: Forecast non-fuel resource vehicle operating costs 

                                                      
7 The time component of depreciation is excluded since it does not vary with distance or speed. All depreciation for 

OGVs and PSVs is assumed to be time related. For cars and LGVs, evidence from second hand prices indicates that 

part of their depreciation is related to mileage; and therefore this element is included in the marginal resource cost. 

https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
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6.4.2  The method to be used is described in detail in Appendix C.5 where a worksheet is provided so that 

values for improved reliability can be calculated and presented in a consistent manner.   

6.5  Public transport 

6.5.1  For most public transport journeys, the existence of timetabled arrival times means that it is usual to 

consider reliability in terms of lateness, defined as the difference between travellers' actual and 

timetabled arrival times. Adopting this definition means that arrival before the timetabled arrival time 

is usually ignored. Two measures of lateness must be considered: average lateness; and the 

variability of lateness, measured by the standard deviation of lateness. 

6.5.2  Therefore, the reliability ratio for public transport is defined as the ratio of the value of the standard 

deviation of lateness to the value of average lateness, where the value of average lateness is a 

factor of the value of travel time savings: 

Reliability Ratio = Value of SD of lateness / Value of average lateness 

Value of average lateness = factor * value of travel time 

6.5.3  Based on evidence from the PDFH8 the value of average lateness for public transport is broadly the 

same as the value of time spent waiting for public transport, 2.5 times the value of in-vehicle time. A 

reliability ratio of 1.4 is recommended for all purposes for all public transport modes. 

6.5.4  Therefore both the mean lateness and the standard deviation of lateness should ideally be 

modelled. However, in many cases the information required to calculate the standard deviation of 

lateness will not be available. Bates et al (2001) suggested that it is the “pure” lateness effect which 

tends to dominate, because the effect of variability is less important given that rail passengers have 

already made some “compromises” in selecting arrival or departure time of their preferred scheduled 

train.  

6.5.5  For rail, the PDFH recommendations on performance given in Table 1 of TAG Unit M4 – 

Forecasting and Uncertainty should be followed. The lateness factors in PDFH vary by flow type. 

For other public transport schemes, in the absence of better evidence, an uplift of 20% can applied 

to the value of average lateness, giving a lateness factor of 3.0.  

6.5.6  Bates et al recommend that early arrival is given the same weight as late arrival but with the 

opposite sign. However, early arrivals are not included in rail Public Performance Measure (PPM) 

data so it is recommended that early rail arrivals are treated as on time and excluded from 

calculations of the mean and standard deviation of delay. 

6.5.7  Rail performance data distinguishes between ‘punctuality’, services arriving on time, and ‘reliability’, 

services being cancelled. Both factors contribute to journey time variability and should be included in 

assessment of reliability impacts. When a train is cancelled, the service interval (which is the delay 

for the passenger) should be multiplied by 1.5 to represent the greater disutility associated with 

waiting rather than being in the vehicle. This value should then be multiplied by the late time 

multiplier (for the given flow) as outlined in PDFH. 

7  Impacts on transport providers 

Public transport provider revenues 

7.1.1  The change in transport provider revenues is given by the following equation for both work and non-

work trips: 

                                                      
8 PDFH is a technical document, summarizing research on the various factors affecting forecasts of demand for 
passenger rail services, published by the Passenger Demand Forecasting Council. It is not a public document and is 
only available on subscription from the Association of Train Operating Companies. 

https://www.gov.uk/transport-analysis-guidance-webtag#m4-forecasting
https://www.gov.uk/transport-analysis-guidance-webtag#m4-forecasting


https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
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10 Impacts during construction and maintenance 

10.1.1 Costs to existing transport users due to the construction of a project and costs (or benefits) to users 

arising during future maintenance should be recorded in the TEE tables where they are likely to be 

significant. 

10.1.2 Impacts during construction and/or future maintenance may be estimated using the same congested 

assignment package as used to predict the overall traffic effects of the scheme. Models may also be 

useful for options affecting public transport users if significant diversion is expected during 

construction and/or future maintenance. The TUBA program may be used to value delays to road 

and/or public transport users, using standard economic parameters. For options affecting public 

transport, the impact on operators’ revenues should also be considered. For heavy rail, estimates 

should be based on the compensation regime between the train operators and infrastructure 

authority, typically Network Rail. 

10.1.3 In some circumstances, it may be sufficient to use a simplified approach, based on evidence of unit 

costs per kilometre from other schemes. For road user delays, unit costs will vary with traffic levels, 

and thus it will be important to demonstrate that they are appropriate for the option being 

considered. 

11 Reporting user benefits and transport provider impacts in the PA 

and TEE tables 

11.1.1 Monetised benefits for transport users and private sector providers are summarised in the Transport 

Economic Efficiency (TEE) table. All benefits should be reported in present values and real prices, in 

the Department’s base year, and in the market prices unit of account (see TAG Unit A1.1). Benefits 

should be reported as positive values and disbenefits (or costs) as negative values. The 

Department’s appraisal software, TUBA, performs these calculations using the methods and values 

in this TAG Unit and the TAG Data Book and presents the results in the TEE table format. 

11.1.2 User travel time, vehicle operating cost and user charge impacts should be included in the TEE 

table, as should user impacts during construction and maintenance (which should include both 

travel time and vehicle operating cost impacts). Monetised reliability impacts should not be included 

in the TEE table. 

11.1.3 Impacts on business (including freight), commuting and other trips should be reported separately. 

The sub-totals for business, commuting and other indicate the distribution of gains (and, potentially, 

losses) from the option.  

11.1.4 Benefits should be attributed to the mode and source of change as described in sections 2 and 3. 

For example, consider an option which reduces bus journey times with no change in fares, leading 

to an increase in bus demand. New bus passengers will pay fares but, as the level of fare has not 

changed, the net impact on both new and existing bus passengers, calculated using the rule of a 

half, will attribute all of the net benefit to the change in journey time. Therefore the benefits to bus 

passengers should be reported in the ‘Travel time’ row of the TEE table for each journey purpose. 

This means that the totals for ‘User charges’ (which are calculated with the rule of a half) and private 

sector provider ‘Revenues’ (which are calculated from changes in fare and demand) should not be 

expected to match. 

11.1.5 If, in the same example, the option leads to mode switch and road decongestion, this will change 

both journey times and vehicle operating costs for road users. Therefore, the impacts reported in the 

‘Roads’ column would be split between the ‘Travel time’ and ‘Vehicle operating costs’ rows. 

11.1.6 Where not explicitly quantified in the modelling approach, the impacts on pedestrians, cyclists and 

others should be assessed using the method set out in TAG Unit A5.5 – Highway Appraisal.  

https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#a5-uni-modal-appraisal
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11.1.7 The ‘Private sector provider impacts’ section of the TEE table should include estimates of changes 

in revenues (see section 7), operating costs and investments costs (see TAG Unit A1.2). Increases 

in revenue should be recorded as a positive value while costs should be recorded as a negative 

value in the TEE table. The disaggregation in the column headings is quite broad, meaning they 

include service operators’ infrastructure providers. Following the decision to reclassify Network Rail 

as a Central Government Body9, Network Rail spending and revenues should be considered to 

impact directly on the Broad Transport Budget. For example, additional operator costs reported in 

the TEE table need to account for track access charge payments, with the equivalent Network Rail 

revenues (and additional operating costs incurred by Network Rail) recorded in the Public Accounts 

(PA) table.  

11.1.8 As discussed in TAG Unit A1.2, changes in grant or subsidy payments to private sector providers 

should be recorded in both the TEE and PA tables. An increase in subsidies paid to providers 

should be recorded as a positive value in the ‘Grant/subsidy’ row of the TEE table (a benefit to the 

provider) and a positive value in the corresponding row of the PA table (where a positive value 

represents a cost to the public sector). 

11.1.9 When developers make contributions, the full investment cost should be attributed to either local or 

central government in the PA table, with negative values recorded in the ‘Developer contributions’ 

rows of both the TEE table (to show the cost to the developer) and the PA table (to show the 

reduction in cost to the public sector). 

11.1.10 Changes in indirect tax revenue should be reported in the ‘Indirect tax revenues’ row of the PA 

table. Indirect tax revenues will increase where total fuel consumption increases. Though in most 

circumstances indirect tax and fuel cost impacts should be of the same sign, there may be some 

rare occasions when they have a different sign. Fuel cost impacts, are calculated using the ‘rule of a 

half’. More detail on this is given in the TUBA Manual. As indirect tax revenues accrue to the 

government they are perceived in the factor cost unit of account and should be converted to the 

market price unit of account by multiplying by (1+t), the indirect tax correction factor. 

11.1.11 TAG Unit A1.1 – Cost Benefit Analysis provides guidance on how costs reported alongside other 

elements covered by the appraisal in the Analysis of Monetised Costs and Benefits (AMCB) table 

and Appraisal Summary Table (AST). 

12 References 

Abrantes, P. and Wardman, M., Institute for Transport Studies, University of Leeds (2010), Meta-

Analysis of UK Values of Time: An Update 

Arup, Bates, J., Fearon, J. and Black, I. (2004): Frameworks for Modelling the Variability of Journey 

Times on the Highway Network. Department for Transport, UK.  

Bates, J., Polak, J., Jones, P and A. Cook (2001): 'The Valuation of Reliability for Personal Travel', 

Transportation Research Part E 37. 

DfT, Transport Users Benefit Appraisal User Manual, TUBA User Guidance with accompanying 
TUBA software 

EEA Division, Department of Transport (1990-91): Review of Vehicle Operating Costs in COBA.  

Faber Maunsell / AECOM (2008), M6T Research Study – Stage 2 Utilisation Surveys 

Hamer, R., De Jong, G., Kroes E and P, Warffemius (2005): The Value of Reliability in Transport. 

Highways Agency: Design Manual for Roads and Bridges, Volume 5. 

                                                      
9 http://www.ons.gov.uk/ons/dcp171766_345415.pdf 

https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/government/publications/webtag-appraisal-tables
http://www.ons.gov.uk/ons/dcp171766_345415.pdf


http://www.demandforpublictransport.co.uk/








https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226804/how-to-calculate-social-benefits.pdf


https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226804/how-to-calculate-social-benefits.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226804/how-to-calculate-social-benefits.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226804/how-to-calculate-social-benefits.pdf
http://eprints.ucl.ac.uk/1349/1/2004_42.pdf
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book


https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#webtag-data-book
https://www.gov.uk/transport-analysis-guidance-webtag#a1-cost-benefit-analysis
https://www.gov.uk/government/publications/webtag-appraisal-tables
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/226804/how-to-calculate-social-benefits.pdf








TAG Unit A1.3 
User and Provider Impacts 

  

Page 28 

 

Table 1 Calculation of mean and variance of lateness (based on one week12) 

 

Timetabled Arrival 

Time Day  

Actual Arrival Lateness (mins) Lateness squared 

0730 Monday  0730 0 0 

0730 Tuesday  0734 4 16 

0730 Wednesday  0728 -2  - otherwise 0 in 

recommended approach 

4  - otherwise 0 in 

recommended approach 

0730 Thursday  0740 10 100 

0730 Friday  0750 20 400 

0800 Monday 0820 20 400 

0800 Tuesday  0800 0 0 

0800 Wednesday  0802 2 4 

0800 Thursday  0810 10 100 

0800 Friday   0800  0 0 

Total 

No of observations (n) 

 

10 

64  - otherwise 66 in 

recommended approach 

1024 - otherwise 1020 in 

recommended approach 

Average = col total/ No 

of obs 

6.4  - otherwise 6.6 in 

recommended approach 

102.4 - otherwise 102 in 

recommended approach. 

Square of average 

lateness 
  40.96 in recommended 

approach – otherwise 43.56 

Variance13 = Difference  (Minutes squared) 61.44   

- otherwise 58.44  in 

recommended approach 

Standard Deviation = square root (Minutes) 7.84  

- otherwise 7.64  in 

recommended approach 

 

C.3 Highway Reliability in Urban Areas Approach 

C.3.1 In urban areas alternative routes are more readily available than on Motorways and there are many 

possibilities for avoiding incidents which reduce capacity on a particular route.  This avoidance 

behaviour contributes to the day to day variability on the alternative routes and affects the balance 

between incident and day to day variability effects. Models predicting journey time variability from all 

sources are therefore the most relevant and prototype models using congestion indices were 

developed as part of the London Congestion Charging study in 1993. 

C.3.2 An improved form of those models based on north London data was developed using additional 

survey data collected in Leeds (2003) as set out in Arup (2004). In 2007, Hyder Consulting in 

collaboration with Ian Black and John Fearon were commissioned by the DfT to further develop the 

travel time variability relationships for a wider sample of urban routes. These routes are spread over 

the 10 largest urban areas in England as identified in DfT's Public Service Agreement (PSA). The 

improved model is now available as set out below. Its derivation is set out in Hyder, 2007. 

C.3.3 The recommended form of model forecasts the Coefficient of Variation (CV) from Distance (d) and 

Congestion Index (ci) terms for each origin to destination flow in the urban area. The Coefficient of 

Variation (CV) is the ratio of the standard deviation of travel time to the mean travel time. 

                                                      
12 While the illustration only shows one week, several weeks’ observations should be used of all journeys operated in 
the chosen period.   
13 If the pattern under consideration is based on only a small number (n) of observed journey times, when calculating 
variances  the average of the squares of the difference from the mean should be multiplied by a factor n/(n - 1).  
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Worksheet B1  Stress-based reliability impact worksheet 

 

 Old Route (i) New Route (ii) 

Without scheme 

stress (a) 

 not applicable 

With scheme stress 

(b) 

  

Difference in stress 

(c=a-b, restricting a 

and b to the range 

75% - 125%) 

  

With scheme AADT 

flow (d) 

  

Overall impacts 

(e=c*d) 

  

Overall assessment (e(i) +e(ii)):  

 

Note: Where a new road route is provided, the Quantitative column should contain values a(i) and 

b(ii).  Where no new road route is provided, use values a(i) and b(i). 

Reference sources:  __________________________________________________________ 

Assessment scores: __________________________________________________________ 

Qualitative comments: __________________________________________________________ 

 




