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NGT - VEHICLE AND SYSTEM CAPACITIES; 

QUALITY FACTORS. 
 

 

Introductory Note:  -  LEVEL OF SERVICE 

 
This is a system of classification of interactions originally developed by Prof. John J Fruin [Pedestrian Planning 

and Design (1971).  Metropolitan Association of Urban Designers and Environmental Planners.] to describe 

urban traffic flows.  It uses 6 qualitative categories running from "A" - "There is no-one in my space" (= free 

circulation) - to "F" - "Can't move; gridlock; completely unacceptable" (= complete breakdown of flow with 

many stoppages).  Quantitative criteria can be - have been - developed for various situations to allow 

assignment of LoS category and allow comparisons from place to place.  An application has been used already 

in this Inquiry when considering the crowding of children crossing A660 outside Lawnswood School.  The 

quantitative criteria are used by planners, e.g. when assessing the impact of sudden flows of pedestrians into 

confined spaces such as rail station concourses.  Transport for London in assessing provision for CrossRail are 

targetting Level C ("slightly restricted flow or circulation due to difficulty in passing [?overtaking] others: 

reverse and cross flows difficult") as the lowest tolerable routine status  (p30/54 in Section 6, "Infrastructure 

Investment - Thames Link Programme").   

 

A cursory review does not reveal any specific application to road PT vehicles.  The only situation touched on 

where people are packed into a cage is for elevators, and there the LoS is applied only to tolerable waiting 

times for a lift.  The nearest approach is for "Queuing" (Wikipedia entry - Level of Service) and may be 

appropriate.  The category criteria listed there for "Space available per person" (translated to m2) are A ≥ 1.2;  

B 1.2 - 1.0;  C 1.0 - 0.7;  D 0.7 - 0.3;  E 0.3- 0.19;  F ≤ 0.19 m2..  In their analysis of standing space and 

crowding (FWY-125), First West Yorkshire note a seat space allocation of 0.45m2 in rail vehicles, and the 

aircraft industry may well have guidance for seat space standards.  Seats must accommodate the larger (though 

not necessarily the largest!) body.  I estimate that a single seat (width 0.45m, knee room, or pitch,  0.65m) 

requiring 0.30m2./p, is a minimum: 0.375m2./p (0.5x 0.75m) would be more comfortable, as would the rail 

standard of 0.45m2. 

 

________________________________________________________________________________ 

 

STANDARD BUS.  Double decked, single access point, external dimensions 10.0 x 2.55m.  

Assuming walls of 75mm thickness gives internal floor space of ≈ 47m2. Allowing  ≈ 2m2 for the 

driver, 1.0 x 2.0m on each floor for the stairwell, no standing upstairs or forward of the driver's cabin 

( ≈ 2.0 x 1.5m = 3m2), luggage area 1.0 x 1.5m, and space for the engine compartment downstairs at 

the rear ( 2.4 x ≈ 0.75m = 1.8m2 ) leaves 21.5m2 upstairs.  Obviously a central access corridor is 

required upstairs ( 9.0 x 0.75 = 6.8m2, leaving 14.7m2 for seating.  Using the figures of 

0.375(0.30)m2/seat allows 39 (49) seats upstairs. 

 

Downstairs, the central corridor for standing is (10.0 - 2.0 - 0.75 - 0.75m ) x 0.75m =  ≈ 4.55m2 (the 

second 0.75m accounts for the seat across the centre at the rear of the vehicle), or more realistically 

a single person row 6.5m long.  At 0.4m/person, this allows 16 standees, which at 0.30m2/ person is 

at the minimum for QLoS category D.  There is also a space behind the luggage rack which doubles 

as necessary for wheelchairs, buggies, use of drop-down seats or if none of these is required, for 

standing (0.9 x 1.5m  ≈ 1.4m2 ) which is not counted towards the provision of any occupiable space 

in this assessment.  The downstairs internal floor area available for seats is thus ( 23.5 - 2.0 - 2.0 - 3.0 

- 1.5 - 1.8 - 4.55 - 1.4 =) 7.25m2, which allows for 19 (24) seats at 0.375(0.30)m2/seat. 

 

The precise number of seats which could be provided obviously depends on detailed layout, but in 

this assessment a standard double deck bus could provide to carry around 58 (73) seated and 16 

standing with a further 2-4 in the unallocated space, giving a potential minimum capacity of 74 (89) 
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at the minimum for QLoS of category D, standing, with the two seat area standards.  First have 

indicated that the capacity of the standard double deck bus is ca. 100.  If standing quality were reduced 

to the minimum for category E the numbers standing, and the total capacity, would rise by 9. 

 

ftr  BUS.  An initiative by First Group with Wrightbus.  External dimensions 18.75 x 2.55m.  

Capacity: seated 53, including priority seats + 47 standing, restricted by provision for wheeled 

vehicles (chairs, buggies) and with some luggage space. 

 

Allowing the minimum space for queuing Level of Service (QLoS) category D for standing 

passengers (0.3m2./p) and 0.375m2./p for seated passengers occupies a total of 32m2., leaving 12m2. 

for the engine, driver, floor swivel, wheelchairs, etc., luggage and circulation, which seems reasonable 

vindication of the figures and levels of service proposed. 

 

 

TROLLEY BUS.  External dimensions same as ftr 18.75 x 2.55m, area 47.8m2.  Assuming the walls 

are 75mm thick, internal dimensions and floor area are 18.6 x 2.4m  and ≈ 44 m2..  Taking the average 

of my wife and myself, the floor area required to stand in without touching a neighbour, but being 

unable to move without touching someone, is 0.17m2..  At such a loading, the trolley could board 

(44/0.17) = 248 passengers.  This corresponds to queuing Level of Service (QLoS) category F.  A 

load of 160 ( 0.256m2./p ) would be in category E (max. for this category would be 223), and of 100 

( 0.41m2./p ) to category D (max for this category 149).  Providing the minimum space for category 

C would give a maximum standing-only loading of 64 . 

 

Clearly, this assessment makes no provision for the driver ( ≈ 2m2); for access and circulation (not 

least of the client services host! >4m2); for luggage or shopping ( ≈ 3m2); for wheelchairs ( ≈ 1m2 

each); for the vehicle body swivel area ( ≈ 2m2) or for seating.  Subtracting these leaves  ≈ 31m2 

available for passengers.  At the minimum requirement for QLoS category D, this gives space for 103 

standees.  This is the maximum capacity of the trolley that can offer a QLoS not lower than the 

standard bus.  For every 3 seats that are introduced, room for 4 standees is lost (or 1 for 1 with the 

lower seat area). 

 

Using the NGT-2 vehicle layout (APP-108) and the area allowances used above for the standard bus, 

50 seats would occupy 18.7 (15.0)m2, leaving 12.3 (16.0)m2 for standees, 41 (53) at the minimum for 

QLoS category D.  This gives a capacity (at a standard of comfort in terms of space per person 

comparable with the current buses, but a poorer seat availability ratio at capacity) of 91 (103).  Of 

course, if standards were allowed to deteriorate as passengers crowded onto a vehicle at peak flow 

times to the minimum for QLoS category E (0.19m2/p) the trolley could accommodate 64 (84) 

standees, making capacity 114 (134) with an even poorer seat availability ratio and a much higher 

proportion of passengers suffering reduced quality than is possible on the current buses - but who 

would want to travel like that? 

 

These figures represent an increase of vehicle capacity over the standard bus of 25 (16)%, but this is 

achieved only at a road space occupancy almost double. 
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ESTIMATES OF NGT PATRONAGE 
 

PARK AND RIDES 

 

The facilities proposed at Bodington and Stourton comprise 2,300 parking spaces.  With an average 

1.3 loading factor (which may well be an over-estimate for such usage) and replacements of 10/20% 

during the day will contribute 6,600/7,200 boardings/d for NGT, i.e. a maximum of 1.8/2.2Mbpa. 

 

FROM LCCC - 2013. 

 

In the AM peak (0700-1000h) weekdays ca. 4.3k bus passengers cross the Central Cordon of Corridor 

1 (WRA 102).  This includes all the stopping services on A660, the X-84, and also the #56 service 

accessing Moorland Road.  Pro rata, stopping service passengers number ca. 2.8k.  Multiplying up 

by the flow factor 4* to obtain 24h flow, by 2 for 2-way flows and by 300 to annualise gives 6.7Mpa 

flow.  With a replenishment factor of 1.7, (11.4Mbpa) and adding 50% for the S route contribution 

gives a bus patronage on the NGT route of 17.1M boardings pa.  Assuming NGT capures 40/50/60% 

of this patronage and adding 2Mpa for the maximum contribution from the two Park and Ride areas 

gives potential patronage for NGT of 8.9/10.6/12.3Mbpa. 

 

* The flow factor of 4 is probably too high for the A660 corridor (it is a City-wide derivation - LCCC 

2012: p7 - Peak hour (08.00-09.00)/Peak period (07.00-10.00) = 0.376.  p6 - 24h/Peak hour = 10.52.  

Therefore 24h/Peak period = 10.52x0.376 = ca. 4).   

 

On the other hand, Table 12.4 of Core Document C-1 suggests that an additional 34% will be 

boardings attracted from other sources than the existing bus services, not including P&R.  Applying 

these variants simultaneously gives exactly the same estimates as above for patronage. 

 

FROM CORE DOCUMENT C-2-3 LTM Report of surveys. 

 

Table 26 lists boardings from ticket data supplied by Metro.  Separate figures for ##1 and X-84 

services are given (12h, inbound = 4726 and 1586, respectively), but no figures are given for the ##6, 

28, 56 and 97 services.  It is therefore not possible to verify the claimed total of 9570 for all services 

and which of these are actually counted.   

 

At Table 28, seq. it is clear that the A660 corridor carries the highest number of bus passengers and, 

carried on only 318 buses, has the highest loading factor (30) of any of the 18 radial routes listed.  

The total loadings and numbers of buses is consistent with the graphs (labelled Woodhouse Lane - 

Bus Occupancy Profiles) on p18 of Appendix 13 to that report (not available as Core Document).   

 

The number of buses recorded, however, suggests that the X84 and #56 service boardings are 

included in this total (318 in 12h is 26/h average: together,##1, 6, 28 and 97 services contribute only 

20/h; X-84 is 3/h and #56 every 8min.).  Boardings on the A660 stopping services which could be 

replaced by NGT boardings amount, therefore, to ca. 6,500/12h and 7,800/24h inbound.  From which 

application of the usual factors (excepting R, since these are already boardings, not loadings) suggests 

current each way 24h boardings on the stopping buses of 4.7Mbpa. 

 

Applying the same capture rates as above, adding 33% for patronage from other sources and 50% for 

the S-route then adding maximum P&R patronage gives potential patronage of 5.8/6.7/7.6Mbpa.  

Even if all 9750 boardings (para 1 of this section) were potential patronage for NGT, these figures 

would only be 8.8/10.1/11.4Mbpa. 
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TAS REPORT 

 

This report (Appendix 2 of FWY Proofof Evidence) suggests that current boardings on stopping 

buses serving the NGT route, N&S sections is 5.1Mbpa, which is considerably less than either of the 

above estimates.  The estimate is limited in that it does not take account of (mainly long-distance) 

travellers on other operators' vehicles in the SE sector, but these are assumed (reasonably) to be 

relatively few and in any case unlikely to transfer to NGT for that part of the journey from Stourton 

into the City.  The estimate is robust in that it analyses actual ticket sales on FWY vehicles on any 

bus traversing any part of the NGT route during two 20+ day periods during June (term-time) and 

August (out-of-term) 2013, when weekday daily boardings were recorded as 12.7 and 10.4k/d.  At 

§4.1.7 of the Report, annual patronage is estimated at 12.4M boardings.  Analysis of the journeys 

suggests about 7.3M of these would have no reasonable alternative to continuing to use bus services, 

while 5.1M could reasonably transfer to anNGT service. 

 

The authors point out that the Revised Business Case (C-1) assumes 8.4M of these would transfer 

to NGT(!). 

 

 

BUSES AS OF NOW 

 

Capacity ca.90: frequency (of stopping buses) between Universities and West Park ca. 20/h [#28 - 

3/h; #97 - 3/h; #1 - 6-8/h; #6 - 6-8/h] [ X84 - 3/h not counted for passengers here, but counted in 

Cordon surveys]. 

 

Therefore 24h, 2-way frequency on the NGT route is ca. 600 [20/h for 10h, 12/h for 8h]. 

 

LCCC 2013 survey has 99 buses inbound on a weekday through Corridor 1 between 07.00-10.00h, 

but this must include the #56 service, which only touches the inner end of A660 but passes the Cordon 

on Moorland Road, between Woodhouse Lane and Woodsley Road. 

 

600 buses can carry 48,000 passengers: with replenishment rates of 1.3 or 2.0 this equates to a 

patronage of 62,400 or 96,000 boardings/day, or ca. 19-29Mbpa. 

 

Taking the recorded loading (CD C-2-3 which is Appendix 8 to the PEBC; LTM Report of 

Surveys: Appendix 13, Bus Occupancy Profiles, p18; reproduced in WRA 102) of 43/bus during 

the 6 peak flow hours, and reducing to 20/bus during inter-peak and 15 out of peak gives an average 

loading during the day of 27, and an annual boarding of 4.9-4.8Mbpa.  Allowing for a further 50% 

patronage from the southern corridor, this gives an estimated patronage on the NGT route of 6.4-

9.7Mbpa, which is in excess of  the estimate in the TAS report of 5.1Mbpa. 

 

 

FARES. 

 

Core Document C-1-8,  Leeds Transport Model: Forecasting and NGT Central Case. 

 

Section 4.2:  Public Transport model - Fares; gives an assumed fare structure in 2010 prices: 

 

Distance range Bus NGT 

Up to 2.5km £ 1.04 1.65 

2.5-4.5km 1.65 1.65 

> 4.5km 1.9 1.90p 
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CONCLUSION 

 

To break even, NGT revenue needs to be ca. £16Mpa (see Core Document C-1, Tables 12.4, 12.5 and 

12.15).  Given a commitment to a fare structure broadly equivalent to the bus services (but which 

discriminates against short journeys, making the considerations of seat availability and available 

space comfort more critical) dictates that patronage must be ≥ 12Mbpa.  Estimates of maximum 

patronage from actual current bus passenger flow data suggest that NGT will be hard pressed to 

achieve the required rate.   

 

Performance will therefore be critically dependent (Ref. Chadwick APP-7-2 §§113-115) on 

maximising attractiveness of the service so as to attract a very high proportion of current bus 

passengers; attract passengers directly from cars, from rail services and who currently walk or cycle 

on the A660 and A61S; and maximise use of the two P&R sites.   

 

All these need to be achieved simultaneously.  This seems highly improbable and we therefore 

conclude that the commercial objectives of this scheme cannot reasonably be achieved. 

________________________________________________________________________________ 

 

 

 

TROLLEY SYSTEM CAPACITY 
 

Replenishment factors 

 

The Replenishment factor (R) is the ratio of actual boardings during a complete trip to the observed 

loading at any particular point in the course of the trip.  It will, inevitably, vary considerably for 

different points on the route.  It attempts to take account of trips which are shorter than the whole 

route and do not cross the count cordon. 

 

R for the Leeds Central Cordon Count points in the A660 corridor (which includes St Mark's Road, 

Woodhouse Lane, Moorland Road and Woodsley Road) is particularly important.  Estimates of the 

effective usage by NGT can be derived from Tables 52 and 53 of Core Document C-1-8.  For S-

bound vehicles the number of boardings up to Hyde Park Corner divided by the loading at Woodhouse 

Moor stop is 1.13; 1.67 and 2.59 for the AM peak, Inter-peak and PM peak periods, respectively, with 

an average of 1.57.  It is not possible to estimate R for the N-bound journey.  A different estimate of 

R may be made for the complete trips, using total boardings and maximum loadings, irrespective of 

point on the route.  In the same time periods N-bound R is 2.10; 2.28 and 1.36, average 1.77: and S-

bound 1.24; 2.27 and 1.93, average 1.70. 

 

A value of 1.7 would seem to be acceptable for general use here. 

 

 

Suppose the capacity - or occupancy or loading at any given point - is N.  The maximum number of 

trolley trips is 10/h in each direction for, say, 18h/d, giving point loading (also termed "flow" in Mr 

Hanson's works) of 360N/d. 

 

Suppose the passenger load turns over (R-1) times during a single journey: total boardings (for which 

a fare is paid) are 360NR.bpd.  Suppose this applies for 365d/y, then the maximum number of 

boardings is 13,400NR.bpa. 
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If N = 160, and R (the replenishment factor) = 4 (for a picture, all passengers from Holt 

Park/Bodington alight at Headingley and are completely replaced by passengers alighting at 

University/Centre, again the refill alights at South Bank and their replacements go to Stourton) this 

gives an absolute maximum number of boardings of 85.8Mbpa.  This is the maximum demand for 

boardings the system could cope with. 

 

More realistically, as shown above, vehicle maximum capacity is ca. 110 and, to take account of 

service reductions at various, off-peak, periods and seasonal changes in demand and reduced working 

and demand over week-ends, the annualisation factor should be (generously) 300.  Using  the 

replenishment factor derived above of 1.7 leads to an estimated maximum likely boarding demand 

which could be satisfied of ca. 25Mbpa. 

 

The Table below shows annualised boardings for various actual maximal fills and replenishment 

factors.  It suggest that with the real life estimate of replenishment factor of 1.7, maximum average 

fills of 40 passengers would give an annual number of boardings of ca. 9M and of 20, 4.5M.  Forty 

and 20 are the peak and inter-peak average fills on the buses currently serving the route. 

 

 

Number of boardings (Mbpa) for various average maximal vehicle occupancies on a trip (N) 

 and replenishment factors (R). 

 

 N = 160 140 120 100 80 60 40 

R = 4.0 86 75 64 52 43 32 21 

3 64 56 48 40 32 24 16 

2.5 54 47 40 33 27 20 13 

2 43 38 32 26 21 16 10.7 

1.5 32 28 24 20 16 12 8 

1.3 28 24 21 17 14 10.4 7 

1 21 19 16 13 10.7 8 5.4 

 

 

 

Core Document C-1-8,  Leeds Transport Model: Forecasting and NGT Central Case. 

 

Section 5:  Impact of NGT.  Table 50 summarises estimated NGT boardings for 2016 to 11.8Mbpa.  

Using an average boarding cost of £1.70p gives an anticipated fare revenue of £20.1Mpa, which is 

possibly where the figure in Core Doc. C-1, Table 21.1 comes from. 

 

Table 51 gives some support for these figures, but some mental gymnastics is required to get from 

hourly flows to the annualised totals: the figures do sort of add up.  However, about 60% of total 

patronage is estimated to come from existing bus usage, either as direct total replacement or by 

transfer for part journeys.  That is, 7.1Mbpa are to be drawn from the 6.4-9.7Mbpa estimated 

above as the current bus patronage.    
 

Table 50 also shows the hope that ca. one quarter of NGT patronage will be from new customers, not 

currently using public transport, i.e. from car and active mode travellers. 
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CONCLUSION. 

 

While the trolleybus system could service the expected passenger numbers if demand were evenly 

spread through the day, the system and vehicles do not have the capacity to deal with the peak flow 

without the probability that passengers would have to wait for the next trolley to come along - or even 

the one after that - and that standards of accommodation would be compromised during such periods.  

This is because the trolleys cannot simultaneously offer the same level of accommodation as existing 

buses and the service offer the capacity needed to cope with the numbers, a point largely 

acknowledged in APPs-108 and 132. 

 

Existing buses can offer the same level of accommodation for the great majority of passengers when 

fully loaded as when lightly loaded because of the far greater proportion of seats to standing offered, 

and only standees suffer reduced quality.  On the trolleys capacity and quality of accomodation are 

inversely related because of the much lower proportion of seats.  Put in less mathematical terms, the 

Promoters cannot have it both ways.  Either they must offer journeys of equivalent or higher quality 

than the buses to insufficient passengers to sustain the financial model, or they must compromise 

quality for volume, in which case the trolley becomes unattractive compared to the buses, particularly 

at peak flow times.  Mr Chadwick's pretty diagrams in APP 108 do no more than confirm that the 

times when the greatest numbers of people might want to use the trolley service are when the quality 

is most compromised. 

 

 


