
 

Edinburgh Tram (Line One) Bill Committee 
Key note on the Modelling issues 

 

Background 

1 Transport models have been developed for Edinburgh and the surrounding 
area since 1980’s.   These early models have since been updated to improve 
confidence in the model forecasting techniques by updating different aspects 
of the model, including: 

• Travel demand (the origin and destination patterns of people travelling by 
highway and public transport) 

• Public transport timetables and fares 
• Road layouts (new banned turns, road closures, traffic signals, etc) 
• Forecast levels of development and land uses over the next 30 years 
• Addition of new features to more accurately model in the simulation factors 

that affect travel choices (park and ride, changes in taxation, integrated 
travel cards, etc  

2 As it is both time consuming and costly to build new transport models from the 
start, new models are normally based on and retain information from the 
previous model with which there is associated a high level of confidence.  The 
purpose for which the new model is being developed dictates the areas that 
will be improved and updated.  

3 The structure of the Edinburgh transport model is shown in Figure 1 and the 
background to the model development is now set out below. 

4 The Edinburgh Transport model is based on new surveys and information 
derived from the Central Scotland Transport Model (CSTM3), which was 
developed and audited by consultants on behalf of the Scottish Executive in 
1997. The CSTM model was calibrated to satisfy the Department of 
Transport’s model development criteria, as set out in the Design Manual for 
Roads and Bridges (and subsequently incorporated within the Department’s 
web based Transport Appraisal Guidance, known as webTAG).  The criteria 
apply to both public transport and highway schemes. CSTM3 was approved 
by the Scottish Executive for undertaking the design and appraisal of major 
transport projects within central Scotland. Table 1 sets out the transport 
models that were used in the development of CSTM3, together with the main 
survey databases (origin and destination surveys and traffic counts of both 
public transport and highways throughout central Scotland) used for that 
model.   

Edinburgh Transport Model 

5 The Edinburgh Land Use Transport Interaction Model consists of two tiers: the 
higher strategic tier model consists of a land use model, DELTA, and a Traffic 
Restraint Analysis Model, TRAM; and the lower tier local area model consists 
of two Detailed Assignment Models (DAM) to simulate travel by public 
transport and highway. 
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Strategic Higher Tier Model  

6 A new higher tier model was developed to simulate factors affecting travel 
behaviour in central Edinburgh that could not previously be modelled and is 
known as a Land Use Transport Interaction (LUTI) model.  The model was 
developed between 2000 and 2002, and the data used to build the model are 
set out in Tables 1 and 2.     

i. Land Use Model (DELTA) 

7 The DELTA land use model forecasts the levels of land use and associated 
population and employment levels.     

8 The model allocates the forecast demand for each type of development within 
specific geographical locations.  The databases used to build the DELTA 
model are set out in Table 2. The Edinburgh and Lothian Structure Plan 2015 
and the forecast local planning data for Edinburgh, Lothians and Fife define 
the areas in which future development will be permitted and the forecast total 
level of demand for development.  The Edinburgh and Lothian Structure Plan 
2015 was prepared jointly by the four Lothian councils and provides a long 
term planning vision for development and the environment in Edinburgh and 
the Lothians to 2915.  It was approved by the Scottish Ministers on 17 June 
2004 and will be reviewed towards the end of 2006.  The geographical 
locations allocated to each type of development change in the model will 
change in response to any changes in accessibility as the result of new 
transport systems (such as trams) and increasing levels of congestion. 

ii. Traffic Restraint Analysis Model (TRAM) 

9 The TRAM model simulates the travel time and level of congestion by road 
and public transport using the forecast origin and destination travel patterns 
forecasts by the land use (DELTA) model.  The databases used to build the 
DELTA model are set out in Table 3. 

10 As travel times and congestion increase, land uses will change to new 
locations.  This in turn leads to changes in journey times and levels of 
congestion.  The TRAM and DELTA models are run iteratively until the 
forecast level of travel delays are in equilibrium with the land use patterns. 

Local Lower Tier Model  

11 The lower tier DAM model was developed to simulate in detail the impact of 
the tram system on travel times by road and public transport.  To be 
consistent with the LUTI 2001 base year model, a public transport and 
highway model was developed for 2001. Table 4 sets out the data input to the 
model development stage. Two approaches were considered for updating the 
model: collection of new survey data and development of an updated model; 
and application of the 1997 CSTM3 model to “forecast” the 2001 travel 
demands.  As the model update was undertaken in 2001, the model 
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simulation “forecast” year of 2001 was not truly a “forecast” year but, 
nevertheless, was generated from CSTM3 using the CSTM model forecasting 
procedures.  As the CSTM3 model was developed within the preceding 5 
years, the latter approach was adopted as it is consistent with good modelling 
practice.   

12 The procedure to update the model to 2001 was as follows: 

• The 1997 model was updated to represent the 2001 public transport 
service and road systems.   

• The model was run using the CSTM3 forecasting procedures to generate 
a simulation for 2001 

• The geographical area of the CSTMs model was reduced from Central 
Scotland to Edinburgh, Lothian and Fife (this incorporates the area of 
influence of travel patterns affected by the tram line proposals).  Journeys 
travelling outwith this area that either travel into or through the smaller 
Edinburgh modelled area continued to be simulated within new model. 

 

13 In accord with normal practice for transport models developed within the 
previous 5 years, the new 2001 DAM models were not explicitly calibrated 
and validated.  Examination of the validation of the 2001 model indicates that 
the modelled flows and public transport patronage is lower than observed 
flows by about 10%.  This is considered to reflect a number of factors 
including recent above average growth rates in Edinburgh, and it was 
concluded that the forecasts were likely to err on the conservative side.  

14 To confirm the level of patronage and demand forecasts for line 1 and 2 were 
broadly correct, the forecasts were benchmarked against the observed 
patronage on existing schemes and found to be comparable.   
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Table 1  Databases used in the Development of 2001 Edinburgh Transport Model
Existing Transport Models

List of Models from which data was abstracted

JATES/JIF Strategic multi-modal transport model, based on 1989-91 data, covering Edinburgh, Lothians and Fife.
VIPS Public transport model linked to JATES/JIF
EATM Edinburgh area traffic model, 1997/98
Forth Valley Traffic Model

Incorporated into EATM and CSTM 1993

Most Up-To-Date Model Immediately Preceding the Development of Edinburgh LUTI

CSTM3 Central Scotland Transport Model (model is based on a study area comprising 1181 zones)
Strategic multi-modal transport model of Central Scotland, including Edinburgh, developed for the Scottish Executive in 1997
Based on 1990 origin and destination data, calibrated to 1997 and forecasts using 1998 planning data
Highway matrix is calculated using 105 Roadside Interview Surveys, 1997
Public Transport matrix is calculated using Strathclyde Integrated Transport Model (SITM) data for Glasgow, VIPS data

for Edinburgh and additional bus/rail surveys
Calibrated to over 50 screenlines across the study area, 1997
Validated against 25 journey time routes surveyed a minimum of 6 times in each direction in every time period, 1997
Validated against 96 Average Annual Daily Traffic (AADT) traffic survey count datasets, 1997
PT model validated against screenlines and cordons for each major conurbation, 1997

Table 2  Databases used in the Development of 2001 Edinburgh Transport Model
Land Use Transport Interaction Model - Land Use Model (DELTA)

Edinburgh and Lothian Structure Plan to 2016015 - sets out the transport policy and targets for the City
Local Transport Strategy Review 2001 (active document).  Sets out the transport strategy on the basis of Strucutre Plan policy and targets.
1991 Census data for Edinburgh, Lothians, Fife and Rest of Scotland
Other sources of 1991 data

Migration Flows in England 1998
Crime by police authority in Scotland 1999
Listed Buildings, Historic Scotland
Population density - Regional Trends 16.1 page 227 

2001 travel-to-work pattern
2001 data
1991 Family Expenditure Survey 
Valuation Office Property Market Report, Autumn 1991
Residential and commercial rent, GVA Grimley. 
‘Edinburgh Facts and Figures 1998’ published by The City of Edinburgh Council
the number of tourists in each zone VisitScotland data (as at 2000) 
International Passenger Survey 
Inter – Departmental Business Register (IDBR) data 2001
City of Edinburgh Council list of constructions and demolitions between 1991 and 2001 by floorspace type and location
Accessibility measures related to those developed by Derek Halden Consultancy (DHC) for the Scottish Executive (Halden et al, 2000
Investment Property Databank and the University of Aberdeen for the Royal Institution of Chartered Surveyors (Key et al, 1994).  
Bramley et al (1995),  housing completions by district
Building cost index, Spon’s Price Book (David Langdon & Everest, 2000).
“National” Level of the Improved Car Ownership Models (ICOM) developed by MVA for the Department of Transport in 1996
Willingness-to-pay for different location, Stated Preference survey, Edinburgh, Wardman et al (1997).  
Scottish Economic Statistics 2001 (Scottish Executive, 2001).
Cambridge Econometrics forecasts 
Migration Model developed by Gordon and Molho, 1998
Edinburgh and Lothian Structure Plan to 2016015, planned and expected levels of development
National Travel Survey Car Ownership Proportions (Source: T5.3 p. 75 1984/85 National Travel Survey 
Bennett, R J, W A Bratton and P J A Robson (2000): Business advice: the influence of distance.  Regional Studies , vol 34, pp 813-828.
Bramley, G, W Bartlett and C Lambert (1995):  Planning, the market and private housebuilding .  UCL Press, London.
Bristow, A L, A D May and S P Shepherd (1997):  Towards the sustainable city: the impact of land use-transport interactions. 

25th European Transport Forum, Proceedings of Seminar C, pp 149-157.  PTRC, London
Davis Langdon & Everest (2000):  Spon’s Architects’ and Builders’ Price Book.  E & F N Spon, London.
Gordon, I R and I Molho (1998): A multi-stream analysis of the changing pattern of interregional migration in Great Britain,

1960-1991.  Regional Studies, 32(4), pp 309-324.
Halden, D, D McGuigan, A Nisbet and A McKinnon (2000): Accessibility: review of measuring techniques and their application. 

Scottish Executive Central Research Unit, Edinburgh.
Key, T, Zarkesh, F, MacGregor, B and Nanthakumaran N (1994): Economic Cycles and Property Cycles: Understanding the Property Cycle . RICS, London

Millington, J (2000): Migration and age: The effect of age on sensitivity to migration stimuli. Regional Studies , Vol 34, 6.
MVA Consultancy (1996): Improved car ownership models.  Report to Department of Transport.
Scottish Executive (2001):  Scottish Economic Statistics 2001.  
Still, B G, and D C Simmonds (1997): Implementation of the DELTA/START model.  Working Paper 494, Institute for

Transport Studies, University of Leeds.
Stillwell, J and A Fotheringham (1998): The determinants of migration flows in England.  Summary of report to Department of

Environment, Transport and the Regions.
Wardman, M, A L Bristow and F Hodgson (1997): Valuations of noise, air quality and accessibility: evidence for households and

businesses. 25th European Transport Forum, Proceedings of Seminar C, pp 149-157.  PTRC, London.

Notes: 

The philosophy behind the DELTA model was that the coefficients should be chosen so that the model reflects the understanding
obtained from past research and analysis.  

The Edinburgh transport model consists of a higher tier strategic model and a lower tier local area model:
1 The higher tier strategic model is known as LUTI (Land Use Transport Interaction Model)   The LUTI model consists of two parts, a

land use model (DELTA) and a Traffic Restraint Analysis Model (TRAM)
2 The lower tier local area model is know as DAM (Detailed Assignment Model).  The DAM model consists of two parts, a public

transport model and a highways model.



Table 3  Databases used in the Development of 2001 Edinburgh Transport Model
Land Use Transport Interaction Model - Traffic Restraint Analysis Model (TRAM)

Survey Date Description

Travel Demand Data

Scottish Household Survey (SHS) Travel Diary Data 1999-2001 Household travel data
Supplementary SHS Travel Diary Survey (500 surveys)

Description No. of Surveys by Year
1999 2000 2001 Total

In-Scope Household Records 3372 2977 1505 7854
In-Scope Travel Diaries 1961 1720 907 4588
In-Scope Week-dat Journeys (1-way) 4738 4711 2351 11800

12-Hour City of Edinburgh Pedestrian and
Traffic Survey (CEPATS) Cordon Surveys 2001 Inner cordon survey in morning peak at 36 sites

Radial and cordon surveys at 48 sites (12 hour)
car, bus, motorcycle, cycle, walk, goods vehicles,
vehicle occupancy

City bypass survey of all radial roads (12 hour)
cars, taxis/minicabs,goods vehicles, cycles &
motorcycles

East/west & north/south screenlines (12 hour)
goods vehicles and taxis

Park and Ride Survey (Ferrytoll) 2001

Controlled Parking Boundary Bus Stop Interviews 2001 Survey of trips transferring from car to bus

CSTM3 travel demand matrices 1997 See CSTM3 above

Planning Data 2001 DELTA model land-use model data

Transport System

Public Transport
May 2001 public transport supply (frequency, route, fares etc)

2001
Parking Supply

City of Edinburgh City Centre Paramics model 2001
Parking Charges 2001
City of Edinburgh Parking Unit 2001
On-street Parking Surveys 2001

Highway
City of Edinburgh network updates
Traffic Signal settings

CSTM3 travel demand matrices 1997 See CSTM3 above

Model Parameters

Tranport Economics Note , Department of Transport 2001
Bristol Traffic Restraint Analysis Model 1998

CSTM3 travel demand matrices 1997 See CSTM3 above

Notes: 

The philosophy behind the DELTA model was that the coefficients should be chosen so that the model reflects the understanding
obtained from past research and analysis.  

The Edinburgh transport model consists of a higher tier strategic model and a lower tier local area model:
1 The higher tier strategic model is known as LUTI (Land Use Transport Interaction Model)   The LUTI model consists of two parts, a 

Land use model (DELTA) and a Traffic Restraint Analysis Model (TRAM)
2 The lower tier local area model is know as DAM (Detailed Assignment Model).  The DAM model consists of two parts, a public

transport model and a highways model.



Table 4  Databases used in the Development of 2001 Edinburgh Transport Model
Land Use Transport Interaction Model - Detailed Assignment Model (DAM) 

Survey Date Description

Highway DAM
CSTM 1997 Model 1997 25 journey time surveys (inter urban, trunk road), validation

1997 468 one-way counts (validation)
1997 49 key link screenlines, and 58 2-way multi-link screenlines (calibration)

1993-97 RSI data sets - 14 sets covering central scotland, around 110 sites
CSTM Planning Data 1997, 2001, 2006, 2011 Households, employment and population, provided by Local Authorities
CEC highway data updates 2001 In Edinburgh, 14 zones split, 47 links additions / 

 adjustments, 10 new sets of junction coding 
CEC Planning data 1997, 2001, 2006, 2011 Updated Households, employment and population (from CSTM3A)

Public Transport DAM
CSTM 1997 Model 1997 78 strategic cordon / screenline sites

1997 Comparison of bus service modelled and timetabled
 times - 8 representative services

1997 Public transport OD surveys (19 train, 24 bus)
CSTM Planning Data as highway model
CEC highway data updates as highway model, plus updated bus services to 2001
CEC Planning data as highway model
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