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A The Passenger to Airport Allocation Model  

Introduction: What SPASM Does 

A.1 SPASM DLL26 is the Department for Transport (DfT) Passenger 

Allocation Model. It is also known as either ‘SPASM’ for continuity with earlier 

versions of the documentation or more formally as ‘NAPALM’ the National Air 

Passenger Allocation Model’  . It forecasts the numbers of passengers and air 

traffic movements (ATMs) at UK mainland airports on an annual basis 

throughout the period 2008-2050. SPASM is a constrained model. Shadow 

costs (airport charges) are applied to fit airport throughputs to terminal 

passenger and runway capacities input by users for all model years.  

A.2 SPASM is a demand side model allocating air passengers travelling between 

ground district origins and foreign or domestic destinations to UK airports on 

the basis of the relative generalised (total) costs of travel by all possible 

routes. Generalised cost comprises combinations of surface access costs, 

flight frequency and interchange costs, in-flight time and fares. All non-

monetary costs such as time spent travelling to the airport, time spent waiting 

at airports, the inconvenience of changing planes and in-flight time are 

converted internally to £.  

A.3 SPASM uses passenger allocations on each route to forecast ATMs. It 

dynamically opens up and closes down international routes in response to 

underlying passenger demand and costs at UK airports. It will forecast and 

output passengers per ATM (p/PATM) on all international routes at all airports. 

Plane sizes are responsive to capacity constraints. 

A.4 SPASM retains all the functionality of its predecessor SPAM which was 

developed and operated by NATS. It adds new models for domestic, 

interlining and low cost carrier traffic and provides user-friendly input of data 

and tabulation of output through Microsoft Excel spreadsheets. 

SPASM has numerous applications. The use of Excel outputs also allows 

users to develop their own. A selection of typical uses includes: 
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• assessment of overall passenger demand, ATM forecasts and 

shadow costs, by airport, associated with alternative capacity 

scenarios; 

• provision of inputs  for the assessment of economic benefits 

(consumer and producer surplus) from the provision of 

additional capacity at new or existing sites; 

• provision of inputs (passengers by type and aircraft by size) for 

financial modelling of additional capacity  

• provision of inputs (ATMs by size category by airport) for noise 

and air quality modelling;  

• analysis of the modelled development of route networks, by 

airport, over time for airspace modelling purposes; 

• assessment of the viability of new routes over time under 

differing capacity assumptions;  

• analysis of airport catchment areas by type of passenger under 

alternative surface access assumptions;  

• assessments of commercial initiatives by airports to attract 

particular types of traffic; 

• generation and stimulation of new low fares services through a 

supply side interface; and 

• assessment of changes in the distribution of passengers by 

market (domestic, direct international, domestic interliners, 

international interliners, etc.) and by route at each airport under 

varying capacity assumptions. 

A.5 Users will find many more applications – the above is intended only as a guide 

to potential applications. 

Recent Enhancements : DLL26 

A.6 The development version of SPASM, 'DLL26' is significantly more than a 

revision of the software. It is an umbrella term for a SPASM upgrade which 

builds on its predecessor DLL25, documented in the previous edition of this 

document which significant changes required for final robust forecasts for the 

2003 of the Air Transport White Paper: (ATWP).  DLL26 incorporates 
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enhancements for the TR09 and TR11 (Heathrow IA and CCC response) 

generations of the model. 

A.7 [DN: Annex E of TR11 is the best source of the DLL26 upgrades]. 

• better representation of  recent trends in demand for flights since the 

national forecasts were published in November 2007. DLL25 provides 

appropriate mechanisms to model the recent rapid growth in No Frills 

Carriers (NFCs).. 

• modelling the implementation of Government policy that aviation 

meets its external costs through an aviation fuel tax to internalise the 

costs of climate change. This effect is offset by the judgement that 

airlines will be more successful in reducing their costs through the 

stimulus of NFCs, the competitive response of scheduled airlines and 

the liberalisation of long haul markets. Specifically, DLL25 models the 

imposition of an economic instrument suppressing demand over 2006-

2015 by 10 per cent, which is largely balanced by a 10 per cent stimulus 

to demand from reduced fares up to 2015.  

• in addition to its validated base of 2000, DLL25 provides credible 

‘forecasts’ of airport throughputs for 2001-2003. The purpose of 

SPASM  is to allocate national trend forecasts to airports, while 

constraining the forecasts to available runway and terminal capacity. 

Using trend forecasts, the model normally does not attempt to model 

cyclical growth. However, to better reflect the most recent actual 

outturns, DLL25 has been designed with a number of additional 

features to better represent actual passenger returns since 2000. 

• DLL25 makes full use of the latest CAA passenger surveys (the 

CAA1999-2001 survey program) and the latest CAA statistical returns.  

• 'Demand Overlays' have been added to model the generative effects 

of NFCs allowing user input of new geographical patterns of demand to 

be introduced in any year between 2000-2030. This is a new 

methodology for implementing DETR 2000 Air Traffic Forecasts taking 

account of market developments since 2000. 

A.8 The previous versions of SPASM used in published documents were DLL23 

(used for the forecasts in SERAS, and both versions of the SE Consultation 

documents and Scottish RAS3 forecasts); DLL24  was used for the Midlands 

RAS3 forecasts and miscellaneous regional forecasts at UK1 and Finningly 
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and some later Central Scotland runs.  DLL23 was released in Nov 2001 and 

used for principally for the 'Pack n' series of SERAS forecasts. DLL24 was 

released in December 2001. Where strict compatibility with previously 

published forecasts have not been mandatory, DLL25 has been used for 

forecasts since mid 2003 and was used in the ATWP forecasts. 

Demand Overlays 

A.9 A fundamental methodological difference between DLL25 and its 

predecessors is its use of 'Demand Overlays' to model the generative effects 

of No Frills Carriers (NFCs) and allowing user input of new geographical 

patterns of demand to be introduced in any year between 2000-2030. 

Previous versions of SPASM and its predecessors only applied growth to a 

fixed base year pattern of demand. 

A.10 The underlying base pattern of demand at the district level in SPASM is drawn 

from the CAA's surveys of air passengers now undertaken annually at the four 

major London airports and at Manchester. Regional airports have tended to be 

surveyed approximately every four to five years.  Consequently much of the 

recent growth in regional NFC demand has not been captured in the most 

recent round of CAA passenger surveys. Few NFCs were contained in 1996 

surveys of Luton and Stansted and the process of abstracting from observed 

1992-1997 scheduled and charter demand for DLL23/24 could not adequately 

deal with the generation effects of NFCs.  DLL25 includes observed patterns 

of NFC demand from district origins and by journey purposes for the major 

NFC airports (Stansted, Luton, Gatwick, Glasgow, Edinburgh and Liverpool) 

and new representations of regional routes from Aberdeen, Cardiff, 

Birmingham, Bristol, Leeds Bradford, Manchester and Teesside.  

A.11 CAA surveys do not observe the easyJet (Go) routes from Bristol and East 

Midlands or the bmibaby services from Cardiff Wales and East Midlands. 

However, they do provide sufficient data for the synthesis of demand on NFC 

routes started since 2001. DLL25 runs show a significant improvement in the 

quality of the NFC allocation 

A.12 The DLL25 version also incorporates a supply-side model (the NFC Off-Model 

Demand Distribution Interface, NODDI) which generates and geographically 

distributes the new NFC demand stimulated by the start-up of new low cost 

services.  This process uses relationships between the reduction of the total 
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costs of air travel and the stimulation to demand at the local (district) level 

caused by the appearance of low price frequencies to new destinations.  

These relationships have been calibrated out of CAA surveys at significant 

NFC airports including Stansted, Edinburgh, Liverpool and Luton. 

A.13 Not all new  NFC demand will be newly generated. SPASM models the effect 

that new services will also attract existing demand currently using less 

convenient airports. The NFC stimulation model therefore creates 

supplementary demand to that existing  local demand that will be clawed back 

by new services.  The process of NFC stimulation can be controlled nationally 

to the central national DfT forecasts for any specified year.   

Introduction: A Background to the Development of the Model 

A.14 The SPASM passenger allocation model was commissioned by the DfT in 

2000 with the aim of providing a fast, transparent and easy to use model, 

suitable for use by both DfT and the air transport industry. 

A.15 SPASM is a third generation model. The first and second generation 

passenger allocation models (PAM and SPAM
1
) were developed by the CAA.   

A.16 The objectives underlying the development of the third generation model have 

been: 

• provide a greater degree of transparency in terms of the input 

assumptions, data, and mathematical relationships and 

algorithms,  

• provide a higher degree of flexibility in the range of user input 

assumptions and scenarios; 

• avoid “hard-coding” of data wherever possible allowing users 

the maximum range of user inputs and variables; 

• provide a user-friendly interface to facilitate the easy operation 

of the model wherever practical operating via a Microsoft Excel 

user interface; 

                                                 

1
 See NATS Second Passenger Allocation Model: Pen Portrait Version 1, June 1998. 
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• fully incorporate operational domestic end-to-end modelling, 

with passenger allocation and demand suppression treated in 

similar fashion to international traffic; 

• provide a more explicit and consistent treatment of low cost 

carriers, international-to-international interliners, and freighter 

ATMs; and 

• given the additional facilities mentioned above, maintain model 

run times in line with those achieved by the previous generation 

of models. 

A.17 “Release” versions of SPASM meet these objectives. However, advice and 

health warnings regarding sensible use of the model are provided throughout 

this guide. 

Introduction: The Form of the Model 

A.18 The heart of SPASM is a multinomial logit model using generalised cost 

parameters to generate the probabilistic assignment of passengers to airports 

on international and domestic routes drawing on, in its simplest form, the 

following basic structure and formula:  

Airport A Airport B

Road Rail Road Rail

Airport C

Road RailCoach Coach Coach
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where  

i represents  passengers with a given UK origin/destination and purpose ( p ) [ 
eg UK Leisure ]  

 j is the foreign destination,  

A is the UK airport/route;  

Cost is generalised cost    

A.19 The level of air passenger demand depends on the overall costs faced by 

passengers wanting to fly. Such 'generalised' costs include surface access 

journeys to the desired airport, the number and range of flights offered and 

flight times and fares on specific routes from that airport. In the model, fare 

premia apply at congested airports. A fare premium is the extra price on top of 

the normal passenger costs required to bring demand into line with supply of 

capacity at a given airport, should demand exceed the number of flights. 

EXAMPLE: Generalised Cost Allocation. If business travellers from a UK district origin zone 

(i) face higher generalised costs in travelling via airport A than airport B to foreign destination 

zone (j), the model will tend to allocate a larger proportion of such passengers to airport B than 

to airport A.  

A.20 The various factors explaining airport choice need to be converted into 

comparable units. Fare and surface access costs are ab initio expressed in £. 

 The concept of converting surface access time and flying time by multiplying 

by values of time is well accepted in transport modelling. The logical way of 

consistently taking account of flight frequency is to convert it into £. As 

frequency increases, costs will reduce.  

A.21 SPASM allocates the following components of demand separately using 

calibrated models: 

• International Scheduled UK Business Passengers; 

• International Scheduled UK Leisure Passengers; 

• International Scheduled Foreign Business Passengers; 

• International Scheduled Foreign Leisure Passengers; 

• International UK Charter Leisure. 

• Scheduled Domestic End-to-End Passengers whose journeys 

start and end in a UK mainland district are forecast in a 

separate calibrated standalone domestic model which is 

integral to SPASM. 
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A.22 The markets below are also modelled. However, instead of using calibrated 

parameters, they use parameters ‘borrowed’ from one of the calibrated 

models listed above. 

• International-to-International Interliners  

• International Low Cost Carriers 

A.23 The following markets are not modelled in terms of passenger allocation 

between airport alternatives. They are ‘add-in’ forecasts, user specified on a 

year-by-year basis.  

• Domestic Low Cost Carriers 

• Miscellaneous journeys to ‘Non-SPASM’ airports (e.g. to Isle of 

Man, Scottish Islands or oil rigs). 

• Freighter ATMs 

• Passengers to/from Belfast International and Belfast City 

Airports.  

These markets are responsive to airport constraint shadow costs.  Freight 

growth will be permanently frozen once an airport is constrained (i.e. has 

shadow costs), the other categories will be suppressed. However, unlike the 

other categories above, they will not re-allocate to other airports or have 

demand suppressed in response to shadow costs.  

Changing Planes and Counting Passengers 

A.24 SPASM uses the standard CAA methods of reporting airport terminal 

passengers used in the CAA’s  UK AIRPORTS: Annual Statements of 

Movements, Passengers and Cargo.
2
 The method counts the number of 

passengers movements on runways at all UK airports. This is not the same as 

counting trips. 

A.25 Normally the model allocates the majority of international scheduled 

passengers as ‘direct’ from UK mainland origins. Here a single trip is counted 

as one terminal passenger movement.   

                                                 

2
 E.g. CAP692 for 1998 or CAP706 for 1999 etc. 



Rules and Modelling:  
Section A: The Passenger to Airport Allocation Model  

120419 Rules26a - 9 - 

A.26 Those passengers with UK ground origins changing planes are classed as 

either Domestic Interliners,  if they change at a UK hub airport, or as 

International Interliners, if they change at a European hub airport. A 

Domestic Interlining trip is scored as three terminal passenger movements: 

once at the UK departure airport as a domestic passenger; once as a 

domestic passenger on arrival at the UK interlining airport; and, once as an 

international passenger on departure from the UK  interlining airport. 

Conversely an International Interlining trip is scored only once : at the UK 

departure airport as an international passenger.  

A.27 End-to-end domestic passenger trips are always counted twice: once at the 

airport of departure and once at the airport of arrival. Similarly International-

to-International interliners (I to I interliners) – trips without a UK origin or 

destination that change at UK hub airports – will also be counted twice: once 

at arrival at the hub and once on departure. 

Direct

Total 1:

1 Pax - LHR
YorkYork

York

Heathrow

Leeds Bradford

Heathrow

Amsterdam

Humberside

Dom-iL

Total 3:

1 Pax- LBA

1 Inbound Pax LHR

1 Outbound Pax LHR

Int-iL

Total 1:

1 Pax - HUY

e

Teesside

Heathrow

Sunderland

Exeter

Domestic

Total 2:

1 Pax- MME

1 Pax - LHR

“Scoring” the UK’s 180m Terminal Passengers

 

EXAMPLE: Counting Terminal Passengers (See Figure) 

Direct: A surface access journey is made from York to Heathrow(LHR) for an international 

flight – 1 trip and 1 terminal passenger movement at Heathrow. 

Dom-il: A surface access journey is made from York to Leeds-Bradford Airport (LBA), a 

flight from LBA to LHR, and an international flight – 1 trip but three terminal passenger 

movements: a departure at LBA and an arrival and departure at LHR 

Int.-il: A surface access journey is made from York to Humberside (HUY), a flight to the 

European hub at Amsterdam (AMS) and an onward international flight from AMS - 1 trip 

and 1 UK terminal passenger movement at HUY. 

Domestic: A surface access journey from Sunderland to Teesside Airport and a domestic 

flight from Teesside (MME) to Exeter (EXT) for the journey between two districts of 
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Sunderland and Exeter – 1 trip but two terminal passenger movements: a departure at 

MME and an arrival at EXT.   

It follows that a passenger making the return journey on this domestic route will contribute 

four times to the 2000 national total of 180m terminal passengers. 

A.28 The model only allows international scheduled passengers to change planes. 

Therefore the very small number of passengers changing from scheduled to 

charter flights (or vice versa), or interchanging between charter flights, are not 

dealt with in this forecasting framework. Similarly interchange is prohibited 

between Low Cost Carrier and scheduled flights.  

EXAMPLE: Changing Planes. A passenger from the City of Westminster to South Africa can 

be modelled flying from London City Airport to Amsterdam and catching a connection to 

Johannesburg. However the model cannot deal with the same journey made using a Gatwick 

to Amsterdam Easyjet service.  The latter could only be classed as a Gatwick-Amsterdam 

movement. 

How SPASM Runs 

A.29 Three program files are required to run SPASM: two interface Excel 

spreadsheets with Visual Basic program macros and a ‘.DLL’ file compiled 

from code written in C++: 

1. PIP***
3
.XLS is the Excel spreadsheet  which launches model runs 

and contains global parameters for controlling the style of model run. It 

can be used for specifying single or batched groups of runs. The main 

.DLL program cannot directly read Excel spreadsheet data. PIP.XLS 

prepares some 79 ‘.BIN’ binary files which contain the input data in a 

format intelligible to the C++ .DLL program. PIP.XLS also creates a 

‘.SAS’ file which contains lists of addresses which point to the locations 

of the output directory and the input files. Batch runs operate by listing 

previously prepared .SAS files to open. 

                                                 

3
 *** Various generations of Pip are used to denote different versions/generations of the file. 

Different versions may exist to operate different versions of the main .DLL file or because of 
the need for slightly different versions to run on different PC operating systems. Currently 
the standard file for running the most recent .DLL on a Windows 2000 platform is 
PipGo25.XLS. 
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2. MFCDLLnn
4
.DLL is the compiled C++ program which is SPASM’s 

engine. It accepts the 79 binary input files prepared by PIP.XLS and 

creates a sequence of output files for every year modelled containing 

data giving the passengers forecasts, ATM forecasts, shadow costs, 

ATM forecasts classified by class of plane and ‘debug’ details of the 

iterative process to calculate shadow costs. While the .DLL runs the 

screen display will give information on what it is currently doing i.e. the 

year being processed, the sub-model running, the folder being used, 

key global input parameters and diagnostics showing the calculation of 

capacity and shadow costs. 

 

 

                                                 

4
 nn is the version number identifying the latest release of the program. Typical names are 

MFCLL24e.DLL, MFCDLL25i.DLL etc. 
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3. OrangeLite.XLS and ORANGE5e
5
.XLS are the Excel 

spreadsheets for users to specify the wide range of possible outputs. 

Output is in Excel format. Both Oranges works by reading the relevant 

.TAB files output by the .DLL on passengers, ATMs, shadow cost and 

debug and tabulating and cross-referencing them in a user friendly way. 

Some of the outputs (such as p/PATMs) are calculated on the Orange 

spreadsheet templates themselves. Users have considerable flexibility 

to rearrange and further process output. The original form of Orange 

(currently. "Orange5e.xls") is only maintained for those types of outputs 

which have a district/county/region dimension.  All other types of output 

are available in OrangeLite and new types of output are now added in 

OrangeLite. It is recommended that OrangeLite is used wherever 

possible. 

A.30 Normally, users will only ever need to view and operate the two spreadsheet 

interface programs PIP.XLS and OrangeLite.XLS. Detail on the operation of 

these programs are given in Section I and Section J. 

A.31 SPASM DLL25 is now a multi-threaded (multi-tasked) program. Without 

compromising optimal calculation performance, this prevents SPASM 

monopolising all the computer's processing thus better maintaining the 

Windows operating system and allowing users to perform other tasks with less 

interruption while SPASM runs. It also stops the SPASM Window itself from 

being lost from the desktop.  

A.32 SPASM performs several million calculations but is designed to run on current 

high specification PCs. 512mb of on-board computer memory is advisable, 

although reasonable improvements to DLL25 have reduced memory 

requirements below 256mb. Nonetheless, large amounts of disc storage 

space are necessary. The output from an average 33 year run can occupy 

350mb of disc space, more if special debug options are used. On a 1.7gHz 

Pentium 4 PC with 256mb of memory, a typical SPASM run may take 120-150 

minutes. The precise run times tend to vary with the levels of constraint and 

the number of iteration required to find a shadow cost solution to fit all airports 

within capacity. 

A.33 The model’s engine is compiled C++ code. This is supplied as an executable 

program file named MFCDLLnn.DLL. A folder (directory) named 

                                                 

5
 nn indicates the latest release version of Orange. The current version is Orange5e.XLS. 
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“C:\SPASM\PIP” must be present on the PC and the MFCDLL**.DLL file must 

be placed in this directory. However, beyond the requirement of the 

“C:\SPASM\PIP” directory as a home for the .DLL program, the user has 

complete flexibility on the directory structure for input and output files 

A.34 SPASM has been designed with a Microsoft Excel user interface for input and 

output processing.  Therefore, the other software requirements are Windows 

98 and upwards and Microsoft Office 97 or (preferably) Microsoft Office 2000 

and upwards. 

A.35 A batch 'DOS' non Windows parallel version which operates under the DOS 

('Command Prompt') system is also available. It was designed to free SPASM 

from the Excel interface thus allowing an unlimited set of runs to be run in 

batch mode (disk-space permitting). This parallel version enables SPASM to 

operate under any computer operating system. The DOS version will have 

minimal interference with the computer operating system while it is running in 

the background. 

A.36 The DOS version, is a .EXE file rather than a .DLL file. Release versions of 

DLL25 are therefore available in both DOS and Windows versions. The 

parallel versions produce almost identical results – there are insignificant 

rounding differences resulting from the different operating platforms. 
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This Document 

A.37 Section B covers the basic model dimensions and form of the data. Section C 

describes the derivation and preparation of the input data. Section D explains 

the application of future year demand growth. Detailed explanations of the 

calculation of generalised costs are given in Section E while Section F 

describes their application and calibration in the multi-nomial logit model. 

Section G covers the methodology for opening new airports, starting new 

routes and closing existing routes. The application of shadow costs to fit 

forecasts to terminal and runway capacities are covered at length in Section 

H. The practical user instructions are included in the final two sections.  

Section I describes the user input interface and all associated input files, what 

can be done and where it is done.  Section J discusses the processing of 

output through the user output interface and introduces all forms of output that 

can be derived from SPASM. 

A.38 Some users may benefit from using this document electronically. It makes 

much use of internet style ‘hyperlinks’ to direct readers to relevant sections 

within the guide and avoid repetition of text. The toolbar � icon will return to 

the previous location. 

Other Relevant Documents 

A.39 The Calibration and Validation of SPASM (CalVal) is an internal DfT 

document which reconciles SPASM output to CAA Returns for both 

passengers and ATMs at UK airports in at least two recent model calibration 

years. Passenger Forecasts : Additional Analysis (DfT, December 2003) 

gives a commentary on the forecasts for core DfT forecast scenarios used in 

the ATWP..  

A.40 The SCAM Users Guide describes the fully EXCEL Visual Basic SPASM Cut 

Away Model. SCAM played a central role in the development of the SPASM 

algorithms, logit models and data structures.  SCAM is a single year model 

passenger allocation model used extensively in the validation of SPASM’s 

input data and model forms. However, as a Visual Basic program it is very 

much slower to run, and only forecasts single years, does not internally 

calculate shadow costs (although these can be input by users) and does not 
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forecast ATMs via Larame graphs. It is now almost entirely superseded by 

SPASM.  

A.41 A library of supporting working papers technically detailed the development of 

SPASM  –  including Technical Note FL1124034/DCG/2013 'An Overview of 

the Calibration Process'  and reports on the calibration process – are also held 

by the DfT. 
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B Model Scope 

B.1 This section gives the model parameters. It introduces the geographical 

organisation of the model, the segmentation of airport demand and the 

forecasting periods.  

UK Airports 

B.2 The table below lists all ‘current’ airports to included in the model and the 

space reserved to ‘add’ up to three new airports in any run.  

UK NAAM Airport UK NAAM Airport 

ABZ 461 Aberdeen LPL 477 Liverpool 

BFS 462 

Belfast 

International LCY 478 London City 

BHD 463 Belfast City LTN 479 Luton 

BHX 464 Birmingham MAN 480 Manchester 

BOH 465 Bournemouth NCL 481 Newcastle 

BRS 466 Bristol NQY 482 Newquay 

CWL 467 Cardiff NWI 483 Norwich 

EMA 468 East Midlands PLH 484 Plymouth 

EDI 469 Edinburgh SOU 485 

Southampto

n 

EXT 470 Exeter STN 486 Stansted 

LGW 471 Gatwick MME 487 Teesside 

GLA 472 Glasgow XX1 488 New Site 1 

LHR 473 Heathrow XX2 489 New Site 2 

HUY 474 Humberside XX3 490 New Site 3 

INV 475 Inverness SZD 491 Sheffield 

LBA 476 Leeds/Bradford PIK 492 Prestwick 

The airport numbers refer to the airport zone numbers in NAAM (National 

Airport Accessibility Model). 

B.3 Most of the airport specific characteristics (terminal and runway capacities, 

permissible haul-types, restrictions on charter, years the airports are allowed 

to operate as a hub, freight and other ATMs and catchment area restrictions) 

are collected together in the input file AirportData.xls. However other airport 

data is dispersed in other files; notably  this includes Larame graphs, charter 

fares and surface access. It is therefore not advisable for users to change the 

29 current UK airports. However, provided suitable NAAM surface access 
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input data is available, airports XX1, XX2 and XX3 may be used, individually 

or collectively, to add either new airport sites or existing airports not included 

in the core model. See Section G.  

B.4 Sheffield City airport closed to passenger traffic in mid 2002. Its capacity has 

been cancelled in the appropriate AirportData.xls files. There is scope for this 

airport to be "recycled" possibly as Finningley (due to open in Spring 2005) in 

future generations of the model. The table below ranks UK airports (excluding 

the three Channel Islands airports by throughputs in mppa (million passengers 

per annum) with SPASM modelled airports in bold.   

Airport 

Spas

m 2000 2001 2002 2003 

Heathrow 473 64.277 60.453 63.035 63.207 

Gatwick 471 31.947 31.096 29.518 29.893 

Manchester 480 18.349 19.082 18.618 19.489 

Stansted 486 11.810 13.603 16.009 18.705 

Birmingham 464 7.492 7.711 7.911 8.911 

Glasgow 472 6.920 7.243 7.769 8.116 

Edinburgh 469 5.493 6.038 6.911 7.463 

Luton 479 6.164 6.540 6.474 6.786 

East Midlands 468 2.227 2.380 3.233 4.251 

Belfast International 462 3.128 3.602 3.551 3.952 

Bristol 466 2.123 2.666 3.397 3.875 

Newcastle 481 3.145 3.376 3.387 3.860 

Liverpool 477 1.978 2.251 2.835 3.175 

Aberdeen 461 2.454 2.526 2.549 2.409 

Leeds Bradford 476 1.573 1.524 1.526 1.988 

Belfast City 463 1.288 1.192 1.890 1.974 

Cardiff Wales 467 1.498 1.524 1.416 1.900 

Prestwick 492 0.905 1.232 1.486 1.854 

London City 478 1.581 1.619 1.602 1.471 

Southampton 485 0.854 0.857 0.790 1.187 

Isle Of Man 599 0.700 0.695 0.718 0.754 

Teesside 487 0.738 0.726 0.668 0.685 

Humberside 474 0.443 0.435 0.490 0.499 

Bournemouth 465 0.271 0.264 0.392 0.461 

Inverness 475 0.337 0.343 0.363 0.425 

Exeter 470 0.316 0.332 0.336 0.378 

Norwich 483 0.365 0.390 0.424 0.355 

Scatsta 599 0.240 0.247 0.247 0.229 

City of Derry 599 0.000 0.000 0.000 0.203 
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Airport 

Spas

m 2000 2001 2002 2003 

Blackpool 599 0.107 0.081 0.070 0.187 

Newquay 482 0.062 0.058 0.117 0.180 

Sumburgh 599 0.119 0.133 0.127 0.110 

Stornoway 599 0.088 0.088 0.093 0.106 

Kirkwall 599 0.085 0.087 0.098 0.103 

Plymouth 484 0.113 0.124 0.090 0.075 

Dundee 599 0.049 0.049 0.045 0.051 

Benbecula 599 0.034 0.034 0.032 0.032 

Islay 599 0.020 0.020 0.021 0.021 

Wick 599 0.019 0.018 0.018 0.013 

Barra 599 0.008 0.009 0.008 0.008 

Campbeltown 599 0.008 0.008 0.008 0.008 

Tiree 599 0.005 0.005 0.005 0.005 

Lydd 599 0.001 0.000 0.003 0.004 

Kent International (Manston) 599 0.006 0.004 0.000 0.003 

Coventry 599 0.002 0.001 0.004 0.002 

Southend 599 0.003 0.004 0.005 0.002 

Lerwick  (Tingwall) 599 0.002 0.002 0.002 0.002 

Cambridge 599 0.020 0.018 0.001 0.001 

Hawarden 599 0.002 0.003 0.002 0.001 

Biggin Hill 599 0.002 0.004 0.001 0.001 

Gloucestershire 599 0.000 0.000 0.000 0.000 

Sheffield City 491 0.060 0.033 0.012 0.000 

B.5 The table indicates that Blackpool (which grew sharply in 2003 with the advent 

of Ryanair services from Stansted and Dublin) is the only mainland UK airport 

that has a strong case for future inclusion in the model. The other largest UK 

airports not directly modelled are Isle of Man, Scatsta (Shetlands) and Derry. 
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Hub Airports 

B.6 AirportData.XLS allows the user to specify which UK airports can operate as a 

domestic interlining hub. A domestic hub is defined as an airport where 

travellers with a UK ground origin can connect between domestic and 

international flights. Although it is a user input, it would be highly unusual if the 

three airports which currently operate as domestic hubs - Heathrow 

(LHR/473), Gatwick (LGW/471) and Manchester (MAN/480) - were not 

specified as hubs for the full modelled period.  

EXAMPLE: Adding a Domestic Hub. Sheet AirportData.XLS [Dom_Hub] can be used to 

specify that a new airport site (XX3 etc) can be used for domestic interlining or that an existing 

airport such as Stansted can be switched on to begin operating as a domestic hub in the year 

when it is modelled as having a substantial increase in capacity. 

B.7 Four European destination airports operate as international hubs for 

international interlining passengers:  

• Paris GDG (Zone 528) 

• Amsterdam (Zone 530) 

• Frankfurt (Zone 531) 

• Brussels (Zone 532) 

B.8 Analysis of CAA passenger surveys confirms that these are the principal 

short-haul destinations used by UK air passengers to connect to international 

flights. In SPASM these airports compete with the domestic hubs for indirect 

traffic. The European hub airports are world destination zones with a special 

status. Their base year (1998) network of routes to overseas destination 

zones is input into SPASM (in NETDATA.XLS) to allow the full calculation of 

generalised costs comparable with the direct or domestic interlining 

alternatives.  

EXAMPLE: International Interlining.  For a UK Business traveller from the City of York (Zone 

267) to US West (Zone 512), SPASM will potentially consider a very large number of routes. It 

will consider the relative costs of travelling by surface access to the UK airports with direct 

routes (LHR, LGW and MAN; it will also consider travelling by surface access to MAN to catch 

a flight to LHR or LGW (domestic interlining); and, it will also consider surface access to all UK 

airports which operate flights to the four European hubs to catch connecting flights 

(international interlining). The latter will include a wide range of choice from the plausible: 

travelling to Humberside, flying to Amsterdam for a connection; to the possible but highly 

implausible: travelling to Aberdeen and flying to Paris CDG for a connection.  
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B.9 The network of routes from the European hubs does not change over time 

and the European hubs are not subject to capacity constraints. They can 

however be given a user input additional surcharge (normally set at £0) to 

penalise interchange. 

B.10 SPASM also contains a user input variable which will prevent the model 

internally considering indirect routes when there are attractive direct services 

to a destination. On PIP.XLS [Parameters], the two user input variables ‘Direct 

Frq to Cut off Domestic Indirect Routeing’ and ‘Direct Frq to Cut off Intl. 

Indirect Routeing’ allow input of minimum frequencies over which SPASM will 

not consider the indirect route.  

EXAMPLE: Cutting off Indirect Routes.  For a journey to Amsterdam this input may be used 

to prevent the consideration of unlikely alternative routes such as flying from LHR to MAN and 

then to AMS when an attractive direct frequency exists at LHR. However it should be used with 

care as passenger survey data indicates there is some international interlining from LHR and 

LGW to European short-haul destinations. 

B.11 At present three airports are hard-coded to be excluded from the effects of the 

‘Direct Frq to Cut off Intl. Indirect Routeing’ variable. At  471:LGW, 473:LHR 

and 490:XX3 international interlining routes will always be permitted. 

World Destinations 

B.12 SPASM’s 48 international destinations are categorised as either world group 

zones (501-527), representing groups of airports,  or as individual major short 

haul airports zones (528-548).  The countries which comprise the SPASM 

world group zones are listed in Annex A. 

   Proxy Airport for 
Scheduled Traffic 

Zone No. World Area Long/Short Haul Code Airport 

501 Belgium / Luxembourg S LUX Luxembourg 
502 Canada West L YVR Vancouver 
503 Canada East M YYZ Toronto 
504 Canary Islands S TFS Tenerife 
505 France S LYS Lyon 
506 Germany S TXL Berlin 
507 Greece S SKG Salonika 
508 Greenland / Iceland S KEF Keflavik 
509 Italy S VCE Venice 
510 Netherlands S RTM Rotterdam 
511 Republic of Ireland S ORK Cork 
512 United States West L LAX Los Angeles 
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   Proxy Airport for 
Scheduled Traffic 

Zone No. World Area Long/Short Haul Code Airport 

513 United States East M JFK New York 
514 Iberian Peninsula S AGP Malaga 
515 Other Med. States S LCA Larnaca 
516 Scandinavia / Baltics S HEL Helsinki 
517 Central Europe S PRG Prague 
518 East Europe S SVO Moscow 
519 West Africa L LOS Lagos 
520 East Africa L CAI Cairo 
521 South Africa L JNB Johannesburg 
522 Latin America  L POS Port of Spain 
523 Middle East M DXB Dubai 
524 India M BOM Bombay 
525 Far East L NRT Tokyo 
526 Australia L SYD Sydney 
527 Channel Islands S JER Jersey 

B.13 The short haul single airport destination world zones are: 

Zone Airport Code Zone Airport Code Zone Airport Code 

528 Paris CDG 536 Madrid MAD 544 Athens ATH 
529 Dublin DUB 537 Munich MUC 545 Hamburg HAM 
530 Amsterdam AMS 538 Rome FCO 546 Lisbon LIS 
531 Frankfurt FRA 539 Milan LIN 547 Geneva GVA 
532 Brussels BRU 540 Stockholm ARN 548 Nice NCE 
533 Zurich ZRH 541 Vienna VIE    
534 Dusseldorf DUS 542 Oslo FBU    
535 Copenhage

n 
CPH 543 Barcelona BCN    

B.14 These zones have their origins in NATS’ SPAM model. SPAM’s 21 individual 

airports have been retained as zones 528-548, while the 24 world areas have 

been extended by splitting Canada into Canada East (medium haul); and, 

Canada West (long haul); US is split into US East (medium haul) and US 

West (long haul) and the Far East has been split into India & Pakistan 

(medium haul) and rest of the Far East (long haul).  
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B.15 The classification of haul distances should not be confused with the definition 

of the geographically distinct logit models for short haul, US and long haul. 

[See Section F]. The significance of the classification into short, medium and 

long haul is that the prohibited routes input in AirportData.XLS (see Section G) 

allows the user to specify whether an airport can operate a particular haul 

range in a given year. 

EXAMPLE: Prohibiting Routes. The user controls the option specific input in AirportData.XLS 

to state that Birmingham (BHX) is allowed scheduled and charter medium haul routes in all 

years to US East, but is only permitted long haul routes to US West when an expansion of 

runway capacity is specified. 

B.16 The facility in the AirportData files to permit/prohibit ranges of routes by airport 

by year with the exception of charter, this facility can be a blunt tool for 

detailed modelling because it does not distinguish between 

international/domestic and scheduled/NFC and cannot be applied to specific 

routes.  DLL25 adds a facility to add 'BanYYYY' sheets, where YYYY is any 

model year 1998-2030, which provide 32 airport * 80 destination matrices for 

scheduled, charter and NFCs in which the route can be banned ('1') or 

permitted ('-1').  A typical use is to ban NFCs at LHR from 1998 but permit 

them in the year in which new capacity is provided. The facility can also be 

used to permit NFC routes to specific medium or longer haul destinations in 

future years. See AirportData.XLS (see Section G). 

B.17 It should be noted that the Channel Islands are defined as an international 

destination in both SPAM and SPASM. Allowance must be made for this when 

examining CAA statistics on domestic and international traffic splits at UK 

airports, because CAA statistics and passenger surveys classify the Channel 

Islands as UK domestic airports. However this is not practical in SPASM 

where the allocation of passengers to UK airports includes a large surface 

access component in the generalised cost. Neither are the Channel Islands 

comparable with the Belfast airports which generate significant volumes of 

domestic interlining traffic at the UK hub airports. 

B.18 The classification of European zone groups and individual airports is shown 

below.  



Rules and Modelling: 
Section B: Model Scope  

120419 Rules26a - 23 - 

 

 

 

 

 

 

 

UK Districts 

B.19 Ground origins are 455 UK mainland district zones. These zones are directly 

comparable with the surface access model NAAM. The 455 zones are also in 

turn compatible with CAA/NATS zoning in both SPAM and the airport 

passenger surveys. The district boundaries correspond with the 1991 OPCS 

census boundaries. In England and Wales the zone boundaries have not 

been significantly changed. However in Scotland there was major re-

organisation in 1996 and Scottish district boundaries are now only compatible 

with current administrative units in their aggregate form when grouped into the 

Scottish regions. 

B.20 Annex B gives a full list of the UK district zones, and their aggregation into 

counties and standard DfT regions. A plan of the NAAM/SPASM zones, 

counties and regions is shown below. 
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NAAM/SPASM DISTRICT ZONES 
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Passenger Markets 

B.21 Input demand can be split into groups. The first group allocated from district 

ground origins is international scheduled, charter and No Frills (low cost) 

Carrier:  

• International Scheduled UK Business Passengers 

• International Scheduled UK Leisure Passengers 

• International Scheduled Foreign Business Passengers 

• International Scheduled Foreign Leisure Passengers 

• International UK Charter 

• International No Frills Carrier UK Business Passengers 

• International No Frills Carrier UK Leisure Passengers 

• International No Frills Carrier Foreign Business Passengers 

• International No Frills Carrier Foreign Leisure Passengers 

• International UK No Frills Charter 

B.22 DLL25 SPASM now fully uses 5 international LCC sub-purposes 

(UKBusiness, UKLeisure, Foreign Business, Foreign Leisure and Charter) 

internally and in all the inputs. Previous model versions took input data 

disaggregated into these five purposes and compressed them into business 

and leisure for processing and output. 

B.23 For the ten international  matrices, the annual passenger demand is from 

zone to zone (being from the 455 UK district origins to the 48 destination 

airports / world areas).  All international demand is ultimate UK origin to 

ultimate foreign destination.  

EXAMPLE Ultimate Origins and Destinations. A trip from Manchester to Australia which is 

surveyed flying to an interchange at Dubai will be recorded in the demand matrices as from the 

Manchester Zone to the Australian zone and will not reference Dubai in any way. This may 

affect the ability of SPASM to start up routes to medium and long-haul hubs because 

Manchester cannot add the indirect Australian frequencies to local demand to travel to the 

Middle East to sufficiently boost demand to bring forward a Dubai route start up. 

B.24 It is inevitable that this definition can result in SPASM understating demand to 

long haul hubs outside Europe, principally Dubai serving the Indian sub-

continent and the Far East and airports on the US eastern seaboard serving 

the western United States and Latin America. However the trade-off is that the 

model is better able to model the longer term start-up of direct long haul 
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services. In the short term some long haul demand might be re-interpreted off-

model as demand to "medium-haul" hubs. 

B.25 The ultimate UK origin to ultimate foreign destination data is stored in a single 

structure, similar to that shown below: 

Demand(i, j, k) 

i=1 to 455 (UK mainland district origins) 

j=1 to 48 (foreign destinations) 

k=1 to 10 (passenger types) as stated above. 

B.26 All the international demand matrices [see MATRIX.xls] used are implicitly 

‘square’, i.e. the number of trips going from zone A to zone Z for trip type X is 

identical to the number going in the opposite direction (from Z to A).  This is 

inherent from the CAA survey data interview process.  This data includes UK 

origin data and the business/leisure split by route. 

B.27 The DfT modelling and the CAA’s statistical returns classify the following 

airlines as NFCs: 

• easyJet 

• Ryanair 

• bmibaby 

• Jet2 (at Leeds-Bradford) 

• Globespan (Central Scotland)  

B.28 Prior to 2002, go, buzz  and Debonair have also been classified as NFCs. All 

of these airlines were/are independently owned or wholly independent cost 

centres within their parent airlines. 

B.29 This classification is necessarily arbitrary and it is recognised that a wide 

range of operators now market themselves as 'low cost' or 'no frills' carriers. At 

present such airlines as those discussed in the example below are classified 

as scheduled, but there will be occasions when users will want to examine 

short haul routes closely and off-model re-label some scheduled or charter  

demand as NFC demand. 

B.30 EXAMPLE Classifying NFCs. Flybe in particular illustrate the difficulties of classifying the 

sectors. They have only been consistently marketing themselves as a low cost airline since the 

spring of 2003, when new services to typical NFC destinations from Southampton were 
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launched. However Flybe continue to operate few if any aircraft as large as the Boeing 737 

and also continue to offer business tariff fares via European hubs, connecting services and 

routes out of such non-NFC airports as Heathrow, London City and Isle of Man. Continental 

European airlines such as Norwegian, Air Berlin and EuroWings at Stansted and Polish start-

up Wizz at Luton offer fares and services which fit the NFC model. With the enlargement of the 

EU and the development of price sensitive markets in Germany, Scandinavia and Eastern 

Europe, the presence of such carriers in the UK can be expected to grow.  

B.31 Base NFC data is input to SPASM by five sub-purposes stored in district to 

foreign destination (455*48) matrix form by purpose in the demand matrix file 

MATRIX.XLS as sheets [LCCUKBus], [LCCUKLei], [LCCFoBus], [LCCFoLei], 

[LCCChart]. This form of data storage/input enables a user-specified 

proportion of NFC demand to be ‘returned’ to the original scheduled matrices 

in scenarios where airport shadow costs suppress NFC demand. Despite their 

similarity with the international scheduled purposes domestic and international 

interlining via NFCs is not permitted in SPASM. NFC demand that originates 

post 1999-2001 is entered into the model in the form of demand overlays 

which are detailed further below and in Section D : Demand Growth. 

B.32 The second group is full service domestic end-to-end scheduled demand 

from 455 mainland UK district origins to 455 mainland UK district destinations. 

 It is stored as two purposes in the demand matrix file DOMMAT.XLS.: 

• Domestic Scheduled UK Business Passengers; 

• Domestic Scheduled UK Leisure Passengers; 

B.33 The domestic passenger matrices [see Dommat.xls] also contain the same 

number of trips going from zone A to zone Z, as going from zone Z to zone A. 

 This is explicit in the matrices (they contain directional, one-way trips).  

B.34 The remaining groups contain demand for which there is no requirement to 

attribute a UK origin zone, only a UK airport, or where allocation is performed 

only on a direct route basis; that is, where domestic and international 

interlining are precluded. 

B.35 The third group is I to I interliners.  Annual passenger demand is taken from 

the 48 world zones via any of the 32 possible UK airports on to the 48 world 

zones. The demand can be reflected in a matrix form: 

I to I Interliner Demand(i, AP, j) 

i=1 to 48 (number of non-UK destinations / World areas) 
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AP=1 to 32 (number of possible UK airports) 

j=1 to 48 (number of destinations) 

In practice the input demand is held in 32 48*48 matrices, i.e. an I to I matrix 

for each airport, and stored in the file IIMAT.XLS. Although the demand is 

input to SPASM with the UK airport of observation, the program immediately 

‘forgets’ this and groups the data into a single 48*48 demand matrix and then 

allocates to UK airports using a logit model. 

B.36 The fourth distinct group are international Belfast passengers. They are 

stored in Belfast airport to foreign destination (2*48) matrix form by purpose in 

the file MATRIX.XLS as sheets [BelfastUKBus], [BelfastUKLei], 

[BelfastFoBus], [BelfastFoLei], [BelfastChart].  The two Belfast airports are 

deemed to have identical user-input surface access costs (i.e. they assume 

that Northern Ireland is one UK district unconnected to the other 455) and 

allocate in a similar manner to other international scheduled passengers using 

the appropriate international scheduled logit formulation.  

EXAMPLE: Allocation of Belfast International Passengers. A Belfast origin trip to Pearson 

International in Toronto (YYZ) would be given a default surface access cost to both Belfast 

International (BFS) and Belfast City (BHD). The model would then allocate on the basis of a 

total generalised cost using all available routes which might include both flying direct from BFS, 

but also the full range of indirect routes via UK and European hubs from both BFS and BHD. 

Therefore journeys can be allocated between BFS and BHD according principally to frequency 

and also be dynamically allocated between the UK hub airports taking into account constraints 

at those airports. 

B.37 The fifth distinct group are Belfast and NFC domestic passengers. This 

demand does not contain any information on the district origin or destination. 

It is contained in airport to airport matrices (32*32) in the file MATRIX.XLS as 

sheets [DomBus], [DomLei], and [LCCDom]. These are effectively add-ins in 

the model, with growth rates applied to 1998 observed passengers to obtain 

future year matrices. They are not dynamically modelled, although growth can 

be curtailed at constrained airports. It should be noted that although both 

[DomBus] and [DomLei] sheets contain full UK 32*32 airport demand 

matrices, only those rows and columns applicable to Belfast are used by 

SPASM with the remaining domestic demand being dynamically modelled. 

B.38 Consideration might be given to grouping domestic NFCs and full service 

domestic scheduled for 'proper' district based allocation. Many domestic NFC 

passengers can now be allocated ultimate origins and destinations from the 
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more recent CAA passenger survey, particularly at the London airports. There 

is stronger evidence of convergence in the domestic  market with lower fare 

differentials and less product differentiation (i.e. single cabins) on most trunk 

services. This approach has been tested but not fully implemented in DLL25. 

Such an exercise creates a considerable re-calibration overhead and there 

remains an ongoing requirement for identifying the NFC component in SPASM 

forecasts that could only be met by off-model re-labelling of particular routes if 

this approach was to be adopted. The longer term solution of a parallel full 

domestic NFC model in the next major version of SPASM is preferred. 

B.39 The sixth and final group are the remaining ‘add-ins’. This category includes  

SPASM trip ends to/from non-SPASM airports. The most significant demand 

in this category is to destinations such as the Isle of Man, the Scottish Islands, 

oil rigs and the Scilly Isles. The other main component of this add-in are 

residual groupings not modelled in SPASM such as domestic charters. Add-

ins are stored by airport (32*1) and added to airport totals. They are not 

dynamically modelled, although growth can be curtailed at constrained 

airports. Again, user-input growth rates are applied to 1998 airport totals to 

obtain future year ‘add-in’ forecasts. 

Range of Years 

B.40 SPASM models the 33 year period 1998-2030,  although the principal model 

validation years are 2000 and 2002 and output prior to 2000 will often not be 

presented. For a number of technical reasons it is not possible to use a base 

year other than 1998 as various key data inputs are hard coded to start from a 

1998 base 

B.41 Outputs are provided for each year in the range. It is possible to shorten the 

length of the period or to restart an existing run at an intermediate year 

through the input interface PIP.XLS.  

B.42 SPASM’s underlying passenger demand data is CAA passenger survey data 

re-based at 2000 levels. This data is globally factored down to 1998 for use in 

SPASM, but as the data contains demand for routes which operated in 1999-

2001 and not necessarily in 1998,  the 1998 forecasts  will not be as robust as 

those for subsequent years, including the model validation years of 2000 and 

2002. [See the section on input passenger survey data]. The route network 
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data must also represent 1998 annual frequencies (see the section on input 

ATM data), and Seeding is required to update to the 2000 base ATM inputs.  

B.43 Under normal circumstances SPASM runs through 33 years of successive 

forecasts to 2030 using DETR 2000 Air Traffic Forecasts central demand 

growth. [Section D]. There will be runs where levels of demand or significant 

shortage of capacity produce insoluble problems under the standard user 

tolerances for allocating within terminal and runway capacity. In these 

situations SPASM will terminate having exceeded a user specified maximum 

number of iterations (usually 200) before 2030. However, the user does have 

the option to restart and continue the run having changed the shadow cost 

‘goalsearch’ parameters or ‘loosened’ the 'less binding' passenger terminal 

using the PIP.XLS interface. This nearly always produces a satisfactory 

outcome. In practice in DLL25 it is only scenarios where capacity is unusually 

constrained, such as when no more capacity is provided nationally beyond 

that in the current 2004 planning system (a rare scenario after the ATWP),  

that SPASM runs cannot be completed. 

Values of Time 

B.44 Values of time are used in both the individual and general formulation models 

to convert surface access time, wait time, and air time to a monetary value 

(£s).  The values of time used in SPASM were derived from those used in 

NATS’ SPAM model which represented 1993 levels. They were increased 

from 1993 to 1998 bases by applying the appropriate values at the time of 

model calibration in the DfT’s Highways Economics Note 2 (HEN2)
6
. Values of 

time differ by passenger type, with base  and final year default values as 

follows: 

                                                 

6
 Design Manual for Roads and Bridges (Vol 13), November 1997  
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Passenger Type Value of Time (£ / 

hour) 1998 

Value of Time (£ / hour) 

2030 

UK Business £41.69 £80.44 

Foreign Business £47.82 £92.97 

UK / Foreign Leisure £6.98 £13.47 

Charter £6.28 £12.12 

NFC UK Business £41.69 £80.44 

NFC Foreign Business £47.82 £92.97 

NFC UK & Foreign Leisure & 

Charter 

£6.98 £13.47 

I-to-I Interliners  £20 £38.59 

Domestic End-to-End As international UK 

Bus and UK Leis 

As international UK Bus 

and UK Leis 

B.45 More recent CAA data on shows that NFC passenger incomes are close to 

those of short haul full service scheduled and (unlike earlier model versions) 

no differentiation in the value of time is therefore now made. Passengers 

substituting NFCs for charter trips are also expected to have slightly higher 

values of time than remaining charter passengers. 

B.46 Currently, in line with guidelines set out in the DfT’s March 2001 Transport 

Economics Note, the model is run assuming rising (real) values of time 

through time in line with GDP per capita. This is a significant departure from 

the use by DfT of SPASM’s immediate predecessor SPAM. The profile of 

values of time over the 33 years is a user input in the AnnualParameters.xls  

spreadsheet. 

B.47 In the passenger allocation equation, rising values of time over time affect 

both the frequency and the surface access elements.  The journey times 

output by NAAM are converted to £ and increased in line with the profile 

entered in AnnualParameters.xls prior to being added into generalised cost 

and used in the allocation equation. Recent experience is that a rising value of 

time over time tends to increase traffic at established airports with high 

frequencies and a substantial adjacent catchment area. 

Surface Access Data 

B.48 Surface access data is provided by Scott Wilson’s National Airport 

Accessibility Model (NAAM). This data requirement is discussed in the sub-

section NAAM. 
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C Data Sources 

Passenger Surveys  

C.1 The DLL25 demand matrices are built from the CAA passenger surveys 

undertaken between 1999-2001, supplemented by data on new NFC routes 

from the Luton and Stansted surveys of 2002. This dataset replaces the 1992-

1997 surveys used in the DLL23/24 version of the model. Surveys undertaken 

since 2003  were not available at the time the model was constructed. The 

processing and ‘cleaning’ of the CAA surveys is time consuming and there is 

necessarily a lag between completion of surveys and the time when they can 

be used in the model.  

Airport mppa 
2000 

mppa 
2002 

DLL23/24 
Survey 

DLL25 
Survey 

Data 
used in 
Model? 

Next 
Planned 
Survey 

Comment 

Aberdeen 2.481 2.549 1996 2001/2 Yes 2005  

Belfast Int. 3.128 3.551 1994/5 2001 Yes 2006  

Belfast City 1.290 1.890 1994/5 2001 Yes 2006  

Birmingham 7.493 7.911 1996 1999 Yes 2003/4  

Bournemouth 0.273 0.392  2001 Yes 2006 
Synthesised 

DLL23 

Bristol 2.126 3.415 1994/5 2000 Yes 2003/4  

Cardiff 1.500 1.416 1994/5 2000 Yes 2003/4  

East Midlands 2.227 3.233 1992/3 1999 Yes 2003/4  

Edinburgh 5.498 6.911 1996 2001/2 Yes 2005  

Exeter 0.318 0.336 1994/5 2000 Yes 2003/4  

Gatwick 31.949 29.518 1997 
2000 & 
2002 

Yes Annual 
2002 data for 

NFCs 

Glasgow 6.924 7.769 1996 2001/2 Yes 2005  

Heathrow 64.121 63.035 1997 2000 Yes Annual  

Humberside 0.446 0.490 1994/5 1999 Yes 2005  

Inverness 0.341 0.363 1996 2001/2 Yes 2005  

Leeds/Bradfor
d 

1.575 1.526 1992/3 1999 Yes 2005  

Liverpool 1.981 2.835  1999 Yes 2003/4 
Synthesised 

DLL23 

London City 1.583 1.602 1996 2000 Yes 2003/4  

Luton 6.170 6.474 1996 2000 Yes Annual  

Manchester 18.352 18.618 1997 2000 Yes Annual  

Newcastle 3.147 3.387 1994/5 1999 Yes 2005  

Newquay  0.117   Yes  Never Surveyed 

Norwich 0.366 0.424 1994/5 1999 Yes 2006  

Plymouth 0.113 0.090   Yes  Never Surveyed 

Southampton 0.857 0.788 1994/5 2000 Yes 2006  

Stansted 11.860 16.049 1996 2000 Yes Annual 
2002 data for 

NFCs 

Teesside 0.745 0.669 1994/5 1999 Yes 2005  

Prestwick 0.904 0.013   Yes 2005 
Synthesised 

DLL23 Airport 
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Survey DLL25 

Sheffield 0.061 1.486   No  Synthesised 

C.2 The CAA state that the future survey is provisional and dependent on funding 

and therefore could be subject to change. 

C.3 The CAA passenger data is expanded by route to give the total two way 

reported throughput on each route operated by the airport in the year of the 

survey. The data is collected in airport departure lounges, and the survey 

sample weights convert each observation to two way terminal passengers, i.e. 

it includes arrivals and is controlled to annual route totals for that airport. Data 

surveyed in 2001/2 or scheduled for 2003/4 is collected in Quarters 2,3,4 of 

2001 (or 2003) and Q1 of 2002 (or 2004). 

C.4 All 1999-2001 survey data has been re-based to 2000 traffic levels using a 

sequence of CAA statistical returns. Growth factors have been separately 

calculated using statistics by route. Unfactored CAA 2002 survey data from 

Gatwick, Luton and Stansted has been used to provide NFC overlays. 

C.5 Charter demand has been controlled directly to CAA 2000 Table 12 charter 

demand. Scheduled demand has also been controlled to CAA 2000 Table 12 

returns but only through the 'next airport' field in the survey data which will not 

always be the ultimate destination used in the SPASM matrices. The basis of 

adjusting 1999 and 2001 data to the 2000 base has been on an individual 

route basis unlike global journey purpose used previous generations of 

SPASM. All routes which existed in the calibration year have a distribution of 

passengers.  

EXAMPLE1: Using ‘CAA Table 12’. CAA Table 12 cannot be directly checked against the 

demand matrices in all cases as it reports passengers travelling to the next only airport 

whereas SPASM considers the ultimate destination. CAA Table 12 reports 132,000 

passengers to Amsterdam (zone 529). However, the CAA data shows 26,000 of these 

passengers have ultimate destinations in Ireland (zone 511) and 5,000 in USA East (zone 

513). These trips will be in the matrix with destination zones of 511 and 513 and not 529. 

C.6 The CAA passenger data includes the ground origin of the journey and the 

home address if this is different. The matrices are built from the ground 

origin of the journey.  
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C.7 A problem arose in previous model  versions  with domestic end-to-end 

matrices in that destination districts were not given in earlier CAA data and 

were synthesised from the observed pattern of origins at each airport. This 

may have blurred the distinction between home and work based journeys as 

has to be "reverse synthesised" from the observed pattern of ground origins 

on a route by  route basis. Therefore the pattern of destinations for a trip from 

Westminster to Edinburgh is assumed to split between all the observed origins 

of domestic trips out of Edinburgh. DLL25 domestic end-to-end matrices have 

been rebuilt using CAA data which states both the origin and destination 

district. The new matrices show a significant improvement in the quality of 

domestic allocation.  

Non-surveyed Airports 

C.8 The unsurveyed airports in SPASM DLL25 are Newquay, Plymouth, Prestwick 

and Sheffield. 

C.9 Although no CAA data has ever been collected at Plymouth and Newquay 

airports, all flights from these airports in 2002/3 were domestic and the pattern 

of demand is captured in passenger interviews at Gatwick and Stansted which 

serve these airports. 

C.10 The only significant unsurveyed airport is Prestwick which  was not surveyed 

with the other Scottish airports in 1996 or 2001/2 and passenger data has 

temporarily been drawn from an airport survey of Ryanair passengers (almost 

everyone) conducted in January/February 2003. This data has been back 

projected for the years 2000-2002  on the basis of CAA route statistics, 

geographically  coded to district ground origins and converted to standard 

CAA journey purposes. 

C.11 Sheffield had only 43,000 passengers in 2000 and ceased operating in the 

summer of 2002. 

C.12 In earlier versions of the model for airports not surveyed in the  period 1992-

1997 [BOH, LPL, NQY, PLH, SZD, PIK], the distribution by origin district has 

been synthesised from transport "gravity" models for each journey purpose. It 

is assumed that all the Table 12 destinations are ultimate destinations. The 

gravity models take the form: 
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TimeRoadTravelc

pulationDistrictPoP

DemandD

Where

PeD c

=

=

=

= −

:

β

 

Values of β were calibrated from the observed travel costs and population 

catchments of comparable groups of airports. NAAM road travel time access 

costs to the airports are the impedances in the model and district populations 

are the attractors. 

ATM Data 

C.13 Weekly ATMs for the calibration year of 1998 are stored in NETDATA**
7
.xls. 

In certain circumstances ATMs may also be input by users for later years to 

override those calculated by the model -  see Seeding’ ATM Data. The 

frequencies are stored as 32 UK airport * 80 destination matrices (32 UK 

airport + 48 international destinations). It should be noted that the domestic 

part of the matrices are square and ATMs will be double-recorded at both the 

origin and destination ends.  

C.14 Three type of ATM matrices are included in NETDATA for 1998 and any 

subsequent seeded years: 

1. Scheduled, excluding NFCs 
2. NFCs (low cost carriers) 
3. Charter 

C.15 Scheduled route ATM returns provided by the CAA were filtered so that only 

routes with frequencies of more than 52 per annum were included. 

Frequencies of routes operated by the 1998 Low Cost Carrier airlines were 

extracted from this data and used in the separate NFC ATM matrix.  Data 

provided by the CAA on charter air passenger demand was filtered to include 

only charter routes with frequencies of at least 52 ATMs per annum. The 

domestic section of this matrix is blank as there are no domestic charter 

services with more than 52 ATMs.  SPASM does not consider domestic 

                                                 

7
 ** NetData is another generic input file name. Scheme specific files are frequently 

produced because of option specific network seeding. 
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charter.  All routes included as having charter demand in CAP692 Table 12 

were checked against the 1998 charter matrices.  

C.16 In addition to the scheduled frequencies, NetData**.xls must include the 

frequencies to the hub airports. The domestic hub frequencies simply repeat 

the data in the main scheduled matrices. However the European hub flight 

frequencies must be present for the correct operation of the model. These are 

not forecast by the model, cannot be seeded and remain fixed throughout the 

forecast period. 

C.17 Although weekly ATMs may be more familiar to some users, SPASM is an 

annual model and the weekly frequencies are multiplied by 52 to convert to 

annual levels as soon as they are read in by the program.  SPASM is not 

seasonal and summer and winter timetables will be implicitly averaged in the 

input data.  

EXAMPLE: Minimum Frequencies.  If an airport has a weekly charter single rotation (2 

ATMs) to Innsbruck operating for 26 weeks of the year, this will appear in the charter matrix as 

an ATM of 1 [(26*2)/52]. If the service operated for only 20 weeks, technically it would be 

excluded – in practice the user may exercise discretion on such marginal cases.  

C.18 The growth of regional NFCs demands particular care with route viability 

levels as scheduled NFC services can prove viable at less than daily 

frequencies.  In these situations users can intervene with route specific 

Larame minimum passenger thresholds.. 

C.19 Having, read in initial frequencies and made a passenger allocation, SPASM 

uses Larame relationships between passengers and ATMs to forecast the 

ATMs at each UK airport. The SPASM Model Calibration and Validation 

Report  provides analysis of the performance of the model in forecasting the 

base and future route networks. It is possible to override this process through 

network seeding.  

‘Seeding’ ATM Data 

C.20 NETDATA**.XLS may contain a second and subsequent sheets named with 

years in the period 1999-2030, and identical in layout to [1998] but appearing 

to contain mostly blanks. Any values in sheets other than that named [1998] 

are seeds entered by users to manually override the calculated route ATMs 
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(frequencies) forecast by the model. In theory, as many extra sheets can be 

created as the user requires within the model range.  A value > 0 is a seeded 

frequency. Blank or 0 cells do not indicate 0 frequencies, but instruct SPASM 

to continue using the calculated frequencies. 

C.21 Seeds are a powerful feature of SPASM about which user judgement must be 

applied. Their main functions are to: 

• Update actual frequencies for 2000 etc. 

•  ‘Pump-prime’ new airports with opening frequencies. 

• Introduce long-haul routes to assist significantly expanded 

airports to operate competitively as hubs. 

C.22 A major difference between DLL23/4 and DLL25 SPASM is that the earlier 

versions were designed not to start domestic and NFC routes ‘organically’ and 

the major expansion of NFC routes which occurred 1998-2002 had to be 

represented by seeding through annual tabs in NetData.xls, at airports which 

handled NFCs. If frequencies had been seeded at airports serving regions 

which did not have local NFC in the base year demand matrix, such routes 

would quickly fail to meet minimum viable passenger thresholds and would be 

removed at the testing for new routes stage of the allocation algorithm. So 

successful seeding of new NFC routes for 1999-2000 required the creation of 

latent NFC demand. However this was technically difficult because the model 

currently works by reading in base year demand and applying cumulative 

growth factors to the base year pattern. 

C.23 In DLL25 Route start-ups now apply to the domestic end-to-end and 

international NFC sectors.  This removes the need to seed domestic and 

international NFC frequencies and removes the distortion whereby domestic 

and NFC routes were not subjected to commercial viability tests and could not 

automatically be dropped. Related new user utilities are also provided to 

manually 'de-seed' frequencies and to prohibit automatic route start-ups on 

selected routes. Domestic NFCs remain an 'add-in' and must be seeded. 

C.24 Seeded domestic and international NFC frequencies need also no longer be 

routinely used where new airports are assumed likely to operate scheduled 

domestic and international NFC services. 

C.25 It is not essential to seed frequencies at new or expanded airports. 

Results may be more instructive if they are not seeded. SPASM will allocate 

demand to new or expanded airports with trial frequencies taken from the 
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input Larame graphs; routes which attract sufficient demand to be 

commercially viable will be retained. Demand thresholds are contained in the 

Larame graphs. 

C.26 The practical effect of seeded frequencies is to exempt the seeded route from 

the route-testing process during the year it is seeded. In subsequent years 

some seeded frequencies may not take root and wither before eventually 

being removed by the route viability tests undertaken at the beginning of each 

year’s forecasting iterations. See New Routes. 

EXAMPLE: Seeding a New Airport. When starting a new airport it is advisable to include 

NFC and domestic seeded frequencies in the opening year if these services are expected to 

operate. It may also be tempting to ‘borrow’ the international scheduled and charter network 

data of a mature airport of similar size. However, the user should consider whether a new site 

will start with a ‘big bang’. Successive seeding sheets for the opening years representing a 

build up of frequencies may achieve a more commercially plausible forecast. In such 

circumstances it is always worthwhile undertaking a benchmark run without seeding as a 

commercial viability check. 

Larame Graphs 

C.27 Larame graphs are a well established procedure
8
 to calculate the number and 

size of planes on groups of routes taking into account numbers of seats 

available per plane and seat factors which give the number of seats occupied 

relative to available seats. They may be thought of as converting seat 

forecasts into ATM forecasts. As ATM frequencies have a powerful effect on 

the overall allocation of passengers to airports, the definition and application 

of Larame graphs to routes can have a significant impact on the airport 

forecasts.  ‘Observed’ route ATMs are only an input in the first year (1998) 

and any subsequent years for which any seeded sheets are prepared in 

NetData**.XLS.   In all other years they are calculated by SPASM using a 

suite of Larame graphs contained in LarNew**.XLS. 

C.28 Currently SPASM includes a suite of 31 graphs; space is reserved for 60 

graphs to be defined. Graphs may be grouped by ATM type. Currently there 

are 19 international scheduled, 7 international charter, 2 NFC and 3 domestic 

scheduled graphs. 

                                                 

8
 They are used in NATS’ SPAM model. See NATS FAG Paper 1, SPAM Larame Graphs. 
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C.29 The graphs directly relate ATMs to demand for seats. They usually (but not 

necessarily) include steps which represent the transition between plane sizes. 

See the example graphs below. The  commercial principle modelled by the 

graphs is that as demand for seats increases, route frequencies (ATMs) will 

increase until a step is reached where extra passengers are accommodated 

by switching to larger plane sizes; when all aircraft on the route are of the 

larger size, frequencies will continue to grow to accommodate extra demand. 

The graphs can be extended beyond those illustrated to include further plane 

size transitions. 

Larame Graph 8
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Larame Graph 27
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EXAMPLE: Larame Graph In the first graph above (Graph 8) as demand for seats grows, 

frequencies are added until the demand has reached 32,000 seats per year. At this point the 

size of the planes (or mix of plane sizes) operating the routes expands so that the growth in 

passengers up 46,000 seats is accommodated without an increase in frequency. For demand 

above 46,000, frequencies are increased. In some graphs ATM maximum thresholds may 

trigger the switch to a ‘larger’ graph.  
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C.30 In LarNew**.XLS the user allocates a Larame graph number to each route for 

each ATM type. These are contained on sheets [IntScheduled], [IntCharter], 

[IntLCC], [DomScheduled], [DomCharter] and [DomLCC]. Users will not 

normally alter this allocation of graphs to airports as the current allocation best 

predicts observed 2000  and 2002 ATMs at airports. [See SPASM Model 

Calibration and Validation Report].   

C.31 SPASM makes provision for Larame graphs to ‘increase’ year on year. This 

represents the probability of technological change allowing larger planes 

within the group of planes implicitly represented by each graph and for future 

year constraints to increase commercial assumptions about load factors. 

Therefore the Larame graphs are redefined for each year of the period 1998-

2030 to incorporate growth assumptions and each page must be a valid year 

[1998], [1999] etc.  

C.32 Each Larame graph contains a minimum passenger threshold, which by 

default applies to each route to which the graph is allocated. When testing for 

new routes this value will be the criterion for whether the route becomes 

unviable and its frequency is removed. Larame graphs are based on extensive 

statistical analysis of plane size mixes and seat demand on routes made by 

the CAA. However, there will be instances where routes continue to operate 

below these viability thresholds. Minimum route thresholds can be lowered on 

a route by route basis using the airport-destination threshold matrices included 

below the graph allocation tables in LarNew**.XLS [IntScheduled], 

[IntCharter], [IntLCC], [DomScheduled], [DomCharter] and [DomLCC]. 

Larame Graph Transition and Debugging Facilities 

C.33 In DLL25 the transition between Larame graphs is fully implemented. The 

Larame graphs which model the transition in plane sizes are linked. On routes 

with high passenger allocations (and often shadow costs) further increases of 

plane size beyond those originally modelled can take place. The effect of this 

change has been double-edged. It generally raises p/PATMs above those in 

DLL23 and DLL24 forecasts while shadow cost levels remain similar to those 

forecast by DLL24. On the other hand during a congested allocation more 

variations in numbers of ATMs and therefore runway capacity are made, 

allocations may consequently take more iterations to solve or 'stick' more 

frequently.   
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C.34 For experts Larame graph ‘debug' diagnostic output can also be produced 

from the Pip parameters page. This is part of the iteration debug,  showing 

which graph was used for any route on any iteration (i.e. it checks the 

transition process) and providing detail on current load modelled factors. 

C.35  
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D Demand Growth  

DistGrowth3 

D.1 In future year allocations, the model takes, as a starting point, the DETR 2000 

Air Traffic Forecasts. These are unconstrained national air traffic forecasts, by 

passenger type.  A growth model is incorporated whereby differential growth 

rates, by district, can be entered by the user via Distgrowth3.xls.  District 

growth rates not altered by the user are automatically adjusted such that the 

DfT national totals are not exceeded.  The user has the option of including the 

DfT’s low, central or high national growth forecasts, through custom versions 

of the Distgrowth3.xls spreadsheet. 

D.2 SPASM currently operates by reading in base year demand matrices for each 

market segment and applying a profile of annual incremental growth factors to 

this base demand for all subsequent years 1999-2030. These growth factors 

should be consistent with the DETR 2000 Air Traffic Forecasts. This section 

describes the input of both the national and local variant growth factor 

forecasts. 

D.3 Implementation of annual incremental growth in all market sectors is 

fundamental to the effectiveness of demand overlays in DLL25. Incremental 

factors are necessitated by the demand overlays which potentially interrupt 

the cumulative demand growth profile previously applied to base demand. The 

previous methodology of reading in base (1998) demand once and applying 

cumulative annual factors is incompatible with demand overlays and does not 

allow new demand to be generated from districts where it did not exist in the 

input base demand. 

D.4 It is to be expected that SPASM output forecasts from constrained runs will 

deviate from the DfT forecasts in total because the application of shadow 

costs at congested airports will result in demand suppression. The total 

number of terminal passengers forecast in the UK will also depend on the 

effect shadow costs have on the split between domestic and international 

interliners because of the differences in counting these markets. 

D.5 The changes which have been made to the Distgrowth.xls programs in 

Distgrowth3.xls for use with DLL25 are: 

• Output of the incremental annual growth required by DLL25. 
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• An estimation of the full number of unconstrained trips in every year 

implicit in the inputs by reading all demand matrices.  

• Separate growth profiles can be entered for dom scheduled and 

NFCs 

• Reporting of non-district based add-ins, I to I s etc. 

• Summary reporting of demand overlays. 

• Estimations of the potential impact of input demand overlays on the 

national forecast. 

D.6 The presence of demand overlays supplementing the base year pattern of 

demand means that care is required to keep the total DETR 2000 Air Traffic 

Forecasts national forecast when using Distgrowth3.  A number of 

unconstrained passenger allocations may be required to check that 

background NFC growth rates have been correctly adjusted to compensate for 

the presence of NFC demand overlays and that the current revised NFC 

demand total of 102.6 mppa has not been exceeded by new overlays. 

D.7 Distgrowth3 analyses all the input matrices to provide an estimate of the 

potential total number of unconstrained terminal passengers without 

undertaking a SPASM run by purpose for all model years. This is of value for 

assessing the implications of inputting observed growth or for assessing the 

impact of demand overlays. However, unconstrained test runs are normally 

required when overlays have been modified because a reliable estimate of the 

potential volume of domestic interliners by purpose for any year. require a 

SPASM run. 

D.8 DETR2000 mid, low and high growth are provided as default inputs and for 

variance monitoring. 

National DfT Forecasts 

D.9 National growth factors for international and domestic traffic for each traffic 

type for 1998, are input from sheet [NatGrowthModel] in the input spreadsheet 

Distgrowth3.xls.  The output growth factors are used to inflate unconstrained 

base demand disaggregated by market (see Passenger Markets) for each 

year from 1998 to 2030.  National unconstrained total growth must be 

consistent with the appropriate scenario ( mid- point, high, low ) in Annex 3 of 

the  DETR 2000 Air Traffic Forecasts. Currently Distgrowth3.xls is set up for 

DfT mid-point growth. Low and high growth profiles can be created through 

entering appropriate values in sheet [NatGrowthModel] from Annex 3 of the  
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DETR 2000 Air Traffic Forecasts and saving a custom version of the 

spreadsheet. 

D.10 The charter market is not separately identified in the DETR 2000 Air Traffic 

Forecasts.  The default rate of growth was originally taken from the mid-point 

scenario is that in N22, the unconstrained SPAM run; any higher or lower 

growth entails a corresponding adjustment in UK Leisure Scheduled traffic ( or 

possibly NFC traffic ).   

D.11 The national mid-point demand growth factors (adjusted for NFC overlays) 

used in DLL25 SPASM unconstrained forecasts are shown below. Unlike the 

predecessors, these profiles have adjustments to make 'credible' forecasts 

of airport throughputs for 2001-2003.  
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UKBu

s 
UKLei FoBus FoLei Chart Dom IntLCC 

Dom 
LCC 

ItoI Misc. All
9
 

1998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1999 1.086 1.162 1.052 0.972 1.028 1.000 1.400 1.000 1.033 1.000 1.045 

2000 1.180 1.3509 1.106 0.945 1.057 1.000 1.890 1.000 1.067 1.000 1.148 

2001 1.194 1.417 1.009 0.880 1.081 0.910 2.287 1.000 0.900 0.960 1.145 

2002 1.132 1.351 0.967 0.845 1.106 0.910 2.767 1.000 0.895 0.960 1.204 

2003 1.180 1.448 0.973 0.881 1.106 0.902 3.182 1.125 0.875 0.952 1.296 

2004 1.239 1.499 1.050 0.950 1.127 0.945 3.421 1.238 0.966 1.015 1.382 

2005 1.365 1.551 1.133 1.026 1.150 0.991 3.693 1.287 1.066 1.082 1.465 

2006 1.506 1.594 1.223 1.137 1.174 1.022 3.910 1.328 1.164 1.140 1.543 

2007 1.661 1.638 1.319 1.259 1.198 1.054 4.136 1.357 1.271 1.202 1.627 

2008 1.832 1.683 1.423 1.395 1.224 1.088 4.376 1.387 1.387 1.268 1.714 

2009 2.021 1.730 1.536 1.545 1.249 1.122 4.630 1.417 1.514 1.336 1.811 

2010 2.230 1.777 1.657 1.712 1.276 1.158 4.899 1.449 1.652 1.409 1.915 

2011 2.251 1.764 1.740 1.754 1.322 1.164 5.037 1.461 1.754 1.429 1.962 

2012 2.273 1.751 1.827 1.798 1.370 1.170 5.180 1.474 1.861 1.450 2.009 

2013 2.296 1.738 1.918 1.842 1.420 1.177 5.326 1.486 1.976 1.471 2.058 

2014 2.318 1.725 2.014 1.888 1.471 1.183 5.477 1.499 2.097 1.493 2.107 

2015 2.341 1.712 2.115 1.935 1.525 1.190 5.632 1.512 2.226 1.514 2.160 

2016 2.384 1.722 2.266 2.023 1.601 1.270 5.823 1.551 2.308 1.554 2.240 

2017 2.428 1.732 2.428 2.116 1.681 1.355 6.021 1.591 2.394 1.595 2.326 

2018 2.472 1.742 2.601 2.212 1.766 1.446 6.226 1.632 2.483 1.637 2.415 

2019 2.518 1.752 2.787 2.313 1.854 1.543 6.437 1.674 2.575 1.680 2.507 

2020 2.564 1.762 2.985 2.419 1.947 1.647 6.656 1.718 2.671 1.724 2.605 

2021 2.663 1.802 3.141 2.455 1.978 1.702 6.705 1.737 2.731 1.743 2.654 

2022 2.765 1.842 3.304 2.493 2.010 1.759 6.755 1.757 2.793 1.762 2.712 

2023 2.871 1.884 3.475 2.530 2.043 1.818 6.806 1.777 2.856 1.781 2.772 

2024 2.982 1.926 3.656 2.569 2.076 1.879 6.856 1.797 2.920 1.800 2.830 

2025 3.096 1.970 3.846 2.608 2.109 1.941 6.907 1.818 2.986 1.820 2.893 

2026 3.215 2.014 4.046 2.647 2.143 2.006 6.959 1.839 3.053 1.840 2.958 

2027 3.339 2.060 4.256 2.687 2.178 2.073 7.010 1.859 3.122 1.860 3.023 

2028 3.467 2.106 4.477 2.728 2.213 2.142 7.062 1.881 3.193 1.880 3.094 

2029 3.601 2.154 4.710 2.770 2.248 2.214 7.115 1.902 3.265 1.901 3.165 

2030 3.739 2.202 4.955 2.812 2.284 2.288 7.168 1.924 3.338 1.921 3.238 

D.12 A key feature of the DLL25 forecasts is that the total unconstrained forecast 

reproduces nationally approximately 333mppa in 2015, 401mppa in 2020 and 

501 mppa in 2030  for overall consistency with the national totals in the DETR 

2000 Air Traffic Forecasts. However both the composition of traffic within 

these totals and the annual growth rates in the period prior to 2015 profile 

                                                 

9
 The index of all categories is taken from an unconstrained DLL25 passenger allocation. 
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have been adjusted to meet these control totals, produce credible 2001-2003 

forecasts  and meet the revised national forecast of 102.6m NFCs in 2030. 

D.13 DLL25 forecasts represent the CO2 tax scenario (SE ConDoc 2
nd

 Edition para. 

5.7) where a 100% fuel tax is introduced progressively by 1% per annum 

2005-2015 producing a 10% increase in airline costs and fares and a 

subsequent 10% fall in demand. This will offset the growth in demand 

resulting from the greater than previously forecast reduction in real short haul 

fares. 

DLL25 Input National Growth
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D.14 The rapid recovery of scheduled traffic 2005-2010 is dampened by the effects 

of aviation fuel taxation. In the period 2000-2004 flat or declining growth rates 

are compensated by the rapid growth of NFCs.  Market maturity in the later 

period is more evident in the NFC, UK and foreign leisure and charter sectors 

than in both the business sectors.  Note that the above figure only displays 

growth rates and is not weighted by passenger volumes. 

Local Demand Growth Variation 

D.15 The standard versions of the model represent the propensity to fly growing 

more quickly in the regions than the South East. Growth rates of international 
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traffic by region or by county must sum in weighted average terms to national 

growth rates.  The Distgrowth3.xls spreadsheet(s) allow users to alter some 

district growth rates and all others are automatically adjusted to ensure 

consistency with the DfT national totals.  The practice in DLL25 is to use 

different assumptions on regional, county, or district  propensity to fly can be 

inserted in the sheet [RegGrowth] of DistGrowth3.xls to vary regional over an 

initial period of years specified by the user.  

Example: Local Propensities To Fly (1) Users may wish to model that for the period 1998-

2015 the propensity to fly in regions other than London, the South East and Eastern regions 

will grow at a rate of 1 percentage point per annum above the national rates with a 

correspondingly lower rate in the South East of England to retain consistency with the National 

Forecasts. Distgrowth3.xls resolves the problem of calculating the appropriate balancing 

factor. Values of 1% are entered against all cells corresponding to districts deemed regional for 

required market segments. Running an in-built macro will read the base year demand matrix 

and calculate the adjusted annual growth factors for all other non-varied districts in preparation 

for SPASM input.  

Example: Local Propensities To Fly (2): A variety of regional rates can be entered. It is 

permissible to enter a value of 1.25% for Scottish Regions and 0.8% for Northern and North 

West England. In this situation growth rates in the rest of England and Wales will be adjusted 

to balance unconstrained to DfT national forecasts. 

D.16 It is permissible to enter negative variants on growth. However only one period 

regional adjustment is possible. Growth rates may be varied over any period 

from 1999 to 2030, after which national annual rates will resume. However 

growth may not be varied for subsequent periods (say) 2015-2030. 

D.17 Earlier versions of SPASM, assumed a blanket 1 per cent per annum growth 

differential in demand across all types of traffic in the regions compared to the 

South East until 2015. The latest DLL25 Distgrowth3 inputs maintain the 

impact of this adjustment in the overall South East / Regional split. However 

the rapid growth of regional NFCs has meant that this adjustment has to be 

applied in part by the mechanism of demand overlays in addition to simply 

growing base traffic. Currently the 1 per cent regional uplift is strictly only 

applied to international scheduled traffic in the regions; the more mature 

charter market has a reduced growth differential and domestic full service 

traffic grows at national growth rates.  

D.18 All growth district growth is applied row-wise. This creates a potential problem 

when regional variation is applied to domestic end-end forecast matrices as 
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rows and columns should theoretically be balanced through a matrix 

"furnessing" procedure. This would reconcile differential growth rates at both 

ends of the domestic trip. At present this facility is not provided in SPASM and 

row growth factors take precedence on domestic forecasts. However as two 

thirds of UK domestic traffic has one end at a South East airport current 

practice  is not to apply Distgrowth factors to domestic trips.  

D.19 Distgrowth3.xls adjustments can only apply to trips which have a UK mainland 

district origin in the matrices. They have no effect on ItoI, domestic NFC or 

miscellaneous/add-in traffic. 

Demand Overlays 

D.20 The earlier generations of SPASM have difficulty in modelling generation on 

ultimate origin-destination movements where demand had not been recorded 

in CAA surveys. This is a particular problem with the recent growth of NFCs 

because the DLL25 versions of SPASM implement a forecasting methodology 

which incorporates a greater downward pressure on air fares than anticipated 

in DETR 2000 sustaining the growth in NFCs and producing a new central 

estimate NFC traffic forecast of 102.6 mppa. Recently the highest growth 

rates of NFC traffic have occurred in the regions and therefore much of the 

demand stimulation impact of reduced fares have not been captured by the 

CAA's continuing surveys at the four major London airports and Manchester.   

D.21 New NFC demand is difficult to forecast in SPASM where it is not separately 

identified in the CAA surveys. For example: NFC demand observed in South 

Wales will generally be confined to observations of local trips to Dublin on the 

Ryanair service which is the only local NFC picked up in the 2000 CAA survey. 

If new bmibaby routes are seeded into older versions of SPASM for 

2002/2003, they will attract little demand because there is no observed NFC 

demand to the new destinations in the base matrices and the route 

commercial viability tests will remove manually seeded routes in due course. 

Demand overlays are required in this instance to model a response to the 

supply of new routes which lower the generalised cost of air travel and bring 

forward latent local demand. The demand model of DLL23/24 SPASM cannot 

adequately represent this effect through the mechanism of applying 

differential district growth factors to a base distribution. A new distribution of 

demand must be seeded to overlay the existing pattern where generation 

exists. 
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D.22 Seeding of NFC ATMs in the absence of local demand in the matrix will not 

produce sensible results in SPASM. E.g. seeding frequencies to Amsterdam 

from EDI or EMA in SPASM DLL23/24 to represent NFC route start-ups which 

occurred in 2001/2 fail without ad hoc manipulation because the nearest 

demand to this destination in the base data drawn from CAA passenger 

surveys is located around Liverpool and Luton airports. Treating NFCs as 

added-in 'other' demand will not represent the district origins of NFC demand 

and cannot reflect competition between airports for this new demand. 

D.23 Demand overlays are required to fill in this missing stimulated demand by 

grafting user specified demand layers of demand onto the base year pattern 

of demand. DLL25 (via the NFC Off-Model Demand Distribution Interface 

program NODDI) can represent the new supply changing the geographical 

distribution of demand. These demand overlays have become essential to 

model the growth from 7.6m NFCs in the 1998 input demand matrix to 46m in 

2003. 

D.24 Care should be taken in overlaying new demand not contained in the year 

2000 base matrices. The growth of NFCs has mixed  

• abstraction and bringing forward of scheduled demand: 

• substitution of charter; and, 

• the generation of new demand.  

In terms of top-down forecasts, NFC traffic can only be considered generated 

if it would not have taken place in the absence of an NFC service. 

D.25 Assessing the levels of abstraction/generation in demand for new NFC 

services is not a straightforward task:  CAA surveys do not throw a specific 

light. There are two reasons for generation. Firstly, the catchment of an airport 

starting any new air service changes because a new option enables a lower 

generalised cost; and, secondly, the usually lower generalised cost of NFC 

traffic has a further stimulative effect on all demand to a destination.  Both 

elements can be taken into account in demand overlays.  

D.26 In DLL25 NFCs remain modelled as a discrete market without a direct 

interface with the scheduled and charter matrices.  In SPASM a market type is 

either connecting or point-to-point. Conventional scheduled full service carriers 

clearly fall into the former category and charter into the latter category. 

Although demand overlays have been designed primarily for modelling NFCs, 

they may equally well be used to apply new demand distributions in other 



Rules and Modelling: 
Section D: Demand Growth  

120419 Rules26a - 50 - 

sectors where this is justified. For example, some demand overlays may be 

required where there is evidence that the competitive response of 

conventional carriers has generated demand in districts where none 

previously existed. Demand overlays can also be negative to represent 

abstraction from scheduled and charter origin-destination matrices and they 

may be used for any category of traffic modelled in SPASM. 

D.27 Demand overlays are route specific. International scheduled, charter and NFC 

demand may be input for any year in the format : 

Origin District Foreign Destination 

Zone  

Purpos

e 

Demand Replace 0 or  

Increment 1 

D.28 Higher national levels of NFC generated demand can be distributed between 

UK ground origins by as a function of the generalised cost of air travel and the 

overall propensity to fly of each UK district. A supply-side visual basic NFC 

Off-Model Demand Distribution Interface program (NODDI) has been 

developed to provide demand overlay inputs. 

NFC Off-Model Demand Distribution Interface program (NODDI) 

D.29 The translation of the top-down forecasts into district level demand uses a 

generalised cost distribution model, NODDI, which extends the gravity model 

techniques used earlier for the synthesis of scheduled/charter demand at the 

unsurveyed airports in the original demand data.  

D.30 The figure below shows a typical comparison of observed and NODDIed 

district distributions output by the calibration and validation modules for total 

NFC demand to Amsterdam served by competing NFC services from 

Liverpool and Luton. 
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D.31 In practice NODDI consists of a suite of 3 programs: 

D.32 NODDI_CAL for calibrating the gravity distribution function which calculates 

the distribution of trips as a function of the composite cost of air travel by 

between any district (i) and any foreign destination. 

D.33 NODDI_VAL which applies the calibrated distribution function and the other 

calibrated parameters (surface access cut offs, and generalised cost scaling) 

to user input demand for a single destination and compares this with the 

observed distribution of demand, reporting a correlation coefficient. 

D.34 NODDI_n: for calculating new demand overlays from an matrix of NFC or 

other frequencies in standard SPASM format controlled to a user specified 

total. 

D.35 NODDI's ultimate function is to synthesise a pattern of ground origin-ultimate 

destination demand using calibrated and validated parameters for situations 

where no survey data exists or the distribution of trips inherent in existing 

survey data is unlikely to be unsuitable for long term forecasting. NODDI 

needs to represent the effect of user input frequencies and fare reductions in 

reducing the perceived generalised cost from each district to any destination.  
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D.36 The demand distribution model takes the form:  

ravelCostofAirTeneralisedCompositeGc

PTFpulationorDistrictPoP

DemandD

Where

PeD
c

=

=

=

= −

:

β

 

D.37 The generalised cost of travelling from each district to each destination via any 

airport offering an NFC service is added in a composite manner. The 

perceived generalised cost comprises: 

• Frequency Costs 

• Surface Access Costs 

• Fares and fare adjusters. 

D.38 A generalised cost elasticity e generates new demand where user input new 

frequencies lower the generalised cost of air travel. Therefore districts in the 

vicinity of airports offering the greatest reduction in generalised cost through 

new services will have the highest proportion of new demand. This 

methodology represents overlapping catchments and competition where the 

reduction in generalised cost in a district occurs at more than local airport e.g. 

Birmingham/East Midlands or Gatwick/Luton/Stansted. 

D.39 In practice the key driver of the NODDI model is the user's supply-side inputs 

of future frequencies. These can be input for any year, but in practice it is 

unlikely that future overlays would be entered at no less than five year 

intervals. With demand overlays in place SPASM's new route algorithm can 

generate and remove NFC routes in subsequent years without further user 

intervention in the same way it operates in other sectors. 

D.40 The principal  program for creating overlays in a format suitable for use in 

SPASM matrix files is NODDI_n.  This program applies the calibrated 

generalised cost scaling and distribution parameters (derived using 

NODDI_Cal), surface access cut-offs and minimum passenger thresholds to 

generate demand overlays where the distribution will reflect the supply side 

seeding of NFC frequencies given in the NetData file. The total demand may 

be a national estimate of international NFC demand or alternatively a subset 

of destinations, providing that the input frequency matrix (NetData) is edited 

accordingly. 
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D.41 In addition to the demand overlay, NODDI output also includes diagnostic 

matrices of the composite generalised cost of air travel by district and by 

purpose. 

D.42 It is not reasonable for NODDI to vary gravity distribution functions and 

purposes for each destination. Therefore the main NODDI synthesis program, 

NODDI_n accepts  up to [5] groups of NFC destination zones with common 

distribution functions and pirpose mixes. NODDI_CAL and NODDI_VAL 

should normally be used in the definition of these zones. Currently the zone 

groupings are: 

(i) Relatively immature markets with destinations dominated by smaller 

secondary airports (e.g. the Ryanair model). This may possibly be split 

into business and recreational destinations. E.g. France (other), Italy 

(other), Scandinavia (other)  

(ii) Existing city destinations e.g. Amsterdam, Barcelona, Zurich where there 

is an existing regional market previously large enough to support a 

regional service. 

(iii) Large mature markets e.g. Dublin. 

(iv) Charter-like markets e.g. Iberian Peninsula (other) 

D.43 The main data inputs needed to the NODDI model are: 

• Existing demand by purpose by district (either PTF or population, 

depending on the importance of  foreign leisure and foreign 

business on the route). 

• An appropriate NAAM surface access file. 

• The Annual Parameters file for values of time, and surface access 

global parameters (e.g . vehicle operating costs etc.). 

• Any NFC fare adjusters 

• A NetData sheet of 32*48 scheduled, charter or NFC frequencies. 

• The purpose split by destination. 
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D.44 The model parameters required are: 

• A top down estimate of national NFC passengers and year of 

estimate by zone group. 

• Generalised cost scaling parameter. 

• Calibrated gravity model β spread parameters by journey purpose 

and zone group. 

• Minimum passenger cut-off. 

• Maximum surface access journey cut-off. 

D.45 NODDI has been extensively calibrated and validated against observed NFC 

distributions prior to its use in DLL25 forecasts. This process and a full user 

guide is reported in detail in the Scott Wilson Technical Note 10 : The NFC 

Off-Model Demand Distribution Interface Family of Programs (July 2003). 

D.46  
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E Generalised Costs 

E.1 This section describes how the full point-to-point costs of air journeys are 

converted into monetary values and inserted into the logit model. 

Probabilities  

E.2 The multinomial logit formulation is a method for calculating the proportion of 

a population choosing a particular option [ e.g. travel by car versus travel by 

public transport], given the average cost for individual travellers of that option 

and the average costs of the alternatives.  

E.3 Although only the average cost of each option is entered into the multinomial 

logit equation, every individual will have a different cost for that option; each 

individual will have a different value of time and so the range of costs for a 

population of travellers is represented by a statistical distribution of costs 

around that mean. Further, if the cost of an option is composed of several 

component costs that go into making up the total cost of that option, then the 

costs of each of those element for individual members of the population will, in 

addition, be distributed about the average cost of each element.  

EXAMPLE: Distribution of Frequency Data. The logit model process calculates a cost (£) – 

see below - and a weight for frequencies. The calibration of these values uses annual 

frequency and demand observed data and therefore must reflect average values across the 

relevant market segment. In practice such data conceals a rich diversity of values and 

behaviour. Some travellers will value a single frequency at a peak or personally convenient 

time much higher than the same single frequency at other times of day. Other travellers will 

attribute higher values to weekend frequencies and holiday period departures will be more 

highly valued by others. 

E.4 The logit model represents these ranges of choices by allocating proportions 

of individuals to all the available permitted options according to the proportion 

of total utility that the utility of each particular option comprises. In SPASM 

utility is a function of the generalised cost (£) of travel. Each permissible 

option for which a generalised cost can be calculated will be allocated a 

proportion of the demand, although in many cases this may be infinitesimally 

small 
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Generalised Cost 

E.5 The generalised cost of the choice of air travel determining the choice of 

airport is composed of surface access costs, fares, flight times and flight 

frequencies. The average cost of each of these elements is entered into the 

multinomial logit formulation for each option. Calibrated weightings may be 

applied to these input variables.  

EXAMPLE: Logit Weights.  Different calibrated weightings may reasonably to different 

aviation markets. For example the importance of surface access costs weighs much heavier 

for passengers flying to Amsterdam where there is a wide range of choice of services from 

many airports than it does to long haul destinations where choice may be limited to a few 

airports. 

Frequency  

E.6 In the case of frequency, the population is assumed to have an average cost 

of  (const1/freq)*(1-const2)
freq

 but individuals will, in reality, have a range of 

costs about this mean due to their own value of time, the importance to them 

of catching a particular flight etc. This could vary from zero (for people who 

might consider the chore of catching a plane as part of their holiday) to a very 

high value indeed. It will also vary by type of passenger and it is appropriate to 

assume different average frequency and hence a different underlying 

distribution for business and leisure passengers. 

E.7 If a passenger wishes to depart at a certain time, it is highly unlikely that there 

will be a flight leaving at precisely the same time and he will therefore have to 

wait for the next available departure. If the frequency of the service is F flights 

per 16 hour working day, say, the interval between flights will be, on average, 

16/F hours. If in addition a passenger’s desired departure time is independent 

of the flight time, he will have to wait on average ½*16/F hours and with a 

value of time of £T per hour, the cost of that average wait will be :  

W = £T*1/2*16/F  or  £T*8/F 

E.8 It is likely, however, that a passenger will to some extent tailor his arrival at the 

airport more in line with the departure time of the aircraft and therefore only a 

proportion of the above cost , say ‘a’, should be taken. In the simple form of 

the empirical method, the cost of waiting becomes :  
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W = £a*T*8/F. 

E.9 Alternatively, based on a statistical analysis of data explaining passenger 

behaviour by means of the multinomial logit function, it has been found that 

the function that best explains passenger behaviour is of the form:  

Value of frequency  = b*ln(frequency) 

where b is a constant found by calibrating the model so as to best explain 

passengers’ past behaviour and ln(frequency) is the natural logarithm of the 

value of frequency. It is not possible in this approach to derive absolute values 

of frequencies but only values of relative changes in frequency. For example, 

moving from 1 to 4 frequencies will give the same benefits as moving from.3 

to 12 frequencies. This may be termed the statistical method.  

E.10 Both methods have a multiplier attached to the formulation which allows this 

weight to be varied. In the case of the empirical method, this multiplier can be 

explained by the value of waiting time compared with the value of travelling 

time and by the ability that a passenger has to tailor his travelling time to the 

departure times of flights. The multiplier can be optimised from calibrating the 

model on past passenger behaviour and it is then possible to see whether the 

value of the resultant multiplier appears feasible in the light of its possible 

interpretation.  

E.11 In the case of the statistical method, the weight given to frequency comes 

directly from the calibration process.  It can be cross-checked against a well 

known relationship between  frequency share and market share when 

comparing two airlines or airports known as the S-Curve. It has been found 

that, if airport 1 has a frequency of  F1  for a given destination and airport 2 a 

frequency of F2, the ratio of the market shares of airports 1 and 2, everything 

else e.g. surface access being equal, is given by 

(i) 
α

α

2

1

2

1

F

F

M

M
=  

where     5.11 ≤≤ α  
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The S-Curve
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E.12 When this relationship is put into the format of the multinomial logit, we have : 

  α  = b/scale factor, where ‘scale factor’ is the factor in the multinomial logit 

which converts the cost function of the multinomial logit from pounds into 

utiles. The value of b can then be checked to ensure that the value of α  that it 

implies lies within the expected range. Further, when the value of frequency = 

b*ln(frequency) formula is inserted into the multinomial logit equation it can be 

shown to be exactly equivalent to equation (i) and can hence reproduce the 

observed market shares described by the S-Curve (above), a curve used to 

explain the effects of passenger behaviour since it was first propounded in 

1985.  

E.13 The structure of the formulae in both methods has a built- in decreasing 

marginal value of frequency.  In other words, the value of a marginal 

frequency when going from one frequency a day to 2 a day is greater than 

going from 4, say, frequencies a day to 5, and even more than going from 10 

frequencies a day to 11. However, the drop off of the value of the marginal 

frequency in the simple form of the empirical method is more severe than in 

the statistical method and the latter method is much better at reproducing 

passenger behaviour at the lower frequencies. 

E.14 The  empirical method can be clearly and simply explained and the value of 

the parameters "a" and "T" can be chosen to vary the comparative weight 
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given to frequency. However this method in its simple form cannot be made to 

perform well over the whole range of frequencies.  

E.15 The statistical method incorporates a formula which has been found to 

calibrate well with passenger behaviour but is not readily accessible to the 

non–statistician.  The method incorporates a decreasing marginal value of 

frequency as is intuitively correct and gives the S-Curve.  

E.16 The two methods can be generalised.  In the simple form of the empirical 

method, the value of frequency is : 

W = £a*T*8/F. 

where  "a" is the factor which allows for the ability of the passenger to tailor his 

arrival to a certain extent to the time of departure.  The value of frequency in 

the statistical method only values differences in frequency. But we can re-

state the statistical method as :  

Cost of frequency = A - b*ln(frequency) 

where "A" is a constant which cannot be calibrated from observed passenger 

behaviour since it is common to all airports.  

E.17 It is possible to take the value of "A"  and "a " from calibration of the empirical 

method so as to give the costs for a single frequency per day. As with the 

statistical method, these values will depend on the value of time. Taking a 

value of time for business travellers of £ 42 per hour, the empirical method 

suggests  " A " at  £ 85.3  and " a " as  0.254, giving the value of frequency or 

cost of waiting time in the table below. The table below also gives the 

corresponding value of frequency or cost of waiting time if the same slope and 

constant values are used in the statistical method.  

Frequency Statistical Empirical 

Per Day Method Method 

 Cost (£) 

1 85.3 85.3 

2 70.1 42.7 

3 61.3 28.4 

4 54.9 21.3 

5 50.1 17.1 

10 34.9 8.5 
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20 19.7 4.3 

30 10.8 2.8 

E.18 The empirical method can be refined so to make it intuitively more acceptable 

in line with passenger behaviour and at the same time produce values of 

frequency more in line with values given by the statistical method. In the 

formulation of the empirical mthod, the assumption is made that ‘a’ is 

constant. In reality, at low frequencies, when the waiting time for a flight is 

high, a passenger will arrive a comparatively short time before flight departure. 

As frequency increases, the passenger is less likely to let departure time 

influence his arrival time at the airport, until, with a flight every half hour, say, 

his waiting time will tend towards half the inter-service time.  

E.19 If it is assumed that the value of the waiting time adjustment factor grows 

proportionately closer to 1 as frequency increases, the empirical method as 

adjusted gives values which become very close to those derived from 

passenger behaviour and as given by the statistical method.  

Frequency Statistical  Empirical   Adjusted Adjustment 

Factor 

Per Day Method Method Method  

 Cost (£)  

1 85.3  85.3 85.3 0.254 

2 70.1 42.7 74.5 0.443 

3 61.3 28.4 65.5 0.585 

4 54.9 21.3 58.0 0.690 

5 50.1 17.1 51.7 0.769 

10 34.9 8.5 31.8 0.947 

20 19.7 4.3 16.8 0.997 

30 10.8 2.8 11.2 1.000 

E.20 The adjusted empirical method gives directly absolute £ values of a given 

level of frequency on a given route  and hence a family of S-curves giving the 

frequency relation between one airport and its competitor. The value of 

frequency  is :  

freqTa freq /8**))1(1£( −−  

where the adjustment factor is refined from  a  to   freqa)1(1 −−    

E.21 In practice both statistical and empirical formulae conceal a rich diversity of 

behavioural responses to air frequencies. As illustrated in the example above, 
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the calibration of the models has to use annual data, but annual data is a mix 

of off-peak and high value peak time slots and different passengers within the 

market segments will also attribute quite different values to frequencies at 

different times of the day, the week or the year.  

In-Flight Time 

E.22 The flight time provides an important component of the generalised cost 

equation for a passenger journey.   

E.23 SPASM cannot simply use current ‘observed’/timetabled flight times, because 

 routes which currently do not operate, but which may started by the new 

routes algorithm an associated travel time.  Therefore in-flight times in the 

model are synthesised. For consistency synthesised flight times are applied 

to all routes in the model.  

E.24 A calibrated model has been developed to synthesise in-flight times for all 

SPASM origins and destinations.  Revealed flight times were provided in the 

IATA data set for all flights to and from UK airports in August 1998.  This was 

taken as being the actual flight time, i.e. excluding interchanges, but reflected 

the scheduled arrival time minus the scheduled departure time for direct 

flights. 

E.25 The distance between two airports was calculated using the Great Circle 

Method as follows: 

[ ])cos()cos()cos()sin()sin(cos 212121
1 bbaaaaxd −⋅⋅+⋅⋅= −  

 
where:   x is the radius (of the earth), i.e. 3956 miles or 6367km; 
  a1 and a2 are the latitude co-ordinates of airport 1 and 2; and 

  b1 and b2 are the longitude co-ordinates of airport 1 and 2. 

E.26 The calibration process concluded that the relationship between flight time 

and distance was best fitted by the following linear forms: 

Flight Time = a + b*distance 

 

and the overall model was improved by using two haul length categories: 
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• Group 1: ultra short (domestic) and short haul; and 

• Group 2: medium and long haul.  

E.27 The final equations for flight time, in minutes, for distances in miles were: 

• Short haul: Time = 30 + 0.15 * Distance 

• Long haul: Time = 45 + 0.12 * Distance 

NAAM 

E.28 The National Airport Accessibility Model (NAAM) is a network based rail, 

road and coach model which connects and provides travel cost vectors from 

the 30 mainland UK airports modelled in SPASM to  the 455 district zones. All 

districts are also inter-connected and travel costs can also be output from any 

origin in the UK. Travel costs are inter-peak and are produced for all modes 

and usually for a base year of 1998 and forecast years of 2010 and 2020, 

although other years can be provided and SPASM can optionally accept a 

maximum fourth year of surface access data. NAAM data is also required in 

the form of a 455*455 district to district matrix for up to four years for the 

domestic model in SPASM. The latter allows SPASM to represent rail-air 

competition by representing major surface transport schemes such as the 

West Coast Mainline Upgrade scheme. 

E.29 The cost elements required from NAAM files (illustrated below) are: 

• Drive time 

• Road distance (to estimate cost) 

• Rail time (generalised time) including waiting, interchange and 

access/egress 

• Rail fares 

• Coach time (generalised time) including waiting, interchange 

and access/egress 

• Coach fares. 
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.  

E.30 Coach data from NAAM is optional as not all airports are connected by long 

distance coach. However all UK mainland airports included in SPASM must 

be connected by both road and rail (or rail+connecting bus). The two Belfast 

international airports are not included in NAAM. The Belfast model in SPASM 

uses constant surface access costs. 

E.31 NAAM’s public transport network includes all mainland railway lines 

(excluding railways owned and operated by preservation societies), the full 

London Underground network, the Docklands Light Railway, the Heathrow 

Express, the Tyne and Wear Metro and bus links to airports which have no 

other public transport connections. Route service definitions, stopping patterns 

and frequencies represent the summer 1998 timetable. Two main base 

configurations are used: 

• 1998 Base Network 

• 2010 Base (Do Minimum) Network including ‘committed’ 

infrastructure developments: West Coast Mainline upgrade, 

Channel Tunnel Rail Link, Jubilee Line Extension, Thameslink 

2000. A full list of schemes included is described in a current 

NAAM Technical Note.
10

 

                                                 

10
 Scot Wilson/Halcrow Technical Note Ref FL1124034/MAJ/2018 NAAM Future Year Base 

Schemes 
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No additional infrastructure is included in the base 2020 public transport 

network, but may be included as an option test. Specific airport access 

schemes will generally be considered as option tests. 

 

E.32 The NAAM highway network represents all A-roads and above for a 1998 

base year with inter-peak travel times. It has been validated against AA travel 

times. Unlike commercially available route-planning networks it allows future 

road schemes and patterns of congestion to be modelled. Within mainland UK 

the network  includes all motorways, trunk road and A roads. A significant 

number of B and C/minor roads are also included to provide local connections, 

particularly in the vicinity of airports. 

E.33 Two main base network configurations are used: 

• 1998 Base Network 

• 2010 Base Network including all planned trunk road schemes 

reflecting  A New Deal for Trunk Roads in England. the Scottish 

Executive's Strategic Roads Review-Scheme Decisions and 

Welsh schemes under construction.
11

 

                                                 

11
 Further details are in Scot Wilson/Halcrow Technical Note Ref FL1124034/MAJ/2018 

NAAM Future Year Base Schemes 
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E.34 Although NAAM currently model accessibility and does not assign a traffic 

demand matrix, it represents the effect of traffic growth in causing a 

deterioration in operating conditions. This is done by applying congestion 

factors to the 2010 and 2020 Base Networks with Roads Programme 

improvements. On a road by road basis the model estimates the current level 

of traffic based on its coded speed and using the appropriate speed-flow 

relationship for the class of road re-calculates link speeds according to traffic 

growth. In summary: the 2010 base network differs from the 1999 base by 

including the impact of all major highway schemes and the impact of 

increasing congestion levels. The 2020 base network differs from the 2010 

network only in having increased levels of congestion. 

EXAMPLE: Congestion in NAAM. In forecasting the 2010 and 2020 networks base daily 

traffic is assumed to grow nationally by 14.9% and 26.5%- the low growth profile. This growth 

is modelled on the networks road by road. As a result road times to Heathrow from all districts 

increase by 9.0% by 2011 and 15.7% by 2020. Locally travel times are modelled to deteriorate 

further: for example London districts to Heathrow times are modelled to increase by 18.8% by 

2020. These times include the journey time reductions resulting from Roads Programme 

improvements to highway capacity. Because NAAM is a daily model, these are average off-

peak times reflecting low traffic growth.  Deterioration in travel times would in practice be 

higher in peak periods or with higher levels of background traffic growth. 
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E.35 NAAM includes a separate public transport network representing long 

distance coach services. The network includes: 

• the full National Express Coach network 

• the full Scottish City Link network 

• all local coach services identified from airport public transport 

access literature 

E.36 No future year coach networks are defined. Any improvements to coach 

services must be defined as an option test. 

E.37 More technical background to NAAM is available in National Airport 

Accessibility Model : Model Status Report [Scott Wilson, September 1999]. 

Treatment of Surface Access in SPASM 

E.38 SPASM uses a combined surface access cost reflecting overall accessibility 

by road, rail and coach. The way in which the various modal costs are 

combined should be understood. Two alternative methods of combining the 

costs are available in SPASM. 

E.39 In modelling surface access costs there is the choice of either entering each 

surface access mode with its associated cost separately so as to produce a 

weighted  cost  or to produce a single notional mode with an equivalent 

composite cost.  This composite cost is calculated so as to produce the 

same proportion of the population choosing the notional mode as would be 

produced by the sum of the individual modes alone. 

E.40 A problem with the composite cost approach is that in order to produce a 

sufficiently large proportion of the population choosing a notional mode, in 

some instances the composite cost might need to be less than zero. This is 

because when additional modes are presented as a choice to the passenger 

and combined with the original mode to produce an increasing proportion of 

passengers choosing the combined mode, the composite cost needs to get 

progressively lower and can, in some cases, become negative. This problem 

typically arises when one of the modes has a small average cost.  This may 

be difficult to accept if the composite cost is considered as the cost of a mode 

which is somehow a compromise or average of the individual modes. 

However, the composite cost is only a mathematical convenience which 

constructs a mode with an average cost which would produce the same 
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number of passengers choosing that mode as the individual modes if taken 

separately within the multinomial logit formulation and when compared with 

the costs of the other options.  

On the other hand, the weighted cost approach does not consider different 

values of time within a population e.g. business travellers. Weighted costs 

require explicit choice of the weights to be used and hence there is no 

mechanism explaining modal choice over time. However, that modal choice is 

potentially transparent and can be given as user-input.   

Composite Costs  

E.41 The cost of airport access by road (in £) is calculated using the following 

formula.  The travel time is converted into an equivalent monetary value 

through multiplication by the Value of Time.  Applying DfT growth rates
12

 to 

the SPAM 1993 values, 











 ×
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E.42 For road access, a cost must be calculated, based on distance.  In the above 

formula, this assumes a cost of running the car per km and that the cost is 

equally shared amongst occupants. Currently , SPASM assumes one 

occupant on the grounds that this is compensated by not including specific 

airport parking costs.)  

E.43 Similarly, the cost of airport access by rail (in £) is calculated as follows: 

( ) ),()(),(
),,(

)(),,,(
60

AipAi

ptAi

pptpAi FareIntPenNoI
Time
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×=  

The surface access cost for bus/coach takes an identical form to that for rail. 

E.44 The resulting composite surface access cost (in £) can be calculated as 

follows: 

                                                 

12 Originally these were taken from the DTLR’s Highways Economics Note 2 (HEN2); rates 
from DTLR’s March 2001 Transport Economics Note should now be used. 
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where 

• i is the origin zone; 

• A is the UK airport; 

• p is the trip purpose (business / leisure); 

• surface access mode is denoted by pr (private, or car), and pt ( 

public transport, rail or bus/coach); 

• VOT is the value of time (in £ per hour) according to the trip 

purpose; 

• NoI is the number of rail interchanges required for the trip, by 

rail, from origin zone to the airport; 

• IntPen is the interchange penalty (in £); 

• Time is the end-to-end travel time (mins) from the zone to 

airport according to trip purpose; 

• Dist is the distance (in km) from zone i to airport A, by road; 

• OpCost is the vehicle operating cost in £ per km; 

• OccRate is the average vehicle (car) occupancy rate for 

business or leisure; 

• Fare is the rail fare in £ from zone I to airport A;  

• Shadow is the terminal (passenger) shadow cost, reflecting 

airport tax; and 

• λ(p) is the model scaling parameter, needed as the composite 

formulation often cannot compute mathematically with the 

exponent of large numbers.  

Weighted costs  

E.45 An alternative form of  surface access cost is available based on ‘weighted 

’costs. The functional form for the weighted cost may be written: 

)*()*( ),(),,,(),(),,,(),,( ptiCountyptpAipriCountyprpAipAi MsplitSACostMsplitSACostSACost +=
w

here: 

• The generalised SACost(I,A,p,pr) and SACost(I,A,p,pt) are calculated as 

described above for composite cost. 

• Bus/coach is added into the function with an identical form as rail 

• iCounty is the observed mode split of all airport related trips for the 

county in which the district i is located. 
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E.46 At present standard SPASM runs use composite costs. The multi-nomial logit 

calibration did not demonstrate a significant difference between the two 

methodologies in the base year.  

E.47 Although surface access data by mode is input into SPASM, the output is not 

mode-split. Further downstream processing using a local airport mode-split 

models may be required if detailed forecasts of the mode shares of airport 

passengers are required. 

Fares 

E.48 There is great variability in the range of air fares and uncertainty about future 

fare levels in the different market segments. The following section on model 

calibration discusses the combination of variables which produced the most 

suitable calibration models for different markets. It should be noted that the 

most frequently used scheduled passenger allocation models do not use air 

fares explicitly in the calculation of generalised cost.  

E.49 Nevertheless, fares currently have two important uses in SPASM: 

• The most suitable charter model (calibration model 6) includes 

fares 

• The separate calculation of generalised cost used to model 

demand suppression includes fares in the generalised cost 

formulation. 

E.50 As with air distances and times, a synthesis of fares is used in SPASM to 

achieve consistency both across routes and to enable fares on new routes to 

be derived. The  preparation of calibration data for the fare synthesis model 

was undertaken in two steps. Firstly fare relationships to all destinations from 

Heathrow were derived. Secondly, fare differentials between Heathrow and 

other UK airports were analysed and then added to Heathrow fares to 

complete the matrix. Revealed fare data was taken from the CAA Passenger 

Survey data. It was ‘cleaned’ to form a subset which included only fares on 

direct flights where a return fare in UK £s was paid. A further ‘cleaning’ of the 

data removed the top and bottom 5% to remove ‘outliers’ and ‘extremities’. 
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E.51 Plots of the different market segments were generated
13

 and the following 

relationships were derived: 

International Scheduled Fares 

Constant Business Leisure Note 

SH £250.00 -£215.00  

US £1,772.00 £270.00  

LH £380.00 £245.00  

Additional Cost/Mile Business Leisure  

SH £0.10 £58.40 * ln(d) Natural log function 

US £0.00 £0.03  

LH £0.20 £0.06  

Charter Fares 

Constant    

SH -£215.00 (Log Function)  

US £270.00   

LH £245.00   

Additional Cost/Mile  Final Coefficient  

SH £58.40 0.86  

US £0.03 0.57  

LH £0.06 0.75  

Domestic 

 Business Leisure  

Dom Fare Constant (Single) £73 £39  

Dom Fare additional cost 

/mile £0.10 £0.01 

 

E.52 The user input spreadsheet Fares***
14

.XLS  contains the inputs for these 

calculations in the sheets [Parameters] and [Distances] and the subsequent 

market sheets hold synthesised fares which are input to SPASM.  A set of 

fares 40% below scheduled for business and 50% below scheduled for leisure 

is used for the NFC (Low Cost Carrier) market. 

E.53 SPASM also provides a facility to add to the generalised cost a fare adjuster 

which will be added to the generalised costs in all model forms if it switched 

on in [Parameters] in PIP***.XLS. Fare adjusters are applicable in market 

segment matrices for each airport to each foreign destination. In effect fare 

adjusters are relatively small calibration parameters expressed in £ derived 

                                                 

13
 See Halcrow Technical Note Ref. FL1124034/MAB/2408 Synthesised Analysis of Fares 

V2. 

14
 *** will usually refer to the release version of the data file. 
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during the model calibration. They generally increase with distance away from 

London. Fare adjusters are also contained in Fares***.XLS.  As route specific 

calibration parameters they would not normally be altered by users. 
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F Types of Logit Model & Calibration 

F.1 Two types of logit model are available in SPASM. Models using the Individual 

Formulation ascribe different coefficients to different explanatory variables; 

the General Formulation  derives a single coefficient which applies to the 

sum of the explanatory  variables.  

F.2 In this section all references to the form of the models refer to the calibrated 

base year models. All model equations are generic and exclude the shadow 

cost and supplementary cost terms. Airports are deemed to be unconstrained 

in the base year (1998) but potentially subject to shadow costs if they exceed 

terminal or runway constraints thereafter.  A full description of the calculation 

of shadow costs is given in Section H. 

F.3 A facility is provided to draw down different calibration models for any one run 

with, say, charter using a different model from say the NFC (Low Cost Carrier) 

sector.   The user can choose from the following models:  

1. Individual Formulation  ( with in-flight time and fares ) 

2: Individual Formulation  ( without fares )   

3: Individual Formulation  ( without in-flight time )  

4: General  Formulation  ( with in-flight time and fares ) 

5: General  Formulation  ( without fares ) 

6: General Formulation  ( without in-flight time )  

F.4 Different models are found to work better for different types of traffic: 

• Model 2 works best for international scheduled markets; 

• Model 3 works best for the international No Frill Carrier (NFC) 

market; 

• Model 4 works best for the domestic end-to-end market; and 

• Model 6 works best for the charter market.   

F.5 Calibration work demonstrated that differences lie with both type of passenger 

and world destination. A variety of model forms were tested for each 

destination group:  

• Short-haul up to 2,500 miles 

• Long-Haul 

• US & Canada 
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These groups should be distinguished from the length of haul used to 

determine prohibited routes. See World Destinations. 

Individual Formulation  

F.6 A typical form of the scheduled purpose model to calculate a utility ‘U’, using 

the Individual Formulation,  is given below:  

 minutes,in penalty  einterchang  theis 

 type)passenger by  (variesconstant  a is 

leg second offrequency flight   theis

legfirst  offrequency flight   theis

typepassenger relevant  for the  timeof  value theis 

air travel of  time theis 

cost  access surface a is 

)*))
8
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+=

β
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F.7 In practice this form of the model (as Model 2) is currently used for scheduled 

international passenger allocation. 

General formulation  

F.8 The General Formulation is described in terms of the following equation to 
calculate a utility ‘U’. 

  

)}*))
8

*)1(1()
8

*)1(1*((( )*(
21

3
21 VOTeInterchang

F
a

F
aVOTAirtimeessSurfaceAccU

FF +−−+−−++=

Similar explanatory variables are used for the charter model and the same 

combinations of explanatory variables are used in six parallel charter model 

forms. However the charter model forms differ from scheduled by including 

charter attractiveness parameters representing the number of charter 

flights and the number of charter destinations served by each individual 

airport and a term to convert these variables into £s. The typical form of the 

charter model, using the General Formulation , is: 
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hr / £6  toequal TimeHeadway  of  value theis 

airport  thefrom flightscharter  offrequency    total theis 

airport by the served nsdestinatiocharter  ofnumber   total theis  

0.400constant  a is 

frequencyflight   theis
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The Belfast Variant 

F.9 Separate Belfast logit models are contained within SPASM. However, they 

take the same form as the international scheduled and charter models and a 

variant of the main international logit model selected by the user will be 

applied to the allocation to the two Belfast airports. The difference is that a 

constant composite surface access value will be used in the equation in place 

of the composite or weighted surface access costs calculated from NAAM 

output for mainland UK origins. 

F.10 Belfast domestic demand is not part of the domestic allocation model and it 

is treated as a special add-in, subject to demand suppression but not 

reallocation. 

I to I Interliners 

F.11 International I to I interliners are dynamically allocated to all airports where the 

user has permitted I to I interlining (see Prohibited Routes, Section G). At such 

airports I to I interlining can occur wherever two frequencies connect two 

foreign ends of the demand.  

F.12 The I to I model is of the same form as the other international individual and 

general formulation models. The key difference is that surface access is 

irrelevant and is therefore omitted from the model. The I to I interliner model 

therefore assumes the form shown below for the more commonly adopted 

individual formulation version:  
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 minutes,in penalty  einterchang  theis 

 type)passenger by  (variesconstant  a is 
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The Domestic Model 

F.13 The domestic end-to-end model is taken from a stand alone Visual Basic 

spreadsheet model SCAMDal
15

 which was derived from SCAM.  The domestic 

end-to-end model allocates air demand which has both a UK ground origin 

and UK ground destination to an internal UK air route or alternatively to a 

single generic ‘surface’ mode. It re-assigns trips between domestic airports 

and surface modes in response to relative changes in district-to-district 

generalised costs comprising:  

• Surface access to airport 

• Airport wait times (a frequency function) 

• Airport shadow cost (a ‘tax’ on terminal passengers or runway 

movements) at over-capacity airports 

• Air fares 

• In flight time 

F.14 District to district air costs are compared with district to district composite 

surface generalised costs (i.e. road time + road operating costs and rail time + 

wait + interchange + fare) and added in a logsum formulation. 

F.15 The choice model for each individual district to district to movement is 

structured: 

 

 

                                                 

15
 A full description of SCAMDal is contained in the Scott Wilson Technical Note Ref. 

FL1124034/MAJ/2017 SCAMDal : End to End Domestic Allocation. The following text is 
adapted from that note. 

i-j 

Air Route(ki-kj) 1 
Air Route(ki-kj) …n Surface Mode 
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F.16 The allocation takes the form: 
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where: 

i is passengers with a given UK district origin  

j is the UK district destination, 

A is the UK airport/route 

p is purpose [ i.e. Business or Leisure]  

cost is generalised cost. 

R always includes the surface routes and viable air routes between i & 

j. 

F.17 The calibrated domestic end-to-end model uses the General Formulation 

deriving a single coefficient which applies to the sum of the explanatory 

variables. In the generalised form of the model (SPASM international Model 4) 

the utility function β1 relates all the explanatory variables available in the 

international model i.e.: 

• surface access composite or weighted costs 

• air frequency function 

• air in flight times 

• air fares 

and additionally to the international model 

• surface egress composite or weighted costs 

F.18 In its calibration form the utility function is written: 

.)}*))
8

*)1(1(( )*(.
1

1 essSurfaceEgrVOT
F

aVOTAirtimeAirFareessSurfaceAcc
F +−−+++=β

 

Composite surface access/egress costs are used, and generalised road and 

rail costs are calculated in the same form as the international model. 
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F.19 The calibration of the domestic model did not attempt to chose the form of 

choice model. A generalised form (Model 4 from SPASM) was used as it 

included all explanatory variables. Although air fares were problematic in the 

calibration of the international models (those without fares included performed 

best) – air fares were included in the domestic model form because fares were 

likely to be a significant part of the surface modes alternative. 

F.20 Calibration was undertaken using only composite district to airport surface 

access costs. These were rail costs as the most readily available and reliable 

observed surface demand dataset was a 455*455 NAAM/SPASM zoned 

version of the DfT national rail matrix. It should be noted that the unavailability 

of a comprehensive observed district to district road demand dataset 

necessitated the use of rail demand as surface mode in the calibration. 

However the calibrated parameters are applied in SPASM to a composite 

surface cost which combines road and rail travel costs. 

F.21 Calibration data decks were prepared giving the total travel value in £ for: 

• the 50 least cost air routes 

• the optimum rail route. 

for three geographical datasets: 

• All districts (zones 1-455) to Scotland (zones 403-455) 

• All districts (zones 1-455) to Tyneside, Durham, Cleveland and 

parts of Northumberland (zones 224-242) 

• All districts (zones 1-455) to Greater Manchester, Merseyside 

and parts of Lancashire (zones 278-306). 

and for business and leisure purposes for each i-j pair where there was a rail 

or air movement observed in either dataset.  

F.22 The revealed demand datasets contained: 

• 22,519 business observations 

• 15,519 leisure observations 

F.23 Originally the datasets included only the 10 least cost air movements and the 

equivalent rail movement, however this criterion excluded a significant number 

of air movements (often due to the presence of no frills airlines in the data), 

therefore the selection was extended to effectively include all viable air routes. 

The resulting calibration parameters are input into SPASM from the 

[Parameters] sheet of PIP.XLS. 
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G Modelling New Routes and New Airports 

New Airports 

G.1 New airports are termed XX1, XX2 and XX3 in SPASM and may be used or 

not used. These airports can refer to any geographical location. Their physical 

sites will effectively be determined by the NAAM input data.  

G.2 To open a new airport in the model the following steps are required: 

• Travel costs to all 455 districts must be included from a NAAM 

file 

• Catchment must be turned on (normally through an infinite 

catchment value of ‘99999’ and charter attractiveness values 

entered in sheet [Catchment] in ‘AirportData**.xls’
16

). 

• Passenger and runway capacities must be entered in the 

sheets [Cap_Pax] and [Cap_ATM] in AirportData**.xls. 

• Depending on the planned status of the airport, haul types 

must be permitted in the sheets [RR_SH], [RR_MH], [RR_LH] 

and [RR_Chart] in AirportData**.xls. (See below). 

• If I to I interlining is to be permitted, this must be done in 

[Res_II] in AirportData**.xls. 

• If domestic services and Low Cost Carriers are to operate there 

must be ‘seeded’ frequencies by route  included to/from the 

new airport in ‘NetData**.xls’; seeded international frequencies 

are optional as these can start up automatically. See Seeding 

ATM Data. 

• If the new airport is to operate as one of the five possible hubs 

for domestic interlining, this must be permitted in [Dom_Hub] in 

AirportData**.xls. 

Prohibited Routes 

G.3 Using the input file ‘AirportData.xls’, the user can include or prohibit short haul, 

"medium" haul,  long haul, charter and international-to-international routes, 

through the sheets [RR_SH], [RR_MH], [RR_LH], [RR_Chart] and [Res_II] in 

AirportData**.xls. This file enables the closing off of airport specific group of 

routes at selected airports. These matrices are dimensioned by UK airport and 

                                                 

16
 ** Option specific names of AirportData.xls will usually be employed. 
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year. This allows an airport which has a particular haul type prohibited to have 

this type of route in future as a result of a runway improvement. 

G.4 Possible uses of this facility are: overriding the new routes algorithm to 

prevent groups of routes which seem unlikely to be financially viable; or, 

because the ability of airports to serve long-haul destinations is based 

primarily on runway length, preventing the opening up of very long haul routes 

at airports with short runways. The table below shows current runway lengths 

and the indicative lengths of haul which are permitted.  Prohibited routes for 

charter traffic and I-to-I interliners are not split by haul length, an airport is 

either allowed charter or I-to-I traffic in any one year or it is not. If long-haul is 

not permitted at an airport, it is unlikely that I to I interlining will occur there. 

Code Airport Runway 

Length 

Available 

Long Haul 

Available 

‘Medium’ 

Haul 

Available 

Short Haul 

ABZ Aberdeen 1,823  � � 

BFS Belfast 2,777 � � � 

BHD Belfast City 1,829   � 

BHX Birmingham 2,605 � � � 

BOH Bournemouth 2,271  � � 

BRS Bristol 2,011  � � 

CWL Cardiff 2,345  � � 

EMA East Midlands 2,890 � � � 

EDI Edinburgh 2,560 � � � 

EXT Exeter 2,047  � � 

LGW Gatwick 3,316 � � � 

GLA Glasgow 2,658 � � � 

LHR Heathrow 3,900 � � � 

HUY Humberside 2,230  � � 

INV Inverness 1,887  � � 

LBA Leeds/Bradford 2,250  � � 

LPL Liverpool 2,250  � � 

LCY London City 1,199   � 

LTN Luton 2,160  � � 

MAN Manchester 3,048 � � � 

NCL Newcastle 2,330  � � 

NQY Newquay 2,745  � � 

NWI Norwich 1,843  � � 

PLH Plymouth 1,170   � 

SOU Southampton 1,723  � � 

STN Stansted 3,048 � � � 

MME Teesside 2,291  � � 

SZD Sheffield 1,211   � 

PIK Prestwick 2,987 � � � 

EXAMPLE: Prohibiting Routes. Prohibited routes is used to prohibit charter at Heathrow and 

London City; medium and long haul at London City, Sheffield, Plymouth etc.  
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G.5 Prohibited routes in ‘AirportData.xls’ are input on an annual basis, allowing the 

user to open up previously prohibited routes in future years (if for example a 

runway is lengthened) or vice versa.  

G.6 DLL25 also adds a facility to add 'BanYYYY' sheets, where YYYY is any 

model year 1998-2030, which provide 32 airport * 80 destination matrices for 

scheduled, charter and NFCs in which the route can be banned ('1') or 

permitted ('-1').  A typical use is to ban NFCs at LHR from 1998 but permit 

them in the year in which new capacity is provided. The facility can also be 

used to permit NFC routes to specific medium or longer haul destinations in 

future years. See AirportData.XLS (see Section G). 

Catchments 

G.7 The calibrated logit models prevent significant numbers of passengers making 

excessively long surface access trips to airports where more reasonable local 

alternatives exist.  However, users can use the AirportData**.xls’ sheet 

[Catchment] to impose airport surface access catchment area cut-offs in 

minutes travel time on a length of haul basis.  

G.8 Catchments are divided between short and long haul lengths. ‘Medium haul’ 

destinations (e.g. Canada East, US East, Middle East, India and Pakistan) are 

defined as part of the long haul group on this sheet.  I.e. long haul is defined 

as everything that is not short haul. Charter cannot be separately specified -

destinations will be treated according to their haul distance in the main 

international model. The catchments do not apply to domestic traffic which is 

specified globally  in the sheet [Parameters] on PIP**.xls. 

G.9 It follows that values of ‘99999’ (minutes) in [Catchment] indicate that the 

airport has infinite surface access catchment and is therefore open to attract 

this type of traffic. A value in this field for short-haul is required to switch an 

airport ‘on’. Values of 0 will prohibit this class of traffic at the airport and will 

override any entries in Prohibited Routes.  

G.10 Current SPASM modelling practice is to ignore this catchment override by 

using ‘99999’ values at all airports present in the UK system. 
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Opening and Closing Routes  

G.11 Each year after the 1998 base, SPASM tests the viability of existing 

international scheduled and charter routes and tests whether sufficient 

passengers will be allocated to start up viable new routes. In earlier versions, 

no new routes could automatically be started for the domestic and No Frills 

Carrier sectors. These had to be seeded in NetData**.xls. In DLL25 Route 

start-ups now apply to the domestic end-to-end and international NFC sectors. 

This removes the need to seed domestic and international NFC frequencies 

and removes the distortion whereby domestic and NFC routes were not 

subjected to commercial viability tests and could not automatically be 

dropped. Domestic NFCs, however, must still be seeded. 

G.12 Routes can only be started if their range of haul has not been prohibited for 

that airport in AirportData**.xls. 

G.13 Tests for new routes are made in the first two iterations of each year’s 

passenger allocation. These tests use the new year’s demand and shadow 

costs carried over from the previous year are applied, so this is a constrained 

allocation. Tests for route closure are made in the first two iterations and 

additionally after each iteration when a shadow cost solution which fits all 

airports into runway and terminal constraints has been found. This is also 

referred to the ‘kill-em’ test. 

G.14 The procedure for testing for new routes is: 

(a) Test to see whether seeded frequencies for each route. These 

will bypass the testing.  

(b) Test to see whether routes are prohibited out of the airport.  

(c) [Iteration 1] Minimum ATM frequencies are inserted for every 

route which is permitted and not seeded and which does not 

currently operate; the previous year’s modelled ATMs are input 

for existing routes. The minimum frequencies are taken from 

the ‘Larame Route Thresholds’ fields for scheduled and charter 

and for length of haul in the annual sheets in LarNew**.xls. If 

the destination is a single airport, zones 528-548, the minimum 

ATMs tested will be exactly those in the ‘Larame Route 

Thresholds’ fields. However if the destination is part of a route 

group, zones 501-527, the thresholds will be increased 

accordingly by dividing the minimum ATMs by the proportion of 



Rules and Modelling: 
Section G: Modelling New Routes and New Airports  

120419 Rules26a - 82 - 

ATMs in the first airport in the route group taken from the 

LarNew**.xls sheet [Zones] to increase the test frequencies. 

(d) [Iteration 1] An allocation is then performed in the usual way 

with all the new route possibilities open to passengers.  The 

passenger allocation on each route is then tested against the 

‘Minimum Passenger Threshold’ values associated with each 

Larame graph and held on the annual sheets in LarNew**.xls. 

Any new routes passing this test are retained. Existing services 

and single airports have their full allocated demand tested 

against the thresholds; new routes in a route group have their 

allocated demand and their passenger threshold increased by 

the reciprocal of proportion of demand from the major airport in 

the route group. This test favours existing routes. 

(e) [Iteration 2] ‘Failed’ test frequencies are removed and an 

allocation is performed with last year’s modelled frequencies 

and any new minimum frequencies which survived the test in 

(d). The minimum passenger threshold tests are performed 

using the rules in (d). However this time any existing routes 

which fall below the ‘Minimum Passenger Threshold’ values are 

removed. 

(f) [Iteration 2] The resulting passenger allocations are then input 

for Larame processing and new ATMs calculated for surviving 

routes which are used in the subsequent passenger allocation 

iterations to search for shadow cost solutions. 

G.15 During the shadow cost iterations a route can also be closed down if the 

allocation fails the passenger allocation threshold tests which are repeated 

once a shadow cost solution has been found.  

EXAMPLE: Testing For New Routes in Route Groups. The viability of the first route within a 

route group is with a demand of 100,000 is tested by taking the single route threshold at Line 

13 of the appropriate annual sheet of LarNew**.xls and dividing it by the pre-defined proportion 

(in [Zones] in LarNew**.xls ] which is assumed constant across all airports of the total traffic 

accounted for by the first (most popular) route within the route group. 

Assume there are four routes within a route group with the following proportions of traffic 

defined in the LarNew**.xls [Zones]: 

Route Proportion 

1 0.4 

2 0.3 

3 0.2 
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4 0.1 

For single routes the passenger threshold is 100,000.  But for the route group to gain the first 

route within this route group, a total allocated demand of 250,000 (100,000/0.4) for the group is 

required in the first iteration.  If this is achieved, the group route is retained.  A reallocation is 

performed in the second iteration after all non-viable new routes have been dropped. With the 

other test routes dropped, it is likely that more than 250,000 passengers will still be allocated to 

the new retained route in the second iteration.  

G.16 Once a route group has been introduced for the first time at an airport, all 

additional demand for that group is secured through natural growth or through 

diversion from other constrained airports as shadow costs apply.   This is how 

additional routes within a route group would normally be introduced.  The 

definition of numbers of airports in a group is the method by which SPASM 

can model the importance of non-European hubs such as JF Kennedy (part of 

Zone 513 US East) or Dubai (part of Zone 523 Middle East). 

EXAMPLE: Route Groups and non-European Hubs.  Dubai is the primary airport in the 

Middle East zone group. This is a large zone group and this strengthens the importance of 

Dubai as a hub airport. Dubai has the relatively low proportion of 11% of the route group. For 

new route testing frequencies are increased by 1/0.11=9.09 which strengthens the 

competitiveness of this location in the tests. It can be contrasted with Luxembourg which has 

76% of Zone 501 Belgium/Luxembourg. This does not act effectively as a hub because the 

minimum test frequencies are only increased by 1/0.76=1.32. Route group destinations such 

as the Canary Islands and Greece have route group proportions of 1.00 and are therefore the 

least ‘hublike’. 

G.17 However, route start-ups to non-European hubs may be more difficult for 

SPASM to represent than what in practice may happen. The example of the 

effect of ultimate origin and destination demand matrices illustrates that route 

start-ups to destinations such as Dubai will be more difficult because the “hub 

demand” to onward destinations cannot be counted as part of Dubai’s 

demand.  This shortcoming in the current generation of the model may have a 

noticeable impact on allocations to the United States where eastern seaboard 

airports such as JFK (zone 513) act as hubs for the western United States, 

and Miami acts as a hub for the Caribbean and South America. 

G.18 The only distinction made between individual routes within existing route 

groups is in calculating ATMs using Larame graphs Minimum ATM 

Frequencies at Lines 18-21 of the annual graph definition sheets in 

LarNew**.xls .  As with the minimum passenger thresholds, these relate to 

single routes. When calculating numbers of ATMs from passenger allocations 
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for grouped routes, the single route minimum frequencies are divided by the 

proportion of demand accounted for by the individual route i.e. the same 

process as with the passenger thresholds. This means that the first route is 

tested on the assumption that it is supported by the minimum ATMs for all the 

routes in the route group.  

G.19 The proportion of each zone group taken by each of the possible 20 airports in 

a route group zone will affect the frequencies calculated by Larame. This 

effect is best illustrated by an example. 

EXAMPLE: The effect of Route Groups on Frequency. A route group consists of 3 
airports with the following airport shares: 

Airport 1 50% 

Airport 2 30% 

Airport 3 20% 

Minimum Route Passenger Threshold 5000 

1. Using previous frequencies, 20,000 passengers are allocated to the route group zone. The 

Minimum passenger threshold for the zone is 5,000.  

2. The passengers notionally allocated to Airport 1 (20,000 * 0.5 = 10,000) exceeds the 

minimum passenger threshold, this demand is memorised. 

3. The process is repeated for Airport 2 (20,000 * 0.3 = 6,000). This also exceeds the 

minimum passenger threshold and is memorised. 

4. Airport 3 fails the minimum passenger threshold test (20,000 * 0.2 = 4,000). 

5. A total of 16,000 have been allocated to Airports 1 & 2. However the demand allocation of 

20,000 must be retained. The shares are normalised to 20,000 e.g. 20,000/16,000 * 

10,000 = 12,500 passengers are allocated to Airport 1 and 20,000/16,000 * 6,000 = 7,500 

passengers are allocated to Airport 2 

6. Larame calculates the ATM frequencies based on the new passenger allocations to 

Airports 1 & 2. 

7. The revised Larame ATMs are added to provide the route group frequency. 

G.20 It is possible to examine the operation of the tests for new routes through 

debug output. ATM and passenger allocation output can be produced for 

every iteration and every year by switching on ‘Iteration Debug’ in cell [M17] of 

[Parameters] in Pip**.xls. entering ‘1’ will produce files of ATM matrices 

_ATMyyyy_i.xls and interim passenger allocations 

_32by48DemandPaxyyyy_i.xls (where yyyy=model year and i=iteration 

number). This is relatively coarse output which is best loaded into a template 

spreadsheet for analysis. The files comprise three 32 airport * 80 destination 

matrices for scheduled, charter and LCC markets. The first section of the 

matrices are domestic-domestic and are irrelevant for new route testing.  The 

files ATMyyyy_1.xls and ATMyyyy_2.xls illustrate the new route testing 

process. The files _32by48DemandPaxyyyy_1.xls  and 
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_32by48DemandPaxyyyy_2.xls show the demand that has been tested 

against minimum passenger thresholds. Subsequent iterations of ATM 

matrices will be identical until capacity constraints have been ‘solved’ and 

demand re-processed by Larame. They will only alter when Larame has been 

‘called’. The _32by48DemandPaxyyyy_i.xls will vary with every iteration 

because a new passenger allocation is made with every change of shadow 

costs or call of Larame. See the following section. 

G.21 It is also possible to examine this data through ‘Shaditer’ debug facilities in 

Orange. See  the section on Route Level ‘Shaditer’ Output. 
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H Shadow Costs: Suppression and Diversion 

Shadow Costs 

H.1 SPASM converts all passenger costs of air travel into a generalised cost in £. 

Shadow costs are additional costs added into the generalised cost and levied 

per passenger to bring airports within capacity. There are two forms of 

capacity constraint: terminal (passenger) constraints and runway (ATM 

constraints). Terminal and ATM shadow costs must ensure that demand at 

each airport with initial excess demand in that year is reduced to within the 

bounds of the tolerance factor around capacity.   

H.2 Four types of constraint may be requested (via sheet [Parameters] of 

Pip**.xls): 

0. Unconstrained 
1. Terminal (Single) 
2. ATM (Single) 
3. Terminal & ATM (Double) 

Almost all SPASM runs are undertaken are doubly constrained. 

Unconstrained runs have value in allowing the full DETR 2000 Air Traffic 

Forecasts to come through and identify “natural” airport catchment areas in a 

relatively fast allocation.  Singly constrained runs are rare and their main uses 

tend to be diagnostic. 

H.3 All capacities and demand are annual averages. In practice capacities 

assume that as the airport becomes more fully utilised, daily and seasonal 

operational profiles will flatten. Only when average annual terminal and 

runway capacities are breached will SPASM begin to model shadow costs to 

bring the airport back within capacity bounds. These shadow costs will not 

reflect short term pressure on runway slots or terminal facilities, SPASM 

modelling assumes that these are met by re-scheduling of flight times. 

H.4 The base capacities used in SPASM have been defined to accommodate 

1998 actual demands.  Therefore, on an annual basis, physical runway and 

terminal capacities are not exceeded and SPASM assumes there are no 

capacity constraints at any airport in the base year of 1998.  It is recognised 

that in reality, at particular times of the day, week and year, there were 

temporary excesses of demand over supply at some airports in 1998, and this 

intermittent excess continues. 
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H.5 In practice runway capacities are converted into a passenger runway capacity 

i.e. internally taking account of the modelled p/PATM, to give the effective 

number of passengers that can use the runway a year. ATM shadow costs are 

converted by dividing by the p/PATM to give a cost per head. It follows that 

large planes will produce lower shadow costs per head as the ATM charge is 

distributed among more passengers. 

H.6 The rules of counting terminal passengers apply to the application of both 

terminal and ATM shadow costs. For direct or international interlining journeys 

a shadow cost will only be applied once. However at a domestic interlining hub 

a shadow cost will be applied twice (assuming the airport of origin is 

unconstrained) on arrival and departure at the constrained hub.  Similarly I to I 

interliners will be incur a shadow cost twice for using a congested hub. 

Domestic end-to-end passengers will incur one shadow cost if one end of the 

journey is through a constrained airport, and twice if both ends are 

constrained. 

EXAMPLE: Effect of ATM Shadow Costs (1).  An ATM shadow cost at Gatwick (LGW) will 

have different effects on different markets. A charge of £2000 per runway movement would 

equate to a charge of £43.95/head on a 70 seat regional jet with a 65% load factor. The same 

charge on a 400 seat Boeing 747 to North America would equate to a charge of £7.69/head. 

The same charge on a charter 233 seat Boeing 757 to Palma Mallorca with a 90% load factor 

will equate to a charge of £9.54/head. Passengers on the smaller regional jet will be most 

affected by shadow costs and such services will be more likely to be priced off. [Increase of 

plane size is another possible reaction]. The charter passengers have lower values of time. 

The shadow cost will be a greater a proportion of their travel costs and charter passengers will 

be relatively more sensitive to the effects of shadow costs. Rising ATM shadow costs at an 

airport will favour long-haul flights with higher concentrations of business passengers with 

higher values of time. 

The Effects of Shadow Costs 

H.7 Shadow costs have common effects in most markets.   

• they suppress some of the total national traffic  to a particular 

destination as a result of an increase in composite costs; 

• they divert (reallocate) some traffic away to other UK airports 

or other routes as the constrained airport’s competitive position 

worsens; 
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• ATM shadow costs will increase the plane size and p/PATMs 

as larger planes produce lower costs per head;  

• with domestic NFCs DLL25 applies a demand suppression 

elasticity to the total shadow cost at both ends of a domestic 

NFC routes; and 

• in all markets where passenger demand or ATMs are ‘add-ins’ 

(e.g. domestic NFCs in DLL23/24 and freighters) rather than 

allocated through generalised costs, growth in traffic is cut-off 

as soon as a shadow cost is imposed.   

H.8 Within specific markets their effects can vary as discussed below. 

H.9 For international scheduled passengers, as introduced above the impact of 

shadow costs varies depending on whether the route is direct, involves 

interlining via a foreign hub, or interlining via a domestic hub. With direct and 

international interlining routes, shadow costs are applied only at the origin 

airport if this airport is constrained.  The implicit assumption where 

international interlining is concerned is that foreign hubs never face capacity 

constraints – capacity always exceeds the level of demand.  With domestic 

interlining, it is possible that passengers are subjected to shadow costs once 

at the origin airport as a domestic passenger, once at the domestic hub as an 

inbound domestic passenger and again at the domestic hub as an outbound 

international passenger.  The outcome in constrained scenarios is that direct 

and international interlining routes become relatively more competitive than 

domestic interlining routes. Direct routes may be ‘clawed back’ to the regions 

and demand for routes from regional airports to the European hubs will be 

strengthened. 

H.10 International charter and NFC passengers are not provided with the option of 

interlining within the model and so shadow costs are only ever applied once at 

the UK origin airport. However the lower values of time of these passengers 

result in the shadow cost being a larger proportion of the total generalised cost 

of travel, therefore they will be more sensitive to the diversion and reallocation 

effects of shadow costs. 

H.11 There is an intermediate step between suppression and diversion in the 

international no frills carrier (NFC) market.  SPASM provides an option to 

input  a proportion of NFC demand that is abstracted from the scheduled 
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demand.  After the initial suppression step, a proportion of NFC passengers 

can be returned to the scheduled passenger matrices.  This proportion, which 

can be set to zero, is a user input and is directly proportional to the level of 

NFC suppression.  So for example, if the level of NFC demand suppression 

from origin to destination, as a result of an increase in composite costs, is 

10% and the ratio  of re-scheduled to suppressed passengers is set at 1.2:1, 

then a further 12% of NFC passengers would be returned to the scheduled 

demand.  This is in recognition that in the absence of no frills carriers, a 

certain proportion of passengers would have travelled on scheduled airlines 

instead.  

H.12 Shadow costs in the scheduled domestic sector of the model have three 

separate impacts.  

1. Suppression 

2. Diversion 

3. Modal transfer 

H.13 Suppression and diversion within the scheduled domestic air system operate 

in the same manner as for international demand. Although shadow costs are 

possible at both ends of the journey. A modal shift effect is also possible since 

surface transport becomes a more competitive alternative on many air routes. 

 See the description of the domestic model   In short, shadow costs can divert 

trips between domestic air routes but also lose them to surface modes in 

response to relative changes between the total district-to-district air travel + 

surface access/egress costs and the same costs by the surface mode 

alternative.   

H.14 Where ATM shadow costs apply, domestic passengers on many routes will be 

faced with relatively high shadow costs as the cost per ATM is spread over 

fewer passengers on smaller domestic aircraft.   

H.15 I-to-I interlining passengers are faced with shadow costs at constrained 

airports on landing and on take-off. Passengers will only be diverted to those 

airports which do not have I to I interlining prohibited in sheet [RR_II] in 

AirportData.xls. Some of the lost passengers from the UK airport system 

would in reality be diverted to continental hubs. This is implicitly dealt with by 

having a large elasticity of demand with respect to generalised cost. See 

below on I to I elasticity. 
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H.16 Modelling of the domestic NFCs add-in has been substantially improved in 

DLL25 by applying a demand suppression elasticity to the total shadow cost at 

both ends of domestic NFC routes. As domestic NFCs remain an add-in, 

unlike other sectors the elasticity cannot apply to the full shadow cost. The 

new domestic NFC code applies a shadow cost elasticity in the second year 

after shadow costs come on to the change in shadow costs at both ends of 

the route. In the first year of shadow cost growth is simply stopped because of 

the divide/0 problem in calculating the elasticity. When combined shadow 

costs at both ends of the domestic route drop by more than a user specified 

percentage (currently 5%) as a result of new capacity in the system, 

unconstrained demand is restored to the route. 

H.17 Belfast domestic passengers and freight ATMs are all “add-ins”, i.e. they are 

not allocated using the logit formulations used international scheduled, 

charter, LCC and domestic scheduled passengers.  However, it is unrealistic 

to assume that these markets will be resistant to capacity constraints and 

continue to grow.  Therefore, as soon as a shadow cost is introduced at an 

airport, further growth is ‘cut-off’ in these markets.  Domestic NFCs are also 

modelled in this way in DLL23/24. 

H.18 Finally after calculating shadow costs (reallocation) of passengers is made 

through the passenger shadow cost being incorporated as a component of 

surface access cost, i.e. added to the weighted average cost or composite 

cost with the appropriate individual or general model logit coefficient applied.  

It is added to surface access because this is present in all model forms – see 

Types of Logit Model & Calibration. Shadow costs will therefore be scaled and 

included in the calculation of utility irrespective of the model chosen. The 

exception is I to I interliners, where the shadow cost is added to the frequency 

costs because surface access is absent from the I to I logit equation. 

Demand Suppression 

H.19 Suppression is calculated individually across each UK market (each district to 

each foreign destination) segmented by purpose. Composite generalised 

costs are calculated for travel from the UK to the destination by all possible 

airport routes both with and without total airport shadow costs. The change in 

composite cost with and without total airport shadow costs from origin (i) to 

destination (j) is calculated and user input generalised cost suppression 

elasticities are applied and a volume of suppressed demand is calculated.  
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Demand is reduced before the main allocation takes place.  The demand 

suppression equation may be expressed: 

SD(ij) = Dns(ij) - ((CCs(ij) / CCns(ij))^E * Dns(ij)) 

Where: 

•  (ij) = from origin to destination; 

• SD = Suppressed demand; 

• Dns = Demand before shadow costs (unconstrained 

demand); 

• CCs = Generalised costs including shadow costs; 

• CCns = Generalised  costs excluding shadow costs; 

• E  = Elasticity of demand. 

Calculating a passenger’s generalised cost for every possible routing from an 

origin to destination is necessary to derive the composite cost of travel.  In 

most cases, the composite generalised cost will be close to the lowest cost 

option.  

EXAMPLE: Demand Suppression (1). Consider the application of the demand suppression 

on the charter demand from the district (i) of Hammersmith & Fulham (Zone 102) to the 

destination (j) of the Caribbean (part of Zone 522 Latin America). Total demand for this i-j 

movement is 1,606. The charter services to the Caribbean in the forecast year operate from 

Birmingham (BHX), Gatwick (LGW), Glasgow (GLA), Manchester (MAN), Newcastle (NCL) 

and Teesside (MME). There is a £30 per charter passenger shadow cost at LGW. A charter 

demand suppression elasticity of –2.0 is input and the surface access composite cost scaling 

parameter of –0.1 is ‘borrowed’. 

SPASM calculates the composite cost and the demand reduction as follows 

  BHX LGW GLA MAN NCL MME Total 

[1] Utility ns 9.470E-15 6.161E-13 5.978E-19 1.079E-15 7.589E-18 7.026E-18 6.266E-13 

[2] Utility s 9.470E-15 2.064E-14 5.978E-19 1.079E-15 7.589E-18 7.026E-18 3.121E-14 

[3] Cost ns £344.87 £313.19 £430.17 £371.43 £408.70 £409.35 £312.75 

[4] CompCost s £344.87 £343.19 £430.17 £371.43 £408.70 £409.35 £336.73 

[5] Preliminary 
allocation original 
demand  24.30 1,578.90 0.00 2.77 0.02 0.02 1,606 

[6] Preliminary 
allocation reduced 
demand  20.94 1,362.01 0.00 2.39 0.02 0.02 1,385 

[7] Final allocation 
with suppression and 
shadow costs 420.40 916.38 0.03 47.91 0.34 0.31 1,385 

[ns=No Shadow, S=With Shadow;  
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A preliminary calculation and summation of utilities of travel via all available airports without 

shadow costs [1] and with shadow costs [2] is undertaken to illustrate the effects.  Utilities are 

expressed in ‘utiles’ and as the example above shows are very small numbers. E.g. the utility 

of travelling from LGW is 0.0000000000006161(6.161E-13) utiles without shadow costs and 

this drops to 0.00000000000002064 (2.064E-14) utiles with a shadow cost. 

Note only direct routes are available for the charter market. SPASM calculates the generalised 

costs without shadow costs [3] and with shadow costs [4] and calculates their composite (total) 

costs using a logsum formulation and borrowing the surface access scaling parameter of –0.1. 

The effect of composite generalised cost is illustrated.  It can be seen that the composite cost 

without shadow costs (£312.75) is marginally below that of the lowest cost (nearest) airport 

LGW (£313.19). However, the composite cost with shadow costs applied (£336.73) is 

noticeably lower than the generalised cost including shadow costs at LGW (£343.19) reflecting 

that BHX ( £344.87) has become a practical alternative.  

A typical SPASM charter demand suppression elasticity –2.0 is applied to the change in 

composite costs and total demand from the district is reduced from 1,606 to 1,385. Row [5] 

illustrates the preliminary allocation of the full demand using the utilities without the shadow 

costs. Row [6] illustrates the preliminary allocation with the reduced demand.  In neither rows 

[5] or [6] does the shadow cost affect the allocation itself. It is clear that although all airports 

notionally lose demand because of the shadow cost at LGW, most of the suppressed demand 

would have been using LGW. 

In practice the preliminary shadow cost allocation illustrated in rows [5] and [6] is never needed 

in SPASM. The allocation which is used is the reduced demand pool using the utilities in Row 

[2]. that is shown in Row [7] This illustrates the effect of both suppression and diversion with 

the latter typically being larger. 

EXAMPLE: Demand Suppression (2). It might be objected that shadow costs in the South 

East must to some extent affect total demand at all airports. The above example shows that in 

practice this is rarely visible as the re-allocation with shadow costs leads to significant gains of 

traffic at the regional airports, despite the lowering of national demand. The effect is 

demonstrated by examining the same example, but with demand from the Manchester (Zone 

292). 
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 BHX LGW GLA MAN NCL MME Total 

Utility ns 1.974E-14 8.945E-16 1.085E-16 6.561E-13 7.672E-16 9.464E-16 6.786E-13 

Utility s 1.974E-14 2.997E-17 1.085E-16 6.561E-13 7.672E-16 9.464E-16 6.777E-13 

Composite Cost ns £338.38 £370.92 £384.22 £314.80 £367.92 £366.04 £313.76 

Composite Cost s £338.38 £400.92 £384.22 £314.80 £367.92 £366.04 £313.79 

[5] Preliminary allocation 
original demand  173.07 7.84 0.95 5,752.11 6.73 8.30 5,949 

[6] Preliminary allocation 
reduced demand  173.04 7.84 0.95 5,750.96 6.72 8.30 5,948 

[7] Final allocation with 
suppression and shadow 
costs 173.26 0.26 0.95 5,758.30 6.73 8.31 5,948 

In the city of Manchester the £30 shadow cost at LGW only increases the composite 

generalised cost by £0.03. The demand of 5,949 reduces by 1 and there is virtually the same 

allocation, although LGW’s eight Mancunian passengers do divert to MAN. 

Default elasticities of demand currently used in the model are shown below.  

These elasticities can be adjusted by the users through Pip**.xls [Parameters].  

Market Suppression Elasticity 

Scheduled UK Business and Foreign Business -0.8 

Scheduled UK Leisure and Foreign Leisure -1.2 

Charter -2.0 

No Frills Carrier UK  and Foreign Business -1.6 

No Frills Carrier UK  and Foreign Leisure -2.4 

No Frills Carrier Charter -4.0 

International to International Interliners -12.5 

Domestic Business -0.8 

Domestic Leisure -1.2 

H.20 Elasticities for international scheduled passengers with ground origins are 

based on the elasticity of demand with respect to fare used by the DfT in their 

sensitivity analysis of air traffic forecasts, contained in DETR 2000 Air Traffic 

Forecasts.  This sensitivity analysis used an average price elasticity of 

demand for air travel of –1.0, incorporating a higher elasticity for leisure 

markets and a lower elasticity for business markets. Hence the adoption of 

elasticities of  –1.2 and –0.8 for leisure and business respectively.  

H.21 There is no strong economic reasoning to believe that scheduled domestic 

elasticities of demand for air travel will differ from the international elasticities 

and no reference is made to separate domestic elasticities in the DETR 2000 

Air Traffic Forecasts. Given that the modal competition element in the 

domestic sector is not part of the demand reduction calculation, i.e. demand 

reduction is still only derived from the difference between composite cost 
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between two districts with and without total airport shadow costs, there is no 

difference in the way demand reduction operates between international and 

domestic models.  There is the theoretical possibility of shadow costs at both 

ends of the domestic trip. However, this also applies to domestic interlining 

international journeys. 

H.22 In the absence of any existing sources of information, elasticities for charter 

passengers, elasticities are assumed to be the two-third higher than those for 

scheduled leisure passengers to provide intuitively correct magnitudes of lost 

passengers from the UK airports. 

H.23 The I to I interliner market segment has been given an unusually large 

elasticity. Competition  from continental hubs is not specifically modelled but is 

likely to be very strong when constraints are applied at UK hubs. Therefore 

the  I-to-I interliner elasticity has to reflect both a combination of passengers 

lost from the world air system and those continuing to travel but transferring 

outside the UK system to foreign hubs.  The more effective the competition 

from foreign hubs, the higher the likely elasticity.  An elasticity of –12.5 

provides intuitively correct magnitudes of lost passengers from the UK airports 

system in constrained scenarios. 

EXAMPLE: By 2030 the unconstrained allocation gives a total market of 65.2m I to I interliners 

at UK hubs out of 501m total terminal passengers. In a constrained case with maximum use of 

existing runways, but no new runways, the elasticity reduces the total I to I market to 36.6m out 

of 427m total terminal passengers. 44% of I to I demand is suppressed or diverted to overseas 

hubs - this represents 39% of all passenger suppression in this scenario. 

The Shadow Cost Solution 

H.24 A year’s passenger allocation is complete only when it passes three 

sequences of tests. 

1. When all airports constrained by shadow costs have passenger 

allocations within the user input tolerances of the terminal capacity for 

a terminal constraint or its “ATM passenger equivalent” ((capacity – 

freight ATMs)*p/PATM) for runway constraints. All other airports 

without shadow costs must be below their input capacities. At this 

stage the iteration is called ‘solved’. 
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2. When an iteration is ‘solved’ within tolerances, the Larame graphs are 

reprocessed resulting in new ATM forecasts for the solved passenger 

allocation. A ‘GEH’ test
17

 is undertaken to check whether these ATMs 

are still within actual ATM capacity tolerances rather than the “ATM 

passenger equivalent” capacities used for solving or, alternatively, it is 

under a user input GEH value which statistically relates forecast ATMs 

to ATM capacity. If this test is failed it the algorithm recalculates “ATM 

passenger equivalent” capacities resulting from the new ATMs and 

resumes solving iterations to adjust shadow costs. 

3. When an iteration has both solved and passed the GEH test, the ‘kill-

em’ test, which is used to close down non-viable routes in iterations 1 

and 2, is repeated. This test is required to check whether passenger 

allocations have fallen below the minimum passenger thresholds 

contained in the Larame graphs. See testing for new routes. 

If the ‘kill-em’ test is passed, a final allocation is undertaken, Larame is re-

processed, and tests for ‘solving’ and GEHs repeated. If these tests are 

passed the allocation for the year is complete and forecasts are written to 

interface output files.  

H.25 The diagram below illustrates the decision process in solving and completing 

the annual iterations. 

                                                 

17
 The GEH statistic is used in traffic modelling to calculate the goodness of fit of hourly 

modelled against observed flows on roads. It is calculated as Square Root[( ( Observed-
Modelled)^2)/((Modelled+ Observed)*0.5)] . It means that % differences are critical at higher 
flows whereas absolute difference are more important with lower flows. For hourly traffic 
levels a GEH under 4.0 is good. These criteria cannot apply to ATM annual capacities. Here 
research with SPASM has indicated that values of 20.0 are acceptable if the airport is over 
capacity and 28.0 acceptable in the less serious circumstances when the airport has an 
ATM shadow cost but is under capacity. 
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EXAMPLE: The GEH Test. London City Airport (LCY) is given a runway capacity of 73,000. 

After a shadow cost solution, Larame calculates 69,900 ATMs. LCY has a shadow cost and is 

4.2% below capacity and outside the usual tolerance of 3%. If this is the only airport out of 

bounds, the allocation will not solve and iterations will continue. However, numerically the 

difference between capacity and ATMs is not material. The GEH calculated is 11.6 - well below 

the usual maximum acceptable value of 28 - and the iteration is passed as solved.  Conversely 

if Heathrow with an input capacity of 480,000 ATMs was 20,400 ATMs (4.2%) under runway 

capacity a GEH of 29.7 would be calculated and the test and solution failed. 

Tolerance Levels 

H.26 There is no precise mathematical solution to the problem of fitting all 

congested airports precisely to their terminal or runway capacities. 

Consequently, a user specified tolerance level is input whereby the shadow 

cost adjustment process is deemed to be ‘solved’ if the forecast passengers or 

“ATM passenger equivalent” is within the bounds of the capacity plus or minus 

the tolerance level, i.e. where, for terminal capacity: 

100

%)100(

100

%)100( Tol
yPaxCapacitPassengers

Tol
yPaxCapacit

+
•≤≥

−
•   

and for ATM capacity: 

H.27 
100

%)100(

100

%)100( Tol
yATMCapacitATMs
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yATMCapacit

+
•≤≥

−
•  

H.28 The value of Tol% is entered on the [Parameters] of Pip**.xls. It is currently 

set to +/- 3% and as SPASM is currently calibrated, it is not recommended to 

alter this value. Relaxing this parameter may cause instability and difficulties 

‘solving’ later years. 

H.29 In order that SPASM minimises the number of time consuming iterations, and 

finds solutions as efficiently as possible, Pip**.xls also allows the user to enter 

other specialised tolerances and tolerance overrides. 

H.30 Absolute Pax Tolerance for Convergence is a threshold for convergence 

within passenger constraints expressed as actual passengers. It is designed 

to allow small airports which may fail the tolerance test, but which are not 

significantly over or under-capacity, to be solved. It applies to both terminal 
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passengers and “ATM passenger equivalents”. It does not exempt the airport 

from the GEH ATM tests. 

EXAMPLE: Absolute Passenger Tolerance. London City Airport (LCY) is given a terminal 

capacity of 5,000,000 passengers. The tolerance range of +/- 3% will allow shadow cost 

solutions between 4,850,000 and 5,150,000. However, specifying an ‘absolute pax tolerance 

for convergence’ of 250,000 will allow solutions in the range 4,750,000 to 5,250,000 at this 

airport. An absolute  pax tolerance of 250,000 will in practice be effective in overriding the +/- 

3% tolerance for airports with capacities up to 8.33mppa. 

H.31 Maximum GEH for ATM Overcapacity Convergence and Maximum GEH 

for ATM Undercapacity Convergence are the values used in the GEH ATM 

tests described above. The under-capacity value is often set higher because 

this condition is less critical. The standard GEH criteria values are 20.0 for 

over-capacity and 28 for under-capacity. If these values are relaxed (raised) 

further, years may complete with unstable solutions where ATM and 

passenger numbers at constrained oscillate from year to year. 

H.32 Terminal Tolerance for ATM solution. SPASM has a control, 

‘Runway/Terminal Constraint Switch Buffer’ designed to stop highly 

constrained airports switching between runway and terminal constraints and 

introducing instability in the results. When SPASM tests to determine the 

binding constraint at a congested airport which has been subject to runway 

constraints – see below – it increases the terminal capacity by the user 

entered constraint switch buffer %. A typical value for this buffer is 12%. This 

relaxation is only made for the selection of binding constraint test. The 

terminal passenger capacity tolerance itself is not relaxed.  SPASM 

recognises this special situation where an airport is in the buffer zone where it 

would normally have switched to a terminal constraint, but is attempting to 

potentially solve both ATM and terminal constraints when the terminal would 

normally have been the binding constraint. Under these circumstances only, 

the terminal passenger terminal tolerance is increased by the value entered in 

“Terminal Tolerance for ATM solution” while the standard tolerance is retained 

for ATMs and all other airports. This is a useful device for dealing with difficult 

‘stuck’ iterations, but should be used only by experts and with reference to 

‘Shaditer’ output to avoid introducing instability into the results. 

H.33 An example of searching for a shadow cost solution is given as an example in 

the section on understanding Shaditer output. 
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Capacity Check and Binding Constraint 

H.34 At the start of each iteration and at each airport SPASM checks to determine 

whether the number of allocated passengers exceed the terminal capacity 

and/or whether the number of passengers exceed the “ATM passenger 

equivalent” runway capacity.  If only one limit is reached this will be the 

binding constraint for that airport. If both capacities are breached, the lower of 

the terminal and the “ATM passenger equivalent” runway capacities will be 

selected.  SPASM will start to solve at the airport with the greatest difference 

in absolute passenger numbers between capacity and allocated passengers. 

See also the section below ‘Understanding Shaditer Output’. 

H.35 The consequences of changing the binding constraint at any airport can have 

a serious effect on the final forecasts and it is not something SPASM does 

lightly. See the preventative measures built into SPASM under Terminal 

tolerance for ATM Solution. If an airport has been previously solved with an 

ATM shadow cost, the charge will have been converted internally to a charge 

per head on each plane. Therefore larger planes, where the charge can be 

distributed amongst more passengers, will be more economic and should 

become increasingly prevalent at airports with ATM shadow costs. A switch to 

terminal passenger costs will undo this advantage and favour routes operated 

by smaller planes, resulting in implausible year on year changes to the route 

networks operated by airports if binding constraints keep changing. The issue 

can be best illustrated by continuing the earlier ‘Effect of ATM Shadow Cost’ 

example. 

EXAMPLE: Effect of Switching between ATM and Terminal Shadow Costs. The £2000 

ATM shadow cost at LGW equates to a charge of £7.60/head on a Boeing 747 to North 

America, and  £43.95 on a 70 seat regional jet .[See ‘Effect of ATM Shadow Cost example]. If 

Gatwick switches to a terminal constraint and the average p/PATM at LGW was 140, the 

terminal shadow cost would be calculated as £2000/140 =  £14.29 per head. Therefore the 

total shadow cost of the 65% loaded 400 seat Boeing 747 leaving the runway at Gatwick is  

considerably more than the previous ATM shadow cost: (£2000/PATM) * 400 * 0.65 = £3714. 

The total cost of the regional jet is much lower than the previous ATM shadow cost: 

(£2000/PATM) * 70 * 0.65 = £650. As a consequence routes tending to be operated by smaller 

planes become more viable again and the mix of routes operated by Gatwick becomes 

unstable. 

H.36 If the runway constraint is binding i.e. an ATM shadow cost is to be applied, 

seat factors are increased by 1% (and by 1% p.a. in the two subsequent 

years) and the number of seats per aircraft are increased by 1.6% (and by a 



Rules and Modelling: 
Section H: Shadow Costs: Suppression and Diversion 

120419 Rules26a - 100 - 

further 1.6% p.a. in the two subsequent years).  ATMs are then recalculated 

on this basis. This provides an additional boost to p/PATMs at constrained 

airports in addition to those which would be automatically effected by the 

Larame graphs.  Only if ATMs are still in excess of runway capacity, is a 

shadow cost per ATM is applied.  This process is not repeated every year or 

every iteration. It only takes place in the first year (and two subsequent years) 

when shadow costs are applied at any airport. If a new runway is built and 

shadow costs are cancelled and return some years later there is no further 

additional increase in plane size. However, if a shadow cost comes on and 

then goes after say one year, then the increase in plane size/load factor only 

occurs for a year. If shadow costs come back after this then an increase will 

be re-applied for 2 years. The percentage increases above are at present 

hard-coded and are thus almost the only variables which cannot be adjusted 

by experts; the pragmatic reason for this has been to restrict the risk of 

instability caused by switching between ATM and passenger constraints. The 

values may become user input in future releases of SPASM.  

Searching for Airport Shadow Cost Solutions 

H.37 Shadow cost selection is the iterative process required to arrive at a solution 

which ensures all airports with binding constraints have allocated levels of 

demand within the tolerance levels of capacity. The process is a complex one 

and is best understood by using the expert ‘Shaditer’ output which provides 

data on all stages of the iterative selection of shadow costs. This section 

describes the process. But the illustrative examples of Shaditer output below 

provide the most transparent exposition of the process.  

H.38 The algorithm ‘solves’ on an airport by airport basis, one airport at a time  It 

first ‘solves’ for the airport where demand most exceeds capacity and 

continues until all constrained airports’ demand is within capacity plus or 

minus the tolerance level (see below).  Since the algorithm solves on an 

airport by airport basis, it is possible that an airport which has been ‘solved’ 

once becomes ‘unsolved’ due to shadow costs changing elsewhere.  [For 

example, in constrained scenarios ‘solving’ Heathrow often has the effect of 

pushing Gatwick out of bounds and vice versa]. The model simply continues 

to move around the airports until all are ‘solved’. See also ‘Understanding 

Shaditer Output’.   

H.39 A key principle in the search for effective shadow costs is that only one 

airport’s cost is varied in any one iteration.  A second guiding principle is that 
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only one major variable, the passenger allocation, can vary in any one 

iteration while shadow costs are being adjusted. This is important. Each trial 

allocation with a new shadow cost theoretically justifies a new Larame forecast 

of numbers of ATMs. This in turn implies a new p/PATM and therefore new 

“ATM passenger equivalent” runway capacities. This would hugely extend the 

search for effective shadow costs. Therefore no Larame analyses of the 

passenger allocations, and therefore changes to ATMs and runway passenger 

equivalent capacities, are made until all the airports have been solved.   

H.40 The shadow cost selection iterative process starts in the third iteration once 

the new route algorithm has been applied (iteration 1) and any non-viable 

existing routes have been removed (iteration 2).  Testing For New Routes 

uses the new year’s demand. Any shadow costs carried over from the 

previous year are included from the first iteration, making  this is a constrained 

allocation. However no adjustments are made to shadow costs to fit 

constraints until at least the end of the 3
rd

 iteration.  

H.41 For descriptive purposes, and for understanding ‘Shaditer’ output, a shadow 

cost adjustment iteration is arbitrarily defined as starting with a passenger 

allocation and terminating with the selection of a new shadow cost per 

passenger to apply in the next allocation.  

H.42 The third iteration comprises a sequence of stages. 

(a) It performs a passenger allocation with the new year’s 

increased demand still using the previous year’s shadow costs 

but with a new network of surviving viable routes from iterations 

1 and 2. 

(b) It then checks whether any airports have changed their 

terminal or runway capacities by more than 10%, if these 

have been changed the algorithm will initially cancel all shadow 

costs at that airport for that type of constraint i.e. increasing 

runway capacity will not cancel a terminal shadow cost. The 

value of 10% is hard-coded. 

(c) Existing terminal shadow costs are also initially cancelled if 

allocated demand has fallen below 90% (hard-coded) of 

terminal capacity, with runway shadow costs cancelled if they 

are 90% below the last calculation of “ATM passenger 

equivalent” runway capacity. 

(d) SPASM then uses last year’s carried over ‘solved’ p/PATM 

values to calculate the “ATM passenger equivalent” runway 



Rules and Modelling: 
Section H: Shadow Costs: Suppression and Diversion 

120419 Rules26a - 102 - 

capacity. Previous year’s p/PATMs which used previous year 

demand are preferred to those produced by the new route 

checks in iterations 1 & 2 as they are based on a converged 

solution.  

(e) At this point the current values of all relevant variables 

(including current allocations, capacities and shadow costs) are 

written out to the ‘Shaditer’ output file. 

(f) With passenger and terminal capacity now in equivalent units 

(passengers), a check is made to determine what is the binding 

constraint for each airport that is over-capacity, or under-

capacity but has a shadow cost, or any airport that had a 

shadow cost carried over from the previous year. Special rules 

are applied to reduce the number of occasions over-capacity 

airports switch from runway to terminal constraints. 

(g) A check is made to determine whether any airports are out of 

the tolerance bounds and if there is any need to adjust shadow 

costs. 

(h) If the tolerance check is failed, the airport which has the 

greatest absolute number of over/under-capacity runway 

equivalent passengers is selected as the first airport for 

shadow cost adjustment. 

(i) The shadow cost at the most over-capacity airport is adjusted 

according to rules which are described in the sections on 

‘Goalsearching’ and ‘Binary Chopping’. 

(j) For use in the logit model for the next passenger allocation, the 

test shadow cost must be converted into units of cost per 

passenger; no action is required for terminal shadow costs; 

ATM shadow costs are converted to equivalent passengers 

costs by reverse Larame processing using ATMs as an input 

(ATMs are normally the output) to interrogate the Larame 

graphs to forecast plane sizes on a route by route basis; plane 

sizes are then used to give an accurate conversion of shadow 

cost per head on a route by route basis. 

H.43 The basic sequence is broadly similar for subsequent iterations, but there 

will be key differences depending on the progress of the search.  

• In certain circumstances Stage (a) may not necessarily use the 

route network of ATMs, output by iteration 2.  If the sequence 

of iterations have previously ‘solved’ but failed a GEH or ‘kill-

em’ test, Larame graphs will have been processed and the 

ATMs and “ATM passenger equivalent” runway capacities will 

have altered. 
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• Stages (b) and (c) are not repeated in subsequent iterations for 

that year. 

• Stage (d) may also use ATMs and “ATM passenger equivalent” 

runway capacities from the last converged solution which 

initiated a Larame calculation. After a ‘failed solution’ p/PATMs 

used in the runway capacity calculation will be taken from the 

converged but failed solution rather than the previous year. 

• Stage (h) will only be initiated when the airport currently solving 

has been solved. SPASM will continue to adjust the shadow 

costs at the same airport until it solves, even though it is no 

longer necessarily the most out-of-bounds airport. 

H.44 For details on how the iteration process terminates, and the tests it needs to 

pass, refer to the ‘Shadow Cost Solution’ above. 

‘Goalsearching’ 

H.45 SPASM’s default method of searching for an effective shadow cost is 

‘goalsearch’. An effective shadow cost is that value which fits the out of 

capacity airport within the user specified tolerances – currently set within the 

range 97%-103% of capacity. In practice there are a range of shadow costs at 

any airport which will achieve this. There are some  detailed exceptions to 

these ranges: see Tolerance Levels. 

H.46 In its simplest form the principle of goalsearching is to adjust the shadow cost 

in proportion to the % over or under-capacity. The % applied is normally 

modified by a user specified ‘elasticity’ factor. These are the ‘Goalsearch Pax 

Shadow Cost Elasticity’ and ‘Goalsearch ATM Shadow Cost Elasticity’ on the 

[Parameters] sheet of Pip**.xls. The latter is a user input which is usually set 

at 2.0. Therefore if an airport is 7% over capacity the shadow cost will be 

increased by 14%; alternatively if the airport was 5% under-capacity (but still 

had a shadow cost) the shadow cost would be reduced by 10%. 

H.47 Goalsearch will switch to searching by adding or subtracting default shadow 

cost increments if the increment calculated by goalsearch is less than a user 

input minimum permissible step. This ‘Minimum Pax/ATM Goalsearch Step’ 

is input in sheet [Parameters] of Pip**.xls. This variable is used to prevent 

goalsearch using ineffective and wastefully small % adjustments in the search. 
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 The basic search increments are also entered on [Parameters] of Pip**.xls. 

and depending on the binding constraint are either: 

• ‘ATM Shadow Price Increment’ 

• ‘Airport (Passenger) Shadow Price Increment’ 

H.48 Typical values of the ATM and Passenger Shadow Price Increments are £100 

and £2.00 respectively.  Users may frequently reduce these increment search 

values to unblock ‘stuck’ allocations; however in general smaller steps mean 

longer run times and the indicative values above strike a practical balance 

based on recent experience. The current value of the ‘Minimum ATM and Pax 

Goalsearch Steps’ are £50 and £5 respectively. In practice users rarely, if 

ever, change these parameters as their main function is internal, controlling 

whether SPASM searches with % or incremental step adjustments to shadow 

cost. 

H.49 If the airport has not previously had a shadow cost or the shadow cost has 

been cancelled because there has been more than 10% change in capacity, 

SPASM will search in steps of the ATM and Passenger Shadow Price 

Increments. 

H.50 Goalsearch become inefficient when searching for very low values.  This 

normally occurs when more capacity has been introduced into the system and 

shadow costs drop at a number of airports which have congestion relieved.  It 

is not a problem at the airport with the expanded capacity, because providing 

more than 10% capacity is added, the shadow cost is automatically cancelled. 

However, elsewhere both search algorithms have difficulty in cancelling 

shadow costs.  In practice ATM shadow costs below (say) £5 or terminal costs 

of below 5p may be deemed ‘spurious’ and effectively equal to zero.  The user 

has a facility to input threshold values in [Parameters] of Pip**.xls as 

‘Minimum Permissible Pax Shadow Cost’ or ‘Minimum Permissible ATM 

Shadow Cost’ These will be deemed as insignificant shadow costs and when 

the test shadow cost is adjusted below these limits, the shadow cost will be 

cancelled and the airport deemed solved. 
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‘Binary Chopping’ 

H.51 Under certain circumstances SPASM will switch from the goalsearch or 

incremental step algorithms to the ‘binary chop’ method of solving.
18

 SPASM 

will do this when it detects that goalsearch may not converge on a solution. 

Binary chopping will normally be activated when the previous three goalsearch 

iterations have produced a sequence of passenger allocations which indicate 

that the shadow costs tested are jumping over the probable solution for the 

airport because successive allocations are either: 

1 Under the capacity  

2 Over the capacity  

3 Under the capacity  

or: 

1 Over the capacity  

2 Under the capacity  

3 Over the capacity  

H.52 As with goalsearching, shadow costs and Larame ATM forecasts are held 

constant at all other airports while different shadow cost values are tested.  

The binary chop algorithm is used much less frequently than the goalsearch. 

The algorithm is outlined below.  

• The shadow cost is raised by the ATM or passenger shadow 

price increment;  

• if allocated demand still exceeds capacity, the test shadow 

price is doubled; 

• doubling continues until either a solution is found or until 

demand falls below capacity; 

• if demand drops below capacity, SPASM detects that a solution 

lies somewhere between the previous two iterations; 

• the adjustment rule switches to ‘subtract the absolute value of 

0.5 times the step at the previous iteration’; 

• this procedure continues until either a solution is found or 

allocated demand switches above the upper capacity threshold; 

  

• in the latter case  the adjustment rule becomes ‘add the 

absolute value of 0.5 times the step at the previous iteration’. 

                                                 

18
 Binary Chop is a standard computer algorithm for finding a value in a sorted list by 

doubling and halving the test value. 
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• if the first application of the shadow cost pushes demand at the 

airport under the capacity tolerance threshold the adjustment 

rule is to ‘subtract the absolute value of 0.5 times the step at 

the previous iteration’, this rule remains while allocated demand 

is below capacity; 

• if demand switches back above the capacity tolerance 

threshold, the rule reverts to ‘add the absolute value of 0.5 

times the step at the previous iteration’. 

H.53 Occasions will arise when the solution binary chopping needs to locate is £0, 

but the above procedures cannot converge on this value. Here the procedure 

becomes:  

• if demand remains below capacity after three iterations (or 

when the shadow cost has been halved three times), the 

shadow cost is set back to zero; 

• if a zero shadow cost results in demand then rising above 

capacity, the equilibrium shadow cost can be found using the 

regular chopping rules outlined above. 

H.54 Like goalsearching, binary chop will have difficulty searching with very low 

values where increased capacity elsewhere in the system results in reduced 

and cancelled shadow costs at other airports. See above ‘Minimum 

Permissible Shadow Costs’ for detail of how values can be entered in Pip**.xls 

[Parameters] to curtail such search iterations  

Understanding ‘Shaditer’ Output 

H.55 As SPASM runs it creates an interface shadow cost diagnostic file 

‘Shadowiterationyyyy.xls’ for every year where yyyy is the appropriate year.  

This file contains details of all the shadow cost adjustments in all the iterations 

and can be read into Orange**.xls for relatively user friendly interrogation by 

switching on the Shadow Cost Iteration Output option. This will create a file 

called nnnShaditer.xls where nnn is a user specified prefix for the Orange 

run.  Such files provide insights into the internal workings of the shadow cost 

algorithms and the means by which all airport passenger allocations are fitted 

to passenger and terminal constraints. 

H.56 The example below illustrates the 4
th
 and 5

th
 iterations of a typical constrained 

run. The columns of output data are described with the illustrative output 

below.  
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EXAMPLE: GoalSearch Adjustment.  LHR is identified as the most over-capacity airport in 

iteration 3. Although LGW is 5.2% (1,808,700 pax) over ATM equivalent runway capacity, in 

absolute terms the 4.1% (3.046,400) over ATM capacity at LHR is greater. [Box a]. Note that 

ATM passenger equivalent runway capacity at LHR is calculated as 480,000 (ATM capacity) – 

1,784 (freight ATMs) * 155.0 (CapPATM) = 74,110,304 equivalent passengers. The CapPATM 

value is from the previous year’s solution.  

After the printing of iteration 4 output, the trial shadow cost is changed at LHR only. The new 

goalsearch ATM shadow cost value is set at £3,346  [Box b] through the calculation (1 + 

(.041.2 * 2) * £3,042) = £3,346 where 0.041 was the degree of over-capacity at LHR and 2 was 

the Goalsearch ATM Shadow Cost Elasticity’ input by the user on the [Parameters] sheet of 

Pip**.xls.  As a result of this adjustment LHR is solved as it is brought into its runway capacity 

with the iteration 5 passenger allocation being 101.3% of ATM passenger equivalent runway 

capacity. [Box c]. As a result of this shadow cost the allocation at LGW is 107.3% of ATM 

passenger equivalent runway capacity. Iteration 5 concludes by determining that the next 

adjustment will be to increase the ATM shadow cost at LGW  

a 

b 

c 

 

Colum
n 

Title Data 
Sourc

e 

Description and Notes 

A Airport 
Code 

Orang
e 

The filter arrow at the head of this column provides a useful diagnostic tool for 
examining the progress of a single airport through each iteration. Click on the filter 
button and select an airport code from the pull -down menu. Note that if the file is 
saved with this filter on it will take considerably longer to open. 
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Colum
n 

Title Data 
Sourc

e 

Description and Notes 

B It No. Orang
e 

Iteration Number. Again a filter button is provided with this column. Click on this and 
select an iteration number as a quick way of going to a particular iteration. 

C ATM Cap SPAS
M 

Total ATM/Runway capacity for the year. This should be directly reported from the 
input Airports file sheet [CAP_ATM]. This number will never vary through the 
iterations. 

D Pax Cap SPAS
M 

Total Passenger/Terminal capacity for the year. This should be directly reported 
from the input Airports file sheet [CAP_PAX]. This number will never vary through 
the iterations. 

E Pax SPAS
M 

Modelled/Allocated Pax. These numbers can be compared directly with Pax Cap but 
they will vary every iteration in which a passenger allocation is made. 

F Pax ATMs SPAS
M 

Passenger ATMs, i.e. all ATMs excluding freight [and add-ins?]. This is a very 
significant column of data for analysis. When this number changes (best viewed 
with the Col A airport filter on) it indicates a ‘Larame Call’ i.e. plane sizes have been 
recalculated on the basis of a previous solved iteration.  

Iterations where modelled ATMs changed are shaded blue. Iterations prior to an 
ATM change has boxed text coloured green. If a blue cell appears in a block of blue 
shaded cells, this indicates that this is a ‘solved’ iteration but the isolated blue cell 
indicates that a ATMs have been reduced because route(s) did not pass a 
passenger threshold test.  

G Freight 
ATMs 

SPAS
M 

Prior to the calculation of runway/ATM capacity these ATMs are subtracted from the 
input capacity in Col. C 

H Total 
ATMs 

Orang
e 

Sum of Columns F & G 

I Runway 
PaxCap 

SPAS
M 

The ‘ATM Passenger Equivalent’. ATMs must be converted to passenger 
equivalents to compare terminal and runway capacities in the same units in order 
that the program can determine which constraint is ‘binding’ at any over-capacity 
airport. It will only be reported from iteration 4 onwards as shadow costs are 
adjusted. 

Runway PaxCap is calculated by SPASM in two separate ways depending on the 
solving status: 

1) If no shadow cost solution to airport capacity has yet been found, it is 
calculated as: 
(ATMCapacity-Freight)* PATMu-1 

where: y-1 is the final ‘solved PATM from the previous year reported by Orange in 
Col J 

2) If a shadow cost solution has been found in the previous iteration (i.e. the 
previous iteration has been shaded blue) the Runway PaxCap is calculated as: 
(ATMCapacity-Freight)* (PaxI-1/PaxATMs(I-1)) 
where I-1 is the previous ‘solved iteration. The Runway PaxCap will be recalculated 
because the solved iteration has failed the ATM Test. 

J PATM Orang
e 

Pax per ATM. This is the current PATM i.e. the current variable pax allocation/fixed 
ATMs. It is not the PATM used in the calculation of Runway PaxCap. However the 
final value calculated in this field on a solved run will be carried forward for the 
calculation of the Runway PaxCap in the next year. 

K Suppress
ed 

SPAS
M 

Demand allocated at the airport on the demand suppression allocation which is 
priced off. 

L Solved? Orang
e 

% Pax Demand / Capacity at airport where there is a shadow cost in force. This 
calculation is in passenger equivalent units. Capacity will be either Pax Cap or 
Runway Pax Cap dependent on the binding constraint.  If < 97% or > 103% (the 3% 
solving tolerance) this figure will be in bold italics. 

M ATM Test Orang
e 

% Tot ATMs/ATM Cap if solved 
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Colum
n 

Title Data 
Sourc

e 

Description and Notes 

N GEH Test Orang
e 

Calculated GEH value. This will only appear when a solution has been found and 
Larame has been called to recalculate ATMs.  

O Pax 
/Term 
Cap 

Orang
e 

Col E/Col D. This is the proportion of terminal capacity taken up at all airports and 
not just those with shadow costs  (Col L). 

P Pax 
Runway 
Pax Cap 

Orang
e 

Col E/Col I. This is the proportion of ‘ATM Passenger Equivalent’ runway capacity 
taken up at all airports and not just those with shadow costs. 

Q TermPax
£ 

SPAS
M 

Value (if any) of current terminal shadow cost. 

R ATM£ SPAS
M 

Value (if any) of current ATM shadow cost 

S ATMPax£ Orang
e 

Col R/Col J. Current ATM shadow cost per passenger using current PATM. 

T Solve 
Status 

SPAS
M 

1= Iterations 12,3 or shadow cost adjustment; 2=Larame has been called and a ‘kill-
em’ test is being performed; 3=Larame has been called and a GEH test is being 
performed. 

U CapPAT
M 

SPAS
M 

This is the p/PATM value which is used to calculate the ‘ATM Passenger Equivalent’ 
runway capacity. It will be the p/PATM from the previous year if there has not been 
a ‘failed solution. 

V AP 
solving 

Orang
e 

The code of the airport being solved on this iteration. 

W SearchTy
pe 

SPAS
M 

‘Chop’ may be output here if SPASM has switched form its default goalsearch to 
binary chopping. 

H.57 It is often worthwhile to examine the progression of all the shadow cost 

increments through using the airport filter in Column A to select one airport. In 

the example below, the airport which took longest to solve, BHX, is used to 

filter the output and all 11 iterations are shown. 
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EXAMPLE: Filtered Shaditer Output. This example only reports the iteration data for 

Birmingham (BHX) but is possible to follow what is going on elsewhere. In the last example 

Heathrow (LHR) was solved by iteration 5’s shadow cost adjustment leaving Gatwick (LGW) 

as the airport to be solved in iteration 6. Goalsearch solved LGW with a single adjustment. 

BHX becomes the next most over-capacity airport to solve. 

BHX is a complex case. It is 3% over ATM passenger equivalent runway capacity after the 

solving of the London airports and 9.5% over passenger terminal capacity, but it has inherited 

an ATM shadow cost of £200 from the previous year’s solution. The Runway/Terminal 

Constraint Switch Buffer  value in Pip**.xls (see Terminal tolerance for ATM Solution) has 

been set at 1.12 to prevent binding constraints changing prematurely and introducing year on 

year route instability. BHX falls within this buffer region. SPASM therefore has to use ATM 

constraints to fit BHX’s over-capacity terminal. As an ATM shadow cost is being used it must 

also find a solution within tolerances of 97%-103% for runway capacity. 

SPASM has to work harder to solve BHX. The goalsearch algorithm determines to solve BHX 

in incremental steps. A £500 ATM cost is effective in bringing the terminal to within 0.1% of 

capacity, however at this charge, the runway ATM equivalent passengers are 94.2% and 

SPASM cannot accept this solution because BHX still has an ATM shadow cost. Therefore the 

ATM shadow cost is adjusted downwards in £20 increments until the runway is at more than 

97.0% of capacity. This is achieved by iteration 16. At this solution the passenger terminal is 

3.4% over-capacity. However the user has input a standard ‘Terminal Tolerance for ATM 

solution’ value of 1.04%. SPASM recognises that this is the special case of trying to fit an over-

capacity terminal with an ATM shadow cost and accepts a solution of up to 4% over terminal 

capacity. 

Having completed BHX, Stansted (STN) and LCY (London City) in single goalsearch 

adjustments in iterations 17 and 18, all airports are within tolerances and the year is ‘solved’ at 

the end of iteration 18. A Larame calculation is made to undertake the ‘kill-em’ test to remove 

unviable routes resulting from the new ATM forecasts in iteration 19. Nothing changes at BHX 

(although one route was removed at LGW). Finally a new allocation is made in iteration 20 

using the post- ‘kill-em’ route frequencies and this allocation is used to re-forecast ATMs using 

Larame. The re-forecast ATMs are checked with the GEH test to insure that actual ATMs 

(rather than ATM equivalent passengers) fall within +/- the 3% tolerance or GEH limits of the 

ATM runway capacity. All airports pass this test and the year is finished and forecasts are 

written to the output interface files. 

H.58 This style of looking at Shaditer output, through the sequence of shadow costs 

at the airport SPASM is trying to solve is the recommended method of 

resolving ‘stuck’ iterations by identifying changes which can be made to the 

global model parameters in [Parameters] on Pip***.xls. 
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Route Level ‘Shaditer’ Output 

H.59 It is possible to extract expert iterative diagnostics at a route level. This output 

is not usually filled on most ‘Shaditer’ output, as it requires the .DLL to be run 

in ATM debug mode to provide the necessary files of ATM matrices 

_ATMyyyy_i.xls and interim passenger allocations 

_32by48DemandPaxyyyy_i.xls  (where yyyy=model year and i=iteration 

number).  

H.60 The output is activated in Orange by specifying a world destination zone (501-

548) adjacent to the field for switching on the Shadow Cost Iteration Output 

option. The iteration route level data can only be presented for one route at a 

time. The example below shows route level iterative data for zone 530 

(Amsterdam) for the same 2011 example run as the main Shaditer example. 

 

H.61 The output fields of iteration by iteration ATMs, passenger allocations and 

implicit p/PATMs are relatively self-explanatory. They are principally used for 

expert investigations of the effect of changing shadow costs or switching of 

constraints on route stability as a route level. 
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Airport Supplementary Costs 

H.62 A facility is provided in AirportData**.xls [Supp_Cost] to enter airport 

surcharges. These can be entered by airport and by forecast year in 

£/passenger which will be inserted into the generalised cost equations and 

logit models. Airport supplementary costs may represent environmental or 

similar taxes used to internalise external costs.   

H.63 Supplementary costs are treated the same as a terminal shadow cost in the 

passenger suppression and passenger allocation processes. Like shadow 

costs,  they will suppress overall demand and divert passengers away from 

congested airports. Resulting  levels of shadow costs will be reduced 

independently of any changes to airport capacity. Unlike shadow costs, which 

are cancelled when an airport expands capacity, supplementary costs will be 

retained. 

H.64 Care should be taken in testing supplementary costs as the results will not be 

compatible with other model runs if the shadow costs are being used as inputs 

to economic appraisal. Supplementary costs should only apply to airport 

specific charges such as local air quality and noise taxes. Market wide taxes 

such as levies on aviation fuel may be less appropriate for implementation in 

SPASM by airport supplementary charges. Demand reduction through 

[NatGrowthModel] in Distgrowth3.xls is more appropriate. Advice should be 

sought from the DfT on appropriate levels for charges and the suitability of 

alternative mechanisms for taking account of externalities. 
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I PIP – The User Input Interface 

I.1 As introduced in Section A, SPASM is run by the user from the PIP***
19

.XLS 

Excel spreadsheet.  SPASM itself has been written in the C++ programming 

language and is the executable program file MFCDLLnn.DLL. The C++ 

program cannot directly read Excel spreadsheets so PIP***.XLS prepares and 

organises some 79 ‘.BIN’ binary files which contain the input data in a format 

intelligible to the C++ .DLL program.  

I.2 Many input variables throughout both Pip.xls and the other user input will not 

normally be edited by users other than experienced model developers. These 

facilities or variables are marked as [EXPERT]. 

Setting Up A SPASM Run: Pip [SetUp] 

I.3 The sheet [SetUp] of Pip***.xls contains the paths and filenames of all the 

spreadsheets where the input data and parameters for the model are kept 

(cells B2 to B20).  It also contains a description of the types of data in each 

file, the sheets within the files where the data can be found, cell references for 

the start of the data within these sheets, and the name of the binary files 

created from the data, that are read by SPASM.   

I.4 An example of the key fields for specifying input files, directing the output and 

setting up a batch run is shown below. 

 

                                                 

19
 *** Various generations of Pip are used to denote different versions/generations of the file. 

Different versions may exist to operate different versions of the main .DLL file or because of 
the need for slightly different versions to run on different PC operating systems. Currently 
the standard file for running the most recent .DLL on a Windows 2000 platform is 
PipGo25.XLS. 
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I.5 Input files can be opened for inspection by double-clicking on their names. 

I.6 In DLL25 SCAM is no longer required as an input file. Logit coefficients are 

hidden on Pip and flight times have been moved to NetData and charter 

attractiveness parameters to the AirportData file. 

I.7 The three Excel Macro buttons in Column D activate SPASM: 

• Prepare Binary & .SAS Transfer Files  prepares input 

data for a run or a series of files for a batch run. It does not by 

itself start a run. This button reads all the user specified files in 

cells [B2:B20] into binary transfer files. It creates a .SAS file in 

the directory given in cell [B21], with the filename prefix given in 

cell [B22].  If any of the Excel spreadsheets named in [B2:B20] 

do not exist on their specified paths, a visual basic error 

message will normally be generated. If this happens, the most 

reliable way to identify the input file in [B2:B20] which cannot 

be opened is to use Excel ‘Window’ menu facility to see which 

spreadsheets are open, and which was the next spreadsheet 

due on the list to open. 

� If batch runs are being set up the user must make a series of 

runs with this button to set up binary and .SAS files, always 

changing the Output Path For Transfer Files for every run as 

multiple SPASM runs cannot be placed in the same 

directory/folder. 

� This option can be used to create individual binary files for 

customised restarts. Change Cell [E1] to '0' and enter a 1 

against the appropriate binary file(s) in cells range [G24:G103] 

• Start Batch Run: This button will pass down the list of .SAS 

files given in Cells [D2:D9] activating SPASM runs. The .SAS 

files and binary interchange files must have previously been set 

up by the ‘Prepare Binary & .SAS Transfer Files’ button.  It will 

stop processing the list when it reaches a blank line. The .SAS 

file suffix is optional. 

� Make sure the .SAS and all .BIN files exist in the directory 

name otherwise SPASM will terminate without a warning 

message. 

� Due to occasional Excel memory allocation problems more 

than 4 consecutive batch runs can cause a memory error. 
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These can be resolved by simply closing and re-opening Excel. 

It is usually a good practice to do this before starting a big 

batch run. 

• Write Binary & .SAS File and Start Single Model 
Run: this button combines the functions of the first two, 

although it cannot be used for batch running. Binary files are 

written into the directory given in [B21] and starting the run 

immediately using the .SAS file given in [B22] with output being 

directed into the directory given in [B21]. 

I.8 As part of the SPASM audit trail, the version of the Pip.xls file used to set up 

any run is automatically saved with the same name as the .SAS file, but with 

the prefix ‘Pip_’, in the output directory given in [B21]. This saved version of 

Pip may be useful for checking which files were input and as a template for 

setting up subsequent runs. However do not leave an existing Pip audit file 

open while setting off a Pip run with the same filename prefix for the .SAS file 

as this will create an error message.  

EXAMPLE: Setting Up A Run. The example above will create a file 

C:\SPASM\Val25\DLL25\Carlisle\Test.SAS. This path and name would be entered in cell [D2] if 

this was to be first of a batch run. The 79 .BIN binary files will be located in the directory 

C:\SPASM\Val25\DLL25\Carlisle. All the SPASM output interface files will be directed to this 

directory. An audit file C:\SPASM\Val25\DLL25\Carlisle\Pip_Test.xls will also be created.  

I.9 All the Excel input files are listed in the block of filenames in cells [B3:B20] 

which can be opened by double-clicking. Data within these files can be edited 

in Excel by the user although the structure/dimensions of the data or the 

names of worksheets within these spreadsheets should not be changed by 

non-expert users as the start points of data in these files are referenced in 

Cells [C25:E103]. 

I.10 It is quite impractical to provide all the input data in a single spreadsheet. 

Therefore classes of data are grouped together into generic input files. The 

“aviation” files are: 

Matrix File 
International demand matrices, Belfast and Add-in 
demand. 

ItoI Matrix File 
32 48*48 International to International Interliner 
demand matrices 

Dom Matrix File 
455*455 Domestic district to district matrices (Bus 
& Leisure) 

Growth Factors File DfT national growth profiles and local variants 
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Airports File 

All airport related data: capacities, prohibited 
routes; hubs, freight and other ATM add-ins; 
catchments, charter attractiveness. 

Annual Parameters 

File 
Values of times, interchange penalties; surface 
access global parameters/ 

Larame Graphs File 
Definition of graphs; allocation of graphs, world 
zone groups 

Fares File Synthesised fares and fare adjusters 

Air Frequencies File 
Base year route network data, flight times and 
seeded data 

All these files are discussed more fully below in their own sub-sections.   

I.11 Users do not need to touch the Locations of Input Data [EXPERT] in cells 

[A25:F96]. This data is presented in the spreadsheet essentially for audit 

purposes. 
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I.12 The key word data in [A25:A103] is used internally by Pip.xls and SPASM and 

must not be altered. Cells [B25:E103] give the locations of the data in the 

spreadsheet types defined in [A2:B20]. If the data is located on a single sheet, 

the name of the sheet is entered in [C25:C103]. If the data is located on 

multiple sheets (e.g. a sequence of purpose types) the name of one of the 

arrays of valid sheet names will be given in [G1:R34]. The ‘start cell’ in 

[E25:E103] is the top left corner of the data. The dimensions of the range and 

type of data are hard coded within Pip and SPASM.  The names in [F25:F103] 

are the prefixes of the resulting 79 .BIN binary files which are created in every 

directory where SPASM will be run. 

Surface Access Files 

I.13 The input files specified in [B13:B20] are surface access files output by 

NAAM. Although these are transparent spreadsheet outputs SPASM users do 

not edit this data.  The format of the surface accessibility cost data is 

illustrated in the description of NAAM files in the section on Generalised 

Costs. NAAM surface access files all have the prefix ‘CAA’ and contain 

accessibility data for all 32 airports in SPASM. New NAAM files will be 

required wherever there is a significant change in the access to existing airport 

or wherever a new airport is defined.  

I.14 The domestic model requires equivalent data for all district to district 

movement for road and public transport (rail). As 455*455 data cannot be 

stored on a single spreadsheet, this data is stored in two parts in the same 

way as the domestic demand matrices, DomMat.xls.  The domestic district to 

district matrices of accessibility costs are given the prefix ‘Surf’. 

I.15 The filenames of NAAM airport surface access and district to district files 

should not be changed as Pip.xls reads the name to determine the year 

described by the file. The rules are 

• CAAyySS: for the access to airports files where yy is the year in 

the range 98 to 30 and SS is a numeric scheme descriptor in 

the range 00-99.  

• The ‘CAA’ prefix must be used. 

• SurfyySS: for the district to district surface costs file where yy is 

the year in the range 98 to 30 and SS is a numeric scheme 

descriptor in the range 00-99. Scheme will normally be 00. 

Unlike the surface access to airport files, different options will 
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not normally be developed as these files do not relate to costs 

to airports – they would only be used where schemes additional 

to the Do Minimum would materially affect the competitiveness 

of surface travel against domestic end-to-end air travel. 

• The ‘Surf’ prefix must be used. 

I.16 Any number between 1 and 4 ‘CAA’ and ‘Surf’ files may be used. However 

they must be entered in ascending order of years. SPASM will continue to use 

the last year until a new higher year code is detected in the filename. The 

same filenames may be repeated, cells should not be left blank. 

Pip [Parameters] 

I.17 This sheet contains global model parameters which control the way the model 

is run e.g. form of logit model, constrained or unconstrained, range of years to 

be modelled etc. 

 

Model Choices: B2:L2 [EXPERT] 

I.18 Specify one of the six alternative logit models available for each of the 11 

international purpose models. Valid responses are 1-6 in each cell. For the 

model referred to each code follow the link to Types of Model and Calibration. 

I.19 The logit models apply different “weights” to appropriate  mixes of surface 

access costs, frequency, fares and/or air time in allocating passenger traffic by 

UK origin and destination to UK airport. Calibration work has shown that 

different models work better for different types of traffic, hence they are 

currently applied independently across four traffic categories.  (International 

scheduled, charter, NFC and I to I interliner).  Technically SPASM allows a 

different model to be used within categories; however, this would be highly 

irregular and not supported by the model calibration. The forms of model are 

fully described in Types of Model and Calibration.  

I.20 The model choices for the different international market sectors shown in cells 

[B2:L2] above are default values.  The modelled passenger allocations in 
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1998 and 2000 are calibrated to most closely match observed allocations 

when using these default model choices.  Varying model choices should not 

be undertaken lightly as it may result in dramatically different results.  

I.21 At present the Domestic End-to-End sector is hard coded within SPASM to 

pick up Model 4.  This is not user variable.  Again though, the ‘best’ allocation 

in terms of replicating observed airport totals results from choosing this model. 

  

I.22 Belfast international passenger allocation have their own variant model form. 

However this inherits the forms of international model specified in [B2:L2] 

Range of Years [B3:C3] 

I.23 Valid responses are in the range 1998-2030. Cell [B3] should always be 1998 

to read in the base air network data. Cell [C3] must be in the range 1998-

2030. It is not necessary for runs to be for the full 33 years. However this 

option cannot be used to restart a run in an intermediate year. See the sub-

section on restarting SPASM runs. 

Text or Binary Output [B4] 

I.24 '0' for standard text files [.TAB] output files readable by all versions of Orange. 

'1' for more compressed tamperproof binary output files. Binary files [.BEN] 

reduce the disk space required by SPASM output by about 40% and produce 

identical result to the text [.TAB] files. An update to OrangeLite and Orange5e 

is still required to read this form of output. 

On Screen Information [C4] 

I.25 '1' for information on capacities and shadow costs as SPASM runs. '0' to 

switch off. This option will normally be left on. 

Constrained or Unconstrained [B5] 

I.26 Choose the level of constraint. Valid responses are 0-3 

0 Unconstrained No terminal or runway constraints. Full 
demand will be allocated and no shadow 
costs will be produced. The allocation will be 
for three iterations each year to allow for 
testing for new routes and a final allocation & 
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Larame calculation. 

1 Terminal Constrained Passenger (terminal) constraints and 
shadow costs only. 

2 ATM Singly 
Constrained 

Runway (ATM) constraints and shadow 
costs only. 

3 Doubly constrained Standard fully constrained run using both 
passenger and runway constraints. SPASM 
will determine which is the binding constraint 
at each airport and apply the appropriate 
shadow cost.  

Nearly all SPASM runs are doubly constrained as in practice airports can be 

constrained by either runway or terminal. The constraints are annual 

throughputs. They do not reflect peak period capacity shortages which may 

appear before a high level of annual utilisation is reached.  

ATM Shadow Price Increment [B8] 

I.27 Specify the initial search increment in £ for the ATM shadow cost. Valid 

responses are any number in the range 1-99999. However reasonable 

responses are in the range £10-£250. Users may frequently use smaller 

increment search values to unblock ‘stuck’ allocations; however in general 

smaller steps mean longer run times and the £100 values illustrated below 

strikes a practical balance between accuracy and speed of searching based 

on recent experience.  

I.28 Note that an ATM shadow price is internally converted to a per passenger 

shadow price, by reverse processing of the Larame graphs to take account of 

plane sizes and load factors.  Differential shadow costs therefore apply 

according to different route and traffic types at the same airport when ATM 

constraints apply. See the ATM Shadow Cost Example. 

I.29 The initial shadow cost increment is important in determining the number of 

iterations SPASM will take to reach shadow cost equilibrium and convergence. 

The shadow cost algorithm will always find the solution which equates 

demand to capacity tolerances.  More information on the way the shadow 

price increment is applied and can be found in ‘Goalsearching.’ 
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Airport (Passenger) Shadow Price Increment [B9] 

I.30 Specify the initial search increment in £ for the Terminal (passenger) shadow 

cost. Any  numeric response is currently valid, however practical values will be 

in the range £0.50-£10.  The selection of the increment will affect the number 

of iterations. Smaller values give more accurate searching but can lengthen 

run times. The current default value of £2.00 is a practical trade-off between 

accuracy and speed. 

I.31 The passenger shadow cost will be applied when the terminal becomes the 

binding constraint. If an ATM shadow cost has been in force, SPASM has a 

number of procedures to delay the switching from ATM to terminal shadow 

costs.  Unlike an ATM shadow cost, the same terminal cost will be applied 

across all routes at the constrained airport as the cost is entered in per 

passenger units. 

Airport Capacity Tolerance for Convergence [B10] [EXPERT] 

I.32 Enter the value which will equate to the tolerance % (e.g. 0.03 = 3%). This will 

be the range within which both passenger, ATM passenger equivalent and 

ATM capacities will be an acceptable shadow cost solution. E.g. with a value 

of 0.03 in cell [B10], if the passenger allocation is within 97%-103% of either 

the passenger capacity or ATM passenger equivalent (depending on the 

binding constraint), the airport will be deemed ‘solved’. Specialised exceptions 
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to override this standard tolerance relate to input of absolute values and the 

ATM GEH test for solving smaller airports and solving a highly constrained 

airport terminal with runway shadow costs to avoid switching a binding 

constraint. 

I.33 The default value of 0.03 should not normally be altered. This value is treated 

as [EXPERT] because changes to this variable fundamentally affect the 

operation and convergence of SPASM. 

Direct Frequency To Cut off Domestic Indirect Routeing [B11] 
[EXPERT] 

I.34 The value entered should be a number weekly ATMs that will prevent the logit 

model considering allocating to indirect domestic interlining routes when a 

frequency above  this user input threshold exists at a particular airport. An 

example of this facility is provided in Section B. The threshold cuts off route 

alternatives via the maximum of 5 UK hubs. 

I.35 The default value is set at 25. Reducing the value in this field will tend to 

increase the number of domestic interliners using the UK hubs, but will alter 

the balance between direct traffic and domestic and international interlining in 

the calibrated base year. 

Direct Frequency To Cut off International Indirect Routeing [B12] 
[EXPERT] 

I.36 As above but applying to the four hard-coded European hubs of AMS, CDG, 

FRA and BRU.  It is good practice to set this value higher than the domestic 

hub indirect frequency as domestic hubs are potentially affected by the 

additional deterrence of shadow costs in the allocation, whereas European 

hubs are not. 

I.37 The default value is set at 35. Reducing the value in this field will tend to 

increase the number of international interliners using the European hubs and 

the balance between direct traffic and domestic and international interlining in 

the calibrated base year. Three airports are currently hard-coded to be 

excluded from this variable: 471:LGW, 473:LHR and 490:XX3. At these 

airports international interlining routes will always be permitted. 
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Foreign Hub Cost [B13] [EXPERT] 

I.38 Enter a value in £ which will effectively act like a European hub shadow cost. 

In practice the value in £s is added to the interchange penalty calculated as 

part of the frequency function. Because the European hubs are affected by 

capacity constraints it may be tempting to use this value as proxy shadow cost 

to redress the balance in later years. However, this is not recommended as it 

is a relatively blunt instrument, being an additional interchange penalty which 

does not change over time and therefore impacting on all the European hubs 

before the onset of shadow costs at UK airports and also altering the 

calibrated base year balance between direct services and domestic and 

international interlining. The default value is therefore £0.00. 

Ratio of Rescheduled :Suppressed LCCs [B14] [EXPERT] 

I.39 When shadow costs affect international No Frills Carriers (NFCs) there are 

three possible responses: 

1 Re-allocation to another airport with NFC services (new NFCs cannot 

start-up without user seeding). 

2 Suppression using the NFC demand suppression elasticity. 

3 Transfer to scheduled flights. 

SPASM’s demand matrices were built assuming that a proportion of NFC 

demand was abstracted by route from the scheduled demand. Hence NFC 

demand is stored in the matrix files under international scheduled and charter 

purposes. This demand can potentially be returned to the international 

scheduled/charter pool of demand to represent response (3) above: i.e. the 

assumed willingness of a proportion of NFC passengers to return to 

conventional scheduled services.   

I.40 Enter a value to express the ratio relating trips continuing to travel but 

changing to scheduled service to NFC trips which are suppressed out of the 

system altogether. The default value is set at 1.0. More detail on this effect is 

given in ‘The Effects of Shadow Costs’.  

NFC passengers have relatively low generalised costs (a combination of lower 

fares and lower values of time), making them more sensitive to even relatively 

small shadow costs.  If this ratio is set too high, a small shadow cost could 

lead to a large reduction in the final total of NFC passengers to be allocated.  

At low cost carrier dominated airports such as Luton, this could result in the 

modelled equilibrium shadow cost per passenger being unrealistically very 
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low, or in other words the impact of very low shadow costs on total throughput 

could be unrealistically high.   

Stop Iterations if Total Demand : Total Capacity > [B15] 

I.41 In highly constrained runs, the aggregate level of demand could approach or 

exceed the capacity of the UK air system. In such circumstances SPASM 

would have great difficulty converging and unrealistic passenger allocations 

and route start-ups would be likely to result. To avoid this undesirable situation 

the user can instruct the model to terminate the run if unconstrained 

aggregate demand is within the specified percentage of aggregate capacity.  

I.42 The default value is 90%.  This facility is almost obsolete and hitherto has not 

caused a SPASM run to terminate. For highly constrained and difficult runs, 

termination is more likely to be through breaching the user input Maximum 

Iterations value – see below. 

Fare Adjusters [B16] 

I.43 This field is a switch with valid answers: 0=Off, 1=On. ‘1’ turns on the fare 

adjusters which are stored on the Fare***.xls input file and which are added to 

the generalised cost by market segment and route to improve the base year 

calibration. The default value is ‘1’=On. 

 

Absolute Pax Tolerance for Convergence [B17] 

I.44 Enter an absolute value of passenger numbers which will be an alternative 

additional acceptable value for solving to the Airport Capacity Tolerance for 

Convergence [B10] to be used at small airports. An example of the use of this 

parameter to solve shadow costs is given in the sub-section on Tolerances in 

the Shadow Costs section. The default value is set at 250,000. 
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Max GEH Value for ATM Over-Capacity Convergence [B18] [EXPERT] 

I.45 Enter a value which is the maximum acceptable value for the GEH Test which 

is used to test convergence within tolerance of actual ATMs, rather than their 

passenger equivalents. The default value is set at 20.0 and should not be 

reset by non-experts as relaxation of this parameter can introduce instability 

into year-on-year passenger allocations. An example of the use of this 

parameter to solve shadow costs is given in the sub-section on the Shadow 

Cost Solution in the Shadow Costs section. 

Max GEH Value for ATM Under-Capacity Convergence [B19] [EXPERT] 

I.46 The operation and context of this parameter is as above for the over-capacity 

GEH value. Under-capacity airports must be within this threshold or the 

normal tolerances when an ATM shadow cost is in force. The default value is 

set at 28.0. It is standard practice to have a higher threshold of acceptable 

GEHs for under-capacity because this condition is less critical. 

Goalsearch Pax Shadow Cost Elasticity [B20] [EXPERT] 

I.47 This is a specialised variable to control the percentage adjustment goalsearch 

makes internally to the trial passenger shadow cost in proportion to % over or 

under capacity from the previous shadow cost adjustment iteration and is 

described further under the goalsearch algorithm. The default value is 2.0. 

Goalsearch ATM Shadow Cost Elasticity [B21] [EXPERT] 

I.48 The function and context of this variable is the same as the pax shadow cost 

elasticity described above.  The default value is 2.0. 

Minimum Pax Goalsearch Step [B22] [EXPERT] 

I.49 This is a specialised variable to control the level of internal shadow cost at 

which the goalsearch algorithm switches from adjusting the test passenger 

shadow cost in inefficiently small percentages to testing with the Minimum 

Passenger Increment. The default value is £0.50. This value is not normally 

altered. 

Minimum ATM Goalsearch Step [B23] [EXPERT] 

I.50 The function of this variable is the same as the pax goalsearch step but for 

passengers to switch testing shadow costs with the Minimum ATM Increment. 

The default value is £50. This value is not normally altered. 
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Minimum Permissible Pax Shadow Cost [B24] [EXPERT] 

I.51 The function of this specialised variable is to stop unnecessary  and inefficient 

goalsearch iterations searching at very low or ‘spurious’ shadow costs which 

for all practical purposes users will treat as £0. These will be deemed as 

insignificant shadow costs and when the test shadow cost is adjusted below 

these limits, the shadow cost will be cancelled and the airport deemed solved. 

The default value for this variable is £0.50. 

Minimum Permissible ATM Shadow Cost [B25] [EXPERT] 

I.52 The function of this specialised variable is the same as the pax minimum 

permissible shadow cost described above. The default value for this variable 

is £5.00. 

Runway Terminal Constraint Switch Buffer [B26] [EXPERT] 

I.53 The effect of this specialised variable is to delay the switch of binding 

constraint when an airport is potentially affected by both runway and terminal 

constraints and prevent the consequent year-on-year route and passenger 

allocation instability which can occur. For the selection of binding constraint 

only the passenger (terminal) capacity is increased by this factor, to create a 

‘buffer zone’ where the runway will remain the lower of the two capacities for 

the binding constraint test.  

I.54 The default value is currently set at 1.08. As outlined above this does not 

mean that passenger tolerances are increased to this level for the shadow 

cost solution.  

I.55 An example of how switching binding constraint changes plane sizes and can 

create  route instability is given in the sub-section on binding constraints.  The 

detailed example of understanding filtered ‘Shaditer’ output illustrates the 

effect of this variable. 

Terminal Tolerance for ATM Solution [B27] 

I.56 This is an important variable to unblock ‘stuck’ iterations. It relaxes the 

tolerance for finding a terminal solution only at constrained airports where the 

shadow cost adjustment is in the buffer zone, described above, where the 

change of binding constraint has been delayed and SPASM is having to use 

runway shadow costs to solve an over-capacity terminal. Its effect is described 

more fully in a section under Tolerance Levels. 
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I.57 The default value is 1.04; i.e. under the special ‘buffer’ circumstances 

passenger tolerances are raised 1% above the standard level. When users 

restart blocked runs, having first adjusted the Minimum ATM Increment, they 

may raise this value incrementally to find the minimum increase in the 

variable’s value which will solve the unconverged airport. The detailed 

example of understanding filtered ‘Shaditer’ output illustrates how the default 

value of 1.04 solves a double capacity problem. The example of restarting a 

difficult run shows when this parameter may reasonably be adjusted. 

Maximum Iteration [B28] 

I.58 This is a user specified cut-off for iterations which cannot solve to prevent 

wasted processing time. If a year’s iterations reach this value, the SPASM run 

will terminate, and there will be no output for subsequent years. Normally runs 

which reach this number of iterations cannot find a suitable shadow cost 

solution with the current goalsearch increments and tolerances and will need 

to be restarted.  

I.59 The default value for this parameter is 200. Although unusual, runs have 

legitimately converged after 100+ iterations. The on-screen reporting of 

shadow costs will indicate if a run is likely to be ‘stuck’. If iterations continue to 

solve the same airport and return to the same sequence of shadow costs the 

run will be ‘stuck’ and users can terminate the run (<Ctrl><Alt><Del>) before 

waiting for the maximum iterations value to be breached. A restart will be 

required. 

I.60 Users should develop the habit of checking in the output directory that the run 

has reached 2030 or the specified terminal year (i.e. there are output files for 

each year) and that the run has not terminated on reaching the maximum 

iteration. 

Alt-Constrained Factor [B29] [EXPERT] 

I.61 A further expert alt-constrained search parameter which controls the size of 

search increments when solving terminal capacity with an ATM shadow cost. 

This was previously hard-coded in DLL23/24. 
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Demand Suppression Elasticities [B32:L32] 

I.62 The elasticities of demand in relation to generalised cost with and without 

shadow costs entered in cells [B32:L32] relate to the 11 international market 

segments. The effect of these elasticities and their economic rationale are 

discussed in the sub-section describing demand suppression.  Current default 

values are shown in the illustration above. The large I to I interliner elasticity is 

required to mimic reallocation to non-UK hub airports in addition to demand 

suppression. 

 

Surface Access Wait Time Factor [B35:L35] [EXPERT] 

I.63 The NAAM surface access to airport travel costs are internally converted to £s 

by using the input values of time. In extracting travel costs through public 

transport networks it is standard transport modelling practice to apply a weight 

to time spent waiting for trains, coaches or buses to represent the additional 

deterrent of lower frequencies and interchanging over in-vehicle time. Default 

values are shown above. They are applied to the wait times in NAAM output. 

No value is applicable to I to I interliners who do not have surface access 

costs. 

Composite/Weighted Costs [B36] [EXPERT] 

I.64 SPASM has two methods of calculating the combined access costs to airports 

by road, rail and coach: composite costs and weighted costs. These are 

relatively detailed surface access issues which are discussed in the 

Generalised Cost section.  

I.65 Valid responses are 0=Composite Cost and 1=Weighted Cost. The default 

value is 0=Composite Cost. SPASM has been calibrated in the base year 

using composite surface access costs. It is therefore not recommended to 

change this parameter. 

 



Rules and Modelling: 
Section I: PIP – The User Input Interface 

120419 Rules26a - 129 - 

Domestic Model Multi-Nomial Logit Spread Parameters [B39:C39] 
[EXPERT] 

I.66 These are the calibrated domestic model logit scaling parameters to allocate 

between the optimum 50 possible air route utilities (subject to thresholds, cut-

offs etc) and the '51st' route which is the surface access utility for that district 

to district i-j pair. The default values of these parameters are shown in the 

illustration above. It is not advisable to alter these parameters which would 

alter the calibrated base year. 

Domestic Model Minimum Domestic Flight Time (mins) [B40] 
[EXPERT] 

I.67 The purpose of this variable is to control the total number of routeing options 

considered by the domestic allocation algorithm. It will not consider domestic 

end-to-end routes which have a flight leg of the trip of less than the input 

minimum flight time. Higher values will curtail the number of routeing options 

and speed the relatively time-consuming domestic allocation algorithm. 

Domestic Model Maximum Surface Access Journey Time To Airport 
(mins) [B41] [EXPERT] 

I.68 This variable will also exercise a relatively powerful control over the total 

number of routeing options considered by the domestic allocation algorithm. It 

will not consider domestic end-to-end routes which have a surface access or 

egress leg greater than the input parameter. It is effectively a catchment area 

cut-off applying only to the domestic allocation model. 

EXAMPLE: Domestic Model Cut-offs. No-one travelling between the two district zones of 

Westminster and the City of Edinburgh will first travel by surface mode from Westminster to 

Aberdeen, then fly between Aberdeen and Heathrow and finally use surface transport again 

between Heathrow and the City of Edinburgh.  However, as long as there is a flight frequency 

between Aberdeen and Heathrow, the model will calculate the cost of this option if domestic 

thresholds aren’t set. The surface access/egress threshold will prevent consideration of these 

types of improbable route.  

I.69 The default value of 35 for minimum flight time and 65 minutes for maximum 

surface access /egress have been used in the calibrated base year model to 

give a good representation of domestic end-to-end air demand and should 

therefore not normally be adjusted.  
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Domestic Model Every Iteration [B42] [EXPERT] 

I.70 Valid responses are ‘0=Domestic Model Every Iteration’ and ‘1=Domestic 

Model Run 1x / Year’ The recommended setting is ‘0= Domestic Model Every 

Iteration’. 

I.71 The domestic allocation has more routeing choices to consider than the 

international model and this can potentially extend processing time. Earlier 

versions of SPASM produced prohibitively long run times when the domestic 

model was called every iteration. Therefore a facility was provided to only run 

a domestic allocation on the first annual passenger allocation.  The effect of 

this was that domestic passengers responded to the previous year’s carried 

forward shadow costs, but not to the new iteratively adjusted costs. The 

surface access catchment cut-off (above) not only improves the allocation of 

domestic passengers on major routes, but also speeds the model processing. 

SPASM can therefore now afford to run the domestic model in every iteration 

and still maintain acceptable run times. It is now recommended that the 

domestic model is run every iteration to give more stable and robust answers. 

UnConstrained Domestic Total [B43] [EXPERT] 

I.72 This switch controls whether the domestic model can attract passengers from 

other modes. '0' unconstrained (default) will allow new domestic services to 

attract surface demand.  Surface demand cannot be used during the new 

route testing algorithms. 

Domestic Demand Suppression Elasticities [B45:C45] [EXPERT] 

I.73 Default values are –0.8 (business) and –1.2 (leisure). These elasticities 

operate in the same way as the international model elasticities. The economic 

rationale behind domestic suppression elasticities is explained further in the 

section on Demand Suppression. 

Domestic NFC Demand Elasticity [D45] [EXPERT] 

I.74 Elasticity to control the reaction of domestic NFCs to shadow costs. Default 

value will be set lower (-0.075) than other elasticities which react to the impact 

shadow costs have on the generalised cost  because this elasticity acts only 

on the change in average shadow cost (much smaller in scale) at both ends of 

the domestic trip. 
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Domestic NFC Restart Growth [E45] [EXPERT] 

I.75 Unlike DLL23/24 in DLL25 domestic NFCs can restart growth after it has been 

cut off, usually as a result of more capacity in the system.  Enter a value 

representing the percentage drop (0.10 for default 10%) in average shadow 

costs at both ends of the trip. This will allow domestic NFC traffic to grow 

again by the cumulative missed annual growth if the sum of shadow costs at 

both airport ends of the trips have reduced by >input value  (i.e. route has 

some benefit from new capacity somewhere  in the system).  

Restarting a SPASM Run 

I.76 Users are advised to check that the expected full set of outputs is produced at 

the conclusion of a SPASM run. The Orange Processing program will crash 

with a visual basic error if it is trying to process a file that has not been 

created.  

I.77 The usual reason for a run failing to complete is that it has become ‘stuck’ and 

has failed to converge before reaching the user specified number of maximum 

iterations. The reason may be because the goalsearch and binary chop have 

missed selecting the shadow cost which would solve the problem airport. The 

alternative reason is that the scenario is simply too constrained for a solution 

to be found with the current tolerances around capacity. When iterations 

become stuck it normally occurs towards the end of the forecast period or 

when there is a temporary airport capacity ‘crisis’. 

I.78 SPASM runs on average occupy 35mb of disk space, therefore runs will 

obviously fail to complete if the user is running on a PC which is low on disk 

space, especially as there are may well be large transient Windows scratch 

files occupying further space. Therefore a safety buffer well in excess of 35mb 

of disk space should be maintained. Runs with debug output will occupy 

considerably more space. 

I.79 Ideally users should ascertain the reason why the allocation has become 

‘stuck’. This can be done through careful reading of the Shaditer output, which 

can be requested for the stuck year via Orange**.xls. The processed Shaditer 

file reports inter alia the progress of trial shadow costs, the binding constraint 

and current terminal / ‘ATM passenger equivalent’ capacities. The examples 

on reading the Shaditer output and filtered Shaditer output provide more help 

for users on interpretation of this form of output. The principal symptom of a 
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stuck run is that the shadow cost algorithm loops through a repetitive 

sequence of shadow costs at one airport.  

I.80 Restarting solutions will involve changing a global model parameter on the 

Pip**.xls [Parameters] sheet.  The procedure for a restart is then to enter the 

path and filename of the .SAS file in Pip***.xls [SetUp] cell [D2] (the first slot 

on the batch run list). This will be carried over into cell [E13] of [Parameters]. 

Enter the ‘stuck’ year in cell [E14] of [Parameters] and press the ‘Reset Model 

Params & Restart SPASM Run’ macro button. This button will write a new 

version of the global model parameters. SPASM must re-read all the model 

data: it does this by repeating the opening year (1998) forecast before 

resuming processing at the restart year. 

I.81 Through examination of Shaditer output, it is often possible to identify an 

alternative shadow cost increment that will hit a shadow cost solution within 

the tolerances. Where the shadow cost solution can be identified, the 

optimum solution is usually to input a shadow cost array (available only in 

DLL25) – see below.  Alternatively a relaxation of the Terminal Tolerance for 

an ATM Solution  parameter may appear the only viable solution.  See the 

filtered Shaditer output example for more on this problem. Much less 

commonly the Absolute Pax Tolerance for Convergence could be raised to 

allow a solution at a smaller airport, or alternatively the Maximum GEH for 

Over-Capacity and Maximum GEH for Under-Capacity convergence 

parameters may be raised.   

I.82 However all the above solutions, except changing the shadow cost increments 

or inputting a shadow cost array, relax tolerances and these relaxed 

tolerances will remain for subsequent modelled years (unless the user 

deliberately makes a further re-start to reset them to their standard values). 

Therefore restart solutions which reduce/refine the ATM or passenger shadow 

cost search increments or input a shadow cost array should always be 

attempted before tolerances are adjusted.  In practice many users may 

routinely wish to try reduced ATM or passenger shadow cost search 

increments on a stuck iteration before attempting to ‘troubleshoot’ Shaditer 

output. 

EXAMPLE: Troubleshooting Stuck Shaditer Output. In the example of processed Shaditer 

output below, the shadow cost adjustment algorithm has stuck in 2027 while solving LHR. The 

output has therefore been filtered (using the Excel filter arrow in cell [A6]) to LHR to see what 

is going wrong. It is a difficult problem to solve satisfactorily. 



Rules and Modelling: 
Section I: PIP – The User Input Interface 

120419 Rules26a - 133 - 

 

This is a situation where SPASM is being forced to use a runway shadow cost to constrain 

both runway and terminal to avoid switching binding constraint at LHR. Pax capacity at LHR is 

112,000,000 and runway ‘ATM passenger equivalent’ is 121,683,000, however the ‘Runway 

Terminal Constraint Switch Buffer’ is set at 1.12 therefore terminal capacity is temporarily 

internally set to 1.12*112,000,000=125,440,000 for testing for the binding (lower) constraint. 

Here, the runway remains binding, but SPASM recognises it is the buffer area where it might 

normally have changed constraint. 

SPASM’s goalsearch routine has visited a wide range of potential ATM shadow costs before 

finally becoming stuck in a looping sequence from iteration 35 onwards. When the shadow cost 

is set at £8,618 the runway is within tolerance (98.2%), but the terminal is at 106%.At £9,018 

the runway is out of bounds (95.7%) and the terminal is at 104%. A shadow cost between 

these two values looks as if it might be close to an acceptable solution, but SPASM visited a 

shadow cost of £8,818 on iteration 15. With this cost the runway tolerance was missed by 

0.1% (96.9%) and the terminal was 105.3%. Because in these situations most users would 

deem the runway to be the more critical constraint, it is decided that iteration 15 is very close to 

the most acceptable shadow cost solution. Therefore the solution to this difficult problem is to 

reduce the ATM search increment so that it arrives at a value marginally below £8,818 and to 

increase the ‘Terminal Tolerance for ATM Solution’ from 1.04 to 1.055. In practice these 

adjustments succeed in allowing through a ratio to capacity of 97.0% for the runway constraint 

and ratio to capacity of 105.4%for the terminal constraint. 
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Restarting with a Shadow Cost Array (DLL25 only) [E13:E15, M3:O34] 

I.83 Having used the Shaditer or dynamic on-screen shadow cost and capacity 

display and identified a set of shadow costs or change to an individual airport 

shadow cost, the user can restart directly with this shadow cost read into the 

program at a user-defined increment.   

 

I.84 Cell [E13] is the run directory which is read automatically from the [Setup] 

sheet. Cell [E14] is the restart year. Cell [E15] is the increment number which 

causes the program to read in user shadow costs. Shadow costs will only be 

read in if this increment is set > 3.  The first three increments are the new 

route testing processes and therefore do not calculate shadow costs. E.g. 

setting the value to '4' introduces user shadow cost(s) at the start of the year's 

shadow cost iterations. Any value > 3 causes the shadow cost array input 

cells to appear in cells [M3:O34]. 
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I.85 –1 indicates no shadow cost entered. The program will continue with the 

internally calculated value. As an airport can only have either a runway or 

terminal shadow cost if a positive runway shadow cost is entered the terminal 

shadow cost must be –1 and vice versa. 

I.86 On many occasions with 'stuck' iterations only a single shadow cost will need 

to be entered. However there are also occasions where SPASM may have 

made many iterations before becoming stuck. Here using Shaditer output to 

identify the set of runway and terminal shadow costs last calculated before the 

iteration stuck and paste values > 0 into the array, this will provide a short-cut 

to past the previous iterations to the point at which the processing stuck. 

I.87 The great advantage of using the shadow cost array input facilities is that it 

allows solutions to be found (particularly for alt-constrained cases) without 

tolerances being relaxed. 
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Generating ‘Debug’ Output Files [EXPERT] 

I.88 Additional debug files giving details of generalised costs and/or ATMs and 

passenger allocations for each iteration can be triggered by entering values in 

range [M13:M17] of [Parameters].  

 

I.89 International generalised cost output files (Gcostyyyy_i and iiGcostyyyy_i 

where yyyy is the model year and i is the iteration) are produced for every 

iteration in the run by specifying three valid airport codes or district codes in 

cells [B48:B50] and a valid world destination zone code in cell [B51]. The 

request illustrated will output generalised costs for direct and indirect travel 

from all districts to the single destination that route via all possible  airports. 

The alternative format  - illustrated below - is to request generalised cost 

output from three specified airports to a specified international destination 

from all districts. I to I interliner debug files will automatically be produced in 

both cases for the specified destination 

 

I.90 There is too much generalised cost data to output all airports or all world 

destinations in the same file. However this can be done for the final iteration of 

a run through requesting generalised cost matrices (see below). 

I.91 Domestic generalised cost for each iteration can be requested in DLL25 in 

much the same way producing output files DomGcostyyyy_i  where yyyy is the 
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model year and i is the iteration). This is activated by entering a district 

number in the range 1-455 in cells [B54]. If a district number in the range 1-

455 is entered in cell [B55] the debug output will be produced for this domestic 

end-to-end i-j pair. A '0' in cell [B55] will output generalised cost from the origin 

zone to all districts. 

I.92 Users should be aware that on a typical constrained scenario which is run for 

the full 33 years, switching on the generalised cost debug output can generate 

approximately 800 additional files in the output directory occupying 

approximately 750 megabytes. A run with this facility turned on will therefore 

occupy more than 1 gigabyte of space on the disk. 

I.93 Iteration debug, cell [B52] comprises ATM matrices and 32 airport * 80 

destination iterative output switched on by entering a ‘1’ in cell [B52]. 

Output files named ATM Output files named _ATMyyyy_i  and 

_32by48DemandPaxyyyy_i, where yyyy is the model year and i is the 

iteration, for every iteration and every year.  These files are required for 

route level Shaditer diagnostics.  

I.94 Users should be aware that switching the iteration debug output on will for 

a typical constrained scenario for the full 33 years will generate 

approximately 1250 additional files occupying an addition 35 megabytes of 

space on the disk. 

I.95 Larame iteration debug, cell [B53], output files _LarGraphyyyy_n and 

_LarLoadyyyy_n where y  is the year and n is any model iteration that calls 

the Larame graph calculation. _LarGraphyyyy_n.TAB contain 32 UK airport 

* 80 destinations matrices for scheduled, NFCs and charter routes showing 

which graph was used on the route in the iteration. This output can be used 

to check for transition between Larame graphs if this has been specified in 

the input Larame files.  _LarLoadyyyy_n.TAB contains the load factors 

being used by the model for each route also in 32 UK airport * 80 

destinations matrices for scheduled, NFCs and charter routes. 

I.96 For these and other types of diagnostics, expert users will normally develop 

their own spreadsheet templates for examining raw output .TAB files. 

Generalised Cost Matrices  

I.97 DLL25 adds a facility to produce raw output of generalised costs in the same 

manner as passengers i.e. dimensioned by origin district, destination world 

zone, allocated airport, route (direct or interlining route) and journey purposes. 



Rules and Modelling: 
Section I: PIP – The User Input Interface 

120419 Rules26a - 138 - 

These are quite separate from the generalised cost debug described above. 

With this output format potentially costs can be tabulated by the equivalent of 

an Orange program to produce any of the passenger tables, but populated 

with generalised costs. Potentially there is a choice of calculating economic 

benefits directly from the model on an airport by airport basis (as at present in 

SCAB) or on a system-wide matrix basis. 

 

I.98 Generalised cost matrix output can be switched on by entering a '1' or '2' in 

cell [B56]. '1' will output the lowest generalised cost (greater than 0) for that i-j 

movement and purpose using a particular airport – this is necessary to avoid 

producing matrices for each particular interlining option. E.g. if an airport has a 

direct single frequency to a destination but cheaper domestic or international 

interlining alternatives via a hub airport it will be the cheapest hub route that 

will be output. If more information on costs on competing routes are required 

the generalised cost debug should be requested and analysed. '2' will also a 

produce a single generalised cost for that i-j movement and purpose using a 

particular airport, but the cost calculated will be weighted by the numbers 

allocated to the alternative routes. Output is in binary [.BIN] format. 

I.99 Generalised cost matrix output files are potentially huge and can  approach 

half a gigabyte for a single year. Writing these files will also greatly slow the 

running of the program and hence it is strongly recommended that they are 

only produced for occasional years. Pip requests users in cells [B57:B89] to 
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specify those years for which a generalised cost matrix is produced. 

Generalised cost data will also only be written after proto-solutions. 

I.100 A pre-processing program OrangeCrush has been written to compress 

generalised cost output to those records where there are passengers 

associated with the route.  A generalised cost version of Orange has yet to be 

written. 
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Other (Hidden) Inputs on the Pip File[EXPERT] 

Logit Model Coefficients [CoeffCC] and [CoeffWC] (hidden sheets) 
[EXPERT] 

I.101 These are the coefficients for the six available logit model forms. They apply 

to the explanatory variables appropriate to the model form. Because Models 

4-6 use a single generalised scaling parameter the same coefficient is 

repeated across all variables. Three tables of scaling parameters are held for 

the separate short haul, long haul and US logit models. 

I.102 During the model calibration different logit models were developed for surface 

access composite (CC) and weighted costs (WC). Therefore there are two 

sheets of logit coefficients hidden in the SCAM input file. 

Haul Dist [Zones] (hidden sheet) [AU2:AU49] [EXPERT] 

1=Short haul, 2=Medium haul, 3=Long haul 

I.103 The haul distances of the 48 international zones models should not be 

confused with the geographical logit model forms. Their main function is to 

prohibit types of route by length of haul at certain airports.  

I.104 In DLL23/4 versions this input was housed in the now disused SCAM file.  

Haul Model [Zones] (hidden sheet) [D2:D49] [EXPERT] 

I.105 These determine which set of the tables of scaling parameters which are held 

for the separate short haul, long haul and US logit models are to be 

associated with each world destination. They reflect the choice of destination 

groups in the original calibration of the three geographical logit models. They 

are not the same as Haul Dist above 

EXAMPLE: Haul Dist and Haul Model.  The long haul logit model is applied to Zone 523 

Middle East, but it is a medium haul destination under ‘Haul Dist’ which means that potentially it 

can be served from a wider range of UK airports than if was a long haul destination. 
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Surface Access Weights [Zones] [L2:N456] [EXPERT] 

I.106 Standard SPASM runs currently use composite surface access cost. If the 

weighted surface access costs are selected the user must input the %s of 

airport travellers by road, rail and coach. Default data for every district (but in 

practice at county level) extracted from CAA passenger survey data is 

included on [Zones]. Mode share weights for each district are grouped into 

counties in the input data because there are not sufficient observations of 

airport passengers by all three possible modes in the national CAA passenger 

dataset underlying SPASM. These weights will apply to all years. If mode 

shares implicit in the surface access inputs to SPASM are to be modelled as 

changing over time, composite costs should be used as the scaling parameter 

in the Annual Parameters file as these can be altered by year. 

The Demand Matrix File: ‘Matrix.xls’ 

I.107 Not all sheets on the matrix file are input. Only those described below are 

used. The data has been derived from the CAA Passenger Surveys and 

factored to 1998 levels. Changing this data will interfere with the base year 

model calibration. 

International Demand  

 

I.108 This demand is read from sheets [UKBus], [UKLei], [FoBus], [FoLei] and 

[Chart]. Data is read as five 455 UK District * 48 International Destination zone 

table.  All trips are, are ultimate origin to ultimate world destination at 1998 

levels and are implicitly two way: i.e. the trips going from UK zone ‘i’ to world 
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zone ‘j’ are identical to the number going in the other direction. These matrices 

exclude NFC demand. 

International Low Cost Carrier (NFC) Demand  

I.109 This demand is read from sheets [LCCUKBus], [LCCUKLei], [LCCFoBus], 

[LCCFoLei] and [LCCChart]. Data is read as five 455 UK District * 48 

International Destination zone tables in the same format as for other 

international demand above. LCC demand is reported by only business 

and leisure purposes. However, because the demand can be potentially be 

returned to the scheduled/charter pool of demand as a response to shadow 

costs, it is stored under the five main international market segments.  

Domestic Low Cost Carrier (NFC) Demand [LCCDom] 

 

I.110 The domestic NFC demand is read from sheet [LCCDom]. This demand is not 

held with UK district origins or destinations. Therefore the demand is stored 

and read in on symmetrical 32*32 UK airport to UK airport basis and is treated 

as an add-in to the model. The frequencies illustrated represent the 1998 

base rather than current UK domestic demand. 

Belfast International Demand 
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I.111 Belfast international demand is read from sheets [BelfastUKBus], 

[BelfastUKLei], [BelfastFoBus], [BelfastFoLei] and [BelfastChart]. The format 

of the data is 2 Belfast airports * 48 world zones because there is no district 

zoning system associated with Northern Ireland in SPASM. 

Belfast Domestic Demand [DomBus] and [DomLei] 

 

I.112 This demand is read from the sheets [DomBus] and [DomLei]. It is stored on a 

2*32 airport to airport basis. It is highlighted on the illustration above as it is 

the only item of data which is read from these sheets. Mainland domestic 

demand is read from DomMat.xls. 

‘Non-SPAM’ Add-ins [NonSPAM] 

I.113 Demand read from sheet [NonSPAM] relates to miscellaneous add-ins from 

UK airports to other UK locations not included in SPASM and notionally 

represented as ‘Zone 599’. This data represents destinations such as the 

Scottish Islands and the Isle of Man and is only dimensioned by the UK airport 

of observation. 

By Sea Add-in [BySea] 

I.114 Demand read from sheet [NonSPAM] is small pocket of demand with a UK 

ground origin but which cannot be allocated to a district with other 

international demand. It is dimensioned 32 airports * 48 international 

destinations. Most characteristically it is composed of journeys observed 

departing from Scottish airports, that have arrived from Ireland by surface 

transport modes. 
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Demand Overlay Input Sheets [e.g. 2003] 

I.115 Demand overlay inputs in SPASM operate in much the same way as NetData 

seeding sheets. i.e. a sheet is prepared for every year in which a demand 

overlay is to be present e.g. [2001], [2002] etc. In standard files the sheet 

[2000] should always be present as the base year NFC matrix is superseded 

by new survey data contained on this sheet. 

I.116 Great care is required with the definition of demand overlay input. The input is 

in a vector rather than a matrix format. Codes are input for origin [Col A], 

destination [Col B], purpose [Col C] and whether the overlay is a replacement 

or an increment [Col E]. The passenger volumes are in [Col D]. 

 

I.117 The origin codes could be district (1-455) or UK airport codes (461-492) 

depending on the trip purpose code which determines whether the overlay  is 

a fully modelled trip or an airport add-in such as domestic NFCs or 'Others'. 

See the table below.  

I.118 The destination codes could be either an international destinations (501-548), 

UK districts (1-455) for scheduled domestic or airport codes (461-492 or 599) 

for airport to airport add-in. 
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I.119 The purpose codes identify whether the overlay is scheduled, charter, NFC or 

other (see table below). Negative passenger values will cancel demand for the 

origin-destination pair for that purpose. 

I.120 The replace ('0') or increment ('1') field needs to be understood.  '0' replaces 

any demand carried forward for the previous year for the origin-destination 

pair for that purpose. While ('1') supplements demand on the origin-

destination pair for that purpose. Replacing the NFC matrix for 2000 is a 

replacement overlay, whereas most overlays for new NFC routes will be 

incremental overlays. 

I.121 The following table gives examples of how different code combinations can be 

used to allow SPASM to identify the overlay type. 

iSPASM jSPASM Purpose Pax 
Descip
-tion 

Dem

Type Description 

462 501 4 12,000 
Belfast 

Int 1 

i = 462-462 and j = 501-548 and purpose = 

1-5 indicates a Belfast international 

overlay 

411 501 2 30,000 Int Sch 2 

i = 1-455 and j = 501-548 and purpose = 1-

4 indicates a scheduled international 

with UK district origin. 

411 501 5 45,000 
Int 

Charter 5 

As above but purpose = 5 indicates 

international charter with UK district 

origin. 

411 45 1 

199,99

9 
Dom 
EE 6 

i=1-455 and j=1-455 and purpose = 1-2 

indicates domestic end-to-end 

scheduled with UK district origin and 

destination. 

45 411 1 

199,99

9 
Dom 
EE 6 

As above but reverse movement (note that 

the input domestic matrices are 

symmetrical and overlays should be 

balance. 

463 464 1 10,000 
Belfast 
Dom 6 

i = 462-462 and j = 1-455 and purpose = 1-

2 indicates a Belfast domestic 

scheduled  overlay 

411 501 6 

250,00

0 
int 

NFC 7 

i = 1-455 and j = 501-548 and purpose = 6-

7  indicates a NFC international with UK 

district origin. Purpose –5 indicates the 

scheduled/charter matrix the trip can 

potentially be returned to e.g. Business. 
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This is a temp fix of 2purposes for IntNFC. 

429 530 7 

250,00

0 
Int 

NFC 7 

As above but potentially returnable to 

Leisure matrix. 

461 471 (6) 

333,33

3 
Dom 
NFC 8 

i = 461-492 and j = 461-492 (purpose must 

> 2)  indicates a NFC domestic add-in. 

462 469 (3) 

130,00

0 

Belfast 
Dom 
NFC 8 

Coding is the same as other UK NFCs. 

501 513 (1) 99,999 I to I 9 

i = 501-548 and j = 501-548 (purpose 

ignored)  indicates an I to I interliner  

461 599 0 

550,00

0 
Residu

al 10 

i = 461-492 and j = 599  (purpose is 

ignored) indicates a 

residual/miscellaneous add-in. 

 

The I to I Demand Matrix File: IIMat.xls 

I.122 I to I interliner demand is held in 32 matrices dimensioned 48 world origins *48 

world destinations. There is an I to I matrix for each airport. I to I demand has 

been balanced and will be symmetrical at each airport.  A total sheet is 

provided but not read by SPASM. 

I.123 Each airport has its own I to I matrix worksheet regardless of whether there is 

observed I to I demand at the airport. The illustration below shows the 

Manchester matrix. 
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I.124 Although 32 matrix pages are read in by SPASM, the 32 matrices are 

amalgamated into a single 48*48 matrix for passenger allocation. 

I.125 Users will not normally have any need to edit the I to I interliner demand file. 

The Domestic Demand Matrix File: DomMat.xls 

I.126 Domestic demand is read from the sheets [UKBus1], [UKBus2], [UKLei1], 

[UKLei2]. Any other sheets present on DomMat.xls are ignored. Scheduled 

domestic demand is dimensioned 455 UK district * 455 UK district. 

I.127 The maximum number of columns possible on an Excel spreadsheet is 256. 

Therefore the domestic demand matrices must be split. [UKBus1] and 

[UKLei1] hold districts 1-455 to districts 1-250; [UKBus2] and [UKLei2] hold 

districts 1-455 to districts 251-455. See below. 

 

I.128 Although they cannot be viewed on one sheet, the matrices are symmetrical. 

They contain the same number of trips going from zone A to zone Z, as going 

from zone Z to zone A.  This is explicit in the matrices (they contain 

directional, one-way trips). The DomMat.xls matrices are balanced so that 

reverse movements equal forward movements. 

I.129 Users will not normally have any need to edit the end-to-end domestic 

demand file. 
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Growth Factors File: DistGrowth*.xls 

I.130 Unlike the demand matrix input files described above, users are more likely to 

need to edit DistGrowth*.xls. It may be used to vary local or regional 

propensities to fly while automatically maintaining aggregate national 

consistency with the DETR 2000 Air Traffic Forecasts. Alternatively, it may be 

used to vary the level of national growth from the default central growth to low 

or high growth  or to lower demand to mimic the effects of aviation wide rather 

than airport specific taxes. Distgrowth*.xls only varies demand growth factors 

for that demand which has a UK district ground origin: i.e. it does not apply to I 

to I interliners, domestic NFCs, Belfast or other add-in traffic. However the 

program also outputs the national growth factors for the add-ins and the other 

types of traffic such I to I interliners which are not subject to district level 

growth. 

I.131 Distgrowth*.xls is the only input spreadsheet which requires the user to run a 

visual basic macro program if the SPASM input data is to be changed. User 

input is entered via the sheets [RegGrowth] and [NatGrowthModel]. Using the 

macro button ‘Recalculate Regional Growth’ fills the output sheets 

[UKBus],[UKLei], [FoBus], [FoLei], [Chart], [Dom], and [LCC] with the local 

annual demand growth which are read in by SPASM. This macro must always 

be run to implement the user specified changes. 

[RegGrowth] 

I.132 This sheet is used to enter annual % variations on the DETR 2000 Air Traffic 

Forecasts contained in [NatGrowthModel] by district and by purpose. 
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I.133 In the illustration above Welsh and other regional growth will exceed the 

national growth rate by 1% per annum over the period entered in cells [E2:F2], 

1998-2015.  Any period in the range 1998 to 2030 can be selected, but growth 

can only be varied for one range of years. Because no growth variation has 

been entered for the London districts, DistGrowth will reduce the local growth 

rate in these districts (and all other districts which do not have a % variant 

input) to maintain the overall level of growth implicit in the DfT national 

forecasts. If negative growth variances are entered, the non-varied districts will 

be increased. Positive and negative variances can also be entered and the 

residual districts will still be adjusted accordingly. When the % variances have 

been entered anywhere in the yellow range [G4:M458], pressing the macro 

button ‘Recalculate Regional Growth’ will require the user to enter the 

Demand matrix file. Distgrowth*.xls must read a full demand matrix so that it 

can internally recalculate the adjustments required to the non-varied districts. 

[NatGrowthModel] [EXPERT] 

I.134 The sheet [NatGrowthModel] converts the growth profiles in Annex 3 of the 

DETR 2000 Air Traffic Forecasts into the default annual growth rates.  The 

input DfT forecasts are held on [DETR2000_ScA]  in cells [AU3:BV27] and 

related sheets but are presented for information only and these sheets are not 

read directly by SPASM.   

I.135 The sheet [NatGrowthModel] in release versions of DistGrowth*.xls is set up 

with DfT mid range growth as the default. Alternative growth profiles can be 

inserted and saved in separate versions of DistGrowth*.xls by substituting 

High or Low Annex 3 forecasts in [DETR2000_ScA]  in cells [AU3:BV27] area 

as appropriate and preferably saving an alternative version of the Distgrowth 

file.. However advice should be sought from the DfT on extending alternative 

forecasts to 2030 and on replacing the default national rates.  

I.136 The range [B3:J35] calculates the annual incremental growth rates which are 

read into SPASM DLL25. Previously SPASM DLL23/4 read the cumulative 

annual rates in [B39:J71] which are retained for information. The ‘All.Int’ 

forecast rates in Column J are presented for information only. This change to 

incremental annual forecasts is necessitated by the presence of demand 

overlays.    The range [B73:H75] is a check that any district growth 

adjustments have balanced correctly and there has been no corruption of the 

spreadsheet. If after running the ‘Recalculate Regional Growth’ macro, cells 

[B75:G75] do not say ‘OK’, seek advice. (An 'Error' in H75 results from NFC 

overlays and is benign, but will eventually be resolved). 
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I.137 If alternative growth profiles have been used, it is recommended that an 

unconstrained SPASM run is undertaken to check that growth comes through 

as intended. 

Output Sheets  

I.138 The output district growth factors are located on sheets [UKBus], [UKLei], 

[FoBus], [FoLei], [Chart], [Dom], and [LCC]. These sheets are filled 

automatically by the macro ‘Recalculate Regional Growth’. Therefore there is 

no reason for users to edit this data. However, users should review the 

automatically calculated adjustments to check they appear logical. The 

example below shows the outcome of the changes to Welsh growth which 

were illustrated above. 

 

EXAMPLE: Higher Welsh Growth.  Welsh (along with other regions)growth has been 

increased by 1 percentage point above the national growth rate per annum for the period 1998-

2015.  The Welsh zones in the illustration are 65-83. [NatGrowthModel] shows that the default 

national UKBus growth factor for 1998-1999 = 1.042 and for 1998-2015 = 2.358. The growth in 

Wales to 1999 becomes 1.052, 1998-1999, with compounding this becomes 2.759 for the 

period 1998-2015. Distgrowth.xls has recalculated the growth in London (Zones 84-92) to 

compensate for the higher Welsh growth. Hence London growth is 1.036 for 1998-1999, 

compounding to 2.115 for 1998-2015. When these adjusted factors are applied to the UKBus 

demand matrix, the forecast number of trips in all the years will be the same as if blanket 

national growth had been used. By 2016 the growth factors reflect the end of for both Wales 

and London reflect the resumption of a National growth rate of 1.057 per annum. 
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Airports File: AirportData*.xls 

I.139 This file contains all input data for assumptions relating to the 32 UK airports. 

Most of these assumptions are annual: the majority of the data in the 

spreadsheets are therefore dimensioned 32 airports * 33 years. 

AirportData*.xls is the spreadsheet most frequently edited by users because it 

contains the annual terminal and runway capacity assumptions. Sheets 

relating to prohibited routes, permitted I to I and domestic hubs data may also 

need review in the light of changes to capacity assumptions. All sheets on this 

input spreadsheet are used by SPASM. 

Terminal Capacities [Cap_Pax] 

I.140 The passenger/terminal capacity data is dimensioned 32 airports * 33 years 

and capacities in the cells [C3:AI34] are read into SPASM. 

 

I.141 Cap_Pax uses Excel’s ‘Conditional Formatting’ facility to highlight years in 

which capacity differs from the previous year at any airport. An airport will 

automatically be closed by entering a 0 passenger capacity.  

I.142 All capacities and all demand are annual averages. They do not reflect peak 

period terminal capacity shortages which may appear before a high level of 

annual utilisation is reached. Annual capacities should reflect the potential 

flattening of the daily profiles as short term capacity shortages develop. In 

practice capacities should therefore assume that daily and seasonal operation 

patterns will increasingly resemble those of contemporary Gatwick. 
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Runway(ATM) Capacities [Cap_ATM] 

 

I.143 The layout and format of this data is the same as the passenger/terminal data 

above. The runway/ATM capacity data is dimensioned 32 airports * 33 years 

and capacities in the cells [C3:AI34] are read into SPASM. Runway capacities 

should allow for all movements including freighter and other non-passenger 

traffic as SPASM will remove added-in ATMs from its internal effective runway 

capacities during the iterative adjustment of shadow costs.  

I.144 Note how in the illustration above gradual ‘efficiency’ capacity gains have 

been input. An airport will automatically be closed by entering a 0 runway 

capacity in the relevant year. 

I.145 All capacities and all demand are annual averages. They do not reflect peak 

period pressure on runway slots which may appear before a high level of 

annual utilisation is reached. Annual runway capacities should reflect the 

potential flattening of the daily profiles as short term capacity shortages 

develop. In practice capacities should therefore assume that as the airport 

becomes more fully utilised daily and seasonal operational patterns will 

increasingly resemble those of contemporary Gatwick. 

Supplementary Costs [Supp_Cost] [EXPERT] 

I.146 Enter costs per passenger per annum at airports which are to be surcharged. 

The data is dimensioned 32 airports * 33 years and the units are £s.  
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I.147 Care should be taken in using Supplementary Costs. As explained in the 

section on shadow costs they will have the effect in the logit models of 

substituting for shadow costs at constrained airports. 

I.148 The default setting of SPASM release files is always to leave this sheet as a 

table of £0s. 

Domestic UK Hubs:[Dom_Hub] 

I.149 Enter the airport code number of up to five UK airports which will be permitted 

to operate at domestic hubs, for each year in which that airport would operate 

as a hub. Data input to SPASM is dimensioned 5 airports * 33 years. 

I.150 The definition of a domestic hubs in SPASM is any airport where passengers 

with a UK ground origin can interchange between domestic and international 

flights. It would be highly unusual if Heathrow, Gatwick and Manchester were 

not defined as domestic hubs throughout the model period. Users should only 

use the 5 UK airports illustrated below as domestic hubs. 

 

EXAMPLE: Stansted Becomes A Hub. Stansted is switched on as UK hub in 2024 as a 

following modelled capacity increases. Note the fifth Domestic UK hub slot is reserved for the 

third of the new sites, XX3. 

I.151 Note that domestic hubs are therefore not hard-coded to the airports 

illustrated above in Pip or SPASM itself, however the labelling in Orange 

output is hard coded. 

Permitted I to I Interlining [Res_II] 

I.152 Data input to SPASM is dimensioned 32 airports * 33 years.  ‘1’ or a positive 

number indicates that an airport is permitted to operate as an I to I interliner 

hub in that year. [Many SPASM release data sheets use values ‘2’ and ‘3’; this 

is a remnant of an obsolete feature, these values will be read as ‘1’.] 
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I.153 I to I interliner passengers may be allocated at any of the airports shaded in 

the illustration above provided that suitable connecting frequencies exist to 

meet the demand. 

Prohibited Routes: [RR_SH], [RR_MH], [RR_LH] 

I.154 Data input to SPASM via the sheets [RR_SH], [RR_MH] and [RR_LH] is 

dimensioned 32 airports * 33 years.  A ‘1’ indicates that the airport is permitted 

to operate this range of route in the year specified.  The definitions of 

destinations included under Short Haul, Medium Haul and Long Haul are 

given in the ‘Haul Dist’ input and discussed in the example of prohibiting 

routes. 
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I.155 In the example above long-haul prohibitions at BHX, EMA, EDI, and GLA 

cease in 2021. Consequently new route start ups to destinations classified as 

long-haul in the ‘Haul Dist’ definitions can take place if sufficient demand is 

allocated.  

I.156 It is difficult to envisage a situation in which short haul will be prohibited at an 

airport. Users must however remember to permit all appropriate route ranges 

when setting up a new airport. Other possible uses of this facility are outlined 

in Section G.  

Prohibited Charter [RR_Chart] 

I.157 Data input to SPASM via the sheet [RR_Chart] is dimensioned 32 airports * 33 

years.  A ‘1’ indicates that the airport is permitted to operate charter services 

in the year specified. The facility operates in the same way as prohibited 

routes, but acts on a passenger market. It will override the haul range 

prohibitions. 

EXAMPLE: Prohibited Charter. In practice charter is normally banned from Heathrow (LHR) 

and London City (LCY) in SPASM. 

Route Bans [Ban1998, Ban2000] etc. 

I.158 3 (scheduled, NFC, charter) 32 UK airport * 80 destination tables for each 

possible route. 
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I.159 Route Ban sheet prohibit individual routes by category (scheduled, NFC or 

charter) for user specified periods.  Their input works in the same way as ATM 

seeding sheets in NetData or demand overlay input in the Matrix file. Route 

bans or the removal of route bans will be read in for any year (yyyy) for which 

a [Banyyyy] sheet is present. A positive number (coloured orange) indicates a 

ban on that route starting from that year until explicitly cancelled. A negative 

number (coloured green) will cancel any existing prohibition. 

EXAMPLE: NFC Route Bans. The new route algorithm can be overridden to prevent 

premature route start-ups. Alternatively NFCs can be banned at Heathrow, but the ban 

removed in the AirportData file for the year where an option provides a new runway.  

Add-in ATMs [Residual_ATMs] 

I.160 Data input into SPASM is entered in cells [J3:AP34] and is dimensioned 32 

airports * 33 years. Growth in this traffic is calculated on the spreadsheet. The 

composition of the ATMs (which exclude freight) is given in the range 

[C3:H34]. The growth factors in cells [J1:AP1] are applied to the totals in cells 

[I3:I34] to give the forecasts in cells [J3:AP34], the latter being read into 

SPASM. These growth factors will normally be consistent with those for the 

‘miscellaneous’ category in sheet [NatGrowthModel] of Distgrowth*.xls. 



Rules and Modelling: 
Section I: PIP – The User Input Interface 

120419 Rules26a - 157 - 

  

Freighter ATMs [Freight_ATMs] 

I.161 Data input into SPASM is entered in cells [C3:AI34] and is dimensioned 32 

airports * 33 years. The principle is similar to that of residual add-in ATMs 

although the growth is usually calculated manually off the spreadsheet to take 

into account special local considerations or output from a separate freight 

model. 

Catchment and Charter Attractiveness [Catchment] 

I.162 The sheet [Catchment] contains two quite separate items of data: surface 

access catchment area cut offs and the variables used to calculate charter 

attractiveness.  

I.163 Catchment area cut-offs are input into SPASM from cells [C2:F33] and are 

dimensioned 32 airports * 2 short haul types * 2 long haul types. The data 

entered in the cells is in the units of minutes. Long-haul is defined as anything 

that is not classified short haul, and will therefore include ‘medium haul’ from 

the ‘Haul Dist’ classifications.  

I.164 Values of ‘99999’ are commonly entered to indicate an infinite surface access 

catchment travel time cut-off in minutes. The effect of this is to make sure 

there is not recommended as the calibrated logit models will effectively model 

intuitively reasonable airport catchment areas; catchment areas for “spillover” 

airports will change as other airports become constrained. 
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I.165 ‘999999’ is the default setting. New airports need to have their catchments 

switched on – usually by entering a ‘99999’ value..  

 

I.166 The two variables used to calculate the charter attractiveness variable in the 

charter logit model are input into SPASM from cells [G2:H33]. Notionally these 

values reflect the number of charter flights/week from each airport and the 

number of different charter destination airports served by each airport. 

However, these are calibrated values which will alter the calibrated base year 

model if adjusted.  

I.167 The ratio between these two variables determines the level of charter 

attractiveness. If these variables are 0 charter will effectively be banned from 

the airport. New airports will require charter attractiveness variables. Normal 

procedure is to ‘borrow’ the two values from a similar airport. 

Annual Parameters Spreadsheet 

I.168 The Annual Parameters file contains all miscellaneous input data which has 

an annual dimension but which is not specific to the 32 UK airports. The same 

types of data are stored on the eight purpose sheets, [UKBus], [UKLei], 
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[FoBus], [FoLei], [Chart], [LCUKBus], [LCUKLei], [LCFoBus], [LCFoLei], 

[LCChart] and [ItoI]. All sheets are read in by SPASM from this file. 

 

Value of Time [Row 3] 

I.169 In line with guidelines set out in the DfT’s March 2001 Transport Economics 

Note, the model is run assuming rising (real) values of time through time in 

line with GDP. Calculated values consistent with the Transport Economics 

Note are inserted into this spreadsheet. 

Airport Interchange Penalty (mins) [Row 4] [EXPERT] 

I.170 This is the changing aircraft interchange penalty for domestic and international 

interliners entered in minutes and converted to £s when it is added to the cost 

calculated by the frequency function within the logit models.  It represents the 

additional perceived deterrence and inconvenience of changing planes over 

and above the modelled waiting times. The default values are 120 minutes for 

the four scheduled purposes and 160 minutes for I to I interliners. These 

values are held constant throughout the model period. There are no values for 

charter and low cost carriers as these modelled passenger markets are not 

permitted to change plane by SPASM. 

“little a” [Row 5] [EXPERT] 

I.171 The frequency function calculates waiting times for a given frequency and 

assumes that travellers do not arrive randomly for flights. The function uses an 

empirical formulation which requires a parameter “a” which controls the extent 

to which passengers tailor arrival at the airport to coincide with flights. The 

calibration default values of “little a” are 0.2 for scheduled international 

business passengers and 0.4 for all other purposes. These values are 

currently held constant through the model periods. 

Annual Fare Rise Factor [EXPERT] 

I.172 These factors apply to the fares used in some but not all logit models which 

have a 1998 price base and are entered through Fare**.xls. They only apply to 

actual fares and not fare adjusters. Current default values are 1.00 across all 

markets held constant through the period; i.e. fares are not currently increased 

in SPASM.  
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Surface Scaling Parameter (Lambda) [EXPERT] 

I.173 This is the scaling parameter (λ) used in the calculation of composite surface 

access costs because the cost cannot compute mathematically with the 

exponent of large numbers. Changing this value can alter the respective 

weights of the contribution of road, rail and coach costs to the calculation of 

composite accessibility.  

I.174 This parameter is also ‘borrowed’ for the calculation of composite generalised 

cost during the calculation of demand suppression. The default value is 

currently –0.1 across all markets and held constant throughout the model 

period. 

Interchange Mins PT Mins [EXPERT] 

I.175 This is the public transport (rail) additional interchange deterrence penalty. 

The function of this penalty is similar to that of the airport interchange penalty. 

 It is used in the calculation of surface access generalised cost which is in turn 

used in the composite or weighted cost formulae. The default values are 15 

minutes for all scheduled purposes which have a ground origin. The value is 

held constant throughout the model period. 

Interchange Mins Coach Mins [EXPERT] 

I.176 This is the same as for the Interchange Mins PT Mins (above) and is used in 

the calculation of surface access generalised cost with the same default 

values as for public transport (rail). 

Vehicle Occupancy [EXPERT] 

I.177 As is apparent in the formula for the calculation of generalised cost for cars 

trips, in principle surface access costs by road should be divided by the 

average passenger vehicle occupancy of cars travelling to the airport. In 

practice, this leads to great complexity in the input data. For example in a 

‘drop-off’ trip, only the air passenger occupancy counts. Taxi trips to the 

airport (excluding those which are short connections from rail stations) are 

included as road surface access, and taxi occupancies are also difficult to 
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estimate. The default values are therefore set at 1.0 across all purposes and 

held constant throughout the model period.  The rationale for this approach is 

that although there will be some understatement of car generalised cost, this 

is offset by not adding in the equally problematic airport parking charges which 

are also unevenly distributed between road trips to the airport. Parking 

charges vary by airport, by type of road access (affecting private car trips, but 

not hire cars, drop-offs and taxis), and by duration of the air trip.  

Fuel/km [EXPERT] 

I.178 Fuel costs are used in the calculation of generalised cost for road access.  

The default values are taken from the DfT’s Highways Economics Note 2 

(HEN2) which applied at the time of model calibration. Default values do not 

vary by purpose and are held constant throughout the model period.  

Other Vehicle Operating Costs/km [EXPERT] 

I.179 Other vehicle costs represent depreciation and non fuel distance related 

vehicle costs and are used in the same way as fuel costs in the calculation of 

generalised cost for road access. Again, default values are taken from the 

DfT’s Highways Economics Note 2 (HEN2) and do not vary by purpose and 

are held constant throughout the model period.  

Larame Graphs Spreadsheet 

I.180 The Larame Graphs file contains all data relating to the definition of the 30 

possible Larame graphs, route start up and closure thresholds, the allocation 

of graphs to routes and the definition of zone groups.  The definition of graphs 

changes through time and each graph must be  re-specified every year. 

However, the allocation of graphs and route passenger thresholds to market 

types is constant throughout the model period. All Larame graphs worksheets 

are read in by SPASM. 

Larame Graph Definition Sheets [1998-2030]. 
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I.181 ‘Graph Number’ [Row 1]: the range of valid graph numbers is currently set at 

1-31.  

I.182 ‘Long/Short’, ’Type’, ’Airports’ [Rows 2:5]: this is descriptive text (not read in by 

SPASM) indicating the routes or market to which the graphs typically apply. 

I.183 ‘Aircraft Size 1’ [Row 7]: the entry aircraft size expressed as passenger seats. 

Aircraft will be fixed at ‘Aircraft Size 1’ and frequencies increased while 

passenger allocation to the route grows until ATMs reach the level given in 

‘Threshold 1’. Larame graphs represent several aircraft types rather than one 

specific type, therefore data may be entered as single precision ‘real’ rather 

than whole integer values. For the years 1999-2030 aircraft sizes are 

permitted to grow to represent efficiency improvements in the fleet.  Therefore 

the value in this field is a value calculated on the spreadsheet, using the 

previous year’s ‘Size 1’ and the Size 1 growth factor in [Row 24]. 

I.184 ‘Threshold 1’ [Row 8]: the level, expressed in ATMs, at which operators 

respond to increasing passenger allocation by switching to larger aircraft. This 

process will be gradual. Implicit is the assumption that only when all the fleet 

on the route are of the larger type will operators resume increasing frequency. 

It represents the first plateau of the Larame graph.  

I.185 ‘Aircraft Size 2’ [Row 9]: this is effectively the aircraft size, expressed in seats, 

which is progressively introduced into the fleet when ‘Threshold 1’ ATMs are 

reached. When the entire fleet consists of aircraft of this size (i.e. when seats 

= ‘Threshold 1’ * ‘Aircraft Size 2’), operators will resume adding frequency in 

response to growth in passenger allocation. The plane size may be increased 

through time using the previous year’s ‘Size 2’ and the Size 2 growth factor in 

[Row 25]. 

I.186 ‘Threshold 2’ [Row 10]: a second level or graph plateau, expressed in ATMs, 

at which a further switch to larger plane sizes occurs. It is optional whether 

graphs include this second threshold. If they do not, the value ‘999999’ or any 

large frequency must be used to indicate that there are no further increases in 

plane size and frequencies will continue to grow and there should be no 

transition (see below) to another graph. 

I.187 ‘Aircraft Size 3’ [Row 11]: aircraft size, introduced when the second ATMs 

threshold level is reached. A number greater than ‘Aircraft Size 2’ must be 
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entered if ‘Threshold 2’ has been defined. The plane size may be increased 

through time using the previous year ‘Size 3’ and the Size 3 growth factor in 

[Row 26].  If ‘Threshold 2’ is ‘999999’ or a prohibitively high frequency value, 

this field should be 0.0.  

I.188 ‘Next Graph’ [Row 12]: defines the transition on to a further Larame graph. A 

transition will only occur if ‘Threshold 2’ and ‘Aircraft Size 3’ have been 

defined.  If the passenger allocation results in a forecast of seats on the route 

which overlaps between the current Larame graph and the ‘next’ defined 

graph, SPASM will default to the current graph. If there are no further 

transitions, i.e. frequencies are to continue increasing indefinitely, then the 

current graph number (as in [Row 1]) should be entered. 

I.189 ‘Minimum Passenger Threshold’ [Row 13]: is the threshold, expressed in 

allocated passengers, below which the ‘kill-em test’ will close down the route.  

This value may be determined as the higher of the ‘Minimum Pax’ in cell [B22] 

or the implicit passengers at the new route testing level. This is the product of 

the new route testing Minimum ATMs in range [B18:C21] (see below) * 2 * 

Aircraft Size 1’ [Row 7] * Load Factor [Row 14]. This calculated threshold can 

be overridden on a route by route basis (rather than generically for all routes 

allocated this Larame graph) by entering values in the passenger threshold 

matrices in the Larame graph allocation sheets (see below).   

I.190 ‘Load Factor’ [Row 14]: is used to relate number of seats to numbers of ATMs 

after the passenger allocation and additionally to calculate the minimum 

passenger threshold. Load factors may be increased through time to 

represent efficiency improvements using the previous year’s load factor and 

the annual growth factor in [Row 29]. 

I.191 ‘Route and Airport Code’ [Row 15]: gives information on the derivation of the 

Larame graphs. This field is now obsolete and ignored by SPASM. 

 

I.192 ‘Larame Route Thresholds’ [Range B18:E21]: are used as the frequencies 

inserted when initially testing for new routes during Iteration 1 of each year’s 



Rules and Modelling: 
Section I: PIP – The User Input Interface 

120419 Rules26a - 164 - 

passenger allocation. These fields are also used in the calculation of minimum 

passenger thresholds. This has been extended in DLL25 to allow NFC and 

domestic route start-ups. 

I.193 ‘Minimum Pax’ [B22]: The value below which no minimum passenger 

thresholds will be set. The same value applies to all graphs in the annual 

definition.  

 

I.194 Aircraft ‘Annual Growth Rates’ [Rows 24:26]: these factors will increase the 

aircraft sizes in [Rows 7, 9 & 11] of the graph definition. The factor is applied 

to the appropriate aircraft size from the previous year. 

I.195 Load Factor ‘Annual Growth Rate’ [Row 29]: this factor will increase the load 

factor in [Row 14]. The factor is applied to the load factor from the previous 

year. 
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Zone Group Definition [Zones] [EXPERT] 

  

I.196 Zone group definitions only apply to the route group zones (501-527).  The 

first value [Row 3] indicates the proportion of demand which is expected to be 

travelling to the first (‘proxy’) airport of the zone group. The first value [Row 3] 

is used in the testing for new routes in the route group. See the example of 

testing for new routes in a route group. 

I.197 The importance of the route group ‘proxy’ airport as a ‘dummy’ hub is related 

to the number of airports represented in the group. The lower the proportion, 

the greater the importance of the ‘proxy’ airport’s role as a hub. See the 

example of the significance the number of airports in a group has on the hub 

attributes of the first airport.  

I.198 Rows [24:91] contain corresponding lists of airport names associated with 

each zone group allocation percentage for scheduled, NFCs and charter. 

These are not directly read by SPASM itself, but OrangeLite uses this data to 

label tables of allocations within zone groups in the Zone Group Route 

Breakdown output option. Sheet [ZonePurpose] is not read directly by 

SPASM, but is also used in the same Orange output to weight the allocation of 

airports within the zone group by purpose. 

Larame Graph Allocations [IntScheduled], [IntCharter] etc. 

I.199 The allocation of each Larame graph to routes is made in the sheets 

[IntScheduled], [IntCharter], [IntLCC], [DomScheduled], [DomCharter] and 
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[DomLCC]. These sheets also contain the minimum passenger threshold 

route overrides used to determine whether routes are to be closed down. All 

routes must be allocated a Larame graph irrespective of whether the route 

currently operates.  

I.200 The allocation of Larame graphs to routes is made by 32 UK airport * 48 world 

zone matrices for international scheduled, charter and NFCs and by 32 UK 

airport * 32 UK airport for domestic scheduled, charter and NFCs. It follows 

that forward and reverse domestic Larame graph allocations should be 

consistent.  The latter two domestic graph allocations are somewhat 

superfluous as there are no domestic charter services in SPASM and currently 

only one domestic graph is available for allocation to all domestic NFC routes.  

 

I.201 At present Larame graphs 1-19 apply to international scheduled, graphs 20-26 

to international charter, graphs 27-28 domestic scheduled and graph 29 to 

NFCs. However these graph allocations are not hard coded and graphs could 

be redefined and reallocated if necessary. Larame graph definition and 

allocation have a significant effect on the passenger allocation and adjustment 

of the graphs will alter the calibrated base year.   

I.202 Route level minimum passenger threshold override values are read by 

SPASM from range [C39:AX70] for international routes and [C39:AH70] for 

domestic routes. If cell values are greater than 0, the value will replace the 

generic threshold calculated on the appropriate Larame graph for the route on 

[Row 13] of the annual Larame graph definitions. This value will then be 
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substituted as the threshold for the ‘kill-em’ route closure test. These cells may 

be used to preserve low frequency routes.  

I.203 The minimum pax tables in [C75:AX106] provide information on the default 

passenger thresholds if override values have not been entered. 

Fares File 

I.204 The fares file comprises: three sheets which are used in the calculation of 

synthetic two way fares for use in those forms of logit model which include 

fares; 8 market segment sheets which contain the results of the fares 

calculations and which are read by SPASM; and, 8 market segment fare 

adjuster sheets.  The synthesis of fares in SPASM is described in the section 

on Generalised Costs.  Not all the preferred logit model forms use fares. Fares 

are also used in the separate calculation of generalised cost which is used in 

forecasting demand suppression. 

Fare Model Parameters [Parameters] [EXPERT] 

 

I.205 Values per mile given on this sheet are applied to the appropriate haul group 

distances and added to the constant and airport fare differentials to calculate 

the matrices of fares on sheets [UKBus] … [ItoI].
20

 A fare must be calculated 

for every route because of the possibility of route start ups. No model is 

applied to Low Cost Carriers where ‘observed’ fares are input. 

                                                 

20
 Exceptions are short haul leisure and charter which use logs of distance. 
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‘Great Circle Distances [Distances] [EXPERT] 

I.206 The synthesis of fares requires the distances for all possible routes. These are 

calculated off-model using the ‘Great Circle Method’ which is described in the 

section on Generalised Costs. The distance data is not read into SPASM but 

is used in the calculations on sheets [UKBus] … [ItoI]. 

Observed Fare Differentials [AirportDiffs] [EXPERT] 

I.207 The calibration of the fares model
21

 required data on fare relationships 

between all UK airports and Heathrow because the first stage of the 

calibration of the model used only fares from Heathrow to all world zones. The 

fare differential data is not read into SPASM but is used in the calculations on 

sheets [UKBus] … [ItoI]. 

Calculated Fares [EXPERT] 

 

I.208 Sheets [UKBus], [UKLei], [FoBus], [FoLei], [Chart], [LCUKBus], [LCUKLei], 

[LCFoBus], [LCFoLei], [LCChart]  and [ItoI] contain the calculated fares which 

are input into SPASM as fare matrices for every possible route. Data is input 

from cells [C4:CD35]. The calculation of each market segment’s fares through 

the calibrated fares model (which varies according to the length of haul) is 

made on these sheets  

                                                 

21
 See Halcrow Technical Note Ref. FL1124034/MAB/2408 Synthesised Analysis of Fares 

V2. 
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Fare Adjusters [EXPERT] 

I.209 Sheets [FaUKBus], [FaUKLei], [FaFoBus], [FaFoLei], [FaChart], 

[FaLCUKBus], [FaLCUKLei], [FaLCFoBus], [FaLCFoLei], [FaLCChart] and 

[FaItoI] contain the calibration fare adjusters which are input into SPASM as 

matrices for every possible route from cells [C4:CD35]. As route specific 

calibration parameters they would not normally be altered by users. Changing 

the default matrices of values will alter the calibrated base year passenger 

allocation. 

Network Data File (NetData**.xls) 

I.210 This file contains the base year route network expressed as annual ATM 

frequencies. It is one of the more commonly altered input sheets as it also 

contains all seeded route frequencies. Seeded frequencies may be used at 

new airports, in association with major increases in capacity or to compensate 

for the exclusion of domestic and low cost carrier routes from the new route 

tests.  

I.211 Worksheet naming conventions in NetData**.xls must be strictly followed.  The 

sheet [1998] must always be present to initialise frequencies. All subsequent 

sheets are ‘seeds’ and must be given the name of a year in the range 1999-

2030. Any number of frequency seeding sheets may be entered, although 

their undue use to override SPASM’s internal route start-up mechanism is not 

recommended 
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Base Year Frequencies [1998] 

 

I.212 Weekly ATMs for the calibration year of 1998 are stored on this sheet which 

must always be present.  The units are annual ATM returns from the CAA 

divided by 52 and filtered so that only two way ATMs greater than 52 are 

included. Data is read from this sheet by SPASM from the following locations: 

Type Location 

Scheduled International (excluding NFCs) AI4:CD35 

Scheduled Domestic (excluding NFCs) C4:AH35 

International NFCs AI51:CD82 

Domestic NFCs C51:AH82 

Charter AI90:CD121 

Euro-hubs AI40:CD43 

I.213 It should be noted that frequencies are required for the 4 European hub 

airports to the 48 world destination zones to permit the modelling of 

international interlining. Unlike the other scheduled frequencies these cannot 

be varied in subsequent years. 

I.214 In DLL23/4 frequencies are read into SPASM as integer (whole) numbers, 

whereas in DLL25 real numbers are read. 

Calibration Frequencies for 2000 [2000] 

I.215 The seeding facility in SPASM is used because effectively there is a second 

calibration year of 2000. SPASM has been designed not to start domestic and 
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NFC routes ‘organically’. The major expansion of NFC routes which occurred 

1998-2000 can therefore only be represented by seeding NFC frequencies. 

Minor revisions to international and domestic frequencies are also made for 

this year. A sheet [2000] or [2001] will normally be included on the standard 

issue files. In DLL25 values < 0 cancel frequencies.  

Seeded Frequencies e.g.[2021] 

 

I.216 Seeded frequencies are values > 0 in sheets other than [1998].  Blank or 0 

cells do not necessarily indicate 0 frequencies, but instruct SPASM to 

continue using the forecast frequencies. Frequencies can be seeded for 

scheduled, NFC or charter markets. Frequencies out of European hub airports 

cannot be seeded. In DLL25 a negative value < 0 can be used to de-seed or 

cancel frequencies. 

Flight Times [Times] [C4:CD43 or CH4:FI43] [EXPERT] 

I.217 Flight time is an explanatory variable in many of the model forms. A full set of 

times must be available for every domestic and international destination 

because of the possibility of route start-ups. Observed/synthesised or all-

synthesised times are available. Currently the all-synthesised times are input 

to SPASM as they provide a smoother more consistent dataset. Flight times to 

all world destination zones from the four European hub airports must also be 

included in this input data. 

I.218 Although the seeded annual sheets on NetData are optional (with the 

exception of [1998]), the sheet [Times] must not be removed or renamed. In 

DLL23/4 this input had been housed on the obsolete SCAM input file. 
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J Orange – The Output Interface 

J.1 ‘Orange**
22

.xls’ is the output processing spreadsheet.  It uses Visual Basic 

macros to process the raw output files left by SPASM in the output directory 

according to the type of results required.  The user specifies the types of 

outputs required from a list of options, and the years for which output is 

required.  Any range of annual output can be selected between 1998 and 

2030.  All the outputs are requested from the sheet [Parameters]. The other 

sheets must be retained as they are templates for the different formats of 

outputs. 

J.2 Orange now exists in two forms. The original form of Orange (currently. 

"Orange5e.xls") is only maintained for those types of outputs which have a 

district/county/region dimension.  All other types of output are available in 

OrangeLite and new types of output are now added in OrangeLite. 

J.3 OrangeLite memorises all data output by a run with the exception of the data 

dimension giving the ground origin. This fills the maximum volume of data that 

can be stored in memory on PCs with the 512mb of RAM recommended for 

running SPASM. By holding almost all raw output data in memory instead of 

reading and writing data for each year, OrangeLite is quicker and more robust 

than the original Orange. The original Orange read all the data for each year 

and wrote to the requested files for that year: a consequence of this method 

was that the volume of output was restricted by the number of spreadsheet 

pages that could be held open by Excel in any one session. By reading into 

memory data for all years and cycling through writing and closing each 

requested output file, OrangeLite can be used to request all available SPASM 

outputs in one session, providing ground origin related output is not required. 

J.4 If it is necessary to use the original form of Orange (currently. "Orange5e.xls") 

users must be aware that there are limitations on the number of worksheets 

Excel can open up in one run. Most outputs will typically contain a sheet per 

year or a sheet per airport. It is often prudent to limit the types of output 

requested in one Orange run to three. With continued usage, the user will gain 

knowledge on which combinations are possible and which aren’t possible in a 

single processing run.  It is recommended that OrangeLite is used wherever 

non-district/county/regional output is required. OrangeLite avoids these 

problems. 

                                                 

22
 ** = the current version of the spreadsheet e.g. Orange5e.xls. 
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Requesting Output from the Parameters Sheet. 

 
Orange5e 

 

OrangeLite 

J.5 The example above illustrates all forms of output requested deliberately 

breaking the rule on quantity of output that ought to be requested in a single 
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run in Orange5e.  The multiple requests in OrangeLite are acceptable. Orange 

is activated by pressing the ‘Process Output’ macro button. 

J.6 A significant enhancement in OrangeLite is that double-clicking on the output 

file switch in [C8:C28] will automatically open the output file. 

J.7 Run Log Code [C1] 

The user must enter a ‘Run Log Code’. This is for audit purposes and will be 

printed on each page of output requested in the run. The Run Log Code will 

be looked up in the Lookup Table in range [F3:G28] and explanatory text 

place in cell [D1]. The lookup must be successful for Orange to operate.  The 

Lookup Table is intended for users to edit with their project specific scheme 

names, and can be extended further down the spreadsheet as necessary.  

J.8 File Prefix [C2] 

The user should enter a text string which will be used as the prefix to 

differentiate all output produced by this run of Orange. E.g. in the example 

above the main summary sheet will be given the name TestSum.xls. 

J.9 Path for Input Option Files [C3] 

This will be the directory path (folder) where SPASM has stored the main run 

output. This directory would have been set up in cell [B21] of Pip**.xls. This 

will also be the folder where all the Orange output is directed. If this file is not 

correctly specified or does not contain the necessary output files, the Orange 

run will fail. 

J.10 Additional Header Comments [C4] 

An optional but useful supplementary text string which like the Run Log Code 

will be automatically printed on all the output.   

J.11 File Type [C5] 

'0' = raw output text files with the '.XLS' extension will be processed 
(DLL23/4). 
'1'= raw output text files with the '.TAB' extension will be processed 
(DLL25). 
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'2'= raw output binary output files with the '.BEN' extension will be 
processed (DLL23/4). 

J.12 Number of Requests [C6] 

For information. A count on the number of outputs requested. This is most 

useful with Orange5e to fore-warn whether the output restricted by the number 

of spreadsheet pages that could be held open by Excel in any one session. 

J.13 Years [A8:A40] 

Specify any selection of years in the range 1998-2030 for which processed 

output is required. Entering a reduced selection of years (e.g. 2000, 2005, 

2010, 2015, 2020, 2025,2030) will speed up processing output and avoid 

problems associated with specifying too many sheets of output. However in 

many cases the full range of years will be required. This is particularly 

important for time series outputs. 

J.14 Output Requests [C8:D28] OrangeLite or [C8:D55] Orange5e 

The table below summarises lists all available outputs and identifies whether 

the output is only available in OrangeLite or the original Orange. Blank entries 

for 'availability' indicate the output is available in both versions. Features 

added since DLL23 'Rules and Modelling' are coloured. Each type of output 

and how to request it, is discussed more fully in subsequent sub-sections.  

Output spreadsheets are stored in the same directory as ‘Path for Input 

Option Files’ with the filename prefix requested in cell [C2]. 

Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Summary  

Airport passenger totals for direct and indirect 

international scheduled, international charter, 

international NFC, I-to-I Interliners, domestic end-

to-end, domestic NFC, and other passengers. 

Airport ATM totals for international scheduled, 

international charter, international NFC, domestic 

scheduled, domestic NFC, and other ATMs.  

p/PATMs for each of these categories. 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

ATM / Terminal shadow costs, by airport.  

Study specific time series summary sheets of 

passengers, ATMs, shadow costs, capacities for 5 

selected airports. 

A separate sheet is produced for each requested 

year. 

 

ATM Matrices  32 UK airports * 48 world destination ATM 

matrices for scheduled, charter and NFC traffic (all 

2-way ATMs).  32 * 32 UK airports ATM matrices 

for scheduled domestic and NFC domestic traffic. 

A separate sheet is produced for each requested 

year. 

TimeSeries 

Pax (1) 

 Total terminal passengers at the 32 UK airports, 

by year. 

TimeSeries 

ATMs (2) 

 Scheduled, charter, NFC, ‘add-in’ residual, and 

total ATMs, by airport and by year. 

TimeSeries 

Shadow Costs 

(3) 

 
ATM and Terminal shadow costs by airport and 

year. 

Airport_Detail 5e Up to 3 airports can be chosen in a single 

processing run.  Passenger totals are provided by 

UK airport for each of the 48 world destinations 

and for scheduled direct and indirect, charter, 

NFC, and I-to-I Interliners.  Scheduled and charter 

ATMs and P/PATMs are also provided. A separate 

sheet is produced for each requested year. 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Airport_Detail OL 

Output content is the same as 
Orange5e, options are to output files 
for:  (a) a single airport or (b) all 32 
modelled UK airports in a single 
session. A separate sheet is 
produced for each requested year. 

Airport_Purpos

e_Detail 

OL 

A single or all 32 airports in a single 
session. For each requested airport 
and each requested year direct 
international passenger totals are 
provided by journey purpose (Sch 
UKBus, Sch UK Lei, Sch FoBus, 
Sch Fo Lei, I to I, Charter, NFC 
UKBus, NFC UK Lei, NFC FoBus, 
NFC Fo Lei) for each of the 48 world 
destinations. . A separate sheet is 
produced for each requested year. 

Route Start-Up 

Analysis 

 

Text output listing new routes and 
route closures by year for each of 32 
UK airports for all traffic types 
subject to the new route algorithm. 
Output is 8 text tables. Start-Ups: 
Scheduled, Charter, NFC, Domestic 
scheduled; Closures Scheduled, 
Charter, NFC, Domestic scheduled. 

Destination 

Annual Route 

Pax 

OL 

Time series passengers to 48 
international destinations for all UK 
airports grouped together. 
Disaggregated by Scheduled, 
Charter and NFC + Total table. 
Short haul and long haul 
summaries.  Used as an input to the 
Government Subsidy (Air Passenger 
Duty) calculation in SCAB economic 
cost-benefit appraisal. 

Annual Route 

Total (Jts) 

OL 

Time series of international 
passengers disaggregated by 
scheduled, charter and NFC with a 
separate sheet for each of the 48 
international destinations. 

ClassATM OL 

ATMs by seat band by destination 
disaggregated by scheduled, 
charter, NFC and international and 
domestic. A separate sheet is 
produced for each requested year. 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Output can be generated for either a 
single airport for 'Tracks' analysis or 
cumulatively from all UK airports for 
national emissions calculations. 
Second set of tables show aircraft 
total aircraft-miles/KMs 
disaggregated by destination and 
aircraft seat band. 

Zone Group 

Active Routes 

OL 

32 UK airports by 48 international 
destinations. Numbers of routes 
operated within each zone group 
disaggregated by scheduled, 
charter, NFC. A separate sheet is 
produced for each requested year. 
Activated as Option "2" under 
ClassATM 

ZoneGroup 

Route 

Breakdown  

OL 

48 foreign destinations by 32 UK 
airports, zone group passenger 
allocations, with zone groups 
disaggregated into nominal 
individual airports  with passengers 
to show the number of destinations 
in a zone group activated by the new 
route algorithm. Analysis is 
disaggregated into scheduled 
(including I to I), Charter and NFC. A 
separate sheet is produced for each 
year. 

32*80 Pax 

Summaries 

OL 

Simple 32 UK airports by 48 foreign 
destination tables for scheduled, 
charter and NFC, and 32 by 32 UK 
airports for domestic scheduled and 
domestic NFCs.  These tables are 
next sector trips and not necessarily 
ultimate destination. A separate 
sheet is produced for each year. 

Purpose_Airpo

rt 

 

Airport passenger totals disaggregated by 

purpose: Scheduled UK business, UK leisure, 

Foreign business, Foreign leisure; Charter; 

International NFC business and leisure; I-to-I 

Interliners; Domestic (all purposes). 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Domestic_End 

to End 

 Domestic air passenger 32*32 trip matrices:  

business, leisure and total. Excludes Domestic-

interliners. 

Domestic 

Region Routes 

5e 

Ground origins of domestic end-to-end 
passengers.  
The definition of the tables after the aggregate 
table is: 
Origin region * departure airport. 
Origin region * arrival airport. 
Destination region * departure airport. 
Destination region * arrival airport. 

Domestic 

County Routes 

5e As above but catchment of passengers at the 
county level. 

Domestic 

District Routes 

5e As above but catchment of passengers at the 455 
district level. 

Region_Route(

s) 

5e Regional catchment of passengers at each of the 

32 UK airports.  The user can choose a single 

route to examine, short haul, medium haul (US 

and Canada only), or long haul, or all routes 

combined.  In addition, the user is able to specify 

direct only (switch=1), indirect only (switch=2), or 

both direct and indirect (switch=3) passenger 

outputs.   

County_Route(

s) 

5e As above but catchment of passengers at the 

county level 

District_Route(

s) 

5e As above but catchment of passengers at the 455 

district level 

Region_Route

s_All 

Scheduled 

5e 
As Region_Route(s) above but only all scheduled 

traffic only 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Region_Route

s_UKBus 

5e 
As Region_Route(s) above but UK business only 

Region_Route

s_UKLei 

5e 
As Region_Route(s) above but UK leisure only 

Region_Route

s_FoBus 

5e As Region_Route(s) above but foreign business 

only 

Region_Route

s_FoLei 

5e 
As Region_Route(s) above but foreign leisure only 

Region_Route

s_Charter 

5e As Region_Route(s) above but charter and direct 

only 

Region_Route

s_LCC 

5e As Region_Route(s) above but NFC and direct 

only 

Airport_Annual 

Route ATM 

 Time series output for all 32 airports of ATMs by 

international route for all markets, scheduled, 

NFCs and charter. 

Airport_Annual 

Route Pax 

 
Time series output as above but for passengers. 

Annual I to I 

Interliners 

5e Time series output for I to I interliners at each 

airport. 

Shadow Cost 

Iteration 

Output 

5e  Obsolete – use SCAB 

Debug output giving information on passenger 

allocation, ATMs, shadow costs, capacities for 

each iteration of each requested year’s output. 
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Outputs Type Availability 
Ol=OrangeLite 
5e=Original 
Orange 

Description 

Economic 

Benefits 

5e Obsolete – use SCAB 

Calculations of economic benefits up to 2030 for 

each airport * requested years (based on shadow 

costs) for existing and generated passengers, 

undiscounted and discounted. 

Sample 

Economic 

Diagnostics 

5e Obsolete – use SCAB 

Transparent on-screen economics benefits 

calculation up to 2030 for a single airport to 

illustrate the calculations underlying the main 

economic benefits calculation. 

The Summary Sheet 

J.15 A ‘1’ in [C8] will produce a summary sheet for each year requested in the 

range [A8:A40]. Up to 33 annual sheets will be produced in the Orange output 

file ppppSum.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters]. Note that because of the need to report header records, the 

OrangeLite output is one row lower. 

 

J.16 Passenger numbers in blue in the range [D7:L38] are indirect i.e. domestic 

and international interliners. They are not counted as terminal passengers in 
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this part of the table. Domestic interliners are converted to terminal 

passengers in cells [D40:H40] ([D41:H41] OrangeLite). The total terminal 

passengers are carried forward from these cells into the Scheduled passenger 

totals in [M7:M38]. 

EXAMPLE: Totalling Scheduled Passengers at hubs. The scheduled passengers at 

Heathrow  [M19] total 51,978,597. This figure is the sum of the direct scheduled passengers 

[C19], the domestic interliners [D19:H19], the international interliners [I19:L19] and the total 

domestic interliners flying from other airports to Heathrow converted to terminal passengers 

[E41]. At non domestic hub airports e.g. GLA the total of scheduled passengers in [M18] is 

simply the sum of cells [C18:L18]. 

J.17 The interlining summary totals in blue italics in cells [N7:O38] are for 

information only and are not carried forward into the airport totals. The 

purpose of these cells is to report the national domestic/international 

interlining split which is not directly reported elsewhere on the Summary sheet. 

Note that these cells are calculated on the spreadsheet itself rather than 

internally processed by the visual basic macro. 

  

J.18 The total reported terminal pax at airports [V7:V38] is the sum of market 

segment totals for scheduled including interliners [M7:M38], charter [P7:P38], 

international to international interliners [Q7:Q38], domestic end-to-end 

[R7:R38], international NFCs [S7:S38], domestic NFCs [T7:T38] and other 

passengers [U7:U38].  Note that the rules for counting passengers apply to 

the domestic end-to-end and domestic NFC markets i.e. a trip will be counted 

as a terminal passenger at the airport of departure and the airport of arrival.  
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Similarly I to I interliners will be counted twice on arrival and departure. 

Shadow costs are reported for either ATMs or terminal. Because of the rules 

for binding constraint, an airport cannot have both types of shadow cost at the 

same time. 

 

J.19 The ATMs in cells [C43:I74] are input automatically by the Orange Visual 

Basic macro program. However, the p/PATMS in [K43:Q74] are all calculated 

on the spreadsheet itself and users can inspect (and even alter) these 

calculations. 

J.20 A ‘2’ in [C8] will produce an extra project specific summary sheet with time 

series information on passengers, ATMs, capacities and shadow costs for up 

to five airports. The zone codes to select the maximum of 5 airports are 

entered in cells [A42:A46] of [Parameters]. 
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J.21 This additional summary sheet uses Excel’s conditional formatting to highlight 

allocations which may breach specified tolerances, highlighting where 

relaxations have been used to allow convergence.  

ATM Matrices 

 

J.22 ATM matrices are requested by entering ‘1’ in cell [C9]. The ATM units can be 

controlled by the divisor value in cell [D9]. ‘1’ will leave the matrices as annual 

ATMs, while ‘52’ would report weekly ATMs etc. 

J.23 Up to 33 annual sheets of ATM matrices can be produced in the Orange 

output file ppppATM.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters]. Each annual sheet will contain five ATM matrices: 

1. International 

scheduled 

32 UK airports * 48 world destinations 

2. International charter 32 UK airports * 48 world destinations 

3. Domestic scheduled 32 UK airports * 32 UK airports 

4. International NFCs 32 UK airports * 48 world destinations  

5. Domestic NFCs 32 UK airports * 32 UK airports 

Note that freight and other ATMs are included in the domestic scheduled 

matrices. 
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Time Series Pax, ATMs and Shadow Costs 

J.24 Time series passenger summaries by airport are requested by entering ‘1’ 

in cell [C10]. 

 

J.25 Only those years specified in [A8:A40] will be reported. Eleven matrices for 

each market types of 32 airports * 33 (max) years is produced. A single sheet 

will be produced in the Orange output file pppptsPax.xls where pppp is the 

filename prefix input in cell [C3] of [Parameters]. The market types reported 

are: 

• All terminal passengers 

• Direct international scheduled passengers 

• Indirect international scheduled passengers (domestic and 

international interliners ) 

• All scheduled terminal passengers including domestic interliner 

• Charter passengers 

• International i to i interliners 

• Domestic end-to-end scheduled passengers 

• All domestic passengers 

• International low cost passengers 

• Domestic low cost passengers 

• Other passengers 

J.26 Time series annual ATM summaries by airport are requested by entering ‘1’ 

in cell [C11] for the years specified in [A8:A40]. A single sheet will be 

produced in the Orange output file pppptsATM.xls where pppp is the filename 
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prefix input in cell [C3] of [Parameters]. The format of the matrices is similar to 

that of the passengers, however six 32 airport * 33 (max) matrices are 

produced for: 

• All ATMs 

• International Scheduled  

• International Charter 

• Domestic Scheduled  

• Domestic and International NFCs 

• Add-ins and Residuals 

J.27 Time series shadow cost summaries by airport are requested by entering 

‘1’ in cell [C12] for the years specified in [A8:A40]. A single sheet will be 

produced in the Orange output file pppptsShad.xls where pppp is the filename 

prefix input in cell [C3] of [Parameters]. Two 32 airport * 33 (max) matrices are 

produced for ATM and terminal shadow costs. 

 

Airport Detail 

J.28 Airport detail output for up to 3 separate airports is requested by entering ‘1’ in 

cells [C13], [C14], [C15] for detail of the airport codes entered in cells [D13], 

[D14], [D15] in Orange5e. In OrangeLite a single airport can be requested in 

cell [C15] or all airports by entering '32' in cell [C15]. A check is made that 

valid airport codes are entered in these fields. Up to 33 annual sheets for each 

year specified in [A8:A40] will be produced in the Orange output file 
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ppppIntl_aaa.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters] and aaa is the airport code.  

J.29 The form and conventions of output are similar to that of the Summary Sheet. 

Passenger, ATM and p/PATM output is produced for all international routes 

out of the selected airport(s).  Domestic traffic is not included in these sheets. 

 

Extract of Airport Summary Data for Bristol in 2013. 

Airport Purpose Detail – OrangeLite only 

J.30 International airport detail output giving purpose splits a single airport can be 

requested in cell [C15] or all airports by entering '32' in cell [C15] in 

OrangeLite only. A check is made that valid airport codes are entered in these 

fields. Up to 33 annual sheets for each year specified in [A8:A40] will be 

produced in the Orange output file ppppIntlPurp_aaa.xls where pppp is the 

filename prefix input in cell [C3] of [Parameters] and aaa is the airport code. 

J.31 This option is the only option which can derive business/leisure splits by route 

at each airport. 
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Extract of International Airport Purpose Summary for Birmingham 

Region, County and District Routes – Orange5e only 

J.32 Region routes is all purpose catchment area output generated by entering ‘1’, 

‘2’ or ‘3’ in cell [C17] and a destination code in the range 501-548 or 600-603 

in cell [D17]. Forecast airport passenger allocations for a route or groups of 

routes are output for the standard DfT planning regions. Up to 33 annual 

sheets for each year specified in [A8:A40] will be produced in the Orange 

output file ppppReg.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters].  
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J.33 In cell [C16] responses are: 

‘1’ Direct traffic only;  
‘2’ Indirect Only 
‘3’ Direct+Indirect. 

J.34 In Cell [D16] the destinations are:  

501-
548 

individual SPASM world destinations 

600 all international destinations 
601 all international short-haul destinations 
602 all North American destinations  
603 all long haul destinations (excl. North 

America). 

J.35 The illustration above shows direct routes only to zone 530 Amsterdam. Only 

those airports which have direct flights to Amsterdam will have passenger 

allocations. If ‘2=Indirect’ is selected, the airport allocations will be domestic 

and international interliners only. 

J.36 The output in cells [AI9:AL23] may be useful for GIS airport catchment 

mapping. ‘Local Airport’ [Col AJ] is the airport which has the largest catchment 

within that region. ‘Propensity To Fly’ is the terminal passenger movements / 

1999 population for the selected routes(s). The 1999 population is read in 

from the list of district populations in [AM2:AM456] of sheet [Zones]. If 

propensity to fly, other than from a 1999 base population, is required, an 

alternative district population list can be substituted as appropriate in [Zones].  

J.37 The lists of the districts and counties which constitute a region are given in 

Appendix 2 of this document. 

J.38 County Route output is generated in the same way and with the same options 

as for Region Routes using cells [C17] and [D17]. The lists of districts which 

constitute a county are given in Appendix 2 of this document. Up to 33 annual 

sheets for each year specified in [A8:A40] will be produced in the Orange 

output file ppppCounty.xls where pppp is the filename prefix input in cell [C3] 

of [Parameters]. 

J.39 District Route output is generated in the same way and with the same options 

as for Region Routes using cells [C18] and [D18]. Up to 33 annual sheets for 

each year specified in [A8:A40] will be produced in the Orange output file 
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ppppDist.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters].  

J.40 This output is of particular value as it represents the geographical level at 

which the passenger allocation is made and the output is of particular value 

for detailed GIS mapping of catchment. 

 

Purpose Split Passengers 

J.41 Passenger purpose output for all airports for the years specified in [A8:A40] is 

requested by entering ‘1’ in cell [C13] of OrangeLite or cell [C19] of Orange5e. 

Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output file ppppPurp.xls where pppp is the filename prefix input in 

cell [C3] of [Parameters].  

J.42 The style and conventions of output are the same as for the passenger 

allocation part of the Summary Sheet. Numbers will cross-check with the 

Summary sheet. The principal difference is that direct scheduled passengers 

and domestic interliners are disaggregated into UK Business, UK Leisure, 

Foreign Business and Foreign Leisure purposes; international NFCs are split 

into business and leisure. 
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J.43 This output is normally required for economic analysis using the ‘SCAB.xls’ 

spreadsheet. 

Domestic-End-to-End Passengers 

J.44 Domestic end-to-end 32 UK airport  * 32 UK airport matrices are requested for 

the years specified in [A8:A40] by entering ‘1’ in cell [C14] of OrangeLite or 

[C20] of Orange5e. Up to 33 annual sheets for each year specified in [A8:A40] 

will be produced in the Orange output file ppppDomPax.xls where pppp is the 

filename prefix input in cell [C3] of [Parameters].  Each worksheet in the 

output file contains three matrices: 

• All domestic purposes 

• Domestic scheduled business 

• Domestic scheduled leisure 

J.45 The output excludes domestic low cost carriers and domestic interliners. 
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J.46 Although the SPASM domestic model undertakes the allocation at a district to 

district level, this detail of output is not yet available through Orange because 

of the difficulty of tabulating 455*455 output in Excel and the appropriate data 

is not yet present in the raw output.   

Domestic Region / County / District Routes  "DomDist" (Orange 5e 

only) 

J.47 Domestic end to end full service Region / County / District Routes ("DomDist") 

is disaggregated catchment area output generated by entering '1' in cells 

[C21], [C22] or [C23] for regional, county or district level output respectively.  

Enter a destination zone in the range (1-455) in cells [D21], [D22] or [D23] for 

regional, county or district level output respectively to limit the output to an 

individual zone. Up to 33 annual sheets for each year specified in [A8:A40] will 

be produced in the Orange output files ppppDomReg.xls, ppppDomCounty.xls 

or ppppDomDist.xls where pppp is the filename prefix input in cell [C3] of 

[Parameters]. 

J.48 This output excludes domestic-interliners, domestic NFCs and Northern 

Ireland passengers who are not allocated district / county / regional ground 

origins. This output is of particular value as it represents the geographical level 

at which the passenger allocation is made and the output is useful for detailed 

GIS mapping of catchment (although beware the effects of domestic 

catchment cut-offs). The lists of the districts constituting regions and counties 

are given in Appendix 2 of this document. 
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J.49 Output includes 5 tables. The first is an aggregate of the next four. The 
definition of the subsequent tables is : 

• Origin district/county/region * departure airport. 

• Origin district/county/region * arrival airport. 

• Destination district/county/region * departure airport. 

• Destination district/county/region * arrival airport. 

 

Extract of County Level Output : Origin district/county/region * departure 

airport 

Purpose Split Region, County and District Passengers – Orange5e 

only 

J.50 Purpose split international Regional, County and District routes is 

disaggregated catchment area output generated by entering ‘1’, ‘2’ or ‘3’ in 

cells [C21:C41] and a destination code in the ranges 501-548 or 600-603 in 

cells [D21:D41]. The same restrictions and conventions on input codes apply 

as for the all purpose Region, County and District Routes. It should be noted 

that the only valid code for Charter and NFC routes in Column C will be ‘1’ as 

only direct routes are permitted for these markets. 

J.51 Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output files ppppReg_All Purposes.xls ppppReg_UK Business.xls, 

 ppppReg_UK Leisure.xls, ppppReg_Foreign Business.xls,  ppppReg_Foreign 

Leisure.xls,  ppppReg_Charter.xls and ppppReg_Low Cost Carriers.xls where 

pppp is the filename prefix input in cell [C3] of [Parameters]. The same 
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naming conventions for the output for County and District routes apply, but 

substituting ‘County’ and ‘Dist’ for ‘Reg’ respectively. Note that ‘all purposes’ is 

scheduled purposes only. 

J.52 The form of output is the same as that for Region, County and District Routes. 

 The illustration below shows UK Business direct + indirect airport catchments 

to all world zones at the county level.  

 

J.53 The lists of the districts constituting regions and counties are given in 

Appendix 2 of this document. 

Annual Route ATMs and Passengers 

J.54 Tabulations of time series international ATMs and by market by airport are 

generated by entering a ‘1’ in cell [C42]. This output contains much important 

diagnostic information and it is recommended that this output is routinely 

produced with the Summary Sheet.  

J.55 The time series is produced for all years specified in [A8:A40]. The output is in 

the Orange output file pppptsAP_ATM where pppp is the filename prefix input 

in cell [C3] of parameters.   A separate output sheet is produced for all 32 

airports. Each sheet comprises four 48 world destinations * (maximum) 33 

years matrices of ATMs for:  
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• All international  

• International Scheduled (excluding NFCs) 

• Charter 

• International Low Cost Carriers 

 

J.56 This output is of diagnostic value because it gives information on route starts-

ups and closures. OrangeLite output is 1 row lower because of header 

information. OrangeLite also adds information on short haul / long haul splits 

and adds an "All" airport sheet. 

J.57 Entering a ‘1’ in cell [C43] generates the equivalent information in the same 

format and with the same set of four matrices for international passengers for 

the years specified in [A8:A40] in an output file pppptsAP_Pax, where pppp is 

the filename prefix input in cell [C3] of parameters. This output is of lesser 

value than the ATM route output as the passenger allocations include direct 

and indirect routeings, and therefore route start-ups and closures are less 

clearly identified. 

Route Start Up Analysis 

J.58 Text files giving separate table histories of route start-ups and route closures 

for scheduled, NFC and charter routes are generated by entering a '1' in cell 

[C20] of OrangeLite or cell [C25] of Orange5e. This output is a useful 

complement to the Annual Route ATMs and Passengers files which also show 

the sequence of route start-ups and failures, but does not present all airports 

on a single sheet. 
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J.59 The route start-up / failure history is reported for all years specified in 

[A8:A40]. The output is in the Orange output files ppppNewRoute.xls/tab 

where pppp is the filename prefix input in cell [C3] of parameters.  A single 

output sheet is produced with 8 tables: 

• Scheduled route start-ups 

• Scheduled route closures 

• Charter  route start-ups 

• Charter  route closures 

• NFC  route start-ups 

• NFC  route closures 

• Domestic scheduled  route start-ups 

• Domestic scheduled  route closures 

J.60 Tables are only produced for those categories which are subject to the new 

route algorithm. 

 

Annual Route Total (Jts) – OrangeLite only  

J.61 Time series passengers to 48 international destinations for all UK airports 

grouped together will be generated by entering '1' in cell [C24]. A single sheet 

will be produced in the Orange output file ppppJTSPax.tab where pppp is the 

filename prefix input in cell [C3] of parameters.   
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J.62 The output is disaggregated into 4 tables of All, Scheduled, Charter and NFC 

table. Short haul and long haul summaries are provided in the same style as 

in Annual Route ATMs and Passengers.  The principal use of this output is as 

an input to the Government Subsidy (Air Passenger Duty) calculation in SCAB 

economic cost-benefit appraisal. 

 

Destination Annual Route Passengers (OrangeLite only) 

J.63 A time series of international passengers disaggregated by scheduled, charter 

and NFC with a separate sheet for each of the 48 international destinations is 

generated by entering a '1' in cell [C23]. A sheet for all 48 international 

destinations and a total sheet will be produced in the Orange output file pppp 

s02tsDest_Pax.tab where pppp is the filename prefix input in cell [C3] of 

parameters. 

J.64 The output is disaggregated into 4 tables of All, Scheduled, Charter and NFC 

table. Short haul and long haul summaries are provided in the same style as 

in Annual Route ATMs and Passengers.   

J.65 This output allows the user to examine the route history between all UK 

airports and a single destination on a single sheet. 
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ClassATMs – OrangeLite only 

J.66 Enter a '1' '2' or '3' in cell [C25] to generate ATMs by seat band by destination 

disaggregated into tables for All, Scheduled, Charter, and NFC with 

international and domestic destinations are separated. A new sheet is 

produced for each requested year.  

• '1' and '2'  will produce tables to each destination with the origin 

as all UK airports. 

• '3' will produce a table for each UK airport with the destinations 

split into short haul and long haul giving output that is used in 

the freight model. 

• '2' generates a secondary Zone Group file tabulating the 

number of destinations in a zone group that have been reached 

in any particular year by scheduled charter or NFC. This is 

discussed separately. 

J.67 Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output file ppppClassATM.xls where pppp is the filename prefix 

input in cell [C3] of [Parameters] with options '1' and '2' or 

ppppClassHaulATM.xls with option '3'.   
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J.68 With Options '1' and '2' Output can be generated for either a single airport 

suitable for input to 'Tracks' analysis by entering a UK airport code (461-492) 

in cell [D25] or cumulatively from all UK airports for national emissions 

calculations by leaving cell [D25] empty.  

 

Extract of Airport Specific Class ATM Output : Table 1 'All' 

J.69 A second set of tables show aircraft total aircraft-distance disaggregated by 

destination and aircraft seat band. The unit of the aircraft-distance can be 

chosen in cell [C36].  

• 1 = Statute Miles 

• 2 = Nautical Miles 

• 3 = Kilometres 

J.70 The airport-distance will be for all airports or a single UK airport as specified 

above. 
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Extract of Airport-NauticalMiles Class ATM Output : Usable for Emissions 

Modelling 

 

Zone Group Active Routes (OrangeLite only) 

J.71 Enter a '2' in cell [C25] to generate ClassATM output of ATMs by seat band by 

destination as described above and the secondary active zone group file 

tabulating the number of destinations in a zone group that have been reached 

in any particular year by scheduled, charter or NFC.  

J.72 Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output file ppppZG.xls where pppp is the filename prefix input in 

cell [C3] of [Parameters].  

J.73 These matrices can only be produced from SPASM by processing the 

ClassATM files. 

J.74 This output may be used in conjunction with the Zone Group Route labelling 

output described below. 
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Zone Group Route Breakdown (OrangeLite only) 

J.75 Enter a '1' in cell [C27] to generate output which tabulates for48 foreign 

destinations by 32 UK airports, zone group passenger allocations, with zone 

groups disaggregated into labelled individual airports  with passengers to 

show the number of destinations in a zone group activated by the new route 

algorithm. When this option is activated a Larame input file must be entered in 

cell [C37]. This file will contain the data on airport names and different orders 

of airport labels for each journey purpose. 

J.76 Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output file ppppZGRoute.xls where pppp is the filename prefix 

input in cell [C3] of [Parameters]. Analysis is disaggregated into scheduled 

(including I to I), Charter and NFC. A separate sheet is produced for each 

year. 

J.77 This output is illustrative only and will be determined by the lists of airports 

entered on the Larame file. It can be used in conjunction with the summary of 

routes used in each zone group in the Zone Group Active Routes output. 
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Example : Illustrative Scheduled Zone Group Routes in 2030 

32*80 Pax Summaries (OrangeLite Only) 

J.78 Enter '1' in cell [C26] to generate simple 32 UK airports * 48 foreign 

destination tables for scheduled, charter and NFC, and 32 * 32 UK airports for 

domestic scheduled and domestic NFCs.   

J.79 Up to 33 annual sheets for each year specified in [A8:A40] will be produced in 

the Orange output file pppp32x80.xls where pppp is the filename prefix input 

in cell [C3] of [Parameters]. Analysis is disaggregated into scheduled 

(including I to I), Charter and NFC. A separate sheet is produced for each 

year. 

J.80 These tables provide a useful diagnostic summary of  next sector trips but 

these include all type of interliners and are not necessarily ultimate 

destination.  

J.81  
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Time Series I to I Interliners 

J.82 Tabulations of time series international to international (I to I) interliners are 

generated by entering a ‘1’ in cell [C44] of Orange5e. I to I interliners make a 

significant contribution to passenger demand and ATMs at the major airports 

and are more sensitive in their allocations  and their demand suppression to 

the effect of shadow costs. This output is therefore a useful complement to 

the time series route by route ATMs described above.  

J.83 This output is contained within the TimeSeries Pax options of OrangeLite and 

separate output is redundant. 

J.84 The I to I time series allocations are reported for all years specified in 

[A8:A40]. The output is in the Orange output file pppptsII where pppp is the 

filename prefix input in cell [C3] of parameters.   A single output sheet is 

produced for a passenger matrix dimensioned 32 airports by a (maximum) 33 

years. 
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Shaditer Output 

J.85 Each SPASM run will output a diagnostic file Shadowiterationyyyy.xls (where 

yyyy is the year), containing details of the search for shadow costs through 

every iteration. This file can be tabulated in more user accessible form by 

entering ‘1’ in cell [C28] of OrangeLite or cell [C49] of Orange5e. This 

generates a file with details of transitory capacities, passenger allocations, 

ATMs, p/PATMs and shadow costs for every iteration for the years specified in 

[A8:A40] in an output file ppppShaditer.xls where pppp is the filename prefix 

input in cell [C3] of parameters. A separate worksheet is produced in the file 

for every year specified. 

J.86 A detailed description of the layout of the Shaditer file is given in the shadow 

costs section.   This includes examples of how Shaditer output can be used to 

understand the goalsearch process and how filtering the Shaditer output may 

clarify the setting of shadow costs. 

J.87 When allocations become ‘stuck’ and terminate by reaching the user specified 

maximum number of iterations, the Orange processed Shaditer output for the 

‘stuck’ year will usually gives clues how the iterations may be successfully 

restarted.  The Pip ‘Restart’ sub-section has an example of how Shaditer 

output can be used interpreted to find suitable capacity relaxations to restart a 

problem allocation. 
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J.88 It is also possible to generate route level Shaditer output via Orange.xls 

through entering a valid world destination code(501-548) in cell [D49].  This 

option can only report one zone in any one run. To generate this additional 

output iteration debug files must have been requested on Pip [Parameters] 

when the run was initiated. 

Economic Benefits Output – Orange5e only (Obsolete) 

J.89 Although some economic appraisal facilities have been retained in Orange5e, 

these are now largely obsolete because economic costs and benefits are 

currently calculated from SPASM outputs using the comprehensive stand 

alone Orange compatible spreadsheet model ‘SCAB.xls’. The methods of 

benefit calculation between SCAB and Orange5e are similar. However SCAB 

has facilities to extend benefits profiles through to 2054 which are essential for 

estimating the full 30 year benefits of options which may only be implemented 

towards the end of the period 2001-2030. SCAB will also allow benefits to be 

calculated across all passenger purposes, and includes producer and freight 

benefit and government revenue calculations.
 23

 

J.90 Orange5e’s benefit calculations are triggered by entering ‘1’ in cell [D50]. 

Benefits are calculated for existing and generated passengers for the scheme 

identified in cell [C3], compared to a base case, the path for which must be 

specified in cell [E51]. Two files are generated in the option output directory 

ppppExBen.xls and ppppGenBen.xls reporting existing and generating 

passenger benefits respectively. Discounted and undiscounted benefits will be 

tabulated for all the years specified in cells [A8:A40]. However, the present 

value year for discounting is 2001 and the benefit calculations are only 

reported for the period 2001-2030. This is unlikely to represent the full 30 year 

stream of benefits for a capital project. For a more complete analysis, the 

SERAS document SERAS Stage Two: Appraisal Findings Report -Supporting 

Documentation, Economic Appraisal should be used. 

                                                 

23
 See the Halcrow SERAS supporting document, "SERAS Stage Two: Appraisal Findings 

Report -Supporting Documentation, Economic Appraisal" 
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J.91 Tables of benefits (£ million) are produced cumulatively and individually for 

scheduled international passengers (UK Business, UK Leisure, Foreign 

Business and Foreign Leisure) and domestic scheduled passengers. 

J.92 The test discount rate which will be used in the calculation of the discounted 

benefit tables should be entered in cell [E54]. The calculation of benefits also 

requires additional input other than outputs from two SPASM scenarios: 

Additional Input Source 
A fare factor Orange [Zones] [AW2:AX6] 
Hours/day to count benefits Orange [Zones] [AY2] 
Table of international Routes 
operated by each airport 1998-2030 

Airport**.xls or any file containing 
sheet [Routes]

24
 

Value of Time Profile of rising value of time rising 
in real terms through time. This 
should be input by referencing the 
Values of Time used as inputs to 
the SPASM run in 
AnnualParameters.xls 

Details of the use of these variables and the methodology for the calculation 
of the benefits is included in the SCAB.xls documentation. 

                                                 

24
 Routes is 32 airports * 33 years matrix of numbers of international routes operated by 

each airport, normally compiled for the base year from CAA Table 12 returns. The table 
must be on the spreadsheet given in [E52] and the matrix must start in cell [C3]. 
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J.93 The calculation of benefits in Orange5e is relatively ‘opaque’ in that it takes 

place within an Orange5e Visual Basic macro. An option is provided to provide 

diagnostic detail of the calculation of the benefits at an individual airport for 

each year. This facility reports the values read in to Orange and uses 

spreadsheet formulae to illustrate the calculation of the benefits produced in 

the main table.  This facility can be switched on by entering a ‘1’ in cell [C55] 

and specifying a valid airport code in cell [D55]. 

J.94 The example overleaf shows the example of benefit calculation diagnostic to 

existing users at LGW with detail of the calculations for 2001. 

 

J.95 The formulae for the calculation of the 2001 benefits in the above illustration 

are shown below. 
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Raw SPASM Outputs 

J.96 Orange.xls processes raw output files which are written to the output directory 

which is specified in cell [B21] of Pip**.xls and cell [C3.xls] of Orange 

[Parameters]. Normally the user will not need to directly process these files. 

But some detailed debug files are not currently directly processed by Orange 

and users will need to provide their own processes.  

J.97 There are three types of Orange output file. 

1. [.TAB] output files are standard text files readable by all versions of 

Orange. but only output by DLL25. They are the equivalent of the 

.XLS files in earlier versions of SPASM, but are renamed to avoid 

cluttering disks with Excel type filenames when the file is text format. 

2. [.BEN] output files are compressed tamperproof binary output files 

reduce the disk space required by SPASM output by about 40% and 

produce identical result to the text [.TAB] files. They are only output 
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by DLL25. An update to OrangeLite and Orange5e is still required to 

read this form of output. 

3. [.XLS] output files are standard text files readable by all versions of 

Orange. but only output by the earlier version DLL23/4. They are 

superseded by the .TAB output files of DLL25. 

J.98 Users should have some familiarity with the raw outputs. 

J.99 Users should always check that a run has completed by checking that files 

have been generated for the full period specified.  

J.100 WARNING: if repeated runs are made in the same output directory, there is a 

possibility that a run may terminate prematurely (normally because they have 

become ‘stuck’ and reached the user specified maximum number of iterations) 

leaving behind files from later years from an earlier run. In this situation output 

from two runs can mingle producing false results when processed through 

Orange. Ideally, unless a new directory is being used, raw output files should 

be cleared (or zipped) from an existing directory before a re-run. When 

checking to see that a run has completed normally the output directory should 

be examined in file creation order in Windows Explorer or similar program.  

J.101 The table below shows the standard set of files which will be created on 

successful completion of a years iterations. In this example for 2030, the files 

are listed in the order in which they are created in the output directory by 

SPASM. 

J.102 The table identifies those outputs which are read into Orange for user-friendly 

and standardised output formats. Of the other files, the ‘arays’ file is binary 

and used for restarting runs and can only be read by SPASM itself.  These 

files are much larger in DLL25 as they now carry forward demand from year to 

year because of the potential presence of overlays in the restart year. 

File Processed 

By 

Orange? 

Type 

32by48DemandPax2030 No 3 tables (Scheduled, Charter, LCC) 

of 32 airport * 80 destinations 

passenger allocations. 

Shadowiteration2030 Yes Raw shadow cost iteration debug. 
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File Processed 

By 

Orange? 

Type 

See ‘Understanding Shaditer 

Output’ 

arays2030 No Binary transfer file containing all 

data from the year’s passenger 

allocation Only readable by the C++ 

and used by the restart facility. 

ATM2030 Yes 3 tables (Scheduled, Charter, LCC) 

of 32 airport * 80 destinations ATM 

forecasts. 

ClassATM_split_ATM2030 No 3 groups (Scheduled, charter, LCC) 

of 20 zone % (Larame [Zones]) 

share tables of 32 airport * 80 world 

destination ATMs 

ClassATM_split_cat2030 No 3 groups (Scheduled, charter, LCC) 

of 20 zone % (Larame [Zones]) 

share tables of 32 airport * 80 world 

destination seat categories of 

ATMs. The 6 categories are: 

1: <=70 seats 

2: 71-150 seats 

3: 151-250 seats 

4: 251-350 seats 

5: 351-500 seats 

6: >500 seats 

ClassATM2030 No DISCONTINUED IN DLL25 

Scheduled, charter, LCC tables of 

32 airport * 80 world destination 

seat number categories (codes as 

above). 

PAX_Out2030 Yes Passenger allocation data. 

Col 1: Origin district [special codes 

apply for domestic, LCC, Belfast 

traffic]. 

Col 2: Destination zone 

Col 3: Airport allocated 

Col 4: Route 

Col 5: Purpose 

Col 6: No. of Passengers 

Pax_out_Dom_2030 Yes District to District domestic end-to-

end passenger allocation data. 
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File Processed 

By 

Orange? 

Type 

Col 1 Origin District 

Col 2: Destination zone 

Col 3 : Airport allocated at origin 

end 

Col 4 : Airport allocated at 

destination end 

Col 5 : Purpose 

Col 6 : No. of Passengers 

Col 7 : Cut-off passengers 

expansion factor for the zone. 

The foot of the output contains two 

global factors for movements where 

zone factors cannot be applied. 

Shadow2030 Yes 2 lists (ATM and Terminal) of 

shadow costs for airports 0-31 (i.e. 

1-32). 

Header Yes See description of header records 

below. 

 

J.103 It should be noted that the ClassATMyyyy series of files from DLL23/4 have 

been discontinued. They contain summary information which is more 

accurately reported by zone group in the ‘ClassATM_split_ and 

ClassATN_cat_ files. These files are currently used for environmental analysis 

of aircraft tracks and are now processed by OrangeLite. 

J.104 If ATM debug output is requested extra raw _32by48Demandyyyy_i and 

_ATMyyyy_i files are produced for every iteration. If generalised cost debug 

output is requested, files (Gcostyyyy_i, and iiGcostyyyy_i where yyyy are 

produced for every iteration. If domestic generalised cost debug output is 

requested GcostDomyyyy_i  files are produced for every iteration. If Larame 

debug is requested files _LarGraphyyyy_n and _LarLoadyyyy_n  are 

produced for any model iteration that calls the Larame graph calculation.  

Users should develop their own analysis programs for this output which is in 

the .TAB text format. Similarly the generalised cost matrix option will produce 

a matrix with filenames such as Mat_Gcostyyyy in a binary [.BIN] format.  
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J.105 All DLL25 SPASM runs now produce a header file which gives information on 

the run time and performance in the format illustrated below: 

SPASM  
Version :25.2  
Fri Jun 06 16:13:15 2003 
  
   
25hb  
MFCDLL 25.2  
Spasm ran with no reported errors 

or (e.g.) 

SPASM  
Version :25.9  
Thu Jul 31 13:02:28 2003 
  
   
25hfb  
MFCDLL 25.9  

Run out of iterations   

J.106 All the header data is read by OrangeLite and tabulated on all the output 

sheets. 

J.107 The final line may be an error code including: 

• Failure to start because .SAS file not found 

• Failure to start because specified .BIN file was not found 

• Failure to start because data in specified .BIN file was missing 

• Abnormal termination because 'MaxIter' was reached. 

• Abnormal termination because the 'Alt-constraint' parameters 

had produced an insoluble scenario (i.e. it is stuck). DLL25he 

detects insoluble situations without running to MaxIter. 
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K SCAB – Monetised Net Benefits Introduction to SCAB 

K.1 The DfT’s aviation forecasting and appraisal framework provides through the 

Transport User Benefits Model, the spreadsheet known as ‘SCAB’, an 

assessment of the economic impacts of aviation policies up to 2080.  

K.2 Prior to 2040 all inputs necessary to estimate benefits are taken from other 

sub-models of the forecasting framework. Beyond 2040, a simpler forecasting 

method is undertaken within SCAB to forecast the passenger demand, air 

traffic movements and shadow costs which feed directly into the appraisal. 

K.3 The economic analysis spreadsheet SCAB has been extensively updated 

recently. Initially to change to a 2008 base year and to extend and make 

flexible the final data input year accepted from SPASM. More fundamentally, 

the economic assessment methodology has been significantly refined to 

address the specifics of the aviation market. 

Recent developments in SCAB 

K.4 There have been a number of major changes made to the economic analysis 

spreadsheet SCAB. These changes are coincident or post the 2008 rebasing. 

This note briefly describes the recent updates and changes made to the 

SCAB template workbook and corresponding input files. A summary list of the 

changes made in SCAB is provided below: 

• base year revised from 2004 to 2008 

• price base changed from 2004 to 2008 

• SPASM input is now the 2008/9 validation year 

• SPASM modelled data extended from 2030 to 2040 and post 2030 
modelling changed to post 2040 

• SPASM passenger purpose outputs have been changed to 
separate domestic passengers. 

• ‘Domestic Business’ and ‘Domestic Leisure’ introduced as separate 
passenger categories to replace existing passenger and ATM 
categories. 

• GDP, business and leisure values of time have been updated  

• Noise and air quality have been updated to the 2008 price base 

• Accident rates have been updated to 2008 prices from WebTag 
Unit 3.4.1, para 2.1.5  
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• ATM and Passenger capacities have been changed for s01, s02, 
s00 and s0095 

• FcModel forecasts added to provide unconstrained growth rates 
used in shadow cost steepening calculations. 

• New OACUD data for shadow cost steepening has been added 
from the 2011 CO2Str_v3 steepening calibration. 

• The new economic methodology from the draft WebTag Unit 3.18 
Guidance has been incorporated. 

• The Air passenger Duty(APD)  has been disaggregated to the 
airport level (This is required for the application of taxation in the 
new economic methodology) 

• New SPASM purpose split output provides the passenger 
breakdown output  required for new APD calculation 

• Re-labelling of benefits on NPV sheet  

• Consumer Surplus and producer benefit sheets substantially 
redefined and renamed. 

• Introduction of average level of indirect taxation (20.9%) for revised 
economic methodology 

• Fares from FcModel weighted by passenger demand to destination 
region have been introduced to assess public accounts effects. 

• Freight 

• Capital Costs 

K.5 Correspondingly there have been no changes made to the following: 

• no change to routes 

• no updates to the data used in noise evaluation  

• no updates to air quality data 

• the max AP_Nat Growth elasticity is 2.0 this has not been reviewed 
(reference [PaxOpion] cell [CF20]) 

K.6 The RPI factor is no longer required as a direct input to SCAB. 

Structure of SCAB 

K.7 The SCAB base year has been changed to 2008 in line with the changes in 

SPASM and FcModel. At the same time the price base has also been 

changed to 2008. The SPASM input is now from the 2008/9 validation year. 
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K.8 The economic appraisal undertaken in SCAB is over the appraisal period 

2008 to 2080. Most of the inputs required by SCAB are outputs from the 

SPASM model. These outputs are available to the final modelled year. 

Dependant upon the demand and capacity option, this would normally be to 

2030 or 2040 or in some cases they may extend to 2050. The data from 

SPASM is input to the SCAB spreadsheet through a macro from a 

corresponding pickscab.xls spreadsheet. For the period from the final 

modelled year to 2080, these inputs are extended within the SCAB 

spreadsheet. 

K.9 Following improvements to the SPASM C++ .DLL the end point of the SPASM 

run may vary. This is usually dependant upon the level of constraint.  

Flexibility has been developed in SCAB to accommodate this, and separate 

SCAB base files (SCABTemplates) with corresponding pickSCAB macros 

have been developed to extrapolate from 2031-2080 and from 2041-2080 for 

runs which terminate between 2030-2039 and 2040-2050 respectively.  These 

are referred to as the 2030 and 2040 based SCABs and have quite distinct 

base templates. 

K.10 As the function of SCAB is to appraise two modelled scenarios, the ‘base’ and 

‘option’ cases. The user’s choice between 2030 or 2040 SCAB versions will 

be determined by whichever case has finished earlier. For example if the base 

case has run to 2039 and the option case to 2040, it would be necessary to 

use the 2030 SCAB version for the appraisal. 

K.11 As many SPASM runs now terminate as late as 2050, it is expected that in 

due course a new SCAB template will be developed that can accept SPASM 

output up to 2050 and extrapolate from 2051-2080. The quality of the SCAB 

analysis is much improved by making the maximum use of SPASM output 

because the extrapolation of passengers in SCAB cannot account fully for 

reallocation effects as airports become constrained and the extrapolation of 

shadow costs also involves highly complex processes. 

K.12 The following provides a description of the inputs used and an account of the 

methodology used to extend the forecasts to assess the benefits over the 

appraisal period. 
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Passenger and ATM Capacity 

K.13 The passenger terminal and runway capacities for each airport to 2040 are 

taken from the capacity files input to SPASM. Conventionally, these files have 

been called ‘airportData.xls’. It is currently assumed in SCAB that no 

additional capacity will be introduced post 2040 in either the ‘base’ or ‘option’. 

Passengers by route group 

Government revenue 

calculation 

Base passengers and 

ATMs  

Option passengers and 

ATMs  

Base and option 

Shadow Costs   

User benefits calculations in SCAB 

Generated benefits and 
user benefits by trip 
purpose, by airport 

NPV calculation 

Costs & 

Revenue 

SPASM model runs  

‘Orange’ runs  

Other inputs 

required for benefits 

calculations 

Financial 

Model 

Shadow cost 

growth rate 

Freight user benefits model 

New airport base 

case shadow costs 
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The capacitites are input to [Pax Capacity BASE] and [Pax Capacity 

OPTION]. 

Passenger Demand  

K.14 SPASM modelled passenger demand is input in worksheets [Pax Base] and 

[Pax Option]. It is the forecast actual number of (terminal) passengers that 

pass through each airport each year. The total demand is broken down into 

the following purpose groups.  

K.15 It should be noted that the total from this breakdown may exceed the capacity 

in the capacity sheets due to tolerances in the SPASM assignment process. 

The forecasts produced in SCAB are controlled to these capacities, this 

methodology is considered below. 

Scheduled UK Business (including domestic interliners)  

Scheduled UK Leisure (including domestic interliners) 

Scheduled Foreign Business (inc. domestic interliners) 

Scheduled Foreign Leisure (inc.domestic interliners) 

Charter 

International Low Cost Business 

International Low Cost Leisure 

Domestic End to End Business 

Domestic End to End Leisure 

International to International interliners 

Other 

K.16 The ‘Domestic LCC’ and ‘Domestic Sch’ passenger categories and ‘Domestic 

LCC’ ATM category have been removed. These have been replaced with 

‘Domestic Business’ and ‘Domestic Leisure’ introduced as separate domestic 

passenger categories to enable the appropriate application of indirect taxation 

in the economic assessment. 

Forecasting passenger demand 

K.17 The total constrained passenger demand (for each segment) up to 2040 is 

output from SPASM. Beyond 2040 the total number of passengers at each 

airport (for each segment) is forecast in the following way: 
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• if the previous years’ total number of passengers is greater than the 
assumed passenger terminal capacity in 2040, then the total number 
of passengers of that segment is restricted to the previous year’s 
total; otherwise 

• the forecast passenger demand of each segment at each airport is 
the previous years total multiplied by a growth factor. 

K.18 The growth factor is set to a minimum of 1 but if greater than 1 is the minimum 

of the average annual percentage growth between 2036 and 2040 and 

assumed growth in unconstrained passenger demand for that segment from 

the demand model ‘FcModel’. 

Air Traffic Movements (ATMs) 

K.19 Air Traffic Movements are input to [ATM base] and [ATM option]. In modelling 

ATMs, the total number of ATMs at each airport should not exceed the 

assumed ATM runway capacity.  

Forecasting ATM demand 

K.20 The total number of ATMs (in each segment) up to 2040 is estimated from 

SPASM. Beyond 2040 the total number of ATMs at each airport (in each 

segment) is modelled as such: 

• if the total number of ATMs in 2040 is greater than the ATM Runway 
Capacity in 2040 the number of ATMs is restricted to the runway 
capacity. The number of ATMs per segment would be restricted to 
the number of ATMs in 2040 of that segment divided by the 2040 
ratio of runway capacity excess at that airport. 

• The total number of ATMs is the forecast passenger demand for that 
segment in that year divided by the minimum of the maximum 
number of people per ATM or the number of people per ATM in 
2040 * adjusted annual rate of growth by the number of years since 
2040.  

K.21 If the forecast passenger demand in the previous year divided by the Number 

of ATMs in 2040 of that segment is greater than the maximum number of 

people per ATM, it is divided by the maximum number of people per ATM. 

K.22 The maximum number of people per ATM is the maximum of the number of 

people per ATM in 2040, the maximum LAR Aircraft Size and the Maximum 

Load Factor (assumed to be 80%). 
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K.23 For freight ATMs the previous year’s forecast is multiplied by the National 

Unconstrained Freight Growth (see FreightForecast07.xls) subject to it being 

within the ATM Capacity base (otherwise the previous year’s figure is 

assumed).  

Shadow Costs 

K.24 The SPASM output runway shadow costs and terminal shadow costs are input 

to the shadow cost sheets and extended out into the period 2041-2080 using 

the revised methodology detailed below.  

Revised Shadow Cost Steepening Methodology 

K.25 The estimation method used in the previous SCAB version is described in a 

DfT technical note
25

. An updated approach has now been adopted from 

different scenarios. The projections of demand are also different and the 

modelling now occurs from 2040 onwards. In the previous methodology 

estimation occurred for only the London airports. The analysis is now more 

comprehensive and includes regional airports.  

K.26 The method involves estimating:  

(i) the gradient of the demand curve at each relevant airport in 2040 
implicit in the forecasts (and how they change between capacity and 
the background demand scenario

26
); and  

(ii) the trend in each gradient after 2040. The 2040 value and the 
projected change in the gradient trend are then combined to project the 
gradient by year, airport, and scenario.  

K.27 The iterative nature of the airport allocation model means that the raw data 

contains a significant amount of ‘noise’ and as such these raw data did not 

provide a clear picture of the demand curves in all cases.  

                                                 

25
 G:\AFP\AGall\INAS\004 Aviation Forecasting and Appraisal\001 Development Methods\0010 Updating SCAB 

files\Method for projecting shadow costs post 2030.doc. 

26
 Capacity scenarios considered include 95% of existing capacity, existing capacity, planning scenario and Maximum 

Use of Existing Runways. Background demand scenarios include Low, Middle and High.  
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K.28 The gradients of the demand curves have therefore been found by a 

combination of: 

(i) estimating directly from the raw data where possible, and  

(ii) inferring from the raw data and logical constraints on how the 
gradients would be expected to change between capacity scenarios. 
This has not been done for all airports as for many of the smaller 
airports there were particular data constraints. For those airports the 
same gradients as those estimated at similar regional airports have 
been assigned.  

Unmet Demand 

K.29 Beyond SPASM, shadow costs are modelled by taking an estimate of unmet 

demand and evaluating what the increase in shadow costs would need to be 

to set unmet demand to zero at the specific airport. This is illustrated in the 

diagram below.  

 

K.30 To calculate the unmet demand, an estimate of Other Airport Constrained 

Unconstrained Demand (OACUD) in 2050 is used. This is forecast in 2040 by 

completely unconstraining demand at the specific airport and by constraining 

demand by scenario at all other airports. It is assumed that OACUD grows in 

line with unconstrained demand at the airport. Subtracting the assumed airport 

capacity from OACUD gives unmet demand. 

 

Number of Passengers 

Price 

 

 

Capacity 

Estimated  
Demand Curve  
Gradient 

OACUD Unconstrained  
Demand 

Unmet Demand 

Shadow Costs 
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K.31 Airport unmet demand beyond 2040 is forecast as OACUD in 2040 multiplied 

by the ratio of Current Year’s London/Regional Passenger Unconstrained 

Demand to the 2040 London/Regional Passenger Unconstrained Demand 

minus the Terminal or Runway Capacity
27

.  

Demand Curve Gradients 

K.32 An estimate of the gradient of air passenger demand at 2040 and the trend in 

each gradient after 2040 is required to calculate what the increase in shadow 

costs would need to be for the unmet demand to be set to zero.  

K.33 The demand curve gradient
28

 at each airport in 2040 is estimated from test 

runs where capacity at each airport is varied by 20% for the relevant 

scenarios. This provides changes in passenger numbers and shadow costs 

from which demand curves can be estimated. This is illustrated by the 

diagram below. 

 

                                                 

27
 An alternative method for future development would be to calculate airport specific unmet 

demand from the modelled year’s shadow cost multiplied by the estimated gradient of the 
demand curve minus the capacity constraint.  

28
 The gradient of the demand curve is dQ/dP. This is the change in quantity of passengers divided by the change in the cost.  
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Estimating trend in gradient post-2040 

K.34 The trend in the gradient at each south east airport at 2040 is estimated by 

fitting a log-linear time trend to the actual yearly gradients data pre-2040. The 

time period of estimation is chosen as the first year of suitable data with 

positive shadow costs between 2008 up to 2040.  

K.35 Beyond 2040 the demand gradient for each airport is likely to change over 

time. The trend in the gradient at each of the modelled airports up to 2040 has 

been estimated by fitting a log-linear time trend to the yearly gradients data 

from the first year of suitable data from the Maximum Use Mid Demand.  

K.36 The use of this estimated trend to forecast the annual gradients is illustrated 

by the diagram below. 

Estimating Trend in Gradients of Demand Curves post-2040
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K.37 The iterative nature of the airport allocation model means that the raw data 

contains a significant amount of ‘noise’ and as such these raw data did not 

provide a clear picture of the demand curves in all cases. The gradients of the 

demand curves have therefore been found by a combination of (i) estimating 

directly from the raw data where possible, and (ii) inferring from the raw data 

and logical constraints on how the gradients would be expected to change 

between capacity scenarios. This has not been done for all airports as for 

many of the smaller airports there were particular data constraints. For those 

airports the same gradients as those estimated at similar regional airports 

have been assigned.  
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K.38 The estimated gradients of the demand curves at 2040 have been produced 

by scenario. As expected, as capacity increases and demand decreases, the 

demand curves become flatter, reflecting the greater options for substitution.  

K.39 The estimated gradients are considered more specifically below: 

• Gradients for the planning scenario (S01) have been assumed to be 
very similar to Maximum Use (S02) and Maximum Use data has been 
used for both scenarios.  

• Gradients for the existing capacity scenario (S00) have been assumed 
to be very similar to the 95% of existing capacity scenario (S0095) and 
95% of existing capacity scenario data has been used for both 
scenarios.  

• High demand scenarios: With the exception of Heathrow, data for 
modelled airports in the High demand scenarios did not provide a clear 
picture of the demand curves. In such instances, these airports have 
been assigned the gradients of the Middle Demand capacity scenario. 

• Low Demand Scenarios: Only Heathrow, Gatwick, Birmingham and 
Stansted provided clearly differentiated picture of demand curves under 
low demand compared with middle demand. At all other airports, these 
airports have been assigned the gradients of the Middle Demand 
capacity scenario for the Low demand scenario.  

• For the modelled airports of Manchester, Edinburgh, Bristol, 
Southampton and Bournemouth there is little difference between 
gradients across capacity or demand scenarios and these have been 
held constant across these. 

• Only at 5 airports has there been evidence of a significant pre-2040 log-
linear trend found. These are Heathrow, Gatwick, Stansted, Birmingham 
and Manchester. All other airports have been assigned constant 
gradients equal to 2040 beyond 2040.  

Forecasting the Shadow Costs 

K.40 For the years to the final modelled year (in this case 2040), the ‘adjusted 

shadow costs’ are a summation of the terminal shadow cost and the ATM 

shadow cost converted to a passenger cost per passenger ATM, using the 

appropriate figures from [Pax BASE] or [Pax OPTION] and [ATM BASE] or 

[ATM OPTION]. 
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K.41 The airport unmet demand is tabulated in [Shadow BASE] and [Shadow 

OPTION]. For 2008 to 2040, this demand is calculated within the sheet from 

the difference between the unconstrained passenger demand and the 

passenger capacity [Pax Capacity BASE].  

K.42 From 2040, the unconstrained demand is calculated from the demand in the 

previous year factored by the corresponding increase in passenger demand 

from [Pax BASE]. The post 2040 unmet demand is then similarly calculated as 

the difference between the unconstrained demand and the passenger 

capacity. 

K.43 Synthesised shadow costs are calculated from the unmet demand and the 

shadow cost steepening parameters. The initial stage in this process is the 

creation of PED values. These are then combined with the unmet demand to 

generate synthetic shadow costs. 

K.44 The steepening parameters are combined with the logged and lagged time 

variables to generate a time series of annual PEDs.  

K.45 The increase in synthesised shadow costs from 2040 to 2041 is added to the 

2040 (last year) modelled shadow. From 2041, the equivalent annual 

increases are added to appropriate years.  

K.46 The ‘Adjusted Shadow costs: Terminal + [ATM / ppatm]’ provide the final 

adjusted modelled and synthesised shadow costs for other sheets in SCAB.  

Carbon 

Revised Economic Appraisal Methodology 

K.47 The user benefits are generated by an increase in capacity which may lead to 

decreased shadow costs, increased frequency, improvements in surface 

access, reductions in delay, and decreased flight times. 

K.48 The benefits quantified in SCAB are: 
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• the reduction in costs to passengers who, in the absence of additional 
airport capacity, would transfer to less preferred airports or not travel by 
air at all (new (generated) users - much the largest benefit); 

• benefits to existing passengers from additional air frequencies because 
of higher airport capacity; 

• producer benefits to airport operators from additional capacity,  

• additional Air Passenger Duty (APD) to government from the use of 
additional airport capacity; and 

• benefits to air freight movements. 

• Other public accounts benefits - Tax change in UK economy from 
change in UK Leisure Fares 

• Accident Risk benefits 

• Surface access emission benefits 

K.49 There is also the facility in SCAB to assess noise and air quality benefits 

should the required inputs be available 

K.50 These benefits are set against the any capital and operating costs.  

K.51 In the main calculations, environmental valuations are not currently taken into 

account. 

K.52 The SCAB calculations are deliberately conservative, and as in previous 

versions of SCAB no account is taken of, in particular:  

• suppressed traffic at the peak of daily and annual demand; 

• the market premium Heathrow currently enjoys; 

• benefits to airlines including those of reducing aircraft delays as a 
result of higher airport capacity; 

• indirect benefits in the form of reduced costs to the economy, including 
lower business costs, and; 

• the impact of additional air services on foreign direct investment (FDI), 
other industries such as tourism and the UK’s competitive position vis-
à-vis other European countries.  
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K.53 The previous SCAB methodology applied ‘Consumer Surplus’ theory to 

calculate the benefits to generated users, such that if there is a reduction in 

generalised costs (i.e. the costs facing a passenger, reflecting the value of 

time as well as fares and other money costs), prices will fall and demand 

increase as shown in the graph below. The consumer surplus is the surplus 

enjoyed by passengers who were not willing to pay C1 but are willing to pay a 

price between C1 and C2, with consumer surplus represented by the triangular 

area shown.   

 

          Costs   

     

     C1 

     

 

     C2 

   

             

 

               T1    T2  Passengers 

 

K.54 The differences in shadow costs between the base and the option were used 

in the generated users benefit calculation in SCAB, given below: 

( )( ) 5.0C-CTT 211-z ×  

Where  

T1 = number of passengers in base case 

T2 = number of passengers in package 
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C1 = base shadow costs 

C2 = package shadow costs 

For each type of passenger and for each airport. 

 

The factoring of benefits adopts the "rule of a half" which is used as an 

approximation for the demand curve and "willingness to pay". 

 

K.55 The benefit to existing users was calculated from more choice of flight times 

and lower waiting times, thus increasing choice and flexibility. Passengers 

who benefit from these improvements will be those with a high value of time, 

particularly business travellers, as less of their time is wasted waiting for flight. 

Thus there is a resource saving to the economy as a whole. 

K.56 Following external consultation a new appraisal methodology for examining 

the economic impacts of aviation policies has been developed. This 

methodology builds on the previous methodology outlined above. 

K.57 The following is in the main, an extract from the draft WebTag unit 3.18. 

K.58 This framework allows for the investigation the impact of a range of alternative 

policies whilst taking into account some of the more unusual features of the 

aviation market.  These features include the complex interaction between the 

key participants in the aviation market as well as the important economic 

consequences of airport capacity constraints. 
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K.59 The framework represents a stylised representation of the aviation industry.  

According to this framework, outcomes in the commercial aviation sector are 

the result of the interaction of two separate markets.  The first is the market 

between the airlines and the airport operator for use of runway space.  The 

second market is between airlines and passengers for seats on airplanes. 

K.60 The figure below represents the two interlinked yet conceptually separate 

aviation markets which jointly determine volumes and prices arising in those 

markets.  

 

K.61 The top right quadrant of the figure shows the interaction between an airport, 

which supplies runway space to facilitate flights, otherwise known as Air 

Transport Movements (ATMs) and airlines who demand them, the airport 

market.  The bottom left quadrant shows the interaction between airlines, who 

supply seats on flights and passengers who demand them, hereafter called 

the passenger market.  These two markets are linked by two other stylised 

relationships.  The first is between the cost to the airline of using airport space 

and the air fare that airlines charge passengers.  This relationship is 

represented by an airline cost function in the top left quadrant of the figure.  

The second is between the number of passengers and the number of ATMs at 

an airport.  This relationship is represented by an aircraft load function in the 

bottom right quadrant of the figure.  
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K.62 A key feature of the aviation market is that certain UK airports are capacity 

constrained.  These constraints provide an upper bound to the number of 

ATMs or passengers at a given airport.  In the Figure the capacity constraint is 

represented by the vertical line at ATM1 in the top right quadrant and the 

horizontal line at Pax1 in the bottom left quadrant.  These capacity constraints 

crucially allow for the possibility for producers to charge consumers more than 

the marginal cost of supplying the scarce resource (airport space).  This 

additional charge is the shadow cost. This allows for the possibility of 

economic rent where producers can earn a return greater than the cost of the 

supplying the resource.   

K.63 The areas A, B, a and b represent the potential areas of welfare surplus which 

could arise from a market such as this.  The airport market (top right quadrant) 

produces surplus for airlines as represented by the green area B.  There is 

also economic rent which arises as a result of the capacity constraint.    In an 

unregulated market, equilibrium in the airport market occurs at e1.  This allows 

airports to charge airlines P1 for ATM movements.  Airports are able to claim 

area A as economic rent.  In a regulated market, in this stylised model, the 

airport is forced to charge R for airport space which is equal to the marginal 

cost of supplying that space.  This means that area A is now captured by 

airlines. 

K.64 Any surplus captured by airlines in the airport market is distributed between 

airlines and passengers in the passenger market (bottom left quadrant).  Thus 

area B which was captured by airlines in the airport market is ultimately 

passed on to passengers as area b in the passenger market.  In a regulated 

market, area A is captured by airlines in the airline market.  Airlines retain this 

economic rent in the passenger market as area a by charging passengers the 

market clearing price of F1, the fare which is sufficient to attract a number of 

passengers to fill the number of seats available to capacity.   

K.65 The graphical representation of the aviation market is highly stylised.  It is a 

graphical representation of the way that the appraisal of aviation interventions 

using output from the aviation model. There are a number of limitations and 

assumptions these limitations fall into two categories.  There are limitations 

and assumptions which are the simply the result of trying to make the 

diagrammatic representation simple, and then there are limitations and 

assumptions which apply to both the diagrams and also the underlying model. 
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K.66 Assumptions and limitations which apply to both the model as well as the 

diagrams 

• That the supply and demand in the airport and passenger markets are 

linear:  This is an assumption contained in the calculations of the areas 

of economic surplus.  In reality, it may be that the actual supply and 

demand curves in these two markets are curved which would affect the 

areas of surplus. 

• The calculations assume that prices are equal to marginal cost.  This is a 

simplification as it is likely that airports and airlines try to maximise their 

consumer surplus by using price discrimination.  For example first class 

tickets are a real world example of this price discrimination 

• The calculations assume that the regulated price is equal to the short run 

Marginal Cost of supplying airport space.  In reality, aviation regulation is 

more complex than this, and the above diagrams represent a highly 

stylised version of reality. 

K.67 Assumptions and limitations which apply to the diagrams but which are 

captured by the model. 

• The diagrams are static, whereas in reality, the adjustment process from 

one equilibrium to another is likely to be dynamic.  The model does 

capture this through iterations of the model 

• The Airline Cost Function not to scale, there may be a large proportion of 

fares which are not part of the cost of airport space.  Such costs would 

include, fuel costs, EU ETS permits as well as any other operational and 

capital costs. 

• The Airline Load Function is likely to change in response to capacity.  i.e. 

the bottom right quadrant is likely to have a curved shape.  

K.68 This consumer surplus methodology adopted in SCAB has been updated from 

the methodology in the draft WebTag Unit 3.18 Aviation Appraisal July 2011.  

This approach is to ensure that aviation appraisal is consistent with the 

guidance given in WebTag. The basic principles of appraisal are explained in 

Introduction to Transport Analysis (Tag Unit 1.1).  The draft WebTag unit 

supplements these basic principles with those specific to aviation. 
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K.69 Transport Economic Efficiency - The aviation sector is a complex market.  The 

key players in this market are the producers (airport operators and airlines), 

the consumers (passengers and freight), as well as government which sets 

the overall aviation policy and which levies taxes on the sector.  In the UK 

there is also an important role played by the Civil Aviation Authority, which is 

the independent regulator of the aviation market.  The key impacts on the 

various groups should be monetised as far as possible, as part of the 

appraisal.  Annex A shows the key interactions between the various markets.  

The areas of surplus identified in the diagrams in annex A can be calculated 

by comparing prices and quantities across two different scenarios.  Note that 

in calculating the quantity of economic surplus for passengers, producers and 

government, these quantities must be assessed in a consistent unit of 

account.  In the calculations below, economic surplus is calculated in market 

prices.  See TAG unit 3.5.4 for more detail on this. Although the notation 

differs slightly, the equations below are essentially the same as those in TAG 

unit 3.5.3. 

K.70 Producers – For the purposes of appraisal, producers are represented by 

airport operators and airlines.  The change in economic surplus for producers 

is calculated by the following formula 

∑ +
yma ,,

1122
t)(1*) - ( paxscpaxsc  

 

where  

a = airport  

m = market segment 

y = year 

sci       = shadow cost in scenario i  

paxi = passenger numbers in scenario i 

t = average level of indirect taxation in the economy 
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K.71 Passengers – For the purposes of appraisal, these are commercial air 

transport passengers.  The change in economic surplus for passengers, split 

by business and leisure, is calculated using the following formulas 
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Business Passengers 
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1
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yma  

Where  

a = airport 

m = market segment 

y = year 

sci = shadow cost in scenario i 

paxi = passenger numbers in scenario i 

taxi = aviation tax in scenario i 

oci = other airline costs in scenario i 

t = average level of indirect taxation in the economy 

Leisure Passengers 
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Where  

a = aiport 

m = market segment 

y = year 

sci = shadow cost in scenario i 

paxi = passenger numbers in scenario i 

taxi = aviation tax in scenario i 
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oci = other airline costs 

K.72 Freight - Where possible the impact of aviation policies on air freight should 

be appraised.  For example any policy which changes the shadow costs at 

particular airports is likely to have an impact on the economic surplus of 

freighters.    

K.73 Public Accounts - An aviation intervention can affect the public account 

directly, by changing the taxes directly levied on aviation, or indirectly, by 

altering the composition of taxable goods consumed in the economy.   The 

change in government revenue, split by working and non working passengers, 

is calculated using the following formulas: 

Business Passengers 

∑ +
yma ,,

1122
t)(1*) - ( paxtaxpaxtax  

Where  

a = airport 

m = market segment 

y = year 

paxi = passenger numbers in scenario i 

taxi = aviation tax in scenario i 

t = average level of indirect taxation in the economy 
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Leisure passengers 

( ) ( )( ) t***) - ( paxocscpaxocscpaxtaxpaxtax 111222
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1122
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yma  

Where  

a = airport 

m = market segment 

y = year 

sci = shadow cost in scenario i 

paxi = passenger numbers in scenario i 

taxi = aviation tax in scenario i 

oci = other airline costs in scenario i 

t = average level of indirect taxation in the economy 

K.74 Consumer surplus theory is used to calculate the benefits to generated users. 

If there is a reduction in generalised costs (i.e. the costs facing a passenger, 

reflecting the value of time as well as fares and other money costs), prices fall 

and demand increases. The consumer surplus calculated in £/mppa 

represents the passenger economic surplus in market prices. 

Area B Consumer Surplus 

K.75 The disaggregation of the foreign components of the different passenger 

groups is required to convert the foreign passenger economic surplus from a 

factor cost unit of account to market prices. The proportions are used to apply 

the indirect taxation correction factor to the foreign elements of the leisure 

passenger groups.  

K.76 The consumer surplus calculation for Area B is shown in the passenger 

market diagram below, with the form of the formula, as used for UK leisure 

passengers.  
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K.77 The overall surplus is calculated using the passenger breakdown defined 

below: The surplus attributed to the business passengers is increased by a 

factor representing the average level of indirect taxation, as defined in sheet 

[NPV] cell [B16]. This indirect taxation factor is also applied to the foreign 

component of the leisure, other and I to I passengers using the defined 

proportions.    

Scheduled UK Business (including domestic interliners)  

Scheduled UK Leisure (including domestic interliners) 

Scheduled Foreign Business (inc. domestic interliners) 

Scheduled Foreign Leisure (inc.domestic interliners) 

Charter 

International Low Cost Business 

International Low Cost Leisure 

Domestic End to End Business 

Domestic End to End Leisure 

International to International interliners 

Other 

K.78 Domestic interlining passengers are counted as three passengers in SPASM: 

once when they leave the first airport, once when they arrive at the hub 

airport; and finally when they leave the hub airport. Thus benefits are counted 

for them wherever they are a generated passenger, as they gain the benefits 

from being able to use an airport they were unable to use before. 

[Area B Consumer Surplus] 

 = [PaxBASE]*(([Shadow BASE] + [APD Base]) 

[Shadow BASE]  

[Shadow OPTION] 

[PaxBASE] 

[PaxOPTION] 

b c 

e 

a 

d 
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K.79 The undiscounted benefits are totalled from 2008 col [D] to 2080 col [BX].  

These benefits are discounted in adjacent columns [CA:EX] using the 

discount factors defined in sheet [NPV] cells [B9] and [B11], linked to [Area B 

Consumer Surplus] in cells [CA2] and [CB2]. The total row in the table 

summing the total benefits and excluding the I to I benefits row [537] provides 

the overall benefits that are fed through into the sheet [NPV] row [26]. 

Area E Consumer Surplus 

K.80 Similar to the Area B sheet, [Area E Consumer Surplus] rows [3 to 8] provide 

the foreign component of the different passenger groups. As for the Area B 

calculations, the proportions are used to apply indirect taxation correction 

factor to the foreign elements of the leisure passenger groups. The consumer 

surplus calculation for Area E is shown in the passenger market diagram 

below, with the form of the formula, as used for UK leisure passengers. 

 

 

K.81 The Area E consumer surplus is discounted in tables as Area B benefits, as 

shown in the extract below: 

K.82 The discounted total (not including I to I passengers) consumer surplus for in 

cells [CC504:EW536] by airport by year is totalled for all airports in cells 

[CC537:EW537]. These totals are fed through into [NPV] row [27]. 

Passengers 

 Air Fares 

Dairline 

Sseats(P1) 

Sseats(P2) 

[Shadow BASE]  

[Shadow OPTION] 

[PaxBASE] 

[PaxOPTION] 

R 

b c 

e 

a 

d 
[Area E Consumer Surplus] 

 = ½([PaxOption]-[PaxBASE])*(([Shadow BASE] + [APD 
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Producer benefits 

Area D Producer Benefits from Generated Users 

K.83 The airport market represented in the diagram below shows the area defining 

the producer benefits from generated users. 

 

K.84 [Area D Prod Bens Gen users] provides benefits to producers passenger 

breakdown. Discounted in tables to right, indirect taxation factor applied to all 

passenger groups as producer benefits being calculated. 

Area B Prod Bens Transfer Benefits 

K.85 The diagram below shows the area defining the producer benefits from 

generated users 

[Shadow OPTION] 

 

Airline 

[PaxBASE] 

[PaxOPTION] 

A 

B 

C D 

E 

 

 

[Area D Prod Bens Gen Users] 
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K.86 Benefits to airlines are not determined, since they could always seek to gain 

similar profits by serving non-UK airports. Nonetheless, airlines serving an 

airport in high demand may enjoy a fare premium even before SPASM 

indicates a shadow cost at that airport and the addition of capacity at any 

airport could lead to a reduction in flight delays to airlines which could feed 

through to surpluses. Any such benefits from reduced delays to airlines, or 

their passengers, are not currently quantified within SCAB.    

K.87 The TR09 version of SCAB provided total APD by world region (Domestic, 

WE, OECD, NIC and LDC) by year. To calculate the total difference in costs 

to passengers, the APD needed to be disaggregated to the airport level to be 

compatible with the other costs. The SPASM ‘route’ file was expanded to 

include a calculation of APD by ‘world modelled zones’ using a conversion 

from ‘world regions’ to ‘world modelled zones’ as used in an analysis of APD 

for FcModel.  From this breakdown, an average APD by zone by passenger 

market segment (UKBus, UKLei, FoBus, FoLei and Charter) by year was 

calculated. All domestic end-end air passengers are assumed to pay the lower 

APD and this is applied in SCAB.  

Capital costs 

K.88 The sheet [Capital Cost] has been updated to a 2008 price base. Details have 

been entered here for a package of airport developments that could be 

assessed in a single run.  A package of up to 20 airports can be set up in 

 

Airline 

[PaxBASE] 

[PaxOPTION] 

A 

B 

C D 

E 

 

[Area B Prod Bens Transfer Bens] 
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cells. If not already present in the list, the chosen airport IATA code e.g. ‘LHR’ 

will need to be entered by overtyping in any of the cells for the airport codes. 

Beneath the airport IATA code the construction outturn price indexing area 

should be entered.  

K.89 The outturn construction price indices are published by BIS, and SCAB uses 

them to rebase cost estimates from the year in which the costs are estimated 

to the current SCAB appraisal base year of 2008 

K.90 A specific development scheme will then be selected from the scheme cost 

databank.  The scheme cost databank is located in [B68:G128].  If there is not 

a suitable capital costing for the scheme, then it would need to be found and 

entered in this table. Note that capital costs should be entered as negative £s. 

 At present for simplicity costs are all entered at 2008 construction prices and 

the BIS outturn indices are not required. 

K.91 The capital cost in 2008 prices in col [E], the airport development profile size 

in col [H] and the proportion of total capital cost used for recurring runway and 

terminal maintenance expenditure in [I:J] are all looked up from the capital 

cost databank in [B68:G128].  

K.92 The airport development profile size in col [H] controls the profile and duration 

of how capital costs are spread in the years prior to the scheme opening.  This 

is done by looking up the appropriate profile in the table in [K48:N56]. The 

final costs carried forward into the NPV calculation in sheet [NPV] are the 

discounted and totalled values in [FG44:FG45]. 

K.93 This calculation of capital costs is only required for the option case because 

SCAB is only appraising the difference in costs between the base and the 

option. 

Air Passenger Duty 

K.94 The TR09 version of SCAB provided total APD by world region (Domestic, 

WE, OECD, NIC and LDC) by year. The revised economic methodology 

requires the APD to be disaggregated to the airport level to be compatible with 

the other costs. The SPASM ‘route’ output file was expanded to include a 

calculation of APD by ‘world modelled zones’ using a conversion from ‘world 
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regions’ to ‘world modelled zones’ as used in the adjustment to APD for 

FcModel.  From this breakdown, an average APD by zone by passenger 

market segment (UKBus, UKLei, FoBus, FoLei and Charter) by year was 

calculated. All domestic end-end air passengers are assumed to pay the lower 

APD and this is applied in SCAB.  

Freight Benefits 

K.95 The ‘freight adjusted shadow costs’ are calculated in [Shadow Base] and 

[Shadow Option] from 2008 to 2040. These costs are a summation of the ATM 

runway cost and the terminal cost per passenger ATM. Post-2040, freight 

adjusted shadow costs are forecast by multiplying the passenger shadow 

costs for that year by the ratio of terminal passengers to ATMs. The [Freight 

Benefits] to freight users are calculated. These are half of the difference in 

freight adjusted shadow costs multiplied by the number of terminal 

passengers per ATM. Cells [CB7:EV38] provide discounted values of these 

benefits. The sum of these benefits in cells [CB38:EV39] are read into 

worksheet [NPV] in cells [D36:BX36]. 

Accident Risk 

K.96 The change in a fatal accident risk between the base and option is calculated 

in worksheet [Accident Risk] in cells [D16:BX47]. It is calculated as the 

difference in the number of ATMs between Option and Base scenarios 

multiplied by the risk of a fatal accident multiplied by the average number of 

fatalities, serious injuries and minor injuries from a fatal accident multiplied by 

the WebTAG value of these. This is summed in cells [D48:BX48] and these 

cells are read into the worksheet NPV in cells [D50:BX50]. 

Surface Access Carbon  

K.97 The airport specific surface access CO2 emissions are read in from SPASM 

model in [sa Carbon Base] and [sa Carbon Option] for every fifth year from 

2010 to 2040 in cells [O11:AS40]. Between every 5th year, the years are 

assigned as in the example below: 

K.98 The value 2011 emissions would be 2010 emissions multiplied by the growth 

rate between 2015 and 2010 emissions to the power of 1/5. The value of 2012 
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emissions would be 2010 emissions multiplied by the growth rate between 

2015 and 2010 emissions to the power of 1/5 all squared and so on. Note: this 

is wrong is the spreadsheet for cells [AJ11:AR40]. I have corrected this in my 

spreadsheet. 

K.99 Post-2040 in cells [AT11:CG40] emissions are calculated as the number of 

passengers per year at each airport multiplied by 2030 airport specific rate of 

emissions per passenger found in cells [F11:F40].  Note: this is wrong is and 

should be the 2040 rate – although I’m not entirely sure of the current figure’s 

origin.  

K.100 This is summed across all airports in cells [M41:AS41]. The value of these 

emissions is then calculated in cells [M6:AS6] and is then discounted in cells 

[M7:AS7]. The difference in the discounted value of these emissions is 

calculated in worksheet [Diff saCarbon] in cells [M7:AS7]. These cells are read 

into the worksheet NPV in cells [D51:BX51]. 


