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Appendix F1 – Detailed description of the Great Britain Freight Model (GBFM)

Great Britain Freight Model (GBFM) - is a computer program designed to analyse freight traffic flows in Great Britain. It combines a number of data sources and computer algorithms within a single system and applies simple micro-economic rules, seeking to explain the distribution of freight traffic, including commodity, mode, and route.

It currently forms part of the Department for Transport’s National Transport Model (Department for Transport 2000), and has been used extensively by the Strategic Rail Authority, Railtrack, the European Commission, the French Transport Ministry and Eurotunnel.  It has also been applied within a number of Department for Transport multi-modal studies. 

The model is made up of a database of freight movements, associated simplified networks and cost parameters. It has two modules, international and domestic, each of which is given inputs that have the bulk and non-bulk traffic split as a given. The two modules are linked together, so that international traffic is assigned to the domestic network and is distinguished from the purely domestic flows.
GBFM can be seen as three implementations, each defined by different zoning systems and networks. These can be termed ‘levels’. They are:

· Level 1: International traffic, modelled against county zones in the UK andapproximately 150 zones on the Continent, using a multimodal network covering this region.

· Level 2: Domestic GB traffic, modelled against county zones, using a multimodal(road and rail) network.

· Level 3: Domestic GB road traffic, modelled against 2,700 postcode districts anda single mode (road) network.

The model is run in this sequence, with results from one level being passed down the hierarchy.

Increasing zone detail is required as the trip lengths become shorter, but commodity details and factors affecting choice of mode become less important. The cascading structure allows different dimensions of market segmentation to be expanded or collapsed depending on their relevance to the transport choices available for a specific flow type.

Forecasting

Forecasts can be trend-based or scenario-based or a combination of the two. GBFM allows these approaches to be combined. Scenario-based forecasts must be designed by the user, but trend-based forecasts are built-in. For International Trade (Level 1), GBFM uses results derived from an external trade- forecasting model, constructed by MDS Transmodal in the early 1990s (MDS Transmodal 1994). It provides growth rates by country of origin/destination and commodity, based on an econometric model relating trade flows to macro-economic indicators such as GDP, exchange rates, and price levels for the trading countries.

Within Great Britain (Level 2), trend-based forecasting is applied to the underlying traffic matrix. Again, an external model relates freight tonnes lifted (by commodity) to GDP or sectoral output. Growth rates derived from this model are fed into the model. 

Cost Models

In GBFM the emphasis is placed on building detailed cost models to predict the out-of-pocket costs for given network paths. Generalised cost values are constructed as a function of out-of-pocket costs, door-to-door travel time, and the variability of travel time (otherwise referred to as reliability). The function parameters, such as value of time, and value of reliability have not been estimated within GBFM, but have been drawn from the results of Stated Preference interviews carried out by Leeds University.

Choice Modelling

The central task of a transport model is to make rational choices on behalf of the virtual actors it represents. Alternatives can be ranked according to their generalised cost.

In principle, the choice model, expressed as a mapping from Generalised Cost(i) to Probability(i) is a straightforward process to simulate within a computer model.  The approach taken has been to follow the F-Logit method established by Fowkes and Toner (Fowkes and Toner 1998) within the STEMM project, itself influenced by Cascetta’s C-Logit Model (Cascetta, Nuzzolo et al. 1996). The attraction of this approach has been the ability to represent similarities between alternatives, without having to use another subjective construct such as a hierarchy based on a definition of transport mode. The C- Logit/F-Logit approach is intuitive and logical, suggesting that a route can win traffic if it is attractive (in terms of generalised cost) but not dominated by a similar, better alternative. 

Path Choice and Networks

In order to enumerate a set of alternative services, GBFM uses a network. In GBFM, different implementations are used within the three levels (international, domestic multimodal, and domestic road), but they can all be seen as variations on a single general case:

By using a multimodal network, paths involving combinations of mode can be enumerated, and evaluated in terms of their generalised cost. They can therefore be compared and used within a choice model. By attaching the trip matrix to the choice model, traffic can be assigned back to the underlying network, so that the assigned traffic volumes for a given link can be recorded.

Services

For a freight network, the basic concept of a network path can be simplified to that of a ‘service’. A service can simply be regarded as a wrapper for a path, where only the customer-oriented information (cost, time taken, reliability, access terminal, egress terminal) are known.

Within GBFM services can be added directly to the paths within the choice set, or as hyper-links within the multimodal network. This is typically implemented for rail and maritime services. For example a link could be a service representing a simplified hyper-link from one railhead to another, without describing the details of the rail network.

GIS Elements

GBFM has been designed to read data created by Geographical Information Systems software, and to generate results that can be re-interpreted as maps. Representing data in a geo-coded form (with latitude and longitude co-ordinates) is a simple way of imposing a degree of referential integrity between the components of a transport model. Simple algorithms can be built to test the distance between objects, and whether one object contains or intersects with another.

Rail Cost Models

GBFM uses two rail cost models, each constructed using the structures outlined above. The values contained in these models were initially derived from commercial studies undertaken by MDS Transmodal (Garratt 2004).

As the dynamics of the rail freight market are more complex than road, it cannot be assumed that rail freight costs accurately reflect rates. Nevertheless, cost models adjusted to take account of revenue support schemes, have proved to be the only sound basis for relating industry and policy variables to rail’s competitiveness. Intermodal and Bulk trains are based upon separate cost models.

GBFM represents maritime links as simple port-to-port connections for unitised services. Bulk cargo flows are always introduced at the UK port, without tracing the maritime routes, so are not modelled against a network. Supply-side information for ro-ro services is relatively straightforward to obtain from the transport trade press.

Ro-ro services are defined according to:

1. UK Seaport

2. Overseas Seaport

3. Crossing Time

4. Frequency

Container or lo-lo services are also readily available. MDS Transmodal maintains a

databank of container vessel deployment. The databank has been used to generate port-to-port services with the same attribute fields shown above. All trade routes have been classified into 75 groups. For multi- sector itineraries, vessels are given more than one route code.
Sea Costs

Cost models for container shipping and ferry services are available and the Ferry Competition Model), but they are not currently linked to GBFM. Instead, a set of rates have been entered, based indirectly upon the cost models, but also on information available within the market place.
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Appendix F2 – Results for Ports (GBFM)

Table F2.1. Change in Exports, by Port and Scenario

	
	2012 

Do nothing tonnes throughput
	TAC
	
	ALL
	

	PortName
	
	Change abs
	Change %
	Change abs
	Change %

	DOVER
	4664730
	-956,270
	-21
	-1,517,590
	-33

	FOLKESTONE
	3240170
	-828,410
	-26
	-1,505,400
	-46

	LONDON
	8334680
	-667,960
	-8
	-781,750
	-9

	IMMINGHAM
	12556500
	-273,100
	-2
	-659,300
	-5

	FELIXSTOWE
	7883040
	-395,880
	-5
	-637,230
	-8

	HULL
	3641800
	-202,130
	-6
	-572,070
	-16

	HARWICH
	1462800
	-384,920
	-26
	-516,270
	-35

	GOOLE
	606925
	-254,092
	-42
	-272,879
	-45

	PORTSMOUTH
	925186
	-74,934
	-8
	-225,588
	-24

	MIDDLESBROUGH
	23283500
	-176,600
	-1
	-199,400
	-1

	RAMSGATE
	369678
	-60,417
	-16
	-138,283
	-37

	GRANGEMOUTH
	27219400
	-134,200
	0
	-125,200
	0

	SOUTHAMPTON
	11714300
	-31,100
	0
	-97,500
	-1

	POOLE
	331663
	-59,395
	-18
	-83,907
	-25

	IPSWICH
	835856
	-52,512
	-6
	-68,373
	-8

	CAIRNRYAN
	341664
	-13
	0
	-58,643
	0

	NEWHAVEN
	179130
	-15,919
	-9
	-41,261
	-23

	STRANRAER
	377868
	-21
	0
	-35,505
	0

	SWANSEA
	589138
	-2,168
	0
	-33,830
	-6

	GLASGOW
	423220
	-10,017
	-2
	-32,554
	-8

	AVONMOUTH
	824166
	-9,789
	-1
	-25,588
	-3

	TYNE
	1309900
	-12,060
	-1
	-25,480
	-2

	PRESTWICK APT
	39422.2
	0
	0
	-8,158
	0

	PLYMOUTH
	405996
	-735
	0
	-4,748
	-1

	GREENOCK
	3436220
	-10
	0
	-3,230
	0

	LEITH
	6445390
	-1,530
	0
	-1,530
	0

	ABERDEEN
	3306990
	-1,060
	0
	-1,060
	0

	PETERHEAD
	93828.1
	-388
	0
	-385
	0

	LERWICK
	29699500
	-300
	0
	-300
	0

	FRASERBURGH
	9865.82
	-109
	-1
	-109
	-1

	ELLESMERE PORT
	2217140
	-10
	0
	-10
	0

	BOSTON
	189646
	0
	0
	-7
	0

	NEWPORT
	787403
	-10
	0
	-6
	0

	CHAN TUNNEL
	17444.6
	-5
	0
	-5
	0

	SHARPNESS
	1749.23
	-5
	0
	-5
	0

	DUNDEE
	231634
	0
	0
	-4
	0

	TRENT
	560813
	0
	0
	-3
	0

	MONTROSE
	78402.7
	-2
	0
	-2
	0

	TEIGNMOUTH
	165459
	-1
	0
	-1
	0

	JERSEY
	256.988
	-1
	0
	-1
	0

	ARDROSSAN
	119.699
	0
	0
	0
	0

	GUERNSEY
	117.352
	0
	0
	0
	0

	WISBECH
	621.652
	0
	0
	0
	0

	STORNOWAY
	263.491
	0
	0
	0
	0

	BARROW IN FURNESS
	12.2421
	0
	0
	0
	0

	EXETER
	6.63754
	0
	0
	0
	0

	WATCHET
	5.31463
	0
	0
	0
	0

	PAR
	693.892
	0
	0
	0
	0

	WORKINGTON
	0
	0
	0
	0
	0

	SILLOTH
	2.17352
	0
	0
	0
	0

	COLCHESTER
	0
	0
	0
	0
	0

	COWES
	0
	0
	0
	0
	0

	WHITSTABLE
	0
	0
	0
	0
	0

	FOWEY
	1680510
	0
	0
	0
	0

	FALMOUTH
	49.0844
	0
	0
	0
	0

	NORTHWICH
	929.792
	0
	0
	0
	0

	RUNCORN
	398249
	0
	0
	0
	0

	DOUGLAS
	0
	0
	0
	0
	0

	PORT TALBOT
	997.55
	0
	0
	0
	0

	KIRKCALDY
	3322730
	0
	0
	0
	0

	KIRKWALL
	12693200
	0
	0
	0
	0

	SCARBOROUGH
	127.819
	0
	0
	0
	0

	AYR
	141.715
	0
	0
	0
	0

	HARTLEPOOL
	72941.4
	0
	0
	0
	0

	KINGS LYNN
	12354.1
	2
	0
	2
	0

	LOWESTOFT
	7099.39
	2
	0
	2
	0

	SUNDERLAND
	395372
	-1
	0
	4
	0

	MANCHESTER
	314785
	3
	0
	4
	0

	WEYMOUTH
	1327.08
	6
	0
	6
	0

	SHOREHAM
	53427.2
	6
	0
	7
	0

	GREAT YARMOUTH
	54129.4
	7
	0
	8
	0

	INVERNESS
	1554900
	20
	0
	10
	0

	GRIMSBY
	377966
	47
	0
	53
	0

	MEDWAY
	378596
	58
	0
	58
	0

	MILFORD
	9279980
	-2,550
	0
	720
	0

	BLYTH
	40300
	983
	2
	983
	2

	FISHGUARD
	190898
	-1,749
	-1
	3,460
	2

	THAMESPORT
	1932090
	-12,320
	-1
	5,620
	0

	HEYSHAM
	713461
	-102
	0
	33,335
	5

	BRISTOL AIRPORT
	240132
	11,547
	0
	34,625
	0

	FLEETWOOD
	248693
	-13
	0
	42,667
	0

	CARDIFF
	611565
	-1,407
	0
	47,405
	8

	LIVERPOOL
	6444220
	184,200
	3
	71,270
	1

	HOLYHEAD
	935415
	-740
	0
	94,805
	0

	MOSTYN
	549881
	-974
	0
	105,671
	19

	DAVENTRY RFD
	131577
	394,120
	0
	571,480
	0

	HAMS HALL RFD
	267095
	702,011
	0
	875,185
	0

	MOSSEND RFD
	274947
	447,546
	0
	907,373
	0

	WAKEFIELD RFD
	310824
	849,796
	0
	978,226
	0

	TRAFFORD PARK RFD
	296306
	598,559
	0
	1,409,664
	0

	WILLESDEN RFD
	415030
	1,438,710
	0
	2,492,100
	0


Table F2.2. Change in Imports, by Port and Scenario

	
	2012 

Do nothing Tonnes throughput
	TAC
	
	ALL
	

	PortName
	
	Change abs
	Change %
	Change abs
	Change %

	DOVER
	11,651,900
	-2,183,710
	-19
	-3,910,360
	-34

	FOLKESTONE
	8,283,690
	-2,155,330
	-26
	-3,948,940
	-48

	LONDON
	34,207,900
	-1,641,100
	-5
	-955,100
	-3

	IMMINGHAM
	39,007,800
	-712,400
	-2
	-1,638,200
	-4

	FELIXSTOWE
	15,432,500
	-1,195,900
	-8
	-2,040,200
	-13

	HULL
	6,758,820
	-405,250
	-6
	-858,360
	-13

	HARWICH
	3,954,970
	-1,055,310
	-27
	-1,744,350
	-44

	GOOLE
	2,242,700
	-455,310
	-20
	-435,060
	-19

	PORTSMOUTH
	2,105,330
	79,190
	4
	-218,780
	-10

	MIDDLESBROUGH
	30,541,900
	-163,200
	-1
	-218,700
	-1

	RAMSGATE
	1,041,480
	-298,098
	-29
	-480,029
	-46

	GRANGEMOUTH
	2,971,640
	5,520
	0
	172,320
	6

	SOUTHAMPTON
	17,045,400
	-100,800
	-1
	-218,000
	-1

	POOLE
	792,838
	-187,013
	-24
	-278,011
	-35

	IPSWICH
	2,001,460
	-20,370
	-1
	-63,770
	-3

	CAIRNRYAN
	335,255
	-530
	0
	-110,096
	0

	NEWHAVEN
	197,389
	-35,459
	-18
	-89,846
	-46

	STRANRAER
	372,786
	-1,112
	0
	-13,184
	0

	SWANSEA
	876,087
	25,940
	3
	10,521
	1

	GLASGOW
	1,247,340
	-2,230
	0
	-12,540
	-1

	AVONMOUTH
	8,860,800
	-16,830
	0
	-54,580
	-1

	TYNE
	1,035,780
	-17,270
	-2
	-17,050
	-2

	PRESTWICK APT
	31,276
	-2
	0
	19,887
	0

	PLYMOUTH
	482,602
	-2,863
	-1
	-10,477
	-2

	GREENOCK
	5,940,080
	-330
	0
	-2,230
	0

	LEITH
	1,181,890
	-890
	0
	-890
	0

	ABERDEEN
	900,420
	852
	0
	853
	0

	PETERHEAD
	244,721
	-40
	0
	-40
	0

	LERWICK
	112,612
	3
	0
	3
	0

	FRASERBURGH
	52,520
	-15
	0
	-15
	0

	ELLESMERE PORT
	1,075,730
	-20
	0
	-20
	0

	BOSTON
	588,273
	53
	0
	55
	0

	NEWPORT
	2,955,780
	-10
	0
	-10
	0

	CHAN TUNNEL
	1,020
	-1
	0
	-1
	0

	SHARPNESS
	93,318
	26
	0
	26
	0

	DUNDEE
	1,065,380
	-860
	0
	-870
	0

	TRENT
	2,073,360
	-120
	0
	-120
	0

	MONTROSE
	230,439
	-13
	0
	-13
	0

	TEIGNMOUTH
	40,383
	-191
	0
	-191
	0

	JERSEY
	334
	0
	0
	0
	0

	ARDROSSAN
	0
	0
	0
	0
	0

	GUERNSEY
	524
	0
	0
	0
	0

	WISBECH
	274,335
	-195
	0
	-195
	0

	STORNOWAY
	2,823
	0
	0
	0
	0

	BARROW IN FURNESS
	3,358
	0
	0
	0
	0

	EXETER
	0
	0
	0
	0
	0

	WATCHET
	1,837
	0
	0
	0
	0

	PAR
	0
	0
	0
	0
	0

	WORKINGTON
	42,622
	0
	0
	0
	0

	SILLOTH
	44,570
	4
	0
	4
	0

	COLCHESTER
	190
	0
	0
	0
	0

	COWES
	5,006
	0
	0
	0
	0

	WHITSTABLE
	5,722
	0
	0
	0
	0

	FOWEY
	6,118
	0
	0
	0
	0

	FALMOUTH
	67,776
	0
	0
	0
	0

	NORTHWICH
	14,197
	0
	0
	-3
	0

	RUNCORN
	375,669
	-26
	0
	-25
	0

	DOUGLAS
	573
	1
	0
	1
	0

	PORT TALBOT
	6,214,020
	0
	0
	0
	0

	KIRKCALDY
	192,239
	1,041
	1
	1,041
	1

	KIRKWALL
	370,540
	-2
	0
	-3
	0

	SCARBOROUGH
	241,974
	0
	0
	0
	0

	AYR
	88,200
	-18
	0
	-18
	0

	HARTLEPOOL
	357,030
	0
	0
	-1
	0

	KINGS LYNN
	234,955
	-40
	0
	-40
	0

	LOWESTOFT
	121,186
	0
	0
	0
	0

	SUNDERLAND
	243,295
	7
	0
	10
	0

	MANCHESTER
	754,166
	1
	0
	2
	0

	WEYMOUTH
	0
	0
	0
	0
	0

	SHOREHAM
	708,301
	0
	0
	-3
	0

	GREAT YARMOUTH
	354,319
	298
	0
	296
	0

	INVERNESS
	258,947
	173
	0
	174
	0

	GRIMSBY
	1,439,550
	450
	0
	440
	0

	MEDWAY
	8,972,210
	420
	0
	420
	0

	MILFORD
	8,371,900
	-7,940
	0
	-3,770
	0

	BLYTH
	228,133
	37
	0
	37
	0

	FISHGUARD
	124,368
	-27,290
	-22
	-22,424
	-18

	THAMESPORT
	2,793,650
	-23,070
	-1
	59,170
	2

	HEYSHAM
	497,589
	-5,576
	-1
	46,177
	9

	BRISTOL AIRPORT
	0
	169,735
	0
	133,633
	0

	FLEETWOOD
	199,068
	-1,475
	0
	36,772
	0

	CARDIFF
	1,141,690
	-15,840
	-1
	20,460
	2

	LIVERPOOL
	17,596,000
	194,900
	1
	269,200
	2

	HOLYHEAD
	1,128,230
	-22,500
	-2
	74,620
	7

	MOSTYN
	517,632
	-30,084
	0
	34,236
	0

	DAVENTRY RFD
	312,156
	976,234
	0
	1,355,884
	0

	HAMS HALL RFD
	353,214
	1,305,596
	0
	1,442,776
	0

	MOSSEND RFD
	184,948
	256,998
	0
	498,762
	0

	WAKEFIELD RFD
	484,330
	1,388,090
	0
	1,824,550
	0

	TRAFFORD PARK RFD
	709,508
	1,519,372
	0
	2,817,962
	0

	WILLESDEN RFD
	1,245,450
	4,874,740
	0
	8,539,260
	0
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