Traffic modeling  /  Helsinki CCZ case

We implement traffic modeling by employing the expertise of the Transport department of the Helsinki Metropolitan Area Council (HMAC). The HMAC uses an EMME/2 traffic planning system tailored for routine long-term traffic planning in the HMA (Elolähde, 2006), with predictions currently running upto year 2030. The system utilizes logit models, producing hourly traffic volumes (by vehicle type) and speeds for ~3200 unidirectional links representing the major roads and streets of the HMA. A tailored model for congestion charging scenarios has been previously developed. We will utilize this model with some modifications, feeding in contextual data (e.g. housing, jobs, costs) from year 2005.

A simplified description of the traffic model is given below (extracted from Elolähde (2006)).

1.  General aspects and key concepts

The full model consists of four sub-models: 1) trip generation 2) destination choice 3) mode choice and 4) route choice. Trips are divided into four categories: home-based (work, school, other) and non-home-based. For passenger transport, there are three (or five) modes: cars, public transit (subdivided into bus/tram and metro/train), and light traffic (subd. into walking and cycling). Freight transport is subdivided into trucks and vans.
Input data for the models includes e.g. the number of inhabitants, jobs and cars in each zone, as well as the number of transfers, modal travel times, and costs between each pair of zones.

2.  Description of traffic submodels

Trip generation models are based on average trip production rates. As its output, the model produces the number of trips originating from each zone, by trip category.

Destination choice and mode choice models are logit models (see below), except for school trips. Their output consists of demand matrices for each mode (i.e. the number of trips between each pair of zones).

[image: image1]Route choice models describe the distribution of traffic within a network. The network for non-public transport vehicles (mostly personal cars) consists of road links (characterized by e.g. length, number of lanes, and volume-delay function), and nodes (i.e. intersections). In HMAC model, the network has 129 zones and 1600 bidirectional links. A demand matrix is assigned on the network, producing volumes and speeds for each link. The assignment method is a capacity restrained equilibrium. Part of an example result matrix is shown below:
The network for public transport consists of lines, characterized by a route (a chain of nodes) and average headway, a transit network, and connectors (walking links between zones and bus stops). The HMA transit network consists of 4 800 bus links, 300 tram links, and 100 heavy rail links. Assignment of the public transport demand matrix on the network produces travel times and the number of transfers between zones.

3.  Logit models
Destination and mode choice models are logit models, in which the probability Pi of choosing alternative "i" is given by
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START_NODE END_NODE MUNICIPALITY X_START Y_START X_END Y_END VOL_0_1 VOL_1_2 VOL_2_3

1006 1008 1 53225 72380 52888 72262 10,668 10,668 10,668

1006 1174 1 53225 72380 53195 72800 15,353 15,353 15,353

1008 1006 1 52888 72262 53225 72380 11,809 11,809 11,809

1008 1010 1 52888 72262 52728 72245 10,668 10,668 10,668

1010 1008 1 52728 72245 52888 72262 11,809 11,809 11,809

1010 1012 1 52728 72245 52437 72210 19,183 19,183 19,183

1010 1172 1 52728 72245 52746 72514 12,447 12,447 12,447

1012 1010 1 52437 72210 52728 72245 19,338 19,338 19,338

1012 1014 1 52437 72210 52029 72159 18,386 18,386 18,386


where Vi is the benefit function of alternative i:    Vi = β1 x1i + β2 x2i +  ... +  βn xni   in which βk is the coefficient of variable k, and xik is the value of variable xi in alternative k. The coefficients βk  have been estimated when constructing the model. The variables and coefficients used in HMAC-Transport models are listed in the table below.

	Model
	Variables
	coefficients (β)

	
	
	home-based

work trips
	other home-

based trips
	non-home-

based trips

	
	
	
	
	

	destination
	scale factor
	ms107
	ms157
	ms207

	destination
	ln(jobs)
	ms108
	ms158
	ms208

	destination
	dummy of the zone
	ms109
	ms159
	ms209

	mode
	dummy, walk
	ms110
	ms160
	ms210

	mode
	dummy, bus+tram
	ms111
	ms161
	ms211

	mode
	dummy, car 
	ms112
	ms162
	ms212

	mode
	dummy, bicycle 
	ms113
	ms163
	ms213

	mode
	dummy, heavy rail 
	ms114
	ms164
	ms214

	mode
	travel cost, heavy rail
	ms115
	ms165
	ms215

	mode
	travel cost, bus+tram
	ms116
	ms166
	ms216

	mode
	travel cost, car
	ms117
	ms167
	ms217

	mode
	parking ratio
	ms118
	ms168
	ms218

	mode
	parking cost
	ms119
	ms169
	ms219

	mode
	nr of transfers, bus+tram
	ms120
	ms170
	ms220

	mode
	travel time, bus+tram
	ms121
	ms171
	ms221

	mode
	travel time, car
	ms122
	ms172
	ms222

	mode
	# of transfers, heavy rail
	ms123
	ms173
	ms223

	mode
	travel time, heavy rail
	ms124
	ms174
	ms224

	mode
	ln(distance), walk
	ms125
	ms175
	ms225

	mode
	distance 0-5 km, walk
	ms126
	ms176
	ms226

	mode
	distance 5-10 km, walk
	ms127
	ms177
	ms227

	mode
	ln(distance), bicycle
	ms130
	ms180
	ms230

	mode
	distance 0-5 km, bicycle
	ms131
	ms181
	ms231

	mode
	distance 5-10 km, bicycle
	ms132
	ms182
	ms232

	mode
	cars/household
	ms135
	ms185
	ms235

	mode
	share of cars provided by employer
	ms136
	ms186
	ms236

	mode
	image of bus traffic
	ms138
	ms188
	ms238

	mode
	image of heavy rail traffic
	ms139
	ms189
	ms239

	mode
	logsum walk+bicycle
	ms141
	ms191
	ms241

	mode
	logsum transit
	ms142
	ms192
	ms242

	mode
	number of modes
	ms149
	ms199
	ms249


4.  Other considerations
Additional steps and complications in traffic modeling include the treatment of external trips (traffic from beyond the HMA), trips to/from the airport (handled by separate models), and the treatment of freight transport (trucks, vans). For the prediction of congestion charging scenarios, further complications relate to the treatment of fees that vary by area and time of day. In the traffic model, congestion fees are added on top of other travel costs and affect both mode and route choices.

5.  Overall model
The simplified flowchart below illustrates the main steps of traffic modeling (omitting e.g. light traffic), and the role of congestion fees therein.
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6.  Validity of the model predictions
The traffic models used by HMA Council have been estimated in the Laboratory of Transportation Engineering of the Helsinki University of Technology, based on revealed-preferences data from autumn 2000 travel survey, including information about weekday trips made by ~8 700  inhabitants of the HMA. The total number of trips was ~28 000. Over 50 model sets have been estimated and tested, varying the set of variables, parameters, and submodel hierarchy. Supporting the validity of the results, the traffic model is routinely used for long-term traffic planning in the HMA.

When the Helsinki CCZ predictions are viewed in light of the fee levels (Table 2) and zone dimensions, the results show a good agreement with empirical data from existing CC areas. In Stockholm, a 2.2 € peaktime cost per passage resulted in a 16–24 % acute decline in daily passages (Höök, 2007), while in London, a ~7.5€ (in 2003) daily charge resulted in reductions of 18% in (4-wheel-vehicles and 30% in potentially-chargeable vehicles entering the central London zone during the charging times (07-18) (TfL, 2007). The predictions are also in line with results obtained using Dublin Transportation office's model (Rogers and Eagney, 2008) as well as with models utilizing transport demand elasticities (Oum et al., 1992; Roth and Villoria Jr, 2001).
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