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Abstract 

 

This paper uses Logit models to estimate value of time of car drivers' route choice with evidence 

from the Stockholm congestion charging trial. Two sets of models are estimated respectively, 

one is for trips whose purposes are working or running business, the other is for trips who 

purpose are other activities. In addition, there are two stages of model estimation. At first, the 

model only includes traffic characteristic variables to differentiate among trips, which includes 

travel time, travel distance, and congestion tolls. Thus values of time estimated are 176 SEK/h, 

and 184 SEK/h for working trips and other trips. Further on, socio-economic variables are also 

involved, along with traffic characteristic variables, in the model to differentiate among both 

individuals and trips.  Significant socio-economic variables include household income, age, 

gender, access to workplace vehicles, working flexibility and so on. Results of average 

aggregated value of time are almost the same with the results in basic models, which is 

reasonable since it’s the same dataset. However, the later model shows more variation in terms 

of individuals.  
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1 Introduction  
 

A crucial parameter when forecasting route choice in networks with road pricing is the assumed 

value of time for drivers. This will determine the extent to which drivers are willing to take 

detours to avoid being charged. The purpose of this paper is to investigate this question using 

survey data from the Stockholm congestion charging trial.  

When assigning transit trips to the public transit network, the trade-off between travel cost and 

travel time is seldom an issue for regional trips (although certainly for long-distance train and air 

trips), so typically, trips will be assigned to the route(s) with least (generalised) travel time (most  

often weighting waiting time higher than in-vehicle time etc.). Hence, there is no need to assume 

a value-of-time in the transit assignment step. When assigning car trips to the network, the most 

common practice is probably to assign trips to the route(s) with the least travel time, hence 

ignoring that different route may have different monetary travel costs because of different 

lengths. If monetary travel cost is ignored during assignment, there is obviously no need to 

assume a value-of-time for car drivers.  

But when modelling the impact of road pricing – a toll road or a congestion charging system, for 

example – monetary travel cost obviously cannot be ignored in the assignment step. Lacking ex-

post revealed preference data, the modeller will typically resort to another source of a value-of-

time – say, a stated-preference study conducted on drivers in the area. In many cases, the choice 

of value of time will have a significant effect on forecasted traffic volumes (and hence on 

forecasted revenues, travel times etc.), especially if there are many OD pairs where there is a 

choice between tolled and non-tolled routes.  

During the Stockholm congestion charging trial, drivers between the northern part of Stockholm 

and the southern part had the choice to pay a congestion charge to go through the city centre, or 

go around the city centre using the free-of-charge but heavily congested Essinge bypass. Before 

and during the trial, extensive travel survey were carried out, where (among other things) 

respondents noted whether they had used the Essinge bypass or not (for applicable trips). This 

gives an opportunity to estimate the implicit value of time for car drivers, when facing the choice 

between a shorter, tolled routed and a longer, free route.  
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There seems to be few earlier studies of drivers values of time based on revealed preference 

route choice data, probably due to the relatively few congestion charging systems in use; 

furthermore, many toll roads are operated by commercial operators who may not want to publish 

data or analyses. A notable exception are the two “value priced” highways in California, where 

drivers choose between free, congested lanes and a tolled, essentially free-flow lane on the same 

stretch of highway. Lam and Small (2001) analyse data from one of these highways (the SR-91), 

and estimate drivers’ value of time and reliability. They arrive at a value of time of 22.87 $/hour, 

corresponding to 72% of the average wage rate in the sample. This is considerably higher than 

most value-of-time studies, most of which are based on stated preference data. There are many 

possible reasons for this, most importantly perhaps that this is a special type of trips and 

travellers: relatively affluent car owners during the morning commute driving under congested 

conditions.  

Brownstone et al. (2003) analysing choices on another partially tolled (”value priced”) 

Californian highway (the I-15). They also report high values of time – median willingness-to-pay 

is around 30 $/hour. The authors note possible upwards bias due to drivers’ perception that the 

toll facility provides safer driving conditions. 
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2. Background 

2.1 The Stockholm Trial 

The so-called Stockholm trial consisted of two parts: a congestion charging scheme that was in 

place between 3 Jan and 31 July 2006, and an extension of the public transport supply that was in 

place between 31 August 2005 and 31 December 2006.  

Initially, the trial was meant to consist only of a congestion charging scheme, but for mainly 

political reasons, it was complemented by the extension of public transit extensions – several 

new bus lines, additional capacity on commuter trains and subways, and more park-and-ride 

facilities.  

The congestion charging scheme was originally meant to be a ”full-scale trial for several years”, 

and was a part of an agreement between the Social Democrats, Lefts and Green on the national 

level following the election in the autumn of 2002. For various reasons – most importantly legal 

complaints regarding the technology procurement process - the period with congestion charges 

became considerably shorter than was initially planned.  

The Stockholm trial was followed by referendums in the City of Stockholm and in about half of 

the neighboring municipalities. The referendum in the City of Stockholm ended with a majority 

for keeping the charges, but adding all votes up, a majority of the voters in the county were 

against the charges. However, the results could be viewed as a bit skewed, since most of the 

municipalities where polls showed greater support for the charges did not arrange a referendum 

at all. The new national government eventually decided that the City of Stockholm was allowed 

to reintroduce the congestion charges as of August 2007, this time permanently. At the time of 

writing, preliminary analyses indicate that traffic effects are essentially the same as during the 

trial. A negotiator appointed by the national government is trying to strike a deal between the 

municipalities and the county of Stockholm. The deal is meant to produce a “package” where the 

charge revenue is used for number of road investments. 

An overview of the effects of the charges can be found in Algers et al. (2007).  
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2.2 The charging system 

  

Figure 2- 1 Stockholm congestion charging system 

 

The charging system was made up by 18 control points located at Stockholm city entrances and 

exits. The area inside the cordon is around 30 km2. Vehicles were registered automatically by 

cameras that photograph the number plates. Those vehicles equipped with an electronic onboard 

unit (transponder) for direct debit payment were also identified through this means.  

The cost for passing a control point was SEK 10, 15 or 20 depending on the time of day (see the 

table). The cost was the same in both directions. The maximum amount payable per vehicle and 

day was SEK 60. There was no opportunity to pay at the control points. More than 60% of the 

payments were made automatically through transponder/direct debit. The rest were either paid at 

local shops (7-eleven etc.) or through bank transfers, either direct transfer or using a “virtual 

shop” on the Internet where you could pay using e.g. a VISA card.  
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No congestion charge was levied in the evenings or at night nor on Saturdays, Sundays, public 

holidays or the day before a public holiday. Various exemptions (for e.g. taxis, buses, 

alternative-fuel cars and for traffic between the island of Lidingö and the rest of the county) 

meant that about 30% of the passages were free of charge.  There was no congestion tax levied 

on vehicles driving on the E4/E20 (the Essinge bypass) past Stockholm (the green road on the 

map). This was the only free-of-charge passage between the north and south part of the county. 

The Essinge bypass was heavily congested even before the charges, so from a pure traffic 

perspective, there was a strong argument for also charging vehicles on the bypass. The 

opposition from the surrounding municipalities were so strong, however, that the politicians of 

the City of Stockholm decided that the Essinge bypass should be free of charge.  

The choice between using the non-charged Essinge bypass or going through the city centre 

(where, during the trial, congestion was low) is the main focus of this study.  
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3. Data 

 

Two travel surveys were carried out, one before the charges were introduced (in September 

2004) and one once the charges were in place (in March 2006). For applicable trips, respondents 

were asked whether they used the Essinge bypass or not. Hence, we can use the surveys to 

estimate the value of time for those drivers going between the north part of Stockholm County 

and the southern part. Below is a map of the Stockholm area, showing approximate changes in 

traffic flows (in absolute numbers) during the trial. There are no other bridges connecting 

southern and northern Stockholm except the Essinge bypass and the four bridges in the city 

centre, inside the cordon.   

 

Figure 3- 1 Approximate traffic flow changes during congestion charging trial 

 

Approximate 

location of 

charging cordon 

Essinge 

bypass 
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The data material consists of 2185 trips between the northern and southern part of Stockholm, 

which are generated by 1068 respondents in 2004 and 2006, and which hence had the choice to 

go through city centre or use the Essinge bypass. Not all of these trips would have been charged, 

though, even if they went through the city centre: 1205 trips were made during 2004 (before the 

charges); among 980 trips that were made during 2006, 309 trips were outside charging hours 

(6.30-18.30) or exempted from the charge for various reasons. Thus, only 671 trips would have 

been charged if they went through the city center. Those non-charged trips were still used for 

estimation, however, since they still contain information regarding the trade-off between distance 

(and hence fuel cost etc.) and travel time. Actually, only 7% of the trips in the data material were 

charged: the rest were not charged for various reasons - choosing the Essinge bypass, exempt 

from charges or the trip being made in 2004.  

That the congestion charge affected route choice is evident from the following table, comparing 

route choices for would-be charged and those trips that would not have been charged (for the 

reasons stated): 

 

  Work trips Other trips 

  

Non-charged 

choice situation 

Charged choice 

situation 

Non-charged 

choice situation 

Charged choice 

situation 

Through the 

city centre 

276 68 505 77 

46,2 % 21,5 % 55,1 % 21,7 % 

Essinge bypass 
321 248 412 278 

53,8 % 78,5 % 44,9 % 78,3 % 

Table 3- 1 Share of route choice for working trips and other trips 

 

The table shows that for those trips that would not have paid the charge (the “non-charged choice 

situations”), 46,2% of work trips and 55,1% of other trips went through the city centre. This can 

be compared to those trips that would pay the charge if they went through the centre: the 

corresponding shares drop to 21,5% and 21,7%. In other words, around half of the (remaining) 

“through” traffic in the city centre moved to the Essinge bypass. (Note that some of the 

“through” traffic disappeared to other destinations or modes once the charge was introduced, and 
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that ”through” traffic is a comparatively small share of total traffic in the city centre. Note also 

that this is only private trips; around 20-30% of the relevant traffic is distribution traffic, which 

was not included in these particular surveys.) 

Travel times were calculated using the static network equilibrium model EMME/2, with the 

volume-delay functions developed especially for Stockholm (the “TU71 functions”). In heavily 

congested situations, this will often tend to underestimate travel times since this kind of model 

cannot account for blocking of links due to backward propagation of queues. Furthermore, only 

three periods of the day are modelled: morning peak, afternoon peak and the rest of the day.  

The route choice modeling in this report includes both traffic characteristic variables and socio-

economic variables. Traffic characteristic variables include: TidStan (Travel time if respondents 

went through the city center), TidEss (Travel time if respondents went through Essinge bypass), 

LanStan (travel distance if respondents went through the city center), LanEss (Travel distance if 

respondents went through Essinge bypass). Socio-economic variables include: Gender, Children 

(whether respondents have at least one child in the household or not), WorkVehicle (whether 

respondents have accessible vehicles from workplace or not), Flexibility of working time, 

freeparking (whether respondents have free parking places at workplace or not), Emp (whether 

respondent is employed by others of self-employed), Age (divided into four categories), number 

of young people in the household and household income (divided into eight categories). 

Influence of these traffic characteristic variables and socio-economic variables on route choice is 

discussed later in this report. 

The following table is a summary of descriptive or frequency analysis for both traffic 

characteristic variables and related socio-economic variables for all the 2185 observations. 

 Mean SD Min 25% 50% 75% Max 

TidStan 42,00 16,31 12,74 31,94 38,26 47,49 175,5 

TidEss 43,07 16,78 12,29 32,17 39,86 49,33 176,1 

LanStan 31,28 19,67 4,71 18,97 25,64 36,61 163,5 

LanEss 33,39 20,00 5,26 21,30 28,18 38,93 169,7 

Gender Female Male NA 

826 
37,8% 

1359 
62,2% 

0 
0,00% 
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Children No children At least one child NA 

1486 
68,0% 

699 
32,0% 

0 
0,00% 

WorkVehicle No workplace vehicle Available workplace vehicle NA 

913 
41,8% 

422 
19,3% 

850 
38,9% 

Flexibility Non-flexible Schedule Flexible Schedule NA 

1579 
72,3% 

146 
11,3% 

360 
16,5% 

freeparking Non-free parking places Free parking places NA 

420 
19,2% 

1251 
57,3% 

514 
23,5% 

Emp Employed by others Self-employed NA 

1600 
73,2% 

230 
10,5% 

355 
16,2% 

Age 19-24 25-39 40-64 ≥65 NA 

46 
2,1% 

609 
27,9% 

1289 
59,0% 

241 
11,0% 

0 
0,00% 

Number of 
young people 
in household 

0 1 2 3 NA 

1765 
80,8% 

299 
13,7% 

109 
5,0% 

12 
0,5% 

0 
0,00% 

 
Household 

Income 
(in Swedish 

kronor) 

0-7500 7501-10000 10001-15000 15001-25000  

8 
0,4% 

17 
0,8% 

37 
1,7% 

254 
11,6% 

 

25001-40000 40001-55000 55001-70000 >70000 NA 

487 
22,3% 

533 
24,4% 

412 
18,9% 

394 
18,0% 

43 
2,0% 

Table 3- 2 Variables description for all observations 

Because the route choice modeling is conducted separately for working trips and other purposes 

of trips, it’s necessary to describe data for each route choice and trip purpose, so as to compare 

the representativeness of the data in each model.   

The following table shows descriptive analysis for travel characteristic variables and related 

socio-economic variables for working trips which chose to go through the city center, which are 

composed of 344 trips. 

 Mean SD Min 25% 50% 75% Max 

TidStan 41,78 15,10 22,40 32,58 38,06 45,92 119,9 

TidEss 44,58 15,25 19,51 35,63 41,72 49,04 127,9 

LanStan 30,42 18,11 9,91 19,86 25,95 33,79 110,4 
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LanEss 34,11 18,19 12,33 23,95 29,63 37,15 113,7 

Gender Female Male NA 

120 
34,9% 

224 
65,1% 

0 
0,00% 

Children No children At least one child NA 

205 
59,59% 

139 
40,41% 

0 
0,00% 

WorkVehicle No workplace vehicle Available workplace vehicle NA 

164 
47,7% 

88 
25,6% 

92 
26,74% 

Flexibility Non-flexible Schedule Flexible Schedule NA 

289 
84,01% 

45 
13,08% 

10 
2,91% 

freeparking Non-free parking places Free parking places NA 

74 
21,5% 

242 
70,3% 

28 
8,1% 

Emp Employed by others Self-employed NA 

292 
84,9% 

42 
12,2% 

10 
2,9% 

Age 19-24 25-39 40-64 ≥65 NA 

4 
1,2% 

109 
31,7% 

226 
65,7% 

5 
1,5% 

0 
0,00% 

Income 
(in Swedish 

kronor) 

0-7500 7501-10000 10001-15000 15001-25000  

0 
0% 

0 
0% 

4 
1,2% 

23 
6,7% 

 

25001-40000 40001-55000 55001-70000 >70000 NA 

70 
20,3% 

98 
28,5% 

68 
19,8% 

78 
22,7% 

3 
0,9% 

Table 3- 3 Variables description for working trips going through the city center 

The following table shows descriptive analysis for travel characteristic variables and related 

socio-economic variables for working trips going through Essinge bypass, which are composed 

of 569 trips. 

 

 Mean SD Min 25% 50% 75% Max 

TidStan 38,66 13,41 15,66 30,67 36,03 43,12 120,1 

TidEss 38,53 13,85 12,29 29,71 36,72 44,35 123,5 

LanStan 28,09 16,46 7,23 18,26 24,07 32,91 138,4 

LanEss 28,96 16,86 5,26 19,18 25,28 34,36 141,5 

Gender Female Male NA 
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156 
27,4% 

413 
72,6% 

0 
0,00% 

Children No children At least one child NA 

391 
68,7% 

178 
31,3% 

0 
0,00% 

WorkVehicle No workplace vehicle Available workplace vehicle NA 

247 
43,4% 

159 
28,0% 

163 
28,7% 

Flexibility Non-flexible Schedule Flexible Schedule NA 

471 
82,8% 

78 
13,7% 

20 
3,5% 

freeparking Non-free parking places Free parking places NA 

114 
20,0% 

382 
67,1% 

72 
12,7% 

Emp Employed by others Self-employed NA 

467 
82,1% 

84 
14,8% 

18 
3,2% 

Age 19-24 25-39 40-64 ≥65 NA 

8 
1,4% 

152 
26,7% 

384 
67,5% 

25 
4,4% 

0 
0,00% 

Income 
(in Swedish 

kronor) 

0-7500 7501-10000 10001-15000 15001-25000  

3 
0,5% 

5 
0,9% 

3 
0,5% 

53 
9,3% 

 

25001-40000 40001-55000 55001-70000 >70000 NA 

129 
22,7% 

151 
26,5% 

115 
20,2% 

101 
17,8% 

9 
1,6% 

Table 3- 4 Variables description for working trips going through Essinge bypass 

The following table shows descriptive analysis for travel characteristic variables and related 

socio-economic variables for other purposes of trips going through the city center, which are 

composed of 582 trips. 

 Mean SD Min 25% 50% 75% Max 

TidStan 45,95 18,25 12,74 33,92 41,33 52,16 175,5 

TidEss 48,68 18,35 13,37 37,68 45,28 55,10 176,1 

LanStan 34,75 21,97 4,71 20,29 28,78 40,45 163,5 

LanEss 38,58 21,88 6,27 24,84 32,70 44,59 169,7 

Gender Female Male NA 

285 
49,0% 

297 
51,0% 

0 
0,00% 

Children No children At least one child NA 
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378 
65,0% 

204 
35,1% 

0 
0,00% 

WorkVehicle No workplace vehicle Available workplace vehicle NA 

226 
38,8% 

103 
17,7% 

163 
28,7% 

Emp Employed by others Self-employed NA 

381 
65,5% 

53 
9,1% 

148 
25,4% 

Number of 
young people 
in household 

0 1 2 3 NA 

483 
83,0% 

68 
11,7% 

30 
5,2% 

1 
0,2% 

0 
0,00% 

Table 3- 5 Variables description for other trips going through the city center 

 

The following table shows descriptive analysis for travel characteristic variables and related 

socio-economic variables for working trips which chose to go through Essinge bypass, which are 

composed of 690 trips. 

 Mean SD Min 25% 50% 75% Max 

TidStan 41,54 16,67 13,78 30,82 37,43 48,07 131,7 

TidEss 41,31 16,94 13,63 30,26 37,71 48,15 131,9 

LanStan 31,41 20,34 5,99 18,34 25,4 38,43 140,3 

LanEss 32,30 20,62 5,74 18,88 26,29 38,99 142,0 

Gender Female Male NA 

265 
38,4% 

425 
61,6% 

0 
0,00% 

Children No children At least one child NA 

512 
74,2% 

178 
25,8% 

0 
0,00% 

WorkVehicle No workplace vehicle Available workplace vehicle NA 

276 
40,00% 

72 
10,43% 

163 
28,65% 

Emp Employed by others Self-employed NA 

460 
66,7% 

51 
7,4% 

179 
25,9% 

Number of 
young people 
in household 

0 1 2 3 NA 

564 
81,7% 

94 
13,6% 

30 
4,4% 

2 
0,3% 

0 
0,00% 

Table 3- 6 Variables description for other trips going through Essinge bypass 
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4. Model estimation results 

4.1 Basic models 

The first estimated model had the following specification: 

                                                       

where p1, p2 and p3 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Estimation results are shown below. 

 Work trips Other trips 

Observations 913 1272 

Log-Likelihood -471.3 -686.4 

Rho-Squared w.r.t. Zero 0.2552 0.2215 

Rho-Squared w.r.t. Constants 0.2207 0.2174 

Travel time (p1) [min] -0.2659 -0.1956 

Travel time “T” Ratio -8.1 -7.0 

Cong. Toll (p2) [kr] -0.0906 -0.0638 

Cong. Toll “T” Ratio -12.2 -12.3 

Distance (p3) [km] -0.1910 -0.1628 

Distance “T” Ratio -5.0 -5.6 

Value of time [kr/h] 176 184 

Value of distance [kr/km] 2.11 2.55 

1 € is approximately 9 kr.                                                                                                     Table 4- 

1 Estimation results 

The estimated value of distance is rather high compared to average marginal cost for car trips, 

which is around 1.6 kr/km (0.18 €/km)
1
. On the other hand, the estimated value corresponds 

rather well to the average total cost per km for car trips, i.e. including capital costs, depreciation 

and fixed insurance costs; this cost is around 2.6 kr/km (0.29 €/km).  

                                                           
1
 Swedish Consumer Agency (2003). 
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The values of travel time (19.56 €/h for work trips and 20.44 €/h for other trips, but the 

difference is not significant) are higher than what is generally encountered in stated preference 

studies, and also higher than typical values obtained when estimating destination/mode choice 

models on revealed preference data. For example, the value of in-vehicle time for regional work 

trips in the national model SAMPERS is 67 kr/h (around 7.45 €/h). A stated preference study of 

car commuters in the central parts of Stockholm (Eliasson, 2003) estimated a value of time of 

58-68 kr/h. Under congested conditions, this value increased by 42-52%. Even more surprising is 

that the values of time do not differ significantly between work trips and other trips. 

Note that possible passengers are not accounted for – the average number of persons per car is 

1.26 across the cordon, counting all vehicles, not only private cars. If the travel cost can be 

spread among people in the car (more or less formally), the actual cost decreases and hence the 

value of time increases. There is also the possibility that some drivers taking the route through 

the city centre is dropping passengers off there, without noting this in the travel diary. This will 

also tend to increase the estimated value of time.  

The obtained value of time is similar to the value obtained in the two other similar study we 

know other, Lam and Small (2001) and Brownstone et al. (2003), who obtain a values of time in 

the range 23-30 $/h – around 17.90-23.30 €/h. As in these studies, our sample population is a 

fairly specific type of trips and travellers: relatively affluent travellers and a heavily congested 

traffic situation. This will tend to increase the value of time.  

Neither of these interpretations takes into account the effects of some employers paying the 

charges and the extent to which travellers could deduct travel costs. The legal and administrative 

system surrounding the charges was complicated; the charge could not be deducted
2
, neither by 

employed nor companies, but this may have not been clear to everybody. Further, different 

employers had different rules whether they reimbursed congestion charging costs for employees 

with company-paid cars. Some employers reimbursed all costs once you had a company-paid 

car; some employers did not even reimburse costs for business trips. As stated before, among all 

the 2185 trips, only 671 trips would have been charged if they went through the city center. In 

these 671 trips, 140 trips were made by people who have access to vehicles from workplace. If 

                                                           
2
 This has been changed when the system was re-introduced 2007. 
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we assume that people who travel with company cars do not have to pay congestion tolls 

themselves, and thus transforming these 140 observations from would-have-been-charged 

situation to non-charging situation, using the same model specification as before, we could 

obtain the following results: 

 Work trips Other trips 

Observations 913 1272 

Log-Likelihood -496.4 -682.3 

Rho-Squared w.r.t. Zero 0.2157 0.2261 

Rho-Squared w.r.t. Constants 0.1793 0.2121 

Travel time (p1) [min] -0.2093 -0.2011 

Travel time “T” Ratio -6.8 -7.1 

Cong. Toll (p2) [kr] -0.0890 -0.0724 

Cong. Toll “T” Ratio -11.2 -12.2 

Distance (p3) [km] -0.1535 -0.1561 

Distance “T” Ratio -4.3 -5.4 

Value of time [kr/h] 141 167 

Value of distance [kr/km] 1.72 2.16 

Table 4- 2 Estimation results 

Both values of time and values of distance for work trips and other trips decrease after this 

transformation, which means this result is closer to what is generally encountered in stated 

preference studies.  
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4.2 Models with socio-economic variables 

The previous basic models only include traffic characteristic variables, so they could only 

differentiate among trips. As a matter of fact, some socio-economic variables, like income and 

age, might also influence people’s route choice. Thus, the following models try to take into 

account socio-economic variables, so as to differentiate among individuals.  

According to data available from the survey, 9 potential significant socio-economic variables are 

chosen for further test. They include: household income, age, gender, access to free parking 

places at workplace, access to vehicles from workplace, working time flexibility, employment 

situation, whether respondents have kids in the household, number of young people in the 

household. Each variable’s influence to people’s sensitivity is tested on travel time, travel 

distance, congestion tolls, and travel costs (which is composed of congestion tolls and travel 

distance costs) for working trips and other purposes of trips respectively. If their influence is 

significant, for example, gender could significantly influence people’s sensitivity to travel 

distance, and then it’s considered to be included in the final model which combines all the 

significant variables. The following pages show the models including one certain socio-

economic variable, which proved to significantly influence people’s sensitivity to either one of 

the traffic characteristic variables. Those that prove insignificance of a socio-economic variable 

are not shown here. 

 

4.2.1 Working trips 

In Sweden, Transport Investment Plans are conducted by the Swedish Government via public 

agencies. The plans cover a period of around ten years and are typically revised every five 

years [3]. The latest plan is the plan of the period 2010-2021. In this plan, the Road 

Administration and the Rail Administration carried out the entire planning process jointly during 

2008-2009. The plan comprises one part with national road and rail investments and one part 

with 21 regional plans, one for each county region. 

The Successive Calculation method was used in the latest plan. In 2008, there was a regulation 

stating that all transport projects with a total cost greater than 500 Million SEK needed to do the 

Successive Calculation [14] [18] [45].  
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The Successive Calculation that has been applied in the Swedish investment planning actually 

is similar to the general procedure of the method shown in Figure 4-1. However, it is applied in 

two different ways – the full uncertainty analysis and the simplified uncertainty analysis [45]. The 

summary of the two analyses is as follows. 

A. Travel Time sensitivity 

a) Influence of parking condition at workplace. 

Parking situation at workplace could influence people’s valuation of travel time. In order to 

numerically show its effect, a dummy variable, “freeparking” is introduced to indicate those with 

parking places for free at their workplace, and it equals zero when people have no access to 

parking places at their workplace, or they have to pay for parking at their workplace. Another 

dummy variable, “NA_freeparking” is also created to differentiate those respondents with 

missing values for parking conditions from those with no free parking places at workplace. Its 

estimate value or significance doesn’t matter though; this dummy variable is used to contain the 

same number of observations. This is done for all models implying that all models contain the 

same number of observations. 

Utility functions are as follows: 

                                                                  

                                                   

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model Estimation results are shown below: 

 
travel_time cong_Toll distance 

travel_time* 

freeparking 

travel_time* 

NA_freeparking 

Estimate -0,138 -0,091 -0,192 -0,160 -0,154 

"T" Ratio -2,4 -12,2 -5,0 -2,7 -1,7 

Log-Likelihood -467,02 

Rho-Squared 

w.r.t. Zero 
0,2612 
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Rho-Squared 

w.r.t. Constants 
0,2266 

Observations 913 

Table 4- 3 Estimation results 

From the model estimation results, we could conclude that access to free parking places at 

workplace does significantly influence people’s valuation of travel time. If someone has access 

to free parking place from their workplace, they are more sensitive to travel time. Considering 

parking condition’s influence alone, we could obtain that value of time for people with no access 

to free parking places at their workplace is 90,99 kr/h, while value of time for people who have 

available parking places for free at their workplace is 196,48 kr/h, which is nearly twice of those 

without free parking places. People with free parking places at their workplace evaluate travel 

time twice as much as that of people without free parking places at workplace, holding other 

socioeconomic situations the same. 

 

b) Influence of accessibility of vehicle from workplace 

 

Some people have access to cars from their work place. We expect that people would be less 

sensitive to travel cost if it’s a company car, because company may pay the cost. Thus it’s 

interesting to investigate this variable’s significance to travel time. We create a dummy variable, 

“WorkVehicle”, which equals one when the respondent has access to vehicle from his or her 

workplace, and zero when he has no access. Similarly, we create another dummy variable, “NA_ 

WorkVehicle” to indicate those respondents with missing values for company car accessibility 

information. 

Utility functions are listed as follows: 

                                                                   

                                                   

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model Estimation results are shown below: 



 

Model estimation results 26   

 
travel_time cong_Toll distance 

travel_time* 

WorkVehicle 

travel_time* NA_ 

WorkVehicle 

Estimate -0,184 -0,093 -0,193 -0,224 -0,977 

"T" Ratio -4,5 -12,3 -5,1 -3,7 -1,8 

Log-Likelihood -463,66 

Rho-Squared 

w.r.t. Zero 

0,2673 

Rho-Squared 

w.r.t. Constants 

0,2334 

Observations 913 

Table 4- 4 Estimation results 

As shown from the model estimation results, accessibility to cars from workplace is statistically 

significant with respect to travel time. Respondents with access to vehicle from workplace are 

more sensitive to travel time than those without access to company car. They are more likely to 

choose a route with less travel time. Considering company car accessibility’s influence to travel 

time alone, value of time for people with available company car is 263,23 kr/h, and that for 

people without available company car is 118,71 kr/h. In conclusion, people with access to cars 

from their workplace value time as twice as those without access to company cars. 

 

B. Travel Distance sensitivity 

a) Influence of household income level 

People with different levels of income put different weights on travel distance for two reasons. 

On the one hand, under free flow conditions, longer travel distance indicates more travel time, so 

people with higher income might be more sensitive to travel distance than people with lower 

income. On the other hand, longer distance also results in more cost, like fuels, wear-off of the 

car, so people with higher income could be less sensitive to travel distance than people with 

lower income. However, in reality, things could get  complicated, since under congestion 

situation, it’s not necessary that longer travel distance would indicate longer travel time, also 

people’s valuation of cost when they drive automobiles are also unpredictable.  In consequence, 

income level might affect people’s route sensitivity to travel distance. It’s important to introduce 

another model to investigate the effect of income levels. 
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In the following utility functions, income is a variable for household income level, ranging from 

1 to 8, as shown before. Variable “NA_income” indicates those respondents with missing values 

for household income information. 

                                                                 

                                     

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are shown below: 

 
travel_time cong_Toll distance 

distance* 

income 

distance*        

NA_ income 

Estimate -0,263 -0,093 0,074 -0,044 0,0365 

"T" Ratio -8,0 -12,2 0,5 -1,9 0,1 

Log-Likelihood -468,64 

Rho-Squared 

w.r.t. Zero 

0,2595 

Rho-Squared 

w.r.t. Constants 

0,2252 

Observations 913 

Table 4- 5 Estimation results 

As we can see from the results table, people with higher income are significantly more sensitive 

to travel distance; they are more willing to take a short route than people with lower income. 

This makes more sense under congestion pricing trial, since it could be interpreted as higher 

income people tend to go through the city center and pay the toll, while lower income people 

would go though Essinge bypass and avoid paying extra fees, which was expected by common 

sense. 

b) Influence of age groups 
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Older people and younger people differ in travel distance sensitivity. We expect that age and 

travel distance is not a linear relationship. Also, as shown in statistical summary of the data, 

respondents that are in the age category 2 (from 19-24 years old), and age category 5 (more than 

65 years old) only account for less than five percent of total observations. It might be more 

interesting to focus on age category 3(25-39 years old) and 4(40-64 years old). Here we create 

three dummy variables for age: age1 (if respondents are 19-24 years old, or more than 65 years 

old), age2 (if respondents are 25-39 years old) and age3 (if respondents are more than 65 years 

old). A simple Logit model based on the original model was established. Utility functions are as 

follows: 

                                                                 

                 

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are shown below: 

 
travel_time cong_Toll distance*age1 distance*age2 distance*age3 

Estimate -0,267 -0,091 0,0225 -0,2477 -0,1821 

"T" Ratio -8,1 -12,3 0,2 -4,1 -4,1 

Log-Likelihood -469,51 

Rho-Squared 

w.r.t. Zero 

0,2581 

Rho-Squared 

w.r.t. Constants 

0,2237 

Observations 913 

Table 4- 6 Estimation results 

As shown in the results table, Age2 and age3 are statistically significant variables for travel 

distance sensitivity. People younger than 24 years old or older than 65 years old are not 

significantly sensitive to travel distance at all. While people from 25 to 39 years old are very 

sensitive to travel distance, so they probably tend to choose a shorter route in spite of other costs. 
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People from 40 to 64 years old are also significantly sensitive to travel distance, although not as 

much as people from 25 to 40 years old. 

c) Influence of gender 

Men and women maybe statistically differ in terms of sensitivity to travel distance, which results 

in different route choice. 

Here a dummy variable, “Male” is created to involve gender into choice modeling. If an 

interviewee is male, then this dummy variable “Male” equals one, otherwise “Male” equals zero. 

The following utility function could represent how gender works in people’s travel distance 

sensitivity: 

                                                              

           

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

 
travel_time cong_Toll distance distance* Male 

Estimate -0,269 -0,091 -0,335 0,191 

"T" Ratio -8,1 -12,3 -4,8 2,6 

Log-Likelihood -467,72 

Rho-Squared 

w.r.t. Zero 

0,2609 

Rho-Squared 

w.r.t. Constants 

0,2267 

Observations 913 

Table 4- 7 Estimation results 

As shown from the model results, “Male” is a statistically significant variable in terms of travel 

distance. Men are less sensitive to travel distance than women. This makes sense on account of 

the fact that in general, men like driving more than women, so they are less reluctant to take a 

longer route, especially under congestion situation. 
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d) Influence of flexibility of working time  

When people have flexible working hours, they are more free to choose the route according to 

their own valuation of time and length. For example, during congestion pricing trial, one could 

choose to go through the center and save travel time and travel distance, but paying extra fees; or 

to go by Essinge bypass, spending more time and driving more distance. If one has fixed 

working hours, which means he has to go from North to South in a specific time, say congestion 

hours, then he has to make a choice whether to go through the city center according to his own 

value of time and distance with extra fees. However, someone with flexible working hours could 

go through the city center during non-congestion or less congested hours, in this way travel time, 

travel distance, travel cost all decrease compared to going by Essinge bypass. Thus, it’s 

necessary to numerically present the impact of flexibility of people’s work in people’s route 

choice.  

Here another dummy variable, “Flex” is introduced, which equals one if someone has flexible 

working hours, and zero if someone has fixed, flexible with limits and shifted working time. 

Dummy variable “NA_Flex” indicates those respondents with missing values for flexibility of 

working hours, so as to be differentiated from people with no flexible working hours, and to  

maintain the same observation number as other models. Utility functions are listed as follows: 

                                                              

                                

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

 
travel_time cong_Toll distance distance* Flex 

distance*        

NA_ Flex 

Estimate -0,273 -0,092 -0,230 0,240 0,016 

"T" Ratio -8,2 -12,3 -5,5 3,1 0,1 

Log-Likelihood -466,84 

Rho-Squared 0,2623 
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w.r.t. Zero 

Rho-Squared 

w.r.t. Constants 

0,2281 

Observations 913 

Table 4- 8 Estimation results 

As it turns out in model estimation results, whether someone has flexible working time or not 

does significantly affect travel distance sensitivity. People who have flexible working time are 

less sensitive to travel distance, which corresponds to the concept that they are freer to make 

route choice. Actually, when someone has flexible working time, his value of distance is almost 

zero. This doesn’t seem reasonable, this model only considers flexibility as a factor to influence 

travel distance sensitivity, which is, as a matter of fact, affected by various other socioeconomics 

conditions, like income, age, and gender, which were proved significant before. This result only 

shows that people with flexibly working hours are not sensitive to travel distance, but they might 

consider other factors when they chose to go through the shorter route or longer route, which 

made them sensitive about travel distance in different ways. 

e) Influence of employment situation 

For people whose primary activity is work, they could be divided into two groups, one group are 

those who are employed, and the other group are those who are self-employed. This variable 

alone might influence people’s sensitivity to travel distance, especially considering its high 

correlation with working time flexibility, income and so on, which proved to be significant in 

previous models. In order to investigate employment situation’s influence on travel distance 

sensibility, here a dummy variable, “Emp” is created, which shows 1 to indicate people who are 

employed, and shows 0 for those who are self-employed. Also another dummy variable, 

“NA_Emp” is also created to separate whose respondents who are not employed at all, or 

missing values for employment situation. 

Utility functions are listed as follows: 
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where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are shown in table: 

 
travel_time cong_Toll distance distance* Emp 

distance*        

NA_ Emp 

Estimate -0,268 -0,091 -0,057 -0,162 -0,106 

"T" Ratio -8,1 -12,3 -0,8 -2,1 -0,5 

Log-Likelihood -468,87 

Rho-Squared 

w.r.t. Zero 

0,2583 

Rho-Squared 

w.r.t. Constants 

0,2235 

Observations 913 

Table 4- 9 Estimation results 

As it turns out in model estimation results, employment situation proves to be a statistically 

significant variable for people’s sensitivity of travel distance. People who are employed by 

agencies, private companies, or some other organizations are more sensitive to travel distance 

than people who are self-employed. This result corresponds to the flexibility test results, if we 

hold the common phenomenon that people who are self-employed are more flexible in terms of 

working time. Self-employed people, similar to those who have flexible job, are freer in terms of 

travel distance decision, which means that they could make their route choice according to other 

aspects, like travel time, travel cost. Also, there might be other socioeconomic variables to 

influence these people’s sensitivity to travel distance. 

f) Influence of parking condition at workplace 

Most companies and agencies have parking places for their employees. Some provide parking 

place for free, some provide parking places with tolls, which could be either expensive or cheap 

fees. This socioeconomic variable, parking situation at workplace, could also effectively 

influence people’s travel distance sensitivity. For one thing, this variable might be highly 
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correlated with people’s income, age, which proved to be significant in previous models. For 

another thing, people evaluate travel cost for the complete travel behavior, including fuel 

consumption, tolls, which are correlated all together, so whether they have to pay for parking at 

workplace could possibly influence their sensitivity to travel distance. Hence, it’s necessary to 

test parking condition’s influence on travel distance sensitivity. Similar to previous models, a 

dummy variable, “freeparking” is introduced here, which equals one if someone has access to 

parking places for free at his or her workplace, and equals zero if someone has no parking places, 

cheap or expensive parking places at his or her workplace.  Also, another dummy variable, “NA_ 

freeparking” is created to indicate those information whose parking condition at workplace 

information are missing from the dataset. 

Utility functions are listed as follows: 

                                                              

                                              

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model results are shown below: 

 
travel_time cong_Toll distance 

distance* 

freeparking 

distance*        

NA_ freeparking 

Estimate -0,264 -0,092 -0,092 -0,162 0,074 

"T" Ratio -8,0 -12,3 -1,4 -2,2 0,7 

Log-Likelihood -466,55 

Rho-Squared 

w.r.t. Zero 

0,2620 

Rho-Squared 

w.r.t. Constants 

0,2274 

Observations 913 

Table 4- 10 Estimation results 
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As is shown in the table, whether someone has access to free parking places at their workplace 

does significantly influence their travel distance sensitivity. It could be concluded that people 

with free parking places at workplace are more sensitive to travel distance than people who have 

to pay for parking at workplace, or those who don’t have parking places at workplace at all. This 

result makes sense in terms of that people who have available free parking places at workplace 

would rather go through the city center instead of Essinge bypass, whether or not they have to 

pay for the toll during congestion pricing trail. In general we would expect people with free 

parking places are those senior employees with higher income, since it’s not feasible that every 

company or agency providing free parking places for everyone. In this way the results here 

correspond to the results of income’s influence on travel distance sensitivity, which showed that 

people with higher income are more sensitive to travel distance, so they would tend to go 

through the city center no matter if tolls are collected there or not.  

In conclusion, people’s income, age, gender, flexibility of working time, employment situation, 

and parking condition at workplace, respectively, statistically significantly throw an impact on 

their travel distance sensitivity. Although some of them could be correlated, all of them should 

be considered in the final utility functions for people’s route choice model. 

C. Toll sensitivity 

After introduction of congestion pricing in the city center, people have to pay for extra tolls if 

they choose to go through the city center during congestion hours, and if they go through Essinge 

bypass, they could save this extra fees. Thus, the route choice isn’t just about travel time and 

travel distance any more, some socioeconomic variables could directly influence their route 

choice because of their different sensitivity to tolls.  

a) Influence of availability of workplace vehicles 

As demonstrated before, whether people have access to vehicles at their workplace or not could 

significantly influence their travel time sensitivity. Those people who have available company 

cars are more sensitive to travel time, so they would choose a route with less travel time as 

possible. Thus, a similar test is conducted here to see if workplace vehicle availability variable 

could significantly influence people’s sensitivity to tolls. The same variables, “WorkVehicle” 

and ”NA_WorkVehicle” as in travel time sensibility test are used here to differentiate those 
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respondents who have access to vehicles from their workplace and those people who have 

missing information in terms of vehicle from workplace, respectively.   

                                                               

                                              

where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are shown below: 

 
travel_time cong_Toll distance 

Cong_Toll* 

WorkVehicle 

Cong_Toll* 

NA_WorkVehicle 

Estimate -0,269 -0,103 -0,191 0,034 0,003 

"T" Ratio -8,1 -10,1 -5,0 2,7 0,2 

Log-Likelihood -467,08 

Rho-Squared 

w.r.t. Zero 

0,2619 

Rho-Squared 

w.r.t. Constants 

0,2277 

Observations 913 

Table 4- 11 Estimation results 

As it turns out from the results, workplace vehicles availability proves to significantly influence 

people’s sensitivity to congestion tolls. Compared to people who have no access to company 

cars, those people who have accessible company cars are less sensitive to congestion tolls, which 

makes these people hold higher value of travel time and travel distance. Thus, people with access 

to company cars would more tend to choose a route with less travel time and shorter travel 

distance regardless of extra congestion tolls paid. This is reasonable in a sense that this choice 

modeling is for trips whose purposes are working or running business, so the cost are covered by 

the company instead of private individuals. It’s expected that people are less sensitive to extra 

fees when they are not paying the fees by themselves. Thus, this workplace vehicle availability 
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should be considered together with other socioeconomic variables in the final route choice 

modeling. 

D. Travel Costs sensitivity 

Travel costs are composed of many costs, including fuel consumption, tolls paid, fixed vehicles 

insurance costs, depreciation of vehicles and so on. Different people also evaluate travel cost 

differently, for example vehicles wear-off is hard to calculate for each trip, and it’s quite often 

oblivious to drivers. In addition, people might attach different weights to fuels, parking fees, and 

congestion pricing tolls, which results in different valued travel costs even for the same route, 

same travel time and same travel distance. It’s expected that people would put overestimated 

weights on congestion pricing tolls, at least for the first few months, since it’s considered as out-

of-pocket fees, compared to fuel consumption costs, which have already been familiarized and 

taken for granted. In spite of the complication of travel costs estimation, in order to investigate 

people’s sensitivity to travel cost, only travel distance, which is in a linear relationship to fuel 

costs, and congestion tolls, if any, are taken into consideration to simplify the process. According 

to Swedish Consumer Agency (2003), the average marginal cost for car trips is around 1,6 

kr/km. Thus we could obtain the following functions of costs for going through the city center 

and Essinge bypass, respectively: 

                                 

Although many travel costs sensitivity tests were conducted for those significant variables which 

proved significant for either travel time or travel distance in previous modeling, only access to 

workplace vehicles proves statistically significant for travel costs sensitivity. This might due to 

the people’s different valuation of travel costs, as discussed in the last paragraph, and the simple 

generations of costs fail to accurately represent travel costs. In addition, it could be attributed to 

the fact that this travel costs involve travel distance and congestion tolls, so only people who are 

extremely significantly sensitive to either one of these socioeconomic variables and who are 

similarly sensitive to both travel distance and congestion tolls could be significantly sensitive to 

travel costs. These constraints result in the conclusion that access to workplace vehicles 

significantly influences people’s sensitivity to travel costs.  

Utility functions are listed as below: 
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where p1, p2, p3, p4 are parameters to be estimated, i denotes the two alternative routes (across the 

cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Model estimation results are shown below: 

 
travel_time Cost 

Cost* 

WorkVehicle 

Cost * 

NA_WorkVehicle 

Estimate -0,290 -0,106 0,039 0,005 

"T" Ratio -10,2 -9,9 2,8 0,3 

Log-Likelihood -467,6704 

Rho-Squared 

w.r.t. Zero 

0,2610 

Rho-Squared 

w.r.t. Constants 

0,2268 

Observations 913 

Table 4- 12 Estimation results 

From the model estimation results, we could come to the conclusion that people with access to 

workplace automobiles are less sensitive to travel cost than people without available company 

cars. This result corresponds to the previous travel time sensibility test and congestion tolls 

sensibility test. People with access to company’s cars would choose a route with less travel time 

regardless of more travel costs. 

E. Final model for working trips 

The following figure shows the process of route choice of whether going through the city center 

or Essinge bypass. Firstly, people make route choice according to travel time, travel distance, 

congestion tolls, and travel costs. Various socioeconomic variables significantly influence 

people’s marginal travel time costs, marginal travel distance cost, marginal congestion toll costs, 

and marginal travel costs in general. In conclusion, people’s income, age, gender, and 

employment situation respectively and significantly influence marginal travel distance costs. 
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Parking conditions at workplace both influence people’s marginal travel time costs and marginal 

travel distance costs. Whether people have access to vehicles from their workplace statistically 

affect people’s marginal travel time costs, marginal congestion toll costs, and marginal travel 

costs in general.  

 

 

 

Figure 4- 1 Summary of significant results for working trips 
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After finalizing the previous seven socioeconomic variables that respectively statistically 

influence peoples sensitivity to either one of travel time, travel distance, congestion tolls, travel 

costs, it’s necessary to involve them into two final utility functions for going through the city 

center and Essinge bypass, so that an efficient route choice modeling which takes into account 

socioeconomic variables could be estimated and analyzed.  

At first, since we have no access to information of the correlation of these seven socioeconomics, 

it’s necessary to involve all the variables in the model. 

The following table shows all the relevant variables, including both travel characteristic variables 

and socioeconomic variables that could influence people’s sensitivity to travel characteristic 

variables. The socio-economic variables listed here have been proved to significantly influence 

sensitivity to at least one of the traffic characteristic variables in the previous models. 

 Variables Description 

Travel 

Characteris

tic 

Variables 

TidStan Travel time for going through the city center 

LanStan Travel distance for going through the city center 

TidEss Travel time for going through Essinge bypass 

LanEss Travel distance for going through Essinge bypass 

Toll Congestion tolls  

Socio-

economic 

Variables 

Parking Condition at 

workplace  

freeparking =1 if respondent has access to free parking places at 

workplace; 

NA_freeparking=1 if respondent’s workplace parking condition 

data is missing.  

Access to vehicles 

from workplace  

WorkVehicle=1 if respondent has access to vehicles from 

workplace; 

NA_WorkVehicle=1 if respondent’s workplace vehicle 

accessibility data is missing.  

Household Income  

Income_low=1 if income less than 15000 kr; 

Income_middle=1 if income from 15001 to 55000 kr; 

Income_high=1 if income more than 55000 kr.  

Age  
Age_young =1 if respondent from 19 to 39 years old; 

Age_middle=1 if respondent from 40 to 64 years old.  

Male  =1 if respondent is male;  
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=0 if respondent is female.  

Working time 

flexibility  

Flex=1 if respondent has flexible working hours; 

NA_Flex=1 if respondent’s working schedule flexibility 

information is missing;  

Young  Number of young people in the household.  

Children  
Children=1 if there is at least one child in the household; 

Children=0 if there are no children in the household at all.  

Parking Condition at 

workplace  

freeparking =1 if respondent has access to free parking places at 

workplace; 

NA_freeparking=1 if respondent’s workplace parking condition 

data is missing.  

Access to vehicles 

from workplace  

WorkVehicle=1 if respondent has access to vehicles from 

workplace; 

NA_WorkVehicle=1 if respondent’s workplace vehicle 

accessibility data is missing.  

Household Income  

Income_low=1 if income less than 15000 kr; 

Income_middle=1 if income from 15001 to 55000 kr; 

Income_high=1 if income more than 55000 kr.  

Age  
Age_young =1 if respondent from 19 to 39 years old; 

Age_middle=1 if respondent from 40 to 64 years old.  

Table 4- 13 Variables  

With all the travel characteristics variables and socio-economic variables shown in the previous 

table, as well as socio-economic variables’ influence on respondents’ travel characteristics 

variables’ sensitivity respectively, the following utility functions for going through the city 

center and Essinge bypass are derived:  
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where p1, p2, p3, ... , and p19 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Parameters Estimates SE "T"Ratio 

p1 travel_time -0,2251 0,110 -2,0 

p2 travel_time*freeparking 0,0263 0,104 0,3 

p3 travel_time*NA_freeparking 0,0664 0,121 0,6 

p4 travel_time * WorkVehicle -0,1816 0,085 -2,1 

p5 travel_time * NA_WorkVehicle -0,1340 0,082 -1,6 

p6 distance  0,7817 0,358 2,2 

p7 distance *income_low -0,3301 0,357 -0,9 

p8 distance * income_middle -0,5541 0,296 -1,9 

p9 distance * income_high -0,6184 0,296 -2,1 

p10 distance *age_young -0,3798 0,166 -2,3 

p11 distance *age_middle -0,3199 0,159 -2,0 

p12 distance*Male 0,2263 0,083 2,7 

p13 distance *Flex 0,1986 0,083 2,4 

p14 distance *NA_Flex -0,3877 0,238 -1,6 

p15 distance * freeparking -0,3376 0,150 -2,2 

p16 distance * NA_freeparking -0,2401 0,163 -1,5 

p17 Cong_Toll -0,0950 0,011 -8,6 

p18 Cong_Toll * WorkVehicle 0,0043 0,018 0,2 

p19 Cong_Toll * NA_WorkVehicle -0,0168 0,020 -0,9 

Log-Likelihood -445,63 

Rho-Squared w.r.t. Zero 0,2958 

Rho-Squared w.r.t. Constants 0,2632 

Observations 913 

Table 4- 14 Estimation results of complete model 

As we can see from model estimation result, p2, p3, p18, p19 are not statistically significant, which 

means that in the complete model, access to free parking doesn’t significantly influence people’s 

sensitivity to travel time, and access to vehicles from workplace doesn’t significantly influences 
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people’s sensitivity to congestion tolls. These results could be explained by that free parking 

accessibility still significantly influence travel distance, thus the influence on travel time 

sensitivity decreased compared to travel distance. Similarly, people with available vehicles from 

workplace are significantly more sensitive to travel time, compared to their sensitivity to 

congestion tolls. Thus, we could exclude these variables from the complete model, which gives 

the following representative function: 

                                                        

                                                             

                                                         

                                                    

where p1, p4, p5, ... , and p17 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are as follows: 

Parameters Estimates SE "T"Ratio 

p1 travel_time -0,1933 0,043 -4,5 

p4 travel_time * WorkVehicle -0,2073 0,063 -3,3 

p5 travel_time * NA_WorkVehicle -0,1059 0,058 -1,8 

p6 distance  0,7869 0,346 2,3 

p7 distance *income_low -0,3571 0,346 -1,0 

p8 distance * income_middle -0,5627 0,285 -2,0 

p9 distance * income_high -0,6309 0,286 -2,2 

p10 distance *age_young -0,3806 0,163 -2,3 

p11 distance *age_middle -0,3133 0,156 -2,0 

p12 distance*Male 0,2303 0,082 2,8 

p13 distance *Flex 0,2041 0,082 2,5 

p14 distance *NA_Flex -0,4049 0,235 -1,7 

p15 distance * freeparking -0,3421 0,140 -2,4 

p16 distance * NA_freeparking -0,2205 0,148 -1,5 
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p17 Cong_Toll -0,0978 0,008 -12,4 

Log-Likelihood -446,40 

Rho-Squared w.r.t. Zero 0,2946 

Rho-Squared w.r.t. Constants 0,2619 

Observations 913 

Table 4- 15 Estimation results of modified model 

After excluding four variables from the model, the log-likelihood of the modified model isn’t 

significantly different from the complete model according to Chi-square test.  

a) Value of time 

According to the model estimation result, people with access to workplace vehicle are 

significantly more sensitive to travel time, as proved in separate tests previously, and thus they 

tend to go through the city center instead of Essinge bypass. This is reasonable because the 

congestion tolls are covered by the company or at least respondents think so, although it’s not 

clear at the beginning of congestion trial. 

The following table show value of time for people with available workplace vehicles, without 

available workplace vehicles and people whose workplace vehicle information is missing. 

Addition of each category multiplied by proportion in respondents gives the average weighted 

value of time for all respondents, which corresponds to the basic model results. 

 

Respondents with 

access to workplace 

vehicles 

Respondents with 

no access to 

workplace vehicles 

Respondents without 

information for 

workplace vehicles 

Value of time 245,8  SEK/h 118,6  SEK/h 183,6  SEK/h 

Proportion 27,05% 45,02% 27,93% 

Average value of time 171,2  SEK/h 

Table 4- 16 Value of time  

b) Value of distance 

All the variables which proved significant in individual significance tests in previous section 

remain significant for travel distance in the final model. 
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Different income level significantly influence people’s sensitivity to travel distance. To 

conclude, people with high income are more sensitive to travel distance than people with low 

income. It’s not clear how people valuate travel distance. On one hand, longer distance indicates 

more travel costs due to fuel consumption etc. On the other hand, during congestion trial, longer 

distance, in our situation Essinge bypass, also means people could avoid paying congestion tolls, 

thus less travel costs. However, similar model tests have been conducted with travel costs in 

previous section, and it turned out that difference income levels have no significant influence on 

travel costs. This result might be contributed to counteract of two difference interpretations of 

travel distance. However, since higher income people are more sensitive to travel distance, we 

could assume that the effect of congestion tolls is heavier than fuel consumption in people’s 

individual valuation of travel costs. Higher income people are more sensitive to travel distance, 

so they tend to go through the city center in spite of congestion tolls. 

People from 19 to 39 years old are most sensitive to travel distance, from 40 to 65 are slightly 

less sensitive to travel distance, people elder than 65 years old are least sensitive to travel 

distance.  

Male are significantly less sensitive to travel distance than female. This could be due to 

individual preference that men like driving more than women, and they are more likely to drive a 

longer distance to avoid paying extra congestion fees. 

Coincide with single tests for flexibility’s influence on travel distance sensibility in previous 

section, working time flexibility significantly influence people’s value of distance. People with 

flexible working schedule are less sensitive to travel distance than people with fixed or partly 

flexible working schedule.  

The estimation result shows that people with free parking places have higher value of distance, 

so they are more likely to go through the city center instead of Essinge bypass.  
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4.2.2 Other trips 

For those trips whose purposes are not going to work, but are like going shopping, leisure 

activities, people evaluate marginal travel time costs and marginal travel distance costs 

differently.  

A. Travel Time sensitivity 

a) Influence of whether respondents have children. 

For trips other than going to work or running business, whether respondents have children or not 

could be a significant socio-economic variable for travel time sensitivity. It’s expected that 

people with children are less free than people without children, and thus people with kids are 

more sensitive to travel time. In order to numerically represent this variable’s influence, a 

dummy variable, “Children” is introduced to the utility functions, which equals one when 

respondent has at least one child, and equals zero when respondent has no children at all. Since 

all the respondents have information in terms of children in the dataset, it’s not necessary to 

create another dummy variable for missing values. 

Utility functions are shown as below: 

                                                                 

              

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Model estimation results are shown as the following table: 

 
travel_time cong_Toll distance 

travel_time* 

Children 

Estimate -0,172 -0,064 -0,164 -0,084 

"T" Ratio -5,6 -12,3 -5,7 -1,7 

Log-Likelihood -684,89 
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Rho-Squared 

w.r.t. Zero 
0,2232 

Rho-Squared 

w.r.t. Constants 
0,2191 

Observations 1272 

Table 4- 17 Estimation results 

As it turns out in the results, whether respondent have children or not does statistically influence 

their valued marginal travel time costs. Similar to what was expected; people who have at least 

one child are much more sensitive to travel time than people without children. Actually, their 

marginal travel time costs are almost twice as those from people without children at all. Thus, 

they are more likely to choose to go through the city center instead of Essinge bypass, which 

takes less travel time for most situations. 

b) Influence of Number of young people in the household 

Similar to the previous modeling of children’s influence on respondents’ travel time sensitivity, 

number of young people in the household might also significantly influence people’s marginal 

travel time costs estimation. It’s reasonable that people with more young people in the household 

are more sensitive to travel time. So as to test this hypothesis, the following utility functions are 

given: 

                                                                 

           

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Model estimation results are shown below: 

 

 
travel_time cong_Toll distance 

travel_time* 

young 
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Estimate -0,180 -0,064 -0,163 -0,093 

"T" Ratio -6,2 -12,2 -5,6 -1,9 

Log-Likelihood -684,45 

Rho-Squared 

w.r.t. Zero 
0,2237 

Rho-Squared 

w.r.t. Constants 
0,2196 

Observations 1272 

Table 4- 18 Estimation results 

Different from Children’s influence test in the previous model, for number of young people in 

the household, introducing a dummy variable for at least one young people doesn’t result in 

statistically significant parameter for that dummy variable. On the contrary, merely estimating 

travel time sensitivity with actual number of young people in the household proves statistically 

significantly affecting people’s marginal travel time costs valuation. In this test, people with 

most young people in the household are most sensitive to travel time, and people without young 

people in the household are least sensitive to travel time.  

c) Influence of access to vehicles from workplace 

Accessibility to workplace vehicles proved significant in terms of people’s sensitivity to travel 

time and congestion tolls for working trips. Thus, this socioeconomic variable might statistically 

influence people’s sensitivity to travel time for other trips also for two reasons. For one thing, 

accessibility to workplace automobiles are correlated with other socioeconomic variables, like 

income and age, which could statistically influence people’s valuation of marginal travel time 

costs for other trips. For the other thing, it’s not clear that whether people pay congestion tolls 

themselves when they use workplace vehicles but for other purposes of trips. Thus, it’s necessary 

to test workplace vehicle’s influence on travel time sensitivity in a Logit model. The same 

dummy variables as in working trip modeling, “WorkVehicle”, and “NA_WorkVehicle” are 

introduced here. 

Utility functions are listed as follows: 
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where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

The following table shows the estimation results: 

 
travel_time cong_Toll distance 

Travel_time* 

WorkVehicle 

Travel_time* 

NA_WorkVehicle 

Estimate -0,173 -0,064 -0,161 -0,168 -0,013 

"T" Ratio -4,4 -12,2 -5,6 -2,1 -0,3 

Log-Likelihood -683,93 

Rho-Squared 

w.r.t. Zero 
0,2243 

Rho-Squared 

w.r.t. Constants 
0,2202 

Observations 1272 

Table 4- 19 Estimation results 

As shown in the results table, respondents’ accessibility to workplace vehicles does significantly 

influence people’s sensitivity to travel time. People who have access to vehicles from workplace 

are more sensitive to travel time, which indicates that they are more likely to go through the city 

center instead of Essinge bypass regardless of  whether they have to pay congestion tolls. This 

result corresponds to the results in working trips. In conclusion, no matter if it’s working trips or 

other purposes of trips, people who have available workplace vehicles are statistically 

significantly more sensitive to travel time. 

At last, for other purposes of trips, whether respondents have children in their household, number 

of young people in respondents’ household, and accessibility to vehicles from workplace, 

respectively significantly influence their estimated marginal travel time costs. 
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B. Travel Distance sensitivity 

a) Influence of gender 

For working trips, gender statistically influence respondents’ sensitivity to travel distance. Since 

gender is an independent socio-economic variable, it might also significantly influence people’s 

sensitivity to travel distance for other purposes of trips, and moreover, it is expected to influence 

people’s sensitivity to travel distance in the same way for both working trips and other purposes 

of trips. So as to demonstrate this hypothesis, the same dummy gender variable as in working trip 

modeling, “Male”, is applied here into the Logit model.  

Utility functions are as follows: 

                                                              

          

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

The following table shows model estimation results: 

 
travel_time cong_Toll distance distance* male 

Estimate -0,203 -0,065 -0,299 0,220 

"T" Ratio -7,1 -12,3 -6,6 4,4 

Log-Likelihood -676,13 

Rho-Squared 

w.r.t. Zero 

0,2331 

Rho-Squared 

w.r.t. Constants 

0,2291 

Observations 1272 

Table 4- 20 Estimation results 

As shown in the above table, gender does statistically influence people’s sensitivity to travel 

distance. What’s more, gender influences travel distance sensitivity in the same way for both 
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working trips and other purposes of trips. In conclusion, Males are less sensitive to travel 

distance than women, for both working trips and other purposes of trips.  

b) Influence of whether people have children in the household 

As discussed and demonstrated in previous travel time sensitivity test model, people who have at 

least one child in the household are much more sensitive to travel time than people without 

children in the household for other purposes of trips. It’s expected that people with at least one 

child in the household are also more sensitive to travel distance, due to the constraints and limits 

of their travelling brought by children. Still, it’s necessary to numerically test this hypothesis in 

the Logit model. 

Utility functions are shown below: 

                                                              

              

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Model estimation results are listed in the following table: 

 
travel_time cong_Toll distance distance* Children 

Estimate -0,195 -0,064 -0,139 -0,098 

"T" Ratio -6,9 -12,3 -4,5 -1,8 

Log-Likelihood -684,69 

Rho-Squared 

w.r.t. Zero 

0,2234 

Rho-Squared 

w.r.t. Constants 

0,2194 

Observations 1272 

Table 4- 21 Estimation results 

As shown from the model estimation results table, whether respondents have children or not in 

the household not only statistically significantly influence their sensitivity to travel distance, but 
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effects people’s estimated marginal travel distance costs as hypothesized. People who have at 

least one child in the household are more sensitive to travel distance, so they have higher 

marginal travel distance costs, which correspond to the results for travel time sensitivity. To 

conclude, people who have at least one child in the household are both more sensitive to travel 

time and travel distance than those people who have no children in the house hold at all, so they 

are more likely to go through the city center, which takes shorter travel time in most cases, and 

which is shorter in terms of travel distance, instead of Essinge bypass, regardless of whether they 

have to pay for congestion tolls. On the contrary, people who have no children in the household 

at all would more tend to go through Essinge bypass to avoid paying extra congestion tolls, even 

if that means they have to spend more time and take a longer route. 

c) Influence of number of young people in the household 

Since whether people have children or not in the household influence people’s sensitivity to both 

travel time and travel distance, number of young people in the household might influence 

people’s sensitivity to both travel time and travel distance in the same way. Travel time 

sensitivity test in terms of number of young people in the household has already been conducted 

in previous models, and it proved significantly influence travel time sensitivity. A similar test of 

number of young people’s influence on marginal travel distance costs is conducted as below. 

Utility functions are shown as follows: 

                                                              

           

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

The below table shows model estimation results: 

 
travel_time cong_Toll distance distance* young 

Estimate -0,198 -0,064 -0,137 -0,147 

"T" Ratio -7,0 -12,3 -4,6 -2,6 
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Log-Likelihood -682,32 

Rho-Squared 

w.r.t. Zero 

0,2261 

Rho-Squared 

w.r.t. Constants 

0,2221 

Observations 1272 

Table 4- 22 Estimation results 

From the model estimation results table, we could come to the conclusion that number of young 

people in the household does significantly influence people’s estimated marginal travel distance 

costs. People with more young people in the household are more sensitive to travel distance, so 

they are expected to go through the city center more likely than people with less young people in 

the household or without young people in the household at all. These results not only concur 

with travel time sensitivity test on different number of young people in the household, they also 

coincide with both travel time sensitivity and travel distance sensitivity test for whether people 

have children or not in the household. In conclusion, for all purposes of trips, respondents with 

more young people in the household are more sensitive to both travel time and travel distance 

than respondents with less young people in the household or without young people at all, so 

people with more young people in the household are more likely to go through the city center, 

which takes less travel time and shorter travel distance, rather than Essinge bypass, although they 

probably have to pay for congestion tolls. 

d) Influence of accessibility of vehicles from workplace 

Whether people have access to workplace vehicles proved to statistically influence people’s 

sensitivity to travel time for both working trips and other purposes of trips. People who have 

available vehicles from working place are more sensitive to travel time for all purposes of trips. 

It’s expected that people with accessible company cars are also more sensible to travel distance. 

The following modeling demonstrates this hypothesis. 

Utility functions are shown below: 
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where p1, p2, p3, p4 and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

The following table demonstrates model estimation results: 

 
travel_time cong_Toll distance 

distance * 

WorkVehicle 

distance * 

NA_WorkVehicle 

Estimate -0,196 -0,065 -0,163 -0,203 0,041 

"T" Ratio -6,9 -12,3 -3,9 -2,3 0,8 

Log-Likelihood -681,77 

Rho-Squared 

w.r.t. Zero 

0,2267 

Rho-Squared 

w.r.t. Constants 

0,2227 

Observations 1272 

Table 4- 23 Estimation results 

As shown in the model estimation results table, whether respondent has access to vehicles from 

his or her workplace does statistically influence his or her valued marginal travel distance costs. 

People who have available company cars are more sensitive to travel distance, which was 

expected according to the results of accessibility of workplace influence on travel time and for 

working trips and other purposes of trips also. As a consequence, people who have access to cars 

from their working place would probably rather go through the city center, which in most 

situations takes shorter time, for both working trips and other purposes of trips, in spite of 

potential congestion tolls.  

C. Toll sensitivity 

Generally speaking, when it comes to route choice, all the people pursue a route that takes less 

travel time and has shorter travel distance. In our case, going through the center is considered to 

take less travel time, at least under no congestion situation, and to be the shorter route compared 

to Essinge bypass. However, since during congestion pricing trial, people have to pay for 

congestion tolls during congestion time if they choose to go through the center, it’s our research 
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focus to see how much travel time and travel distance people are willing to sacrifice in order to 

avoid paying the congestion tolls, which means taking a detour of Essinge bypass. Some 

variables statistically influence people’s sensitivity to travel time and travel distance, which have 

been demonstrated before. People with higher value of travel time and travel distance are more 

reluctant to take the detour to avoid pay congestion tolls than people with lower valued marginal 

travel time costs and travel distance costs, which means people who are more sensitive to travel 

time and travel distance are expected to be less sensitive to congestion tolls. As demonstrated in 

previous individual socioeconomic influence on travel time and travel distance sensitivity test, 

whether respondent has children in the household, number of young people in the household, and 

accessibility to vehicles from workplace proved statistically influence people’s valuation of  

travel time cost as well as travel distance cost. Thus, similar congestion tolls sensitivity modeling 

tests are conducted on these three variables, which are supposed to correspond to results from 

travel time sensitivity test and travel distance sensitivity test.  

a) Influence of whether people have children in the household 

Whether people have children in the household has been proved statistically significantly 

influence people’s valued marginal travel time costs and travel distance costs. As demonstrated 

in previous Logit models, people who have at least one child in the household are not only 

significantly more sensitive to travel time, but they are also statistically more sensitive to travel 

distance. Thus, they are more likely to go through the city center, rather than Essinge bypass, 

although which means they probably have to pay congestion tolls during congestion hours. From 

previous results, it could be concluded that people with one or even more children in the 

household are less sensitive to congestion tolls. The following modeling which takes into 

consideration the dummy variable, “Children”, could numerically demonstrate that hypothesis. 

Utility functions are listed as follows: 

                                                                  

               

where p1, p2, p3, p4 are parameters to be estimated, i denotes the two alternative routes (across the 

cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 
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The table below shows model estimation results: 

 
travel_time cong_Toll distance cong_Toll * Children 

Estimate -0,196 -0,072 -0,163 0,023 

"T" Ratio -6,9 -11,2 -5,6 2,3 

Log-Likelihood -683,69 

Rho-Squared 

w.r.t. Zero 

0,2246 

Rho-Squared 

w.r.t. Constants 

0,2205 

Observations 1272 

Table 4- 24 Estimation results 

As we could see in the model estimation results, whether people have at least one child in the 

household turns out to statistically significantly affect people’s sensitivity to congestion tolls. 

Concurring with the hypothesis that people with children in the household are less sensitive to 

congestion tolls, this model proves that respondents do put less weight on congestion tolls for 

other than working purposes of trips when it comes to route choice between going through the 

city center or Essinge bypass, if they have one or more children in the household. 

To conclude, respondents with at least one child in the household are more sensitive to travel 

time and travel distance, as well as less sensitive to congestion tolls, all of which direct to the 

conclusion that people without children in the household at all are more likely to sacrifice travel 

time and travel distance and take the detour of Essinge bypass in order to avoid paying 

congestion tolls when they are travelling for purposes other than working or running business. 

b) Influence of accessibility of vehicles from workplace 

Whether respondents have access to vehicles from their workplace have been proved to 

significantly influence their sensitivity to travel time along with travel distance, and the results 

showed that people with accessible workplace vehicles have significant higher value of travel 

time and travel distance, which lead to the conclusion that people without access to vehicles from 

workplace, during congestion pricing trial and congestion hours, are more likely to spend more 

travel time and take a longer route of Essinge bypass, in order to avoid paying extra congestion 
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fees. Hence it is expected that people with available vehicles from workplace are less sensitive to 

congestion tolls, since they are more reluctant to spend more travel time and take a longer route 

in spite of congestion tolls. The following modeling demonstrates the hypothesis by introducing 

dummy variables “WorkVehicle” and “NA_WorkVehicle” into the original route choice model. 

Utility functions are shown below: 

                                                                  

                                                  

where p1, p2, p3, p4, and p5 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

The following table shows model estimation results: 

 
travel_time cong_Toll distance 

cong_Toll * 

WorkVehicle 

cong_Toll * 

NA_WorkVehicle 

Estimate -0,203 -0,075 -0,161 0,049 0,005 

"T" Ratio -7,1 --8,7 -5,6 3,7 0,4 

Log-Likelihood -678,89 

Rho-Squared 

w.r.t. Zero 

0,2300 

Rho-Squared 

w.r.t. Constants 

0,2260 

Observations 1272 

Table 4- 25 Estimation results 

The model estimation results table represents very well how access to workplace vehicles affect 

people’s sensitivity to congestion tolls. As it turns out, people with access to vehicles from 

workplace are less sensitive to congestion tolls, which means they tend to go through the city 

center, which takes shorter travel time and shorter travel distance compared to Essinge bypass, 

despite of necessary congestion tolls during congestion hours. This result coincides with what 

was expected in last paragraph. In conclusion, people with no available vehicles from 

workplaces would rather spend more travel time and take the detour in order to avoid paying 
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extra congestion fees, while people with accessible company cars are more likely to go through 

the city center and pay congestion fees whatsoever as to save travel time and travel distance, 

even if for trips whose purposes are not working or running business. 

In a conclusion, for trips other than going to work or running business, respondents who have at 

least one child in the household, or people who have access to vehicles from workplace, are more 

sensitive to travel time and travel distance, as well as less sensitive to congestion tolls, so they 

are more likely to go through the city center instead of taking the detour of Essinge bypass even 

if they have to pay congestion fees during congestion hours. Number of young people in the 

household does not statistically significantly influence people’s sensitivity to congestion tolls. 

However, the more young people a respondent has in the household, the more sensitive he or she 

is to both travel time to travel distance, so people with more young people in the household are 

nevertheless more likely to go through the city center, so therefore saving travel time and travel 

distance. 

D. Travel Cost Sensitivity 

So as to test people’s sensitivity to travel costs as a whole in terms of different potential 

significant socioeconomic variables for other purposes of trips, the same generation of travel 

costs as in working trips are introduced here, which consists of congestion tolls and travel 

distance costs, a multiply of marginal travel distance cost by travel distance.  To be more 

succinct, the generations of travel costs are shown below: 

                                 

a) Influence of whether people have children in the household 

As demonstrated in individual tests of sensitivity to travel time, travel distance, congestion tolls 

before, whether respondent has children in his or her household, no matter if it’s only one child 

or even several more children significantly increase people’s sensitivity to travel time and travel 

distance, and statistically decrease people’s sensitivity to congestion tolls, all of which end up 

with the conclusion that people with at least one  child in the household are more likely to go 

through the city center instead of Essinge bypass. Thus, it could be hypothesized that people 

without children in the household are more sensitive to travel costs.  
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Utility functions to test this hypothesis are shown below: 

                                                      

where p1, p2, and p3 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

The following table shows model estimation results: 

 travel_time Cost Cost*Children 

Estimate -0,233 -0,073 0,021 

"T" Ratio -10,6 -11,3 1,9 

Log-Likelihood -686,77 

Rho-Squared w.r.t. Zero 0,2211 

Rho-Squared w.r.t. Constants 0,2170 

Observations 1272 

Table 4- 26 Estimation results 

As shown from model estimation results, whether respondents have children in the household or 

not proves to statistically significantly influence their sensitivity to travel costs. People with at 

least one child in the household turn out to be less sensitive to travel costs then people without 

children at all, which coincides with the hypothesis before. 

b) Influence of employment situation 

For working trips, whether a respondent is employed by other companies, agencies, and so on or 

self-employed significantly influence people’s different marginal travel distance costs. Self-

employed people are less sensitive to travel distance according to modeling estimation results for 

working trips. For other purposes of trips, although employment situation fails to significantly 

influence people’s sensitivity to travel distance, as demonstrated in the following modeling, it 

does significantly influence people’s sensitivity to travel costs, which is an addition of travel 

distance costs and congestion tolls. 

Utility functions are shown below: 
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where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

The following table represents model estimation results: 

 
travel_time Cost Cost*Emp Cost * NA_Emp 

Estimate -0,237 -0,036 -0,035 -0,029 

"T" Ratio -10,7 -2,3 -2,1 -1,6 

Log-Likelihood -686,64 

Rho-Squared 

w.r.t. Zero 

0,2212 

Rho-Squared 

w.r.t. Constants 

0,2171 

Observations 1272 

Table 4- 27 Estimation results 

As the model estimation results show, employment situation significantly influence people’s 

sensitivity to travel costs. People who are employed by other companies and organizations are 

more sensitive to travel costs than self-employed people. This result corresponds to that of 

working trips that people who are employed have higher value of marginal travel distance costs. 

Both lead to the conclusion that self-employed people are more likely to go through the city 

center instead of Essinge bypass for both working trips and other purposes of trips compared to 

people who are employed by other people or organizations. 

c) Influence of access to vehicles from workplace 

Access to vehicles from workplace has been proved significantly affecting people’s sensitivity to 

travel time, travel distance and congestion tolls. Thus, it could be reasonably conjectured that 

access to company cars would significantly influence people’s sensitivity to travel costs in the 

same direction, which in our study is that people with access to company cars are supposed to be 
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less sensitive to travel cost, thus taking the route with less travel time and shorter distance. The 

following procedure numerically demonstrates this conjecture. 

Utility functions are as follows, the same dummy variables, “WorkVehicle” and 

“NA_WorkVehicle” which, respectively indicate respondents with access to vehicles from 

workplace and respondents whose workplace vehicles information were missing. 

                                                             

                     

where p1, p2, p3 and p4 are parameters to be estimated, i denotes the two alternative routes (across 

the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently Gumbel 

distributed. 

Model estimations are shown below: 

 
travel_time Cost Cost*WorkVehicle 

Cost *                    

NA_ WorkVehicle 

Estimate -0,237 -0,079 0,048 0,009 

"T" Ratio -10,8 -8,7 3,4 0,8 

Log-Likelihood -682,885 

Rho-Squared 

w.r.t. Zero 

0,2255 

Rho-Squared 

w.r.t. Constants 

0,2215 

Observations 1272 

Table 4- 28 Estimation results 

As the results say, accessibility to vehicles from workplace does significantly influence people’s 

sensibility to travel costs. Coinciding with what was conjectured previously, people with access 

to company vehicles are less sensitive to travel costs. These results also concur with those results 

for working trips. Thus, we could come to the conclusion that people with access to vehicles 

from workplace tend to go through the city center, instead of Essinge bypass, in spite of 

congestion tolls, for both working trips and other purposes of trips. 
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In conclusion, three socioeconomic variables, including whether respondents have children in the 

household, employment situation and access to workplace vehicles, respectively significantly 

influence people’s sensitivity to travel costs. These socioeconomic variables should be taken into 

consideration for the final model estimation of route choice modeling for other purposes of trips.  

E. Final model for other trips 

After individual test of socioeconomic variables’ influence on people’s sensitivity to travel time, 

travel distance, congestion tolls and travel costs, we obtain some significant socioeconomic 

variables which affect people’s sensitivity to travel characteristic variables, as well as route 

choice. All of them have been illustrated in the following figure: 
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Figure 4- 2 Summary of significant results for other trips 

The following table shows all the relevant variables, including both travel characteristic variables 

and socioeconomic variables that could influence people’s sensitivity to travel characteristic 

variables for other purposes of trips. 

Route Choice 
(for other 

trips): 

Through the 
city center 

Or 

Essinge Bypass? 

Travel Time 

Children in the household 

Number of young people in 
the household 

Access to vehicles from 
workplace 

Travel Distance 

Children in the household 

Number of young people in 
the household 

Access to vehicles from 
workplace 

Gender 

Congestion Tolls 

Children in the household 

Access to vehicles from 
workplace 

Travel Costs 

Children in the household 

Access to vehicles from 
workplace 

Employment situation 
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 Variables Description 

Travel 

Characteristic 

Variables 

TidStan Travel time for going through the city center 

LanStan Travel distance for going through the city center 

TidEss Travel time for going through Essinge bypass 

LanEss Travel distance for going through Essinge bypass 

Toll Congestion tolls  

Socio-

economic 

Variables 

Children =1 if respondent has at least one child in the household; 

=0 if respondent has no children at all in the household.  

WorkVehicle =1 if respondent has access to vehicles from workplace; 

=0 if respondent has no access to vehicles from 

workplace. 

NA_WorkVehicle =1 if respondent’s workplace vehicle accessibility data 

is missing; 

=0 if respondent has workplace vehicle accessibility 

information. 

young Number of young people in the household 

Male =1 if respondent is male;  

=0 if respondent is female. 

Emp =1 if respondent is employed by companies, agencies, 

etc. 

=0 if respondent is self-employed. 

NA_Emp =1 if respondent’s employment information is missing; 

=0 if respondent is either employed by other companies 

and agencies or self-employed. 

Table 4- 29 Variables for other trips 

Similar to the aggregation of different individual socio-economic variables’ influence on travel 

characteristic variables modeling for working trips, we need to involve all the relevant variables 

into one final model for other purposes of trips. Thus the following utility functions are given: 
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where p1, p2, ... and p15 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

Model estimation results are as following table. 

  Estimate SE "T"Ratio 

p1 travel_time -0,1078 0,054 -3,5 

p2 travel_time * Children -0,0336 0,065 -0,5 

p3 travel_time * young -0,0074 0,060 -0,1 

p4 travel_time * WorkVehicle 0,0322 0,101 0,3 

p5 travel_time * NA_WorkVehicle -0,0317 0,063 -0,5 

p6 distance -0,3206 0,067 -4,8 

p7 distance * Children 0,0009 0,070 0,0 

p8 distance * young -0,1162 0,063 -1,9 

p9 distance * WorkVehicle -0,1530 0,107 -1,4 

p10 distance * NA_WorkVehicle 0,0840 0,065 1,3 

p11 distance * Male 0,2498 0,052 4,8 

p12 Cong_Toll -0,0831 0,011 -7,9 

p13 Cong_Toll * Children 0,0146 0,012 1,2 

p14 Cong_Toll * WorkVehicle 0,0417 0,015 2,8 

p15 Cong_Toll * NA_WorkVehicle 0,0089 0,013 0,7 

Log-Likelihood -659,32 

Rho-Squared w.r.t. Zero 0,2522 

Rho-Squared w.r.t. Constants 0,2483 

observations 1272 

Table 4- 30 Estimation results of complete model 
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As we can see from the result, Children, young, WorkVehicle have no significant effect on 

sensitivity to travel time in the final complete model, because they more effectively affect route 

choice by marginal travel distance costs and congestion tolls. Thus, they are excluded from the 

modified model. Similarly, whether respondents have children in the household significantly 

influence people’s sensitivity to congestions tolls, so their influence on travel distance is not 

significant. After excluding these variables, the following utility function represents the modified 

model: 

    

                                                            

                              

                                                        

where p1, p2, ..., and p8 are parameters to be estimated, i denotes the two alternative routes 

(across the cordon or on the Essinge bypass) and  i are error terms, assumed to be independently 

Gumbel distributed. 

The following table shows model estimation results: 

  Estimate SE "T"Ratio 

p1 travel_time -0,2121 0,029 -7,3 

p2 distance -0,3136 0,058 -5,4 

p3 distance*young -0,1209 0,055 -2,2 

p4 distance*Male 0,2511 0,052 4,9 

p5 distance* WorkVehicle -0,1345 0,088 -1,5 

p6 distance * NA_WorkVehicle 0,0690 0,053 1,3 

p7 cong_Toll 0,0847 0,010 -8,3 

p8 cong_Toll * WorkVehicle 0,0413 0,015 2,8 

p9 cong_Toll * NA_WorkVehicle 0,0107 0,012 0,9 

p10 cong_Toll * Children 0,0175 0,011 1,6 

Log-Likelihood -659,73 

Rho-Squared w.r.t. Zero 0,2512 
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Rho-Squared w.r.t. Constants 0,2472 

observations 1272 

Table 4- 30 Estimation results of modified model 

 

The log-likelihood for this modified model isn’t significantly different from the complete model.  

Corresponding to individual tests of socio-economic variables which have been conducted in 

previous parts, the following four variables significantly influence people’s route choice. 

a) Value of time 

People with access to vehicles from workplace are less sensitive to congestion tolls, so they have 

higher value of time, and they are more likely to go through the city center instead of Essinge 

bypass. 

Respondents who have at least one child in the household also have higher value of time because 

they are less sensitive to congestion tolls. This is reasonable because people more tend to shorten 

travel time when they have children despite of congestion tolls. 

b) Value of distance 

Males are less sensitive to travel distance than females. Although they would prefer a shorter 

route also, men are more likely to take the longer route of Essinge bypass if they could avoid 

paying congestion tolls in this way for purposes of trips other than working or running business.  

Number of young people in the household also significantly influences marginal travel distance 

costs. People with more young people in the household are more sensitive to travel distance then 

people with less or no young people in the household at all. As a consequence, people with more 

young people in the household would probably go through the city center to avoid travelling 

more distance, even though paying congestion tolls.  

Access to vehicles from workplace is another significant variable for marginal costs of distance. 

People with accessible vehicles from workplace are less sensitive to congestion tolls, which leads 

to that they would rather go through the city center than Essinge bypass to save travel time and 

travel distance for other purposes of trips.  
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5. Conclusions 

The value of time to use in network assignment models for car traffic often has profound effects 

on forecasted effects of road pricing schemes, including effects on traffic flows and travel times, 

and anticipated revenues. Empirical evidence of drivers’ actual behaviour when faced with the 

choice between a slow, free road and a faster, charged road is thus important. There seems to be 

a scarcity of research into this matter. A related, important topic is to what extent drivers value 

driving distance in their actual behaviour – in other words, whether charging costs and marginal 

car driving costs affect behaviour in the same way. 

The present study deal with private trips only (hence not distribution traffic etc.), and with a 

fairly particular sample: drivers between the northern and southern part of Stockholm county. 

This is a relatively affluent sample, and the travel times and distances are fairly long compared to 

average work trips. 

Relative to charging costs, we obtain average values of time of 176 SEK/h for work trips and 184 

SEK/h for other trips, and average values of distance of 2.11 SEK/km for work trips and 

2.55SEK/km for other trips. These values of times are higher than the ones typically found in 

stated preference studies or mode/destination choice models estimated on revealed preference 

data. However, the difference may perhaps be explained by higher income, the presence of 

passengers in the car and heavy road congestion. The values seem to correspond well with 

similar studies by Lam and Small (2001) and Brownstone et al. (2003). The values of distance 

are higher than can be explained by marginal running costs only (fuel, insurance and 

depreciation related to kilometres driven etc.), but correspond well to total driving costs, i.e. 

including also capital cost and fixed depreciation costs.  

As a consequence, drivers’ actual behaviour seem to imply considerably higher values of time 

for private cars than are typically used in traffic assignment modelling – values generally 

obtained from stated preference studies or mode/destination choice models estimated on revealed 

preference data. This is the same conclusion reached by Lam and Small (2001) and Brownstone 

et al. (2003), analysing Californian value-priced highways.  

This is potentially a very important question, since it will in many cases have large effects on 

forecasted traffic effects and revenues. Indeed, while the forecasted effects of the Stockholm 
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congestion charges did, on the whole, agree well with actual effects, one notable exception was 

that the traffic increase on the Essinge bypass was less than half of the forecasted increase – 0-

5% (during different months) compared to a forecasted increase of 8-9%. This could very well be 

explained by the hypothesis that drivers in fact had higher values of time than those used in the 

forecast, which was taken from stated preference studies.   

Another important part of this thesis is the influence of socio-economic variables. As it turns out 

those socio-economic variables could actually influence route choice through value of time and 

value of distance. By including them into the model, it’s possible to estimate value of time for 

different socio-economic groups of people rather than an average value for all the people. With 

these results, researchers could more accurately forecast effects of road pricing schemes, 

including effects on traffic flows and travel times, and anticipated revenues for different social-

economic groups of people. Also, when it comes to equity effects study, different social-

economic groups of people might be differentiated.  
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