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Abstract:



Providing travel-related fuel and environmental information to transport users is becoming increasingly relevant. However, the impact of providing such information on users’ travel behavior is yet to be determined. This research examined the perceptions and preferences related to the fuel consumption costs, greenhouse gas (GHG) social costs, and health-related air pollution costs, and the influence such information could have on travel behavior. Examining the case of Montreal transport users, the authors conducted a survey in which the respondents were asked general and stated preference questions. The respondents were found to be unaware of the energy and environmental footprints of their travel. Approximately 85% of the respondents were not able to estimate GHG social costs and health-related air pollution costs across different modes. The respondents generally overestimated these costs and they interestingly reported higher environmental costs for public transport (metro) compared to cars. They also preferred to receive such information in monetary units, and they were more comfortable in receiving the information through mobile applications over other tools/means. The research also found that fuel and environmental information influence respondents’ travel decisions especially their route choices. Finally, the respondents would be willing to pay an average of 7 Canadian dollars/month in exchange for obtaining the information.
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1. Introduction


The transportation sector in Canada is the second greatest source of greenhouse gases (GHGs), accounting for 24% of the national carbon dioxide (CO2) emissions [1]. The sector is also the leading source of criteria air pollutants, especially nitrogen oxides (NOx) and carbon monoxide (CO), contributing to 42% and 59% of total national emissions, respectively [2]. These emissions pose severe threats to the environment and social well-being. A study conducted in eight countries in Europe found that an increase of 4000 vehicle-km in daily road traffic within 100 m of a person’s residence increased his/her risk of lung cancer by 10% [3]. Crouse, et al. [4] found a cardiovascular mortality increase of 27% to 35% in Canadian adults for each 10-μg/m3 increase in ambient fine particulate matter concentrations (≤2.5 μm in diameter, PM2.5).



Despite the adverse health and environmental impacts of transportation, transport users continue making unsustainable travel decisions [5]. Various service-quality and behavioral factors could explain these decisions. The absence of sustainable transport alternatives and the lack of detailed travel cost information, especially the fuel and environmental costs, are two factors to name a few [6]. Public transport investments, as an alternative to private transport, generally require a variety of physical and monetary resources as well as strong political and public support. However, the lack of detailed travel cost information could be tackled by developing an advanced traveler general information system (ATGIS) that provides transport users with the fuel and environmental costs of their travel alternatives [7]. This travel information system costs less than many other transport policies, and it would not face political or public opposition as it only provides information [8]. A survey conducted for the United Kingdom’s Department for Transport found that transport users are still incapable of linking their personal transport activities to their respective impacts [9]. Other surveys conducted in the US, Canada, Mexico, Brazil, and Portugal [10] have also found that transport users do not understand their contributions to climate change. These findings support the idea of providing such a travel information system so that transport users could make informed travel decisions.



Several websites such as “CAA Driving Costs Calculator”, “Gasbuddy”, “Viamichelin”, “Fueleconomy”, and “routeRANK” (http://www.caa.ca/carcosts/; https://www.gasbuddy.com/TripCostCalculator; https://www.viamichelin.com/; https://www.fueleconomy.gov/trip/; https://www.routerank.com/en/) are indeed providing fuel and environmental information (such as fuel consumption and GHG emissions information) of travel options for user-specified vehicle makes and models [11]. However, the impact of such information on users’ travel decisions is yet to be determined [11].



Accordingly, animated by this research gap and by the increasing importance of informing people of their energy and environmental footprints, this research aims to examine the influence of offering such information on individuals’ travel decisions. For this purpose, the research team conducted a survey of residents of Montreal, Canada. Questions concerning perceptions of travel-related fuel and environmental costs were included in the survey to examine the level of awareness and the need for providing such information. The respondents also answered questions about their attitudes toward travel information systems and their preferred information and system design requirements. In addition, stated preference questions were asked to predict the influence of providing such information on people’s route and mode choices and their willingness to pay for such system.



The concept of providing transport users with travel information has long been examined. Many studies explored the influence of traffic information on transport users’ behavior, design preferences, and willingness to pay to receive the information. However, these studies were limited to the systems that provide conventional travel information such as travel time, navigation, and transit. Providing travel-related fuel and environmental information is yet to be examined and there is no study, to the best of the authors’ knowledge, that investigated the various aspects of providing such information all together.



1.1. Perception of Travel-Related Fuel and Environmental Costs


Rouhani and Gao [7] have found that transport users’ perceptions of their travel costs dictate the impact an ATGIS would have on system-wide travel time and fuel consumption. Hence, for the purpose of studying the feasibility of an ATGIS and its impacts on travel behavior, a comprehensive study should be conducted on users’ perception of the costs provided. Several papers studied people’s perception of some travel-related fuel and environmental information [12,13,14]. Turrentine and Kurani [12] tested US transport users’ knowledge of fuel expenditures through a survey and found that they generally do not have a sense of the amount paid over time or the costs incurred per trip. As for the perception of environmental costs, an online survey conducted in the greater Dublin area [13] asked respondents to provide their estimates of the CO2 emissions generated from a 10-km journey for different transport modes. The major findings of the study are that around 33% of the respondents were not able to answer such questions, and people overestimated the carbon emissions associated with buses, which may result in people disregarding this mode as a sustainable travel alternative [13]. In a similar study conducted in California, the respondents did not know the CO2 quantities they emitted [14]. With no proper knowledge, as seen in the literature, people would continue making unsustainable travel decisions [9,10].



This research extends the available literature by examining people’s perception of fuel consumption costs, health-related air pollution costs, and GHG social costs. Fuel consumption costs are the monetary measures of fuel consumed by cars, obtained by the multiplication of the fuel efficiency (liters of gasoline consumed per 100 km) with the gasoline price [15]. Air pollution damages human health and leads to a loss in productivity and social welfare [16]. These damages are given monetary measures and referred to as health-related air pollution costs. GHG social costs are monetary measures of the economic and social damages caused by climate change [17].




1.2. System Design Preferences


Travel information system design preferences include the type of information that transport users would like to have, and the way of receiving them. The ATGIS should provide the necessary information based upon end users’ information preferences and present them in a perceivable format (visual display, metrics, and so on) for them to have an influence on travel behavior [18]. In a case study conducted in Sydney, Australia, the users listed accident information as their major information requirement, followed by traffic conditions and alternative route information [19]. Another study conducted in 48 US states showed that the users value road and traffic information as the most important feature of travel information systems [20]. As for information metrics, Brazil, Caulfied, and Rieser-Schüssler [21] studied the effectiveness of different methods of presenting transport-related carbon emissions. They found that the users demanded receiving carbon emissions in simple numerical form (i.e., Kilograms) [21]. In terms of fuel consumption metrics, there is no study, to the best of the authors’ knowledge, that asked respondents about their preference.



While there is a handful of studies that explored users’ information preferences in a travel information system, there is no study that included fuel and environmental information as options to be provided. Hence, this study examines users’ demands of a travel information system which provides fuel and environmental information. The goal is to determine whether transport users would consider other important travel costs (other than travel time), would be willing to learn more about their travel footprints, and if so, what are the most preferred system design requirements from the perspective of its potential users.




1.3. Travel Information Systems’ Influence on Travel Behavior


Despite the significant contributions of transportation to climate change and air pollution problems [11], there is a worldwide paucity of studies exploring how the provision of fuel and environmental information influences transport users’ decisions [22]. Prior to reviewing such studies, we should note that travel time differs from fuel consumption and emissions costs. The fundamental reasons are that drivers do not perceive fuel consumption costs as out-of-pocket costs and emissions costs are not charged to users. Our focus in this paper is on fuel consumption and emissions costs.



Gaker, et al. [11] examined the extent to which travelers in California were willing to change their travel behavior to reduce CO2 emissions. They conducted three experiments on automobile ownership, the mode choice, and the route choice decisions. Using stated preference technique, they provided different hypothetical travel choice scenarios with varying CO2 levels. They found that the respondents were willing to change their transport behavior and bear an extra $0.33 (2011 United States Dollars (USD)) for every kilogram of CO2 alleviated [11]. In a similar study, Gaker, Zheng, and Walker [23] conducted a route choice experiment where they provided the respondents with trip-specific information of GHG emissions. The results showed that people were willing to change their routes and incur an extra $0.53 (2010 USD) in terms of travel time cost to reduce a kilogram of CO2 emitted [23]. Chatterton et al. [9] explored the influence of providing carbon emissions information on the people’s transport behavior in the UK. The study found that although transport users became more aware of the necessity to reduce carbon emissions, they were not willing to change their travel behavior. The major reason to resist a change in travel behavior was found to be the inability to perceive the direct effects of climate change [9]. In addition, climate change is geographically and temporally disconnected from its anthropogenic sources, which makes it difficult for people to associate their personal transport decisions with climate change and its consequences [9].



Rouhani and Zarei [24] investigated the effect of providing gasoline consumption information on travelers’ route choice behavior to determine if it is a viable alternative to congestion pricing. They found that providing such information can induce a change in the route choice behavior [24]. This change could save on the transportation system’s total travel time by up to 2.8% and decrease fuel consumption by up to 2% [24].



While the literature examine the changes in transport users’ behavior after receiving GHG or fuel consumption information, there is no study, to the best of the authors’ knowledge, which has measured the effects of providing the criteria air pollutant information (and their health-related costs) on travel decisions. Rouhani and Zarei [24] recognized this research gap when they recommended that transport users should be informed of other variable costs of their travel decisions, such as emissions costs. Thus, the authors explore the impact of providing such information in addition to GHG social costs and fuel consumption costs on users’ behavior in this research.




1.4. Willingness to Pay for the Information


Many researchers examined the willingness-to-pay concept for travel information systems [25,26]. Walker and Ben Akiva [25] found that people were willing to pay up to $0.5 per call or up to $5 per month (1996 USD) for a phone-based travel information system. Similarly, Marans and Yoakum [26] asked the respondents about their willingness-to-pay for information on incidents and alternative routes. A total of 50% of the respondents were willing to allocate a $10 per month fee for such a system, and 5% of the respondents were willing to pay up to $40 per month (1991 USD) [26]. Another study [27], conducted on the residents of the greater Boston area, found that 41% of the respondents were willing to pay a $2.5 monthly subscription fee, 27% of the respondents were willing to pay a $5 monthly fee, and 14% were willing to pay a $10 monthly fee (1997 USD) for an information system that would provide real-time traffic and transit information.



Politis et al. [28] investigated transport users’ willingness to pay for a real-time passenger information system in Thessaloniki, Greece. The system provides information on bus arrival and departure times, real-time location of buses, routes, bus fares, delays, and public transport transfers. The authors found that male respondents value the information provided at $0.14/trip (2010 USD) on average while female respondents were willing to pay more, or $0.17/trip (2010 USD) on average [28]. A study conducted in the Twin Cities, Minnesota [29] found that 35% of the respondents were willing to pay for travel time information, out of which 29% were willing to pay $1 to $5, and 6% were willing to pay $6 to $10 per trip (2008 USD). The average willingness to pay was $1.4/trip [29]. Another study conducted in the city of Rotterdam, the Netherlands [30] found that the respondents were willing to pay up to 25.5 cents/min (2006 USD) for calling a public transit information phone service that provides real time information, alternative route navigation, and information on how and where to buy tickets.



Although the mentioned studies did show that people value traffic information and are willing to pay to get reliable information, they only determined people’s willingness-to-pay for conventional travel information systems providing information on navigation, real-time traffic, and transit. However, as we intend to explore the effect of providing travel-related fuel and environmental information on users, we need to determine users’ willingness-to-pay for such information as there will be a cost to develop and operate the information system.





2. Materials and Methods


As part of a broad study aiming to develop an ATGIS, the authors conducted a survey to assess the influence, if any, that this tool would have on travelers’ behavior. The survey was administered both over the phone and through in-person interviews. Two hundred and thirty responses (from phone and in-person interviews) were obtained for the perceptions of fuel and environmental costs question, and one hundred and fifty responses for the system design preferences, information influence, and willingness-to-pay questions. As expected, in-person interviews had a much higher response rate (85%) compared to the phone survey (8%). Telephone respondents were selected randomly using the area codes of the greater Montreal area, while in-person interviews were conducted in distinct locations such as major parks, universities, and metro stations. The respondents were Montreal residents and at least 18 years old.



To assess people’s perception of travel-related costs, the respondents were first asked to provide monetary estimates of the fuel consumptions costs, GHG social costs, and health-related air pollution costs of their most frequent trips using all the available travel modes (car, metro, and bus) to undertake this trip. These estimates were then compared to the actual values, calculated for a car, the metro, and the bus in Montreal. This comparison revealed respondents’ knowledge/awareness about the costs of the available modes, which could influence the potential impact of ATGIS on travel behavior [7].



In addition, the respondents were asked about their weekly frequency of consulting several travel information tools (for instance, interactive maps on phones, or computers). The average weekly usage of these tools indicated the respondents’ preferred means of receiving travel information. Furthermore, a stated preference question sought to determine people’s information preference. The respondents were asked to rank the importance level of several travel information types (for instance, total private costs, fuel costs and so on) on a five-point Likert scale. The authors calculated the average of the ranks given for all information types to find the respondents’ preferred information. The respondents were further asked about their metric preferences for the travel-related fuel and environmental costs (for instance, liter/trip, or $/trip for fuel consumption costs, and grams/trip, or $/trip for emissions costs). The results of these questions provided invaluable insights into designing the travel information system.



Another stated preference question was asked to examine the most influential factors in transports users’ route and mode choices. The respondents gave a rank for several travel attributes (for instance, travel time, travel purpose, and so on), on a five-point Likert scale, based on the impact these travel attributes have on their route and mode choices. The authors computed the average ranks for every travel attribute to determine the most influential factors.



The respondents, who showed interest in using the ATGIS were later asked if they were willing to pay to obtain the information where they reported the maximum monthly subscription fees. All monetary values reported in this research are 2017 inflation-adjusted and are in Canadian dollars (CAD). Conversions to US dollars, using the 2017 average annual conversion rate, can be seen in parentheses.




3. Results and Discussion


This section reports the results of the perception of Montreal transport users with respect to their travel-related fuel and environmental costs and compares their estimates with actual estimates. Then, it discusses the ATGIS design preferences from the potential users’ perspective. Consequently, it examines the influence and importance of such information on users’ behavior. Table 1 provides a summary of the socio-demographic characteristics of the survey respondents.



Table 1. Summary of socio-demographic characteristics.







	
Socio-Demographic Characteristics

	
Number of Responses

	
Sample Percentage

	
General Population






	
After eliminating “Prefer not to disclose”

	
369

	

	




	
Gender

	
Male

Female

	
178

191

	
48%

52%

	
49%

51%




	
After eliminating “Prefer not to disclose”

	
373

	

	




	
Age groups

	
18–24

25–34

35–44

45–54

55 or more

	
121

114

78

34

26

	
32%

31%

21%

9%

7%

	
12%

20%

18%

16%

34%




	
After eliminating “Prefer not to disclose”

	
316

	

	




	
Annual Income

	
Less than $30,000

$30,000–$50,000

$50,000–$70,000

$70,000–$100,000

$100,000–$150,000

$150,000–$200,000

$200,000 or more

	
66

67

60

46

48

15

14

	
21%

21%

19%

15%

15%

5%

4%

	
47%

23%

13%

10%

4%

1%

1%










3.1. Perception of Travel-Related Fuel and Environmental Costs


The survey included questions about the respondents’ perceived fuel and environmental costs of their most frequent trip and their preferred mode of transport. In terms of fuel consumption costs, 76% of the respondents who drove their cars for their most frequent trip were not able to estimate their fuel consumption costs. Similarly, significant shares of the sample (82%, 85%, and 88%) could not estimate the GHG social costs of using a car, the metro, or the bus, respectively. Estimating the health-related air pollution costs appears even more difficult, as 85%, 86%, and 88% of the respondents who used a car, the metro, or the bus, respectively, for their trips were not able to estimate these costs. These findings indicate that the respondents are generally unaware of their energy and environmental travel footprints, and that an information system is needed so that people can make informed decisions.



Car drivers who could provide estimates of these costs reported an average fuel cost of $0.54/km ($0.44 US/km). This figure was obtained by dividing their fuel cost estimates by the lengths of their most frequent trips (in kilometers). Then, the perceived cost was compared with the actual cost. An average passenger car, accounting for the existing vehicle make and models in Montreal, would consume gasoline at an average rate of 12.8 liters/100 km [31]. (Fuel consumption of all vehicle makes and models in Canada were obtained from reference [31]. Adding the vehicle registration mix (weights) in Montreal to the data, we were able to estimate the average fuel consumption of a representative vehicle in circulation in Montreal.) Knowing that the average price of one liter of regular gasoline in Montreal in 2017 was $1.16 ($0.94 US) [32], the actual average fuel cost was calculated as follows:


Fuel cost = 0.128 L/km × $1.16/L = $0.148/km ($0.12 US/km),



(1)







The respondents clearly overestimated the fuel cost ($0.54/km; $0.44 US/km) compared to the actual average of $0.148/km ($0.12 US/km). This result has an important policy implication. Other factors being equal, transport users in Montreal could increase their car use (especially for leisure purposes) if they were informed about real fuel costs, which are significantly lower than their perceived fuel costs. In this regard, an ATGIS could lead to higher travel demand, which in turn could increase traffic congestion and perform against the sustainable transportation goals of reducing congestion.



Calculating the average GHG social cost estimates for all three modes, indicated that the respondents provided the highest estimate for the metro ($0.42/km; $0.34 US/km), followed by passenger cars ($0.35/km; $0.28 US/km), and then the bus ($0.25/km; $0.20 US/km). Similarly, the respondents provided the highest estimate for the metro in terms of the health-related cost ($0.43/km; $0.35 US/km), followed by passenger cars ($0.31/km; $0.25 US/km), and then the bus ($0.26/km; $0.21 US/km). The respondents, surprisingly, provided higher estimates of GHG social costs and health-related costs for public transport (metro) compared to cars. This is similar to the results of a survey conducted in the greater Dublin area [13], where respondents gave higher estimates of GHG emissions to buses than to passenger cars. Although in the survey, respondents were clearly asked to provide per-passenger emissions, a possible explanation for this overestimation is that the respondents might have been confused about the vehicular emissions of the public transport modes as opposed to the per-passenger emissions.



A comparison between those estimates and the actual GHG costs is needed for a better understanding of users’ perceptions. The average passenger car, representing the vehicle age distribution of cars in Montreal, emits between 180 and 650 g of CO2 equivalent (CO2eq) per kilometer [33]. Environment and Climate Change Canada estimates the social cost of carbon (SCC) at $41/ton ($33 US/ton) [34]. Using an average car load factor of 1.6 [35], this would result in GHG social cost between $0.005/km ($0.004 US/km) and $0.02/km ($0.016 US/km). The Société de transport de Montréal, the public transport agency operating the buses and metro systems in Montreal, reports that each bus emits approximately 1600 g CO2eq/km while accommodating 40 passengers on average in the morning [33]. This results in 40 g CO2eq/km per passenger. Therefore, using Environment and Climate Change Canada’s SCC of $41/tonCO2eq ($33 US/ton), this would result in an average GHG cost of $0.002/km per passenger ($0.0016 US/km per passenger) (one tenth of personal cars). As for the metro, it is operated by hydroelectric sources and hence is reported to emit close to 0 g CO2eq/km per passenger [33] (we are only considering running and evaporative emissions, not a life cycle assessment of the energy sources), which results in near $0/km per passenger of GHG costs.



Figure 1a–c presents the distribution of respondents’ estimates of GHG social costs for all three modes and the respective actual estimates. Figure 1a shows that only 20% of the respondents accurately estimated the GHG social cost for passenger cars, 70% of the respondents overestimated this cost, and 10% underestimated it. Figure 1b shows that only 18% of the respondents estimated the GHG social costs for the metro accurately, and the remaining 82% overestimated it. Figure 1c shows that only 2% of the respondents estimated this cost for the bus accurately, 63% overestimated it and 35% underestimated it. In fact, respondents are not aware of their personal transport emissions when choosing among different modes, which potentially leads to higher shares for driving (with relatively lower perceived GHG costs). However, the actual data for Montreal shows that cars are the largest emitters, followed by the bus, and then the metro. Providing this information to transport users would correct their perceptions and could trigger a shift in demand toward more sustainable public transport modes.


Figure 1. GHG social cost estimates for (a) passenger cars; (b) the metro; and (c) the bus.
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As for actual estimates of health-related costs, Table 2 presents the emission rates of several criteria air pollutants for an average passenger car as per the Environmental Protection Agency (EPA) [36], and their associated health costs [37]. The actual health-related costs were obtained by multiplying the emission rate with the unit emission cost of each criteria pollutant. The total health cost due to driving passenger cars was found to be $0.011/km ($0.009 US/km). Although the respondents overestimated this cost, the health cost is still a substantial figure (around 10% of fuel costs). While no similar emissions factors of the bus and the metro are found in Montreal, the authors assume that these public transport modes would yield lower health costs than those of passenger cars, as estimated earlier for the GHG social costs. Hence, providing a system that would be able to accurately calculate these emissions costs might evoke more sustainable transport decisions.



Table 2. Actual health-related costs for cars.







	
Criteria Air Pollutant

	
Emission Rate (g/km)

	
Unit Emission Cost ($/g)

	
Health-Related Cost ($/km)






	
CO

	
7.7

	
0.0004

	
0.0031




	
NOx

	
0.6

	
0.01

	
0.0060




	
PM2.5

	
0.003

	
0.44

	
0.0013




	
PM10

	
0.003

	
0.044

	
0.0001




	
Total

	
0.011








Note: Data for Emission rates was gathered from the EPA [36]. Data for unit emission costs is gathered from Holland et al. [37].








Figure 2a–c presents the distribution of respondents’ estimates of air pollution health-related costs for all three modes with the actual estimate of passenger cars. Figure 2a shows that only 3% of the respondents accurately estimated the GHG social cost for passenger cars, 87% of the respondents overestimated this cost, and 10% underestimated it. No actual estimates were calculated for Figure 2b,c, but we assume that the actual estimates for the metro and the bus (per passenger) should be lower than that for passenger cars ($0.011/km), similar to the GHG social cost estimated earlier. Hence, around 80% would have overestimated this cost for the metro and the bus.


Figure 2. Air pollution health-related costs estimates for (a) passenger cars; (b) the metro; and (c) the bus.
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3.2. System Design Preferences


Figure 3 displays the respondents’ weekly usage of travel information through different tools. The respondents mainly rely on interactive maps on their mobile phones. This is followed by interactive maps on computers, and in-car GPS. This result is expected as travel information systems on mobile phones are easily accessible anywhere and anytime. In addition, it shows that a mobile application could be the most preferred/used tool to provide the fuel and environmental information. Okazaki and Hirose [38] assert this point when they examined the media choice when searching for travel information in Japan. They found that searches for travel information through mobile phones exceed that via computers and radios.


Figure 3. Weekly average use of different information means/tools.
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The survey also sought to determine the respondents’ preferred type of travel information. As shown in Figure 4, the respondents preferred to receive information about their total private travel costs (an average of 4.2 on a five-point Likert scale), including travel time costs, fuel costs, and emissions cost. This is followed by health-related air pollution costs with an average of 3.9 and then fuel costs with an average of 3.8. The respondents ranked health-related costs above fuel consumption information, which could be attributed to the direct linkage between the health costs of air pollution and their own benefits/costs. Therefore, the respondents would like to know these costs as they are directly related to their own well-being. However, since GHG social costs are imposed on the society not individuals, the transport users did not perceive them as their own costs. As a result, GHG costs were the least preferred information to the respondents.


Figure 4. Level of importance of different travel information types.
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Although the literature examines traveler’s travel information preferences, it does not touch on the fuel and environmental features that could be provided through a travel information system. The literature finds that data on travel time and delays, accidents and location, alternative routes and navigation are the most valuable for travelers [39,40,41].



This research also examined the information metrics (units) to be provided to the users. Figure 5a shows that most of the respondents (42%) preferred having fuel consumption costs in $/trip, followed by $/km (33%). The respondents easily perceived such monetary units as they related them to the cost paid at gas stations.


Figure 5. Preferred metrics for (a) fuel consumption information and (b) GHG and criteria air pollutants.
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Figure 5b shows that almost half of the respondents preferred receiving GHG social costs and health-related costs in $/trip. This is followed by $/km which was preferred by 32% of the respondents. In addition, 20% of the respondents wished to receive such costs in terms of grams of emissions/km. Similar to the fuel consumption metrics, the respondents preferred monetary metrics which were easy to perceive. They also chose per-trip metrics over per-km metrics as the per-trip metrics provides them with their final trip cost without the need to carry out any calculations. There are no studies to the best of our knowledge that asked travelers about their preferred travel-related fuel and environmental metrics. However, numerous studies [42,43,44] tend to monetize the health and environmental impacts of transportation to help transport analysts, decision makers, and transport users evaluate different aspects of their decisions.




3.3. Travel Information Systems’ Influence on Travel Behavior


This survey also examined the travel choice behavior and how transport users would choose their routes and modes. Figure 6 shows the respondents’ average rank of the influence that different travel attributes would have on their route and mode choices. For both, as expected, travel time was the dominant attribute. This is supported by other studies that also found that travel time is the major attribute in route and mode choice [29,45]. For the mode choice, travel purpose was ranked second, followed by fuel consumption, weather conditions, and emissions information. For the route choice, fuel consumption came second, followed by emissions, weather conditions, and travel purpose information. Therefore, fuel consumption and emissions information considerably influence respondents’ travel decisions, especially for route choice, as these attributes were the second and the third most influential factors, respectively. This finding shows that the respondents would acknowledge such information and would consider them when taking their travel decisions. A possible explanation for the fuel and environmental information being more important for route choices rather than mode choices is that mode choices are usually affected by several factors such as car ownership, travel purpose, or convenience level and are less elastic than route choices [46]. There are no studies, to the best of our knowledge, that we can benchmark our results against, as the literature focuses only on the influence of travel information systems that provide travel time, alternative route, and incident information [22].


Figure 6. Ranking of the travel information’s influence on mode and route choice.
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3.4. Willingness-to-Pay for the Information


The final system design requirement that this study examined was the potential willingness-to-pay for such information. 71% of the respondents showed interest in using the ATGIS, out of which 30% were also willing to pay an average monthly payment of $7 ($5.7 US) in exchange for the travel information. This value is consistent with what previous studies found about the willingness-to-pay for travel time, navigation, and public transit information with estimated average values of $5 and $6 (in 1996 USD), and $10 (in 1997 USD) [24,25,36]. Using the willingness-to-pay responses, the authors calculated the ATGIS’s penetration rate for each amount reported by getting the percentage of the respondents out of the total sample that were willing to pay at least each monthly fee reported. Figure 7 presents this penetration rate as a function of the monthly fees to be charged.


Figure 7. Penetration rate of ATGIS.
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3.5. Impacts of Socio-Demographic Characteristics on Results


In this section, we examine the relationships between perceptions/preferences of fuel/environmental costs and socio-demographic characteristics. Table 3, Table 4 and Table 5 provide the average, the median, the standard deviation, and the range for the 95% confidence interval for various socio-demographic groups. We consider gender (male or female), three income groups (<50 k CAD, 50 k CAD to 100 k CAD, and >100 k CAD), and three travel time groups (<20 min, 20–30 min, >30 min). Many interesting results can be observed in Table 3.



Table 3. Impacts of socio-demographic characteristics on the perceived GHG costs.







	

	
Perceived GHG Costs ($/km)




	
Socio-Demographics

	
Gender

	
Income

	
Travel Time




	
Travel Modes

	
Male

	
Female

	
<$50,000

	
$50,000 to $100,000

	
>$100,000

	
<20 min

	
20 min–30 min

	
>30 min






	
Car

	
Sample size 1

	
23

	
20

	
15

	
14

	
14

	
12

	
15

	
14




	
Average

	
0.33

	
0.36

	
0.31

	
0.36

	
0.33

	
0.3

	
0.34

	
0.48




	
Median

	
0.24

	
0.31

	
0.26

	
0.33

	
0.30

	
0.25

	
0.23

	
0.42




	
Standard dev.

	
0.196

	
0.16

	
0.059

	
0.076

	
0.076

	
0.106

	
0.119

	
0.134




	
95% CI 2

	
0.25–0.41

	
0.30–0.45

	
0.28–0.34

	
0.32–0.4

	
0.29–0.37

	
0.24–0.36

	
0.28–0.4

	
0.41–0.55




	
Metro

	
Sample size 1

	
23

	
18

	
15

	
13

	
13

	
13

	
16

	
12




	
Average

	
0.4

	
0.44

	
0.38

	
0.42

	
0.45

	
0.35

	
0.37

	
0.47




	
Median

	
0.33

	
0.41

	
0.32

	
0.40

	
0.40

	
0.33

	
0.4

	
0.43




	
Standard dev.

	
0.171

	
0.108

	
0.119

	
0.055

	
0.092

	
0.055

	
0.041

	
0.053




	
95% CI 2

	
0.34–0.47

	
0.37–0.49

	
0.34–0.44

	
0.39–0.45

	
0.4–0.5

	
0.32–0.38

	
0.35–0.39

	
0.44–0.5




	
Bus

	
Sample size 1

	
16

	
18

	
13

	
10

	
9

	
9

	
11

	
14




	
Average

	
0.22

	
0.28

	
0.22

	
0.26

	
0.25

	
0.21

	
0.28

	
0.26




	
Median

	
0.17

	
0.25

	
0.12

	
0.18

	
0.19

	
0.19

	
0.24

	
0.23




	
Standard dev.

	
0.184

	
0.216

	
0.239

	
0.194

	
0.031

	
0.031

	
0.067

	
0.076




	
95% CI 2

	
0.13–0.31

	
0.17–0.38

	
0.10–0.36

	
0.14–0.38

	
0.23–0.27

	
0.19–0.23

	
0.24–0.32

	
0.22–0.3








1 Approximately 85% of the total respondents were not able to estimate GHG social costs and did not report a value. 2 Confidence intervals were calculated using the empirical bootstrap resampling. The data sets were resampled 1000 times to get the 95% confidence intervals. For more information on the bootstrap technique, refer to https://ocw.mit.edu/courses/mathematics/18-05-introduction-to-probability-and-statistics-spring-2014/readings/MIT18_05S14_Reading24.pdf. 








Table 4. Impacts of socio-demographic characteristics on the perceived air pollution health-related costs.







	

	
Perceived Air Pollution Health-Related Costs ($/km)




	
Socio-Demographics

	
Gender

	
Income

	
Travel Time




	
Travel Modes

	
Male

	
Female

	
< $50,000

	
$50,000 to $100,000

	
> $100,000

	
< 20 min

	
20 min–30 min

	
> 30 min






	

	
Sample size 1

	
20

	
18

	
12

	
14

	
12

	
13

	
14

	
11




	

	
Average

	
0.29

	
0.32

	
0.27

	
0.35

	
0.34

	
0.19

	
0.28

	
0.32




	
Car

	
Median

	
0.2

	
0.18

	
0.22

	
0.26

	
0.3

	
0.21

	
0.27

	
0.26




	

	
Standard dev.

	
0.114

	
0.086

	
0.106

	
0.172

	
0.071

	
0.037

	
0.038

	
0.023




	

	
95% CI 2

	
0.24–0.34

	
0.28–0.36

	
0.21–0.33

	
0.26–0.44

	
0.3–0.38

	
0.17–0.21

	
0.26–0.3

	
0.23–0.41




	

	
Sample size 1

	
17

	
17

	
13

	
11

	
10

	
12

	
12

	
10




	

	
Average

	
0.41

	
0.45

	
0.4

	
0.43

	
0.4

	
0.32

	
0.41

	
0.47




	
Metro

	
Median

	
0.35

	
0.37

	
0.34

	
0.37

	
0.41

	
0.21

	
0.39

	
0.4




	

	
Standard dev.

	
0.126

	
0.084

	
0.092

	
0.068

	
0.032

	
0.106

	
0.053

	
0.113




	

	
95% CI 2

	
0.35–0.47

	
0.41–0.49

	
0.35–0.45

	
0.39–0.47

	
0.43–0.47

	
0.26–0.38

	
0.38–0.44

	
0.4–0.54




	

	
Sample size 1

	
18

	
16

	
12

	
12

	
9

	
9

	
11

	
14




	

	
Average

	
0.26

	
0.26

	
0.22

	
0.26

	
0.31

	
0.23

	
0.26

	
0.27




	
Bus

	
Median

	
0.23

	
0.25

	
0.23

	
0.22

	
0.27

	
0.21

	
0.24

	
0.26




	

	
Standard dev.

	
0.129

	
0.102

	
0.035

	
0.088

	
0.106

	
0.046

	
0.085

	
0.038




	

	
95% CI 2

	
0.2–0.32

	
0.21–0.31

	
0.2–0.24

	
0.21–0.31

	
0.25–0.37

	
0.2–0.26

	
0.23–0.31

	
0.25–0.29








1 Approximately 85% of the total respondents were not able to estimate air pollution health-related costs and did not report a value.2 Confidence intervals were calculated using the empirical bootstrap resampling. The data sets were resampled 1000 times to get the 95% confidence intervals. 








Table 5. Impacts of socio-demographic characteristics on the willingness to pay for ATGIS.







	

	
Willingness to Pay for ATGIS ($/month)




	
Socio-Demographics

	

	
Gender

	
Income




	
ATGIS Users

	

	
Male

	
Female

	
< $50,000

	
$50,000 to $100,000

	
> $100,000






	
Including “$0” responses

	
Sample size 1

	
52

	
56

	
49

	
36

	
36




	
Average

	
1.69

	
2.93

	
1.37

	
1.51

	
3.03




	
Excluding “$0” responses

	
Sample size 1

	
16

	
20

	
14

	
10

	
12




	
Average

	
5.51

	
8.22

	
4.8

	
7.2

	
9.1




	
Median

	
4.3

	
6.25

	
4.0

	
7.5

	
8




	
Standard dev.

	
3.86

	
4.06

	
3.63

	
3.55

	
5.65




	
95% CI 2

	
3.6–7.4

	
6.4–10

	
2.9–6.7

	
5.0–9.4

	
5.6–12.6








1 71% of the total survey respondents would use the ATGIS, out of which 30% were also willing to pay a non-zero fee per month. The table presents the willingness to pay averages including the “$0” responses first, and then after excluding them. 2 Confidence Intervals were calculated using the empirical bootstrap resampling. The data sets were resampled 1000 times to get the 95% confidence intervals.








First, for both perceived GHG (Table 3) and perceived air pollution costs (Table 4), females generally provide higher estimates than males, especially for driving (car). For instance, the average perceived GHG costs are 0.36 CAD/km for females and 0.33 CAD/km for males, on average (Table 4). The difference between females and males is greater for the GHG costs than for air pollution costs; for females, the GHG costs seem to be more significant (relatively) than air pollution costs. We tested the hypothesis about the difference between female and male average estimates and found that females’ average estimates for both GHG and air pollution costs are higher than males’, with a confidence level of 70% (Hypothesis testing of the difference between two population means that are not normally distributed was conducted through the test statistic that is distributed as a Student t distribution with “n1 + n2” (n1 and n2 being the sample size of both populations) degrees of freedom and a specified degree of confidence.). As for income groups, higher income respondents generally perceive higher emission costs (Table 3 and Table 4). To confirm, we tested the difference between two sample means and found that the higher income respondents had a higher estimate than the lower income respondents, with a confidence level of 90%. This could be due to the fact that the rich might generally reveal a higher value of life (we should note that from the equity perspective, a higher value of life for the rich might not be justifiable) in their decisions, which can impact the health-related emissions costs that are calculated based on the value of life levels. Another interesting observation is that transport users generally provide higher air pollution health-related cost estimates (per km) for trips with a longer travel time trips, as shown in the last columns of Table 3 and Table 4. For example, the average perceived air pollution costs for driving are 0.19, 0.28, and 0.32 CAD/km for trip lengths of less than 20 min, between 20 and 30 min, and more than 30 min, respectively (Table 4). The hypothesis testing also suggests, with a 90% confidence level, that respondents with trips with a longer travel time have higher estimates than respondents with trips with a shorter travel time, on average. This fact could be due to the perception of travelers about these costs (higher emission rates are realized for longer trips) or because of the congestion associated with the trips with a longer travel time.



Table 5 shows the impacts of gender and income on the willingness to pay for the ATGIS (information) tool. Note that for the willingness to pay, we do not have the travel time length information as one socio-demographic characteristic. Our estimates and hypothesis testing show that, similar to the perceptions about emissions costs, females are willing to pay more for the tool (an average of 8.2 CAD per month) than males (an average of 5.5 CAD per month), with a confidence level of 95%. This is consistent with a study conducted in Greece [28]. In addition, the higher income respondents are willing to pay more for the information; the difference in the average estimates between higher income and lower income groups is significant at a 95% confidence level. Respondents are willing to pay an average of 4.8, 7.2, and 9.1 CAD per month for the low-, medium, and high-income groups, respectively. The average willingness-to-pay mentioned here (for both genders and all income groups) was obtained after excluding ATGIS users that would like to use the system free of charge. Table 5 presents the averages before and after the exclusion.





4. Conclusions


Sustainable travel behavior and choices are becoming increasingly vital to address growing climate change and air quality concerns. Informing transport users of their energy and environmental footprints is emerging as a potential means of promoting sustainable transportation. However, the impact of such information on travel behavior is yet to be determined. Therefore, this research primarily studied Montreal residents’ perception of fuel consumption costs, GHG social costs, and health-related air pollution costs. Then, it examined the influence of an ATGIS, a system which provides travel-related fuel and environmental information, on Montreal transport users and studied their system design preferences and willingness-to-pay.



This research found several interesting results. First, the respondents were predominantly unaware of or incapable of estimating their fuel consumption costs (over 75% on average), GHG social costs (over 85% on average), and health-related air pollution costs (over 85% on average). Furthermore, the respondents generally overestimated such costs for all travel modes and they provided higher fuel/environmental costs for public transport (metro) compared to car, remarkably opposite to reality. Such perceptions could make transport users overlook the metro as a more sustainable transport mode. Hence, providing fuel and environmental information could amend their perceptions and possibly trigger a shift in demand toward more sustainable public transport modes.



The analysis of system design preferences revealed that a mobile application is the most preferred/used tool for providing travel information. In terms of information preferences, the respondents preferred to receive health-related air pollution costs over fuel and GHG social costs. Exploring the appropriate information metrics, most respondents preferred to receive fuel and environmental information in monetary units as they are easy to perceive, and users do not need to make additional calculations.



Studying the route and mode choice behavior, this paper found that travel time is the major determinant/factor, as expected. However, fuel consumption and emissions information were also influential factors in choosing the travel mode/route. Specifically, the respondents were more willing to adjust their route choices after receiving such information.



The research also indicated that 71% of the respondents would use an ATGIS. Among these, 30% stated that they would be willing to pay an average monthly payment of $7 for the service. The penetration rate among respondents versus the monthly fees charged ranged from 71% if the service is free of charge to 1% at a cost of $25/month. This distribution could determine the appropriate monthly fees to be charged from the users to support the system.



Moreover, we examined the impacts of gender, income, and travel time on the estimates we discussed above. Generally, female respondents tended to perceive higher GHG and air pollution costs than males. Similarly, females were willing to pay more for the emissions (ATGIS) information, which is consistent with other studies [28]. We also found that higher income respondents generally perceived higher health-related air pollution costs, possibly because of their higher value of life perceptions, which is the basis for the health-related cost calculations. On the other hand, the perceived GHG costs do not depend on income, fundamentally. Another interesting finding is that respondents tended to estimate higher emissions costs for longer trips, which could be due to the perception of travelers (higher emissions rates are realized for longer trips) or because of the congestion associated with trips with a longer travel time.



This research is promising in terms of the impact of the fuel and environmental information on travel behavior. It would be beneficial to provincial governments and/or environmental agencies, as it indicates the feasibility of a low-cost transport management system that might save travel costs and induce sustainable travel decisions. The small sample size of the survey could affect the reliability of the responses and using stated preference questions probably does not portray the actual behavior of travelers. However, future research could analyze travelers’ decisions in actual travel/driving conditions (when using a mobile application, for instance) to validate the survey results. In addition, discrete choice questions could be used to set up route and mode choice models and evaluate (through statistical models) the impact that fuel and environmental information has on the travel behavior compared to that of travel time and cost.
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