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ABSTRACT 

This paper demonstrates the implementation of a traffic simulation linked with instantaneous 

emissions modelling and is used to evaluate the effects of street closures and area-wide 

pedestrianization on vehicle-induced greenhouse gas emissions. The study is set in Montreal, 

Canada where traffic in a dense borough (8,656 links) is simulated in a dynamic traffic 

assignment (DTA) mode to generate second-by-second speed profiles along every link in the 7-8 

AM period. Instantaneous speeds are then used to estimate link-level and intersection-level 

emissions. The traffic demand at the borough boundaries is simulated using a mesoscopic traffic 

assignment model developed for the Montreal metropolitan region (127,217 links). Street 

closures and area-wide pedestrianization schemes are modelled within the microscopic as well as 

the mesoscopic models in order to evaluate their effects on greenhouse gas emissions, both while 

accounting for changes in demand and under constant demand. In all cases, we observe an 

increase in borough-level greenhouse gas emissions compared to the base-case scenario 

indicating that such schemes do not lead to a reduction in emissions even when accounting for 

changes in demand. We also compare emissions calculated using the microscopic models (traffic 

and emissions) and those obtained from the mesoscopic assignment (traffic and average-speed 

emissions) and observe that the regional model is much less sensitive to local-level changes 

mostly due to the incapacity of simulating accelerations and decelerations and therefore 

underestimating the changes in borough-level emissions compared to the base-case scenario. 

This indicates the importance of adopting instantaneous emissions models for the evaluation of 

changes to street configuration.   

Keywords: Mesoscopic traffic simulation, microscopic traffic simulation, emissions modelling, 

transportation environmental impacts, greenhouse gases 
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1. INTRODUCTION 

Traffic congestion levels have risen substantially in Canadian and American urban areas over the 

past decade. The negative externalities of traffic congestion include travel time delays, financial 

losses (excess fuel usage and lost work time), and rising air pollution and greenhouse gas (GHG) 

emissions (Transport Canada 2006, Schrank, and Lomax, 2009). Of particular concern from a 

societal point of view is the impact of traffic-related air pollution on the health of urban 

populations. In fact, there are sufficient data to conclude that chronic exposure to traffic 

pollutants is associated with the incidence and mortality from cardiovascular disease, especially 

ischemic heart disease, and from lung cancer (Gan et al., 2012, Chen et al., 2008; Brook et al., 

2004). As well, there are overwhelming data implicating acute exposures to air pollution with a 

variety of immediate health effects (Pope at al., 2006; Dockery, 2001; Pope, 2000). Further, 

given that traffic emissions of air pollutants are highest at low speeds (especially during idling) 

reducing traffic congestion in urban regions is important. 

In this context, it is not surprising that metropolitan agencies in urban regions are reviewing 

strategies to reduce the impact of traffic congestion. With increasing environmental concerns, 

local municipalities and boroughs are also considering the implementation of road network and 

infrastructure changes within their jurisdictions. These local agencies are particularly interested 

in managing traffic volumes on the lower level transportation networks (minor arterials, 

collectors and local roads) (see Wang et al., 2013). Within the transportation planning paradigm, 

it is nearly impossible to represent the transportation network at a fine resolution (Lopez and 

Monzon, 2010). The inadequate prediction of traffic volumes on smaller roads (minor arterials, 

collectors and local roads) - where most people reside - is important from an environmental and 

public health perspective. The lack of an accurate prediction framework is of a particular concern 
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for local agencies considering traffic calming measures. Moreover, knowledge of traffic volumes 

(including second-by-second vehicle speed information) is essential for estimating air pollutants 

and GHG emissions from vehicular traffic.  

1.1. Motivation 

This study is motivated by the need to evaluate the effects of street closures and area-wide 

pedestrianization as means to reduce GHG emissions in a dense borough located in Montreal, 

Canada. The Montreal Metropolitan Region covers an area of approximately 7,000 km2 and has a 

population of about 3.8 million (Statistics Canada, 2011); the region is dominated by the island 

of Montreal, with approximately 47% of the region’s population and 67% of the region’s 1.7 

million employment opportunities (Agence métropolitaine de Transport, 2010). Within the 

metropolitan region, we particularly focus on the Plateau-Mont-Royal borough, more often 

referred to as “the Plateau”. The Plateau is a dense and lively area, characterized by its 

environmentally conscious population and a local council that is faced with the challenge of 

reducing its GHG emissions from traffic1. It currently experiences many elements of an 

unsustainable transportation system: (1) Large volumes of “through” traffic generates significant 

amounts of pollution and causes increased safety risks and (2) Narrow local streets experience 

heavy traffic volumes limiting space for cyclists and pedestrians. The Plateau borough in the 

context of the Montreal Metropolitan Region is provided in Figure 1. The Plateau recorded a 

population of 101,054 individuals in an area of only 8.1 km2, according to the most recent 

Canadian census report. This equates to a population density of 12,476 individuals per square 

                                                 

1 The borough council is represented by Projet Montreal, a party created by environmental activists. The party is 
established on the platform of reducing vehiclular traffic, encouraging pedestrian and bicyclist activity among other 
priorities.  
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kilometer, or conversely, 80 m2 for every person. In the Plateau region the trip modal split is as 

follows: 34% by Automobile, 28% by Public Transit and 34% by Active Transport (walking or 

cycling). Recent statistics clearly highlight the environmental friendly attitude among the Plateau 

residents. At the same time, the Plateau residents are exposed to some of the highest levels of 

pollution because of its strategic location, attracting “through” traffic destined to Montreal’s 

central business district.   

 

 

Figure 1. The Plateau borough in the context of the Montreal region 

1.2 Study objectives 

Traditional approaches have considered micro-simulation for either an intersection or a small set 

of intersections. For larger neighborhood level studies, mesoscopic models are typically 

employed for traffic and emissions modeling. In our study, we employ a micro-simulation based 

traffic and emissions modeling for a neighborhood with about 600 intersections. In this study, we 

develop a large-scale integrated model employing a combination of mesoscopic and microscopic 

traffic modelling and instantaneous speed-based vehicle emissions modelling to examine traffic 
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flow and GHG emissions on Montreal urban streets. Specifically, we employ the PTV 

mesoscopic model (VISUM) to determine the traffic flow assignment for the Montreal urban 

region (network of 127,217 links) and microscopic model (VISSIM) to examine the Plateau 

borough in Montreal, a network consisting of 8,656 links and 576 intersections (PTVAG, 2012). 

Second-by-second vehicle speed information is processed through the USEPA’s Motor Vehicle 

Emissions Simulator (MOVES) to generate link-level GHG emissions. The analysis tools 

developed will allow us to compare the performance of traffic and emission modeling in the 

context of the proposed integrated framework and the traditional aggregate approaches. Within 

this broad paradigm, the current study has the following objectives: (1) Examine traffic flow 

patterns and GHG emissions at a link level for a reasonably large borough in a microscopic 

framework, and (2) Develop a policy tool that evaluates the impacts of regional and local 

transportation infrastructure changes at a neighbourhood level. To illustrate potential 

applicability of the model, we examine traffic and emissions for two pedestrianization scenarios: 

(1) corridor level pedestrianization and (2) area-wide pedestrianization while accounting for 

changes in traffic demand as well as under constant demand. The main contribution of this work 

is a demonstration of the potential of micro-simulation at a neighbourhood scale for the 

evaluation of traffic emissions under various policies affecting the road network. The proposed 

framework is contrasted with a traditional aggregate-level analysis in order to highlight possible 

weaknesses of the latter. 
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2. RECENT ADVANCES IN TRAFFIC AND EMISSION MODELLING 

This paper presents an integrative process whereby traffic simulation and emission estimation are 

incorporated simultaneously. The literature review section discusses advances in both streams of 

research.  

2.1. Traffic flow models 

The distinction between the three forms of traffic flow modeling – macroscopic, mesoscopic, and 

microscopic – is well documented in the literature (Burghout et al., 2006). Macroscopic models 

consider traffic flow through traffic flow relationships involving measures such as flow, density, 

and speed. Microscopic models simulate individual vehicles at a fine resolution considering 

vehicle speed, acceleration, and lane changing behaviour (Burghout et al., 2006; Burghout, and 

Wahlstedt, 2007). Mesoscopic models are positioned in between the macroscopic and 

microscopic models. The exact structure of the mesoscopic model can take several forms. In one 

of the approaches, vehicles grouped as platoons are routed through the network. Alternatively, 

vehicles are allocated on possible paths between an origin destination pair based on perceived 

route travel times (Sheffi, 1985). In another approach, aggregate sets of vehicles employing 

speed-density relationships coupled with queuing theory concepts are applied (see page 10 

Burghout, 2005 for a detailed discussion of various approaches).  

Microscopic level models are more adept at allowing us to study incident detection while 

mesoscopic level models are more suited for larger networks. The different scales of these 

models offer distinct advantages and limitations; an increase in the resolution and detail is 

compensated by an enormous increase in computational burden. The contemporary challenge of 

simulating traffic flow lies within the scale of the modelling framework and the size of the 
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network under consideration. When the size of the network is reasonably large, it is prohibitively 

expensive to develop a micro-scale traffic model.  

Towards addressing this challenge, various transportation researchers have developed integrated 

models of different resolutions. For instance, mesoscopic models are integrated with microscopic 

models (Burghout et al., 2006). Researchers have also explored the traffic flow properties at the 

boundary transfer point for different scales (Leclercq, 2006). However, the theoretical research 

on this topic is still in its infancy (Burghout et al., 2006, Shelton et al., 2009). Burghout et al. 

(2006) discuss the empirical implications of connecting models at different scales by 

highlighting the important conditions that need to be considered. The authors conclude that the 

locations of boundaries are particularly important because these demarcate traffic flow at 

different scales. The authors suggest that boundaries should be located along a link where traffic 

flow properties are expected to be homogeneous, as opposed to locating them on intersections. 

The authors implemented their framework for an artificial network using Mezzo for mesoscopic 

simulation and MITSIMLab for the microscopic simulation. In another study, Burghout, and 

Wahlstedt (2007) examined the integration between Mezzo and VISSIM. In this application, the 

authors considered a large section of Stockholm, Sweden for the mesoscopic component and a 

three intersection network for the microscopic component. In the study, the authors validated 

outputs from the microscopic model and found that traffic volumes were more accurate with the 

microscopic model compared to the volumes from mesoscopic models.  

2.2. Emission models 

A considerable number of vehicle emission models have been developed to estimate and predict 

the amount of pollutants at macroscopic, mesoscopic, and microscopic levels. Analyses of the 

efficacy of each degree of resolution are evaluated in several studies (Abo-Qudais and Abu 
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Qdais, 2005, Rakha et al., 2003, Ahn et al., 2002). Macroscopic models provide emission 

estimates based on an average network speed by facility type. These models are often used to 

generate region-wide or state-wide emission inventories. For example, Qian and Zhang (2013) 

implemented a macroscopic level emissions model to study the impact of highway closures using 

NetZone. On the other hand, mesoscopic models employ average link speeds for emission 

estimation. These models are sensitive to spatial variability across the network. Microscopic 

emission models consider instantaneous vehicle speeds thus accounting for second-by-second 

speed profiles including acceleration, deceleration, idling and cruising i.e. they are sensitive to 

the variation in drive cycles that might occur within the same average speed. Such increases in 

resolution have been made possible by the recent shift in research from static assignment models 

to dynamic models, where the latter disaggregates data into individual trips, sensitive to minor 

changes in the road network (Lin et al., 2011; Hao et al., 2010). The analysis employs a 

macroscopic model to determine demand changes due to highway closure.   

For long-range transportation planning the macro and meso-scale emission models are adequate; 

however for examining the influence of traffic volumes on air pollution and related public health 

impacts, micro-scale models are essential. Recently, a number of studies have focused on 

incorporating emission measures within a mesoscopic model (Aziz and Ukkusuri 2012) or within 

network design problems (Ferguson et al., 2012). However, these studies are primarily focused 

on incorporating emissions with traffic signal and/or network designs. Yang et al. (2011) propose 

an approach to estimate emissions at a microscopic level for arterial corridors. The approach is 

designed to estimate emissions for observed traffic flows by generating vehicle trajectories. 

However, this approach is not suited to undertake an evaluation of the impact of regional and 
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local level changes on the system performance in terms of traffic volumes and resulting 

emissions.  

 

3. METHODOLOGY 

This study involves the implementation of a mesoscopic regional level model, microscopic 

neighbourhood level model and instantaneous emissions simulator. In this section, we provide 

detail on each of these modules. 

3.1. Regional model 

The Montreal regional model (MRM) was created in VISUM to generate input traffic flows for 

the Plateau neighbourhood model (PNM). The former takes as input the 2008 Origin-Destination 

(O-D) trip data for the Montreal region provided by the Agence Métropolitaine de Transport 

(AMT); it consists of 127,217 links. From this model we were able to extract the proportions of 

trips on the network entering and leaving the Plateau borough. The MRM output was used to 

generate a multi-dimensional matrix containing the numbers of trips between every two traffic 

analysis zones for the following trips: (1) generated outside the Plateau and destined to the 

borough, (2) generated in the borough and destined to an outside zone, (3) generated and 

destined within the Plateau, and (4) generated outside the borough and destined outside the 

borough (through traffic). This matrix is the main driver for the PNM which is run in Dynamic 

Traffic Assignment (DTA) mode available in VISSIM. 

MRM is run under the stochastic user equilibrium (SUE) traffic assignment for the 6 AM to 7 

AM period and again for the 7 AM to 8 AM period. One file containing all of the origin and 

destination traffic analysis zones (TAZ) path information is then extracted for each time period. 
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These files are processed using a Visual Basics Application (VBA) in order to extract the O-D 

matrix at the boundary of the microsimulated region. Following this, a 5 AM to 6 AM O-D 

matrix is created by taking 10% of the volume from the 6 AM to 7 AM matrix. These matrices 

were then fed into the PNM, with the 5 AM to 6 AM period serving as the “warm-up” hour. 

3.2. Microscopic simulation 

In order to evaluate the effects of various policy interventions on traffic flow, speed, and 

emissions, we developed a microscopic model for the road network of the Plateau 

neighbourhood (PNM). The first step in the development of the traffic simulation involved the 

creation of a database of all intersections in the study area. For every intersection, traffic light 

signal phases, and turning restrictions were compiled. Turning restrictions were gathered using 

Google Maps StreetView and then confirmed through field visits. Traffic counts were obtained 

from the City of Montreal’s automatic counters as well as through manual counts. The PNM 

network was developed using a combination of orthophotographs, topographic maps, 

cartographic maps, and field visits. Bicycle lanes were added to the network, as well as any 

crosswalks where pedestrians would conflict with turning vehicles. In total, the PNM network 

has 8,656 links and connectors and 576 intersections. Conflict areas were assigned to any 

segment where the three travel modes could overlap; 5,987 in all. All stop signs and traffic lights 

were included, as well as the changes in speed limit between arteries, local roads and school 

zones. The 43 public transit bus lines running through the borough were then incorporated, along 

with the 361 bus stops. Reduced speed areas were allocated to every turn to account for changes 

in speed. The PNM network can be seen highlighted within the MRM network in Figure 2.  

Based on the input from the MRM, the PNM microscopic simulation was used to assign vehicles 

on the very detailed road network within the borough. Dynamic traffic assignment (DTA) 
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available in VISSIM was used, and so each link on the periphery acted as an abstract parking lot 

whereby vehicles were generated onto and removed from the network. Vehicles that originated 

from or were destined to the Plateau were included by adding an origin link and a destination 

link for each TAZ centroid. The Plateau region consisted of 125 origin destination pairs in 50 

TAZs. The following parameters were used for the DTA2: 

 Evaluation Interval: 1,800s, 

 Costs were stored using the method of successive averages (MSA), 

 The number of paths was limited to 999 per O-D pair, 

 Paths with a total cost higher than 75% of the best path were rejected, 

 Paths and volumes were stored using a Kirchhoff exponent of 3.5, logit scaling factor of 

1.5, and a logit lower limit of 0.001, 

 Overlapping paths were corrected for, 

 Detours greater than 2.5 times the length of the best path were avoided,  

 The convergence criteria was set for travel time on edges so that that the variance of the 

travel time on any given edge was not greater than 2. 

We then ran PNM in multirun mode with the volume initially set at 10% of the total, increasing 

by 10% for the next nine iterations, until it eventually reached the convergence criterion. In the 

base case, convergence was reached after 23 iterations. One final iteration was run in order to 

generate the results for the instantaneous link speeds to be evaluated in the vehicle emission 

model. Data were recorded for the 7-8 AM period. 

                                                 

2 Parameters such as total number of paths per O-D pair, paths with total cost higher than 75% of 
the best path, and detours greater than 2.5 times the length of the best path assist in eliminating 
circular paths in the PNM model. Other parameters were arrived at after a series of iterative steps based on 
the calibration of the PNM model. 
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Figure 2. Plateau microscopic network within the regional Montreal network 

3.3. Simulating emissions 

The Motor Vehicle Emission Simulator, more commonly known as MOVES, was developed by 

the USEPA in order to estimate link-based emissions. MOVES requires information about the 

link length, traffic volume, traffic composition, road grade, and speed. Speed can be input as an 

average “per link” speed or second-by-second speed that captures acceleration, deceleration, 

cruising, and idling, also known as the drive-cycle. By including the drive-cycle in emissions 

calculations, the model becomes much more representative of actual driving conditions. 
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Before simulating emissions for the 8,656 links; 200 links were randomly selected and employed 

to determine the minimum number of seconds (or signal cycles) required for the emission level 

to represent the entire 7 AM to 8 AM period. The link-based emissions began to stabilize at 210 

seconds, meaning that traffic patterns stabilize after about 3 signal cycles. We chose to simulate 

every link’s emissions for 360 seconds and scale them back to the hourly emissions assuming 

that the next 9 intervals of 360 seconds would look the same in terms of link drive-cycles. This 

stabilization effect is illustrated in Figure 3. Such an assumption allows us to reduce 

computational time significantly (4.5hr per scenario vs. more than 2 days if 3600 seconds were 

used).   

To reflect local conditions, a customized MOVES model was developed by replacing the 

MOVES default distributions with Montreal-specific data. Traffic volume and link information 

were obtained from the PNM model. Vehicle type and model year information were obtained 

from the motor vehicle registry, Société de l'assurance automobile du Québec (SAAQ), from 

which the age distribution of the fleet was developed. Meteorological data were collected for 

October 2011, which was aligned with the period for traffic counts. Fuel composition reflecting 

Montreal conditions was also provided. GHG emissions were expressed in carbon dioxide 

equivalent (CO2e).  
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Figure 3. Effective drive cycle for CO2 emission factors 

4. SCENARIO ANALYSIS APPROACH 

4.1. Scenarios considered 

To evaluate the potential for reducing GHG emissions through pedestrianization policies, we 

simulated two pedestrianization scenarios. The first scenario, corridor level pedestrianization, 

involves completely closing down three corridors within the Plateau borough for vehicular 

traffic. The streets that were converted into pedestrian/bicyclist only corridors are all adjacent to 

parks and schools and are strong hubs for pedestrian activity. Figure 4 shows the three 

pedestrianized streets in green; from top-left to bottom-right they are (1) Avenue Laurier, (2) 

Avenue du Mont-Royal, and (3) Rue Milton. The second scenario, area-wide pedestrianization, 

involves pedestrianization of a small neighbourhood within the Plateau borough. The 

pedestrianized neighbourhood is also indicated in Figure 4. 
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Figure 4. Illustrating the streets closed to vehicular traffic in green and area-wide pedestrianization in black 

 

4.2. Comparison strategy 

The two scenarios considered along with the base network provide three scenarios for 

comparison. The closure of roadways is bound to affect the vehicular volume passing through 

the Plateau. Hence, the MRM model needs to be run again with updated network configuration. 

However, it is also important to recognize that the change to the traffic volumes destined to the 

PNM region might occur gradually depending on the information flow to drivers i.e. the traffic 

destined to the PNM region might not be updated on day 1 of the policy considered. Hence, we 

consider additional scenarios for each of the pedestrianization cases with no change to the traffic 

volumes destined to the PNM region i.e. assuming only the network changes without change in 

traffic volumes. With the inclusion of these additional scenarios, we have five comparison 

scenarios: (1) base scenario, (2) corridor pedestrianization with no change to traffic volumes in 

(1) 

(2) 

(3) 
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the PNM, (3) corridor pedestrianization with change to traffic volumes in the PNM, (4) 

neighborhood pedestrianization with no change to traffic volumes in the PNM, and (5) 

neighborhood pedestrianization with change to traffic volumes in the PNM. 

The scenarios that ignore changes in traffic volumes (2 and 4) require re-running of the PNM 

model only with the updated network configuration. The scenarios that consider traffic volume 

change (3 and 5) require re-running of the MRM model followed by a re-run of the PNM model 

with updated network configurations.  

 

5. RESULTS 

5.1. Base case validation of traffic models 

Prior to discussing the results from the scenarios we presents a validation of our MRM and PNM 

base models using automatic and manual traffic counts conducted by the city of Montreal 

between the years 2008 and 2012.  

The MRM was validated using traffic counts (integrated over a week) at 35 major intersections 

within the region as well as five bridges linking the Island of Montreal with the rest of the 

region. The comparison between actual counts versus predicted counts provides an R2 value for 

the 6AM - 7AM period of 0.78 (Figure 5) and a R2 value for the 7AM - 8AM period of 0.65 

(Figure 6). Currently, traffic counts on highways are unavailable to the research team and hence 

validation was confined to arterial roads and bridges. We recognize this as a significant 

limitation that will be addressed once highway traffic counts are obtained. For the purpose of the 

current study, we are more interested in highlighting how the MRM is used to generate PNM 

inputs and how these inputs vary across policies.  
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As mentioned earlier, a large portion of the Montreal region includes the Montreal Island which 

is heavily dependent on its bridges. To validate our MRM model we also examine simulated 

traffic volumes across the day on Montreal bridges (Figure 7). The traffic patterns observed 

match with expected traffic flows in a typical urban region in North America. 

 

Figure 5. Comparison between measured and modelled traffic volumes using MRM (6 - 7 AM) 
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Figure 6. Comparison between measured and modelled traffic volumes using MRM (7 - 8 AM) 

 

Figure 7. Hourly traffic volume profile on the bridges 
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Within the microscopic simulation model (PNM), counts from 162 intersections were used in 

order to validate the model. The scatter plots in Figure 8 and Figure 9 show that the R2 values for 

the 6AM - 7AM period and the 7AM - 8AM period are 0.58 and 0.72, respectively. 

 
Figure 8. Comparison between measured and modelled traffic volumes using PNM (6 - 7 AM) 

 
Figure 9. Comparison between measured and modelled traffic volumes using PNM (7 - 8 AM) 
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The figures illustrate that in the microscopic simulation case a large share of the error is 

contributed by roads with small volumes. The differences between observed traffic counts and 

predicted traffic counts indicate that the accuracy for streets with heavy traffic is better than for 

smaller streets (Table 1). Overall, the validation results for the MRM and PNM models provide 

reasonable confidence in the outputs generated by these models.  

Table 1. PNM predictions Percent Error by Volume 

Volume (veh/hr) Percent Error 

0 – 500 104.9% 

500 – 1,000 34.8% 

> 1,000 24.6% 

 

5.2. Traffic and emissions in base-case and pedestrianization scenarios 

The five scenarios were evaluated in terms of network-wide GHG emissions (Table 2) as well as 

the spatial distribution of GHG emissions across the network in the Plateau neighbourhood. In 

the base case scenario, total GHG emissions amount to about 12.45 tons (in CO2e) with an 

average emission factor of 446 grams per vehicle mile travelled (VMT). When the three 

corridors undergo closure to traffic and assuming the same traffic demand at the network 

boundary (Scenario 2), total emissions increase to about 16.22 tons. This increase is associated 

with an increase in total VMT despite a decrease in the total number of vehicles that crossed the 

network within the hour (due to lower speeds). In addition, the average emission factor has 

increased to 492 grams per VMT, indicating that vehicles are running with more accelerations, 

decelerations, and idling due to the disruptions caused by the closures of the three corridors. 

Under the same street closures but accounting for a change in traffic demand at the network 
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boundary (Scenario 3), we observe an improvement compared to Scenario 2. Total GHG 

emissions are 13.62 tons, almost 1.2 tons higher than the base case. However, the average 

emission factor is 430 grams per vehicle kilometer travelled which is lower than the base case, 

indicating that vehicles are running “smoother”. The increase in emissions compared to the base 

case is mostly associated with an increase in VMT due to the re-routing imposed by street 

closures. As such, despite a reduced demand, higher mileage is imposed on every vehicle in the 

network therefore increasing network emissions compared to the base case. In Scenario 4 where 

an area-wide pedestrianization is applied to a small neighbourhood within the Plateau borough 

and assuming the same traffic demand as in the base-case, we observe an increase in GHG 

emissions of about 2 tons compared to the base-case. This brings total emissions to 14.48 tons, 

which is lower than the 16.22 tons estimated under the corridor pedestrianization scheme. This is 

due to the vital nature of the corridors that were pedestrianized compared to the neighbourhood 

converted to a pedestrian zone. Under the same scheme and taking into account a change in 

traffic demand (Scenario 5), total emissions are almost the same at 14.56 tons even though the 

average emission factor is lower which indicates smoother driving. The insignificant change in 

emissions is due to the increased total VMT associated with longer (albeit faster) alternative 

routes.  

Looking at the spatial distribution of emissions across the network, we plotted link-based 

changes in emissions compared to the base-case scenario for Scenarios 2 and 4 (which entail 

corridor pedestrianization and area-wide pedestrianization respectively, without accounting for 

changes in traffic demand at the boundary). Figure 10 illustrates the spatial distribution of 

emissions under Scenario 2 clearly highlighting that the links that incur the highest increase in 

emissions are those that serve as alternatives to the three pedestrianized corridors. They are 
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parallel to the pedestrianized corridors running east-west. In addition, cross-streets serving as 

“feeders” to these links, also incurred significant increases in emissions. Figure 11 illustrates the 

effect of area-wide pedestrianization showing that the most visible increases occur to streets 

neighbouring the pedestrianized area in the south-west corner of the borough.  

Table 2. Network-level emissions and other statistics based on microscopic models 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Average network speed (mph) 16.19 16.03 16.25 16.01 16.15 

Total hourly network volume 437,744 420,375 407,420 425,718 436,270 

Total emissions (Kg) 12,450.7 16,216.8 13,622.3 14,477.8 14,560.5 

Total VMT 27,918 32,979 31,657 32,458 33,942 

Emission factor (g/VMT) 445.97 491.73 430.31 446.05 428.98 

(1) base scenario, (2) corridor pedestrianization with no change to traffic volumes in the PNM, (3) corridor 

pedestrianization with change to traffic volumes in the PNM, (4) neighbourhood pedestrianization with no change to 

traffic volumes in the PNM, (5) neighbourhood pedestrianization with change to traffic volumes in the PNM. 

 

 

Figure 10. Changes in link-based emissions as modelled in VISSIM-MOVES for Scenario 2 
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Figure 11. Changes in link-based emissions as modelled in VISSIM-MOVES for Scenario 4 

5.3. Comparison between mesoscopic and microscopic emissions 

As an additional dimension to the estimation of borough-level emissions under the different 

scenarios, we investigated the effect of using the regional model (developed in VISUM) to 

estimate emissions within the borough. Since the MRM only provides an average speed per link, 

a look-up table was developed using MOVES in order to associate vehicle emission factors with 

a range of average speeds. The look-up table was developed for different speed bins and for 30 

vehicle ages. In order to infer the age distribution of vehicles on every link, a path file was 

extracted for every O-D pair. The path file was employed to determine the link volume 

contributions of each O-D pair. Based on the vehicle age distributions at the TAZ level (Origin) 

obtained from motor-vehicle registry data, we inferred the vehicle age distribution for the links. 

For example, consider that there are two OD pairs which contribute to flow on a link as follows: 
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O1 60% and O2 40%. The vehicle age distributions in both origins are appropriately weighted 

based on the contribution i.e. 60% of the vehicle age distribution is based on origin 1 and the rest 

is based on origin 2. The approach is appropriately extended for multiple OD pairs. It is 

important to note that due to the aggregate nature of the vehicle age data obtained by the motor 

vehicle registry, we do not allocate a specific car to a specific trip but rather apply an age 

distribution on a link basis based on the origins of trips on every link. 

Table 3 summarizes the changes in borough-level emissions compared to the base-case scenario 

using the MRM coupled with the average speed method. Emissions estimated using 

instantaneous speeds obtained from the PNM and discussed in the previous section are also 

summarized in terms of change with respect to the base-case scenario. In both models, the 

changes are summarized for Scenarios 3 and 5 which entail corridor pedestrianization and area-

wide pedestrianization while accounting for changes in demand. We observe that the regional 

model is less sensitive to the effects of the two schemes on GHG emissions. This is due to 

different factors: 1) the mesoscopic model does not account for changes in drive-cycles and 

therefore cannot incorporate the effects of added accelerations and decelerations, 2) since 

increases in emissions are not linear with increases in average speed, small changes in link-

speeds can induce either massive increases in emissions or insignificant changes depending on 

the position of the initial speed on the speed-emission curve; as such, any uncertainty associated 

with average speed in the mesoscopic model can entail a large error in terms of emissions, 3) 

since the mesoscopic model assigns paths from origin to destination in a static way, any small 

network changes can entail significant changes in the paths chosen upstream of the segment that 

has incurred closure which is not necessarily realistic; the result would be overall unchanged 

network emissions.  
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In order to better understand the differences between emissions estimated using the MRM (using 

average-speed emission factors) and the PNM (by simulating emissions instantaneously), we 

generated a histogram illustrating the frequency of links that have undergone changes in 

emissions in different emission categories. Figure 12 illustrates the histogram derived from the 

MRM. We observe that while a large portion of links have incurred no changes in emissions (in 

scenarios 3 and 5) compared to the base case, more than 20% of links incur more than 100% 

change in emissions under scenario 3 and more than 12% of links incur that drastic change under 

scenario 5. This indicates that the mesoscopic model has made drastic changes to certain paths 

whereby links which carried a small amount of vehicles in the base-case scenario, suddenly 

experienced more than double the traffic load. In contrast, Figure 13 illustrates that the PNM 

model associated with instantaenous emissions has predicted a “smoother” distribution of link 

changes whereby the majority of links experience between -10% and +10% change from the base 

case. No links epxerience more than 70% increase or decrease in emissions.  

This analysis points to the fact that mesoscopic models tend to be myopic to local-changes in 

network configuration therefore underestimating the increases in emissions at a network level 

compared to microscopic models. In addition, microscopic models estimate a more even 

distribution of increases and decreases in link-level emissions which tends to be closer to the 

effects expected intuitively than the drastic link-level changes predicted by the mesoscopic 

model.  

Table 3. Comparison between emissions obtained using microscopic and mesoscopic modelling 

Scenario 3 Scenario 5 

VISUM-MOVES 
average speeds 

% Change from 
Base 

Total emissions (g) 1.21% -4.27% 

Emission Factor (g/Km) -0.31% -0.38% 
VISSIM-MOVES 

instantaneous 
speeds 

% Change from 
Base 

Total emissions (g) 9.41% 16.95% 

Emission Factor (g/Km) -3.51% -3.81% 
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Figure 12. Frequency distribution of changes in link-based emissions under Scenarios 3 and 5 compared to 

base-case modelled in VISUM 

 
Figure 13. Frequency distribution of changes in link-based emissions under Scenarios 3 and 5 compared to 

base-case modelled in VISSIM 
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6. CONCLUSION 

The current study demonstrates an effective framework utilizing the strengths of both the 

mesoscopic and microscopic traffic and emission simulation scales. Specifically, we employ a 

mesoscopic model to determine the traffic flow assignment for the Montreal urban region 

(network of 127,217 links) and a microscopic model to examine the Plateau neighbourhood in 

Montreal, a network consisting of 8,656 links and 576 intersections. The second-by-second 

vehicle speed information is processed through a customized version of the USEPA Motor 

Vehicle Emissions Simulator (MOVES) to generate GHG emissions. By adopting the 

mesoscopic model to generate a boundary O-D matrix for a microscopic simulation region, we 

are able to capture the effects of changes in the network on traffic demand at the boundary of the 

borough. The microscopic simulation provides a far superior level of detail by incorporating 

second-by-second drive cycles into the emissions calculator. This detail allows for more 

informed policy decisions. 

The applicability of the integrated tool to analyze transportation infrastructure changes is 

illustrated through two different pedestrianization schemes. The simulation results suggest that in 

all scenarios considered, GHG emissions in the borough are actually higher than in the base case 

as a result of increased VMT (due to re-routing) as well as increased accelerations and 

decelerations especially on alternative routes which become more congested. In fact, despite 

taking into account demand changes into the borough (mostly by diverting a portion of “through” 

traffic onto other boroughs), no single scenario is able to achieve the borough’s objective of 

reducing GHG emissions. It is important to note that this framework does not account for mode 

shift, which presumably would lead to further decreases in demand. However, the strategic 

location of the borough between major highway interchanges to the north and Montreal’s central 
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business district to the south, continues to make it attractive for “through” traffic despite the 

street closures and re-routing that they entail. In this particular case, pedestrianization is not a 

viable option for the reduction of GHG emissions from traffic unless combined with aggressive 

mode shift.  

In this context, it is important to note the importance of simulating potential interventions within 

the context where they are meant to occur, in order to gain meaningful information of their 

possible impact on GHG emissions. Different policies will work differently depending on the 

location where they are applied. While regional-level policies such as transit improvements and 

fleet renewal are often associated with positive effects on traffic emissions, local-level 

interventions can perform differently in various contexts. This becomes a challenge for local-

level governments, which only exert authority over their local road network, when they are faced 

with the challenge of reducing traffic-induced GHG emissions. It is only with a microscopic 

model associated with a regional model that can account for changes in demand that one can 

achieve a deep understanding of the impacts of potential network changes both at a link-level 

and neighbourhood level.  
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