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ABSTRACT 1 

Understanding and quantifying the effect of built environment variables on travel demand is a topic for 2 
which there exists a large body of work. A relatively new sub-field in the urban planning and travel 3 
behaviour literature however is the analysis and interpretation of activity spaces. Researchers have 4 
associated large activity spaces with environmentally detrimental outcomes as a result of its intuitive 5 
correlation with large distances travelled by automobile, but no rigorous attempt has yet been made to 6 
define what types of activity space, be they large in area, concentrated along a corridor or otherwise, lead 7 
to higher use of either active modes or transit. Using data from 3 origin-destination surveys in Montreal 8 
and two for Quebec City, Canada, the following article explores the relationship between area and 9 
compactness in activity spaces and describes a new measure for predicting likelihood of transit use. While 10 
the effort remains exploratory, the measure is validated using logistic regression. 11 

Our results indicate that small and compact activity spaces increase the likelihood of active mode use 12 
(walking and cycling), that large and compact spaces lead to high personal vehicle use, and that a 13 
statistically significant relationship exists between the ratio of area to compactness (dubbed ACR) and 14 
transit use. 15 

  16 
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INTRODUCTION 17 

Much of the literature on urban form and travel demand has looked at the propensity of certain 18 

types of environments for generating outputs such as vehicle miles traveled (VMT) or mode 19 
share. The emphasis placed on smart growth and TOD for instance has been fueled by such 20 

interests in evaluating the potential for environments to reduce the negative impacts of our 21 
sprawling cities. 22 

At the same time, the literature on activity spaces has drawn attention to how sprawling 23 

urban form has led to large activity spaces. These large spaces have been discussed as having 24 
negative consequences with respect to their effect on emissions, but also social equity. Whether 25 

the landscapes which increasingly define North American cities are detrimental to community, 26 
health and economic viability remains a hotly debated topic. 27 

Where there exists a gap in the literature however is tying the geometry of these activity 28 

spaces to mode share. On the whole, small activity spaces are understood to be better from an 29 
economic and environmental perspective as they intuitively promote the use of active modes and 30 

the reduction in distances traveled, but looking at area alone is perhaps not the best way to link 31 
these concepts. 32 

Inspired by the work of Manaugh and El-Geneidy, who asked the question “What makes 33 
travel local?”, and attempted to define local travel in a novel way using the measures of 34 

compactness and area of activity spaces in conjunction with network distance, this article 35 
concentrates on properties of activity spaces, but instead asks “What does green or sustainable  36 

travel look like?”. More specifically, as opposed to taking mode choice as a determinant of travel 37 
patterns, we look at the propensity for certain types of activity spaces (defined by combinations 38 

of area and compactness) for generating trips by either active, transit or personal vehicle modes. 39 

Results of our analysis validate common thinking about small activity spaces being 40 

correlated with high active mode share and large activity spaces with high shares of personal 41 

vehicle use. An interesting and unexpected relationship however also appears to exist between 42 
the ratio of area to compactness and transit mode share. Given this finding, we delved deeper 43 

into the issue and tried to understand the reasoning behind transit patterns differing from the 44 
commonly accepted notion of occurring along corridors. 45 

Using an exploratory framework, we try and explain the disparity between the taken for 46 
granted geometries of activity spaces (active modes being privileged for small areas and transit 47 

for travel along a corridor), and also seek to describe a concrete application to such analysis – 48 
something the current activity space literature lacks when compared to that of other outputs.  49 

 50 

LITERATURE REVIEW 51 

The literature on activity spaces falls into a finite set of categories. Broadly speaking, there are papers that 52 
describe the means by which spaces can be produced (1) (2), and there is work which links these activity 53 
spaces with issues of accessibility, health and equity (3) (4). 54 

For brevity, this review will not explore all the possible interpretations of activity spaces, but 55 
rather focus on work relating built form to mode share and sustainability, and the interpretation of activity 56 
spaces in a transportation-related capacity. For work on built environment and travel demand linkages, 57 
see (5) (6) (7) (8) (9). 58 

 59 

Activity spaces are characterized by three important components: home location, regular 60 
activities and travel between and around these pegs (4). In turn, “the size of the area is an indicator for the 61 
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dispersion of visited locations” (4 p. 275), whereas “smaller activity spaces also indicate more uses of 62 
local opportunities and more neighborhood interactions, which may strengthen neighborhood attachment 63 
and foster social ties” (1).  64 

From the perspective of a regional or municipal planning body, whose mission it is to provide 65 
transportation infrastructure that enables people to reach activities efficiently, there is an incentive to 66 
reign in activity spaces to make better use of limited funds. However, because of an actual or perceived 67 
preference for large-lot single family homes and political incentive for responding with highways to 68 
cheap land at the fringe, cities tend to sprawl out irrespective of economic rationality.  69 

Traditional literature on the built environment and travel demand looks to the local or regional 70 
properties of built form to predict demand for peak hour road space, parking or fuel consumption. A trend 71 
in the past few decades has been to link dense, mixed-use environments with low VMT and high transit 72 
and active mode shares, but the empirical work to back up such claims has not always been validated 73 
upon closer analysis; the impact of built form on travel behaviour is found to vary greatly depending on 74 
the source one looks at. Literature reviews and meta-analyses such as those performed by Leck (8) and 75 
Ewing and Cervero (5) (6) indicate there is a link between built form and travel demand, but the 76 
magnitude of response to changes in many variables remains uncertain and even contested (10).  77 

What most agree on is that developing more densely is likely to reduce VMT by bringing 78 
locations closer together, but also by making active modes more of a viable option, as well as making 79 
investment in transit more feasible (9). This kind of combined impact is also investigated in works which 80 
look at neighborhood types, or clusters of variables, as opposed to individual indicators (11) (12) (13).  81 

Not all work is neighborhood-based however. Similar to the work of Derrible and Kennedy (14), 82 
Bento et al. (15), discuss the issue of mode share as a response to the built environment and spatial 83 
structure, looking at properties of cities at the macro scale and bringing in interesting tools to evaluate city 84 
shape and population centrality as complements to traditional measures such as local density and transit 85 
access. Their results indicate a statistically significant link between spatial structure, mode choice and 86 
VMT. 87 

Finally, Manaugh and El-Geneidy (16) sought to investigate the issues of sustainability and 88 
equity through activity spaces. Their work used a one-day travel survey to understand the effects of local 89 
and regional accessibility on the travel patterns of individuals. By defining local travel as that which 90 
occurs within the least spatially dispersed area while incurring the least distance along the road network, 91 
they highlighted some of the key issues in the interpretation of activity spaces. Notably, that combining 92 
different elements of traditional or emerging outputs (area, compactness and VKT in their case) provides 93 
a much clearer interpretation of the sustainability of travel than outputs interpreted individually. 94 

The micro-scale analysis of what type of travel behaviour geometry is most conducive to the 95 
adoption of transit has however been left unevaluated. Etablishing connections to the denser core of cities 96 
using a hub and spoke, or some similar approach, is more often than not taken for granted as leading to 97 
beneficial outcomes.  98 

 99 

Geometry and Mode  100 

In their analysis of activity spaces, Kamruzzaman and Hine (2012) find that “poor connectivity when 101 
coupled with the higher rate of public transport fare has forced low-income individuals to consume their 102 
activities along the main transport corridor” (3 p. 115). This statement speaks both to the element of 103 
social equity considerations in designing networks, but also to the concept of maximized efficiency for 104 
transit when trips are made in a particular way; along a corridor in this case. This property of transit trips 105 
differentiates them from auto or even active modes because of the restrictive structure of line directness, 106 
fixed stops and transfer disutility. But does this common understanding of the nature of individual trips 107 
and chains hold true when daily activity space is looked at? 108 

In describing the different forms of development which result from the pervasive influence of 109 
transportation infrastructure, Newman and Kenworthy explain that by the very nature of distance between 110 
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stops and frequency of service, commuter rail lines lead to the formation of subcenters at stations, while 111 
trams lead to linear development along routes which they term corridors or main streets (17). Pedestrian 112 
environments on the other hand have dense networks of organic interconnecting streets and automobile-113 
oriented cities have hierarchical road networks that are not porous and favor low density built form. 114 

Anas et al. confirm these development patterns when they state that transit oriented cities 115 
traditionally consisted of “a compact production core surrounded by an apron of residences concentrated 116 
around mass transport spokes” (18 p. 1429). There is a certain history to the study of the geometry of 117 
development, as in Muth (19) who discussed the process of sectoring. As Muth himself states however, 118 
there are few studies which have explicitly looked at these geometric or radial patterns of development 119 
and their consequences on travel demand. Most often they are taken as a by-product of the mode, where 120 
car equals circular or dispersed travel, and transit equals travel along an axis or within a corridor.  121 

As Badoe and Miller relate, many studies have also found that some households purposefully 122 
choose to locate near these transit corridors to reduce their reliance on personal vehicles (7), a finding 123 
echoed in qualitative interviews, such as in Currie et al. (20).  124 

An interesting attempt to understand the impact of network design was done by Parsatharathi et al. (21), 125 
who argue its characteristics influence the perception of time and space in travel. Their analysis focused 126 
on the properties of the road network which fell within the activity space of households, which were in 127 
turn used to predict the size of the activity space formed.  128 

One of the few actual applications of activity spaces as independent variables or tools comes from 129 
the work of Kamruzzaman et al. (22). In their analysis of the commuting patterns of students, they look at 130 
the potential for using activity spaces to guide public transit development, wherein the provider can 131 
choose a demand responsive goal as opposed to a patronage goal by planning routes using the activity 132 
density surfaces produced by analysing students’ activity spaces. 133 

 As opposed to trying here to define what sustainable urban form is, a task which has been tackled 134 
by many before (see (23) for a prime example), the following article instead tackles the issue of defining 135 
sustainable urban mobility. Building on the work of Manaugh and El-Geneidy, and Kamruzzaman et al., 136 
we will attempt to fill this gap in the literature by looking at the relationship between activity space 137 
geometry and mode choice in a broader sense. 138 

 139 

STUDY AREA AND DATA USED 140 

To investigate the impact of activity space geometry and size on propensity to use certain modes, we used 141 
origin-destination surveys from Montreal and Quebec City.  142 

Both these cities have extensive travel surveys which are carried out every 5 years with a 143 
significant portion of the region’s households (5% for Montreal and 10% for Quebec, approximately). 144 
These surveys are detailed, in that they contain information on the households themselves (vehicle 145 
ownership, number of persons, ages for all members, employment status, etc.) as well as the XY 146 
coordinates for each trip conducted by any member of the household, and the XY coordinate for the 147 
household itself. For Montreal, as of 2008 the latter is coded as the centroid of the dissemination area 148 
within which the household resides, but because the other years for which we had data, and Quebec as a 149 
whole, were coded more finely, it was decided not to aggregate previous years’ coordinates: tests run on 150 
this data indicate the offset did not distort the findings in any significant way. The mode used for each trip 151 
as well as the motive and time of departure are also coded in the origin-destination (OD) survey. (24) (25) 152 

In addition to the demographics and travel demand information provided by the OD surveys, data 153 
describing the built form was also required for use as control variables in our exploration. To this end, 154 
land use data was obtained from DMTI Spatial, which characterized land into 7 categories and enabled 155 
the calculation of a land use mix indicator. Census information was also acquired in order to describe 156 
population and employment densities, as well as employment center accessibility: this was obtained from 157 
Statistics Canada.  Finally, public transit information was obtained from a variety of sources. The network 158 
for Montreal was built up as a hybrid network, composed of a base originally geocoded in TransCAD by 159 
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Dr. Murtaza Haider of Ryerson University in 2003, upon which were added additional lines to cover the 160 
extent of the CMA. The development of this base network was supported by a grant from the National 161 
Sciences and Engineering Research Council (NSERC) as well as infrastructure provided by the Canada 162 
Foundation for Innovation (CFI). Off-island transit lines were subsequently added by hand in the summer 163 
of 2011.  164 

For Quebec, the Réseau de Transport de la Capitale supplied us with bus line stops and headways, 165 
while the Société de Transport de Lévis provided lines, from which stops were generated and headways 166 
approximated.  167 

 168 

METHODOLOGY 169 

Once the data were acquired, a few transformations were required before being able to evaluate the 170 
impact of activity space geometry on mode use. It should be noted that given the constraints of length, 171 
data for Quebec will be presented only in comparison to that for Montreal as opposed to providing an in-172 
depth analysis of patterns for both cities. 173 

 174 

Data Preparation 175 

 176 

Activity Spaces 177 

To generate activity space polygons, we isolated households from each survey if they comprised single 178 
person households, visited at least three unique locations, and made all their trips within the study area 179 
(defined as internal trips according to the agency which collected the data and corresponding roughly to 180 
the census metropolitan area for each city with a buffer of a few kilometers around). Three unique 181 
locations are also necessary in order to produce valid spaces as opposed to lines when using minimum 182 
convex polygons. Such a condition would not be necessary had we used standard deviational ellipses or 183 
road network buffers, but given that we wanted to get as precise as possible measurements for area and 184 
compactness without imposing a specific geometric form (26) and thus creating bias, the minimum 185 
convex polygon (MCP) was chosen. *The formula used in quantifying compactness is presented at the 186 
end of the section. 187 

The MCP was also deemed the most appropriate tool given the type of data used; single day 188 
travel surveys. Such surveys, unlike longer diaries used in some of the literature such as the six-week 189 
Mobidrive survey (27), offer only a glimpse at the total travel demand for any individual, but they do 190 
provide one with a good idea as to habitual daily travel patterns. When people choose to take transit to get 191 
to school, work or other activities, this is understood to be a choice which has lower variability over time 192 
than other decisions, such as the total number of trips made, or locations visited on any given day (28). 193 

In other work describing the evolution of typical activity spaces over time, households that 194 
perform both mandatory and discretionary activities are often chosen to decrease the variability between 195 
observations and get a better understanding of typical weekday travel (29) (30) (16). In our case, to 196 
maximize the number of observations, it was decided rather to include all single person households and to 197 
later include the presence of mandatory or discretionary activities as control variables.  198 

Single person households were chosen as the population of interest as their movements in space 199 
are the simplest to analyse (less tradeoffs and interplay between decision-makers, only one work or school 200 
location as anchor point, no pick-ups or drop offs of dependents, etc.) As such single person households 201 
are an ideal starting point from which to analyse the difference in mode propensity as a result of activity 202 
space geometry. 203 

The MCP activity spaces were generated in a GIS environment after displaying the XY 204 
coordinates for all locations visited by each respective household in the OD surveys. More specifically, 205 
the minimum bounding geometry tool in ArcGIS was used to create the smallest possible convex polygon 206 
which encompassed all the locations visited by a household. It should also be noted that only origins and 207 
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destinations of trips were used to form the MCP, not junctions. This avoided the potential issue of 208 
distorting polygons when multimodal trips were made that did not include an activity at the junction.  209 

The following formula describes the means by which compactness (or circularity) was calculated. 210 
For reference, a compactness value near 1 would indicate a MCP similar in shape to a circle, while a 211 
compactness value nearer 0 would indicate an elongated MCP, one more closely resembling a line. 212 

 213 

                                            ⁄   

Where: 214 
Compactnessi : Compactness of the MCP of individual i 215 
PerimeterMCP_i : Perimeter of the MCP of individual i (generated using “Calculate Geometry” in ArcGIS) 216 
PerimeterCircle_i : Perimeter formed by a circle having the same area as the MCP of individual i, or: 217 

      √
        

 
 

Where: 218 

AreaMCPi : Area of the MCP of individual i (generated using “Calculate Geometry” in ArcGIS) 219 

 220 

Urban Form 221 

To complement data on travel demand, we used a similar methodology as Miranda-Moreno et al. (12) to 222 
generate indicator values for commonly used descriptors of urban form. The indicator values were 223 
captured using a 500m grid superimposed on the study areas. Values for population and employment 224 
density, public transit accessibility, land use mix and employment center accessibility (by personal 225 
vehicle) were all generated this way.  The following formula indicates how the employment center 226 
accessibility values were calculated: (the process of identifying the centers themselves is similar to the 227 
approach described in Al-Shammari (31), but can be found described in full in (32)). 228 

                  ∑
     

(      )

 

   

  

Where: 229 
ECAccessibilityj : Employment centre accessibility at cell  j 230 
Empli : Number of jobs at employment center i 231 
Timeij : Network cost separating the centroid of cell j from employment center i (in minutes, with a minimum value 232 
of 5 minutes) 233 
n : total number of employment centers 234 
 235 

 236 

Next, land-use mix at the cell level is defined by the entropy formula below: 237 

 238 

     ∑

[(
   
  
)   (

   
  
)]

  ( )

 

   

 

 

 

Where: 239 
Ej : land use mix of cell j (from 0 = no mix, to 1 = perfect mix) 240 
Aij : area occupied by land use i in cell j 241 
Dj : area of cell j (excluding water and open area) 242 
n : total number of different land uses 243 
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 244 

And public transit accessibility values are calculated based on the combination of distance from stops and 245 
headways: 246 

 247 

           ∑
 

(      )

 

   

 
 

Where: 248 
PTaccessj : accessibility to public transit at cell j 249 
dij : distance, in km, from cell centroid j to nearest bus stop of line i (minimum value of 0.1 km) 250 
hi : average headway, in hours, of line i (in AM peak with a maximum value of 1 hour for Montreal and all-day with 251 
a maximum value of 2 hours for Quebec) 252 
n : total number of bus lines near cell j 253 

 254 

 255 

Population and employment densities represent net densities calculated using land use data and census 256 
tract population and employment counts. Finally all cell level values are averaged with those of the cells 257 
surrounding them to avoid peaks in the data. 258 

 259 

Methods of inquiry 260 

Along the lines of the work done by Manaugh and El-Geneidy, we sought to better understand the impact 261 
of activity space geometry on environmentally friendly, or green, travel. Our hypothesis at the start was 262 
that certain combinations of area and compactness would lead to higher active or transit mode shares. 263 
Intuitively we believed that small activity spaces, especially when compact, would lead to high active 264 
mode share – as people would be better served by their own two legs than by transit or a car to cover short 265 
distances. We also believed that the linear nature of transit would discourage people from using such a 266 
mode to make dispersed trips in a small area, and likewise that parking availability, cost and 267 
inconvenience would be a disutility reducing the probability of using the car to make short, geometrically 268 
compact trips. Largely, our hypotheses proved to be correct – as one can see on Figure 1. 269 

Next, with regards to automobile use, we expected this to be highest among individuals who 270 
generated large and dispersed activity spaces. The logic here being that large activity spaces are not 271 
conducive to active mode use, and that compact and large activity spaces in turn would reduce the 272 
likelihood of transit being chosen as the given mode, by the very nature of having to make transfers and 273 
wait. This hypothesis also proved true. 274 

Where things became more interesting however, was in looking at transit mode use. As indicated 275 
above, in order to travel along more than one axis or corridor, transit trips, unlike car trips, involve wait 276 
times and transfer penalties or disutilities. As such, it was thought that much as the literature described 277 
when explaining the nature of city form and its evolution as a response to the emergence of different 278 
travel modes (see (17)), transit would be chosen most often to make trips which occur along a corridor, 279 
i.e. trips with low compactness. In addition to being consistent with the ideas of minimizing transfers, and 280 
access and egress times and effort, such trips would also be consistent with the literature on awareness 281 
space– in that activity sites located along a given transit route would be more likely to be patroned by 282 
riders as they would be more aware of these locations than those which are outside the scene of the transit 283 
route. Transit routes are also more often than not direct as opposed to being circuitous, so if riders were to 284 
get on and off along a given route to access certain businesses, their activity space would maintain a low 285 
compactness.  286 
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All this would amount to an expectation that the activity spaces of transit riders would be 287 
characterized by low compactness, or would resemble what we traditionally describe as transit corridors. 288 
As Figure 1 demonstrates however, this is not the case. 289 

 290 
FIGURE 1 Modal propensity based on the percentile of area and compactness for single person households in 291 
Montreal. The z-value indicates the percentage of households belonging to a cell that make at least one trip 292 
using the specified mode. 293 
 294 

When we displayed the activity spaces of the individuals in our sample (13,561 observations), the pattern 295 
that emerged for transit riders was not as expected. Activity spaces that had compactness to area ratios 296 
closest to 1 were actually found to generate the highest transit ridership. When this finding emerged, we 297 
decided to investigate further in an attempt to better understand why transit trips followed such an 298 
unlikely pattern, given that most transit systems are designed essentially to connect farther out suburban 299 
locations with activity and employment centers (hub and spoke systems). The resulting trend was 300 
especially striking given the findings of Kamruzzaman and Hine (3) that mobility-poor households 301 
(which would also make up traditionally understood captive riders) made the majority of their trips along 302 
a corridor to minimize time and monetary cost. 303 

To better explain what is represented in Figure 1, the cells formed represent the area and 304 
compactness of the activity spaces of households in our sample, divided into bins based on the percentile 305 
value for each of the two properties. For example, if a household produced a MCP area at the 95

th
 306 

percentile and compactness at the 51
st
 percentile, that household would be associated with cell 9(X)-5(Y). 307 

The percent use of each mode is then calculated by aggregating all households at the cell and representing 308 
their use of a given mode as a percentage with a z-value or height. This visual tool allowed us to observe 309 
in an intuitive and simple way the connection between activity space geometry and propensity for the use 310 
of certain modes. In interpreting the figure, one must remember that transit, car and active do not add to 1, 311 
but rather that any use of a given mode during the course of the day would lead to a value of 1 in the 312 
binary mode field for that individual. 313 

The counter-intuitive trend for transit having emerged, we first sought to test whether Montreal 314 
had a macro-scale urban form that made it an outlier, be it the result of topography or other 315 
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considerations. To do this, we applied the same methodology to the activity spaces produced by single-316 
person households in Quebec and compared outputs. 317 

 318 
FIGURE 2 - Mode propensity for Quebec City 319 
 320 

As one can see from Figure 2, the trends with respect to active mode use and car use are very similar to 321 
those in Montreal, and to a large extent so is the distribution of transit trips with regards to the activity 322 
spaces of the households that generated them. The strength of the ratio between compactness and area 323 
seemed slightly less pronounced, but still very much present.  324 

The first thing that came to mind to explain this difference, given that it manifested itself as less 325 
transit trip generation toward the high end of the area spectrum, was that Quebec is a smaller city, 326 
characterized by simpler transit network (only buses, no commuter or heavy rail as in Montreal for 327 
instance); as such it would be very difficult to even produce a large activity space with high compactness 328 
in Quebec. 329 

Another hypothesis for the difference between the two cities was the potential impact of multiple 330 
specialized employment centers. These are not present to the same extent in Quebec as in Montreal. An 331 
increase in employment distribution could hypothetically channel trips by transit from one regional 332 
employment center to another in Montreal, something unlikely in Quebec. It must be kept in mind that in 333 
addition to the smaller size of the transit network with respect to the overall city, transit mode shares are 334 
also considerably lower in Quebec, only accounting for roughly one in ten trips (33). 335 

Looking to the literature to explain the unlikely pattern for both cities, we entertained the notion 336 
that transit use may differ from a corridor-shape partly because of novelty seeking behaviour (27), which 337 
encourages individuals to look outside their mandatory travel path to find new service and amenity 338 
locations. This novelty-seeking would apply across modes however, negating a specific effect on transit. 339 
It is also hard to see how rational individuals would make such choices en masse unless forced to do so 340 
by a lack of service offerings along main routes – a more plausible explanation. 341 

The next step in our investigation was to see if there may be household or built environment 342 
independent variables that would account for this finding; if the high propensity for transit trips were 343 
actually due to built-form attributes, like public transit accessibility for instance, then high transit use 344 
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would in fact be a function of this access, and not be related to activity space geometry. To test such a 345 
hypothesis, we built a logit model to predict transit mode use given the trip generating activities and 346 
demographics of households, as well as urban form variables captured at the household location. 347 

 348 

Logit Model 349 

Households were assigned a value of 1 in a field called transit if they used transit at all on the day 350 
of the OD survey; the same was done for car and active modes. The dependent variable in the logit model 351 
is thus 0 or 1 for each mode. To quantify the impact of the relationship observed in Figures 1 and 2, an 352 
Area-to-Compactness Ratio (ACR) was defined. Given the apparent trend of a high prevalence of transit 353 
trips when the ratio of area to compactness was closest to one, the ACR was expressed in the following 354 
form: 355 

 356 

      
 
(                      )
⁄  

Where: 357 
ACRi: Area-to-Compactness Ratio of MCP i 358 
| |: absolute value 359 
parea i: percentile of the area of MCP i 360 
pcompact i: percentile of the compactness of MCP i 361 

 362 

The ratio could just as easily have been called the Compactness-to-Area Ratio since the difference 363 
between the two is expressed in absolute terms, but given that it was associated with high transit use, we 364 
thought the CAR acronym may be somewhat misleading. 365 

 366 

RESULTS 367 

 368 
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TABLE 1  Logit Model Results for Montreal, the dependant variable is use or no use of a given 369 
transportation mode 370 

 371 
Describing all the variable coefficients included in the model across all modes would greatly exceed the 372 
space available here; suffice it to say that all but a few instances present urban form and demographic 373 
variable coefficient estimates that are intuitive, right-sided and statistically significant. Coefficients are 374 
also consistent with existing literature on the effect of built environment and household properties on 375 
mode choice; transit accessibility increasing the likelihood of its use, population density decreasing the 376 
likelihood of using the personal vehicle, and land use mix increasing active mode share for instance. 377 

 With respect to transit coefficients specifically, transit accessibility, land use mix and 378 
employment center accessibility (all properties associated with development schemes such as Transit 379 
Oriented Development and New Urbanism) lead to increases in transit use, with “males” and vehicle 380 
ownership decreasing the propensity for transit use. Mandatory trips (work and school), students and AM-381 
peak - all indicators of traditional captive transit markets because of the regular nature of the trips, the 382 
issue of income and finally the comparative advantage of transit in the AM peak- also exhibit strong 383 
positive effects on transit use, while number of trips decreases the likelihood of transit use. The latter 384 
makes sense intuitively, given the inflexible nature of transit, with disutilities for access and egress, as 385 
well as wait times. This also explains why an increase in the number of trips has a positive and 386 
statistically significant effect on both car use and active modes, for which these disutilities do not apply. 387 

Full-time worker is the only variable for which the sign does not immediately concord with our 388 
prior hypothesis; a positive effect on likelihood of transit use. This may be due to the fact that AM peak 389 
and mandatory trip(s) were both accounted-for in the model. Together, these variables capture the effect 390 
of habitual, congestion-period travel; the two characteristics of a full-time worker which we would expect 391 
to increase the likelihood of transit use. The presence of many employment centers away from the central 392 
business district (CBD) may also play a role in explaining the negative coefficient, as many of these 393 
suburban employment centers are poorly connected to the transit network making the use of an 394 
automobile nearly a prerequisite for access. 395 

Pseudo R2 ------ 0.3584 Pseudo R2 ------ 0.5199 Pseudo R2 ------ 0.366

Coef. z P>z Coef. z P>z Coef. z P>z

0.0028 6.84 0 -0.0025 -5.37 0 0.0008 1.91 0.056

-0.0001 -0.11 0.913 -0.0039 -2.75 0.006 0.0059 4.82 0

-0.0046 -8.32 0 0.0010 1.54 0.124 0.0017 2.92 0.003

0.5919 1.89 0.059 -0.7556 -2.02 0.044 1.7155 5.65 0

0.0000 7.06 0 0.0000 -2.65 0.008 0.0000 -0.48 0.632

-0.2032 -3.92 0 -0.4230 -6.85 0 0.1468 2.91 0.004

0.0000 -0.81 0.417 0.0000 2.88 0.004 0.0000 1.62 0.105

-3.1032 -49.99 0 3.4278 54.63 0 -1.7324 -31.93 0

-0.1452 -1.43 0.154 0.4050 3.68 0 -0.2878 -3.1 0.002

-0.2789 -3.8 0 0.3282 3.91 0 0.0656 0.94 0.346

0.2711 2.37 0.018 -0.0580 -0.44 0.659 0.2138 1.85 0.064

-0.1219 -6.14 0 0.2297 9.36 0 0.5468 27.98 0

0.4923 8.36 0 -0.2366 -3.45 0.001 -0.0787 -1.38 0.169

0.6240 8.42 0 -0.1749 -2.07 0.038 -0.0228 -0.33 0.745

2.0443 17.54 0 3.1355 23.44 0 -4.1415 -36.03 0

-0.9064 -8.76 0 -0.9454 -7.62 0 -0.7485 -7.38 0

3.2675 14.99 0 0.2056 0.75 0.453 -2.3006 -10.01 0

-3.8365 -14.53 0 -1.5794 -4.82 0 0.3960 1.5 0.134

MODE CHOICE AS A RESPONSE TO ACTIVITY SPACE, BUILT ENVIRONMENT AND DEMOGRAPHICS

Transit Car Active

Variable

Nb of Trips

AM peak trip  (binary)

Net Pop Dens (ppl/ha)

Net Empl Dens (ppl/ha)

Land Use Mix (%)

Empl Center Access (cont)

Male (binary)

Median Income ($)

13,561 Observations

Auto (binary)

Age 75+  (binary)

FT worker (binary)

Student (binary)

Transit Access (cont)

Mandatory Trip (binary)

Percentile Area

Percentile Compactness

Area-to-Compactness Ratio

Constant
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Finally, the ACR still shows up as a significant variable in predicting high transit use despite the inclusion 396 
of the above described control variables, as well as percentile area (positive coefficient) and compactness 397 
(negative coefficient), both of which are also right-sided and statistically significant.  398 

 399 

Planning Applications? 400 

With a relationship isolated, the next question is to see how this information could be applied. Knowing 401 
that a particular type of activity space geometry leads to high transit ridership, it would follow that 402 
looking for areas within the city where such a geometry is prevalent could aid in planning for future 403 
transit network expansion. Planners with access to OD data for instance could isolate areas in the city 404 
where there are concentrations of households with low access to transit and low transit mode shares, but 405 
where spatially aggregated ACR values are high. Such areas would then, according to our model, be 406 
prone for a rapid response to transit investment – i.e. high impact investment areas. If properly defined, 407 
such a tool could serve as an aide to transit service providers, a means to complement the scheduler’s rule 408 
for determining supply (7). 409 

Given the exploratory nature of such an endeavor and the lack of comparable previous work, 410 
there was no clear roadmap to follow with regards to understanding the scale at which such trends should 411 
be interpreted however. Efforts were made to visualize the trends spatially, but it remains unclear for the 412 
moment what the optimal scale should be. 413 

 414 

DISCUSSION AND CONCLUSION 415 

In conclusion, the portrait of green activity spaces would seem to be less simplistic than initially assumed. 416 

In a sense, our findings give credence to the oft-cited “solution to scatter nodes across the 417 
suburban landscape, a compromise between monocentricity and sprawl which is depicted as a realistic 418 
method to elevate density and transit use” (34 p. 1319). But whereas “massive transit investments in low-419 
density areas have generally failed to alter … the heavy car reliance typical of suburban forms” )(ibid), 420 
what we propose is a means by which to pretest whether the mobility patterns of individuals in a region 421 
are apt for mode shift through ACR values; an aide for decision-makers.  422 

It also follows that transit provision in sprawling cities could be reassessed as serving a more 423 
complex function than previously understood. If transit systems are being used to connect individuals to 424 
unexpected locations, transit providers must adapt their offering if they seek to improve customer 425 
experience and gain market share, especially in suburban settings. Results indicate that there may be 426 
certain conditions under which mobility patterns, irrespective of underlying urban form attributes, make 427 
transit a viable option for riders. Adding cities to the comparison and looking for trends within them 428 
would be directions for future research.  429 

If all transit trips from outer areas are designed uniquely to serve a population seeking to connect 430 
to the central city, our findings indicate we are missing a significant portion of the market.  431 

 432 

 433 
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