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Abstract

Bogotá, Colombia is widely recognized for having mounted one of the most sustainable urban transport programs anywhere, including an extensive network of bikelanes and set-aside street space for recreational cyclists and pedestrians on Sundays and holidays, called ciclovia.  This paper examines how such facilities along with other attributes of the built environment – urban densities, land-use mixes, accessibility, and proximity to transit – influence walking and cycling behavior in Bogotá.  We model non-motorized travel for utilitarian activities as well as ciclovia usage for recreational purposes.   We find that while road facility designs and designations, like street density, connectivity, and proximity to ciclovia lanes are significant predictors, other attributes of the built environment are not.  This is likely because most neighborhoods in built-up sections of Bogotá evolved during a time when non-automobile travel reigned supreme, meaning they are uniformly compact, mixed in their land-use composition, and have comparable levels of accessibility.  Thus facility designs are what sway non-motorized travel, not generic land-use attributes of neighborhoods.
1. 
Bogotá’s Progressive Transportation System
Bogotá, the Andean capital of Colombia and home to some 7 million inhabitants, is internationally recognized for advancing sustainable transport.  Much has been written about what many consider to be the gold standard of Bus Rapid Transit (BRT) – the 55   kilometer TransMilenio system (Hook, 2004; Skinner, 2004; Cervero, 2005).  Equally impressive has been Bogotá’s world-class network of bikeways.  The US$180 million that the city spent on bikeways from 1990 to 2002 was about half the amount the entire United States spends annually on cycling infrastructure (Hook, 2004). 
Currently, Bogotá boasts over 250 kilometers of dedicated bicycle paths, called ciclorutas.  The Dutch-advised long-range plan calls for the figure to double over the next thirty years.  World-class bicycle facilities are even found in open agricultural fields on the city’s fringes, introduced by former mayor Enrique Peñalosa to promote cycling over motorized travel in soon-to-urbanize settings and to ingrain a “bicycle consciousness” in the minds of the young and carless (Peñalosa, 2002).

Since the mid-1990s, the share of daily trips by cycling has jumped from under 1 percent to an estimated 4 percent today (Cervero, 2005).  A hospitable environment has no doubt helped: perched in a flat valley high in the Andes Mountains, Bogotá enjoys a mild climate in spite of its equatorial setting.  A deterrent, perhaps, is the city’s high elevation: more than 2800 meters. 


To further promote cycling, on Sundays and holidays, the city closes 120 kilometers of main roads for seven daylight hours to create a ciclovia (“cycling way”) for cyclists, runners, skaters, and pedestrians.  When the weather’s good, on some Sundays as many as a million and a half cyclists and other recreationalists use ciclovia.  The city also attends to the needs of pedestrians.  Under Peñalosa’s leadership, the city invested significant sums in the late 1990s and early 2000s to enhance public squares, open pocket parks, and create more attractive streetscapes.  Bollards have been installed throughout the city core to prevent motorists from parking on sidewalks and bikeways.  To enhance access to TransMilenio stations, a phalanx of pedestrian overpasses, sidewalks, and bikeways, many embellished with attractive landscaping and brickwork, have been built.   
It has been suggested that Bogotá’s dense and mixed-use characteristics are likely conductive to cycling and walking.  Three-quarters of daily trips in the city are less than 10 kilometers in length, a distance that bicycles can sometimes cover faster than cars given the city’s traffic-snarled streets.


2.
Research Focus

The purposes of this paper is to address the specific question of how the built environment, including density, land-use mix, and elements of design (including bikeway and sidewalk facilities) influence walking and cycling in Bogotá.  In the developed world, a body of research suggests built environments are significant predictors of non-motorized travel (Frumpkin, et al., 2004).  Does this also hold for cities in developing world, such as Bogotá (wherein despite economic progress, over half of all households still live below the poverty level)?  To date, relatively little research has been conducted on this question.


How might relationships between built environment and non-motorized travel differ in large urban settings in developing countries?  The high shares of households without cars certainly gives rise to high shares of walking and cycling, however this has nothing to do with the density, land-use make-up, and urban design.  One possibility is that in the absence of strong tradition of comprehensive urban planning or strict enforcement of land-use regulations (like zoning), many cities in the developing world have grown organically to accommodate both foot and bicycle travel – that is, they tend to be uniformly dense and mixed in their land-use composition.  With relative few households that own cars, moreover, compact, mixed-use development took shape nearly everywhere to enable easy access by foot.  If this is the case, it might be that there is not enough variation in the density, land-use mix, and urban design profiles of neighborhoods in cities like Bogotá to discernably influence travel choices.  Instead, socio-demographic factors, like income and car ownership levels, might be the overwhelming determinants of travel choice.  In Bogotá’s case, the presence of specific facilities, like cicloruta bike lanes or dense street networks in some neighborhoods but not others, could at the margin explain travel behavior.  We were prepared for such outcomes in our analysis. 


The transportation and environmental benefits of non-motorized travel are obvious, especially in traffic-choked and heavily polluted cities of the developing world.  There are also, however, potential public health benefits.  According to the World Health Organization (2005), 80 percent of all deaths due to chronic diseases like heart failure and stroke occur in low and middle income countries.  Despite the health benefits of physical activity, the majority of adults living in Bogotá are physically inactive.  A recent national survey found that fewer than half of adults in Bogotá meet minimum daily recommendations for physical activity (Instituto Colombiano de Bienestar Familiar, 2005).  Even larger shares of women, minimally educated residents, and those living in the poorest and most disadvantaged neighborhoods meet minimal standards. 

In the sections that follow, we begin by discussing our research design for studying the influence of Bogotá’s built environment on walking and cycling.  We then present three predictive models: one on walking for utilitarian (i.e., non-recreational) purposes; one on cycling for utilitarian purposes; and one on ciclovia (i.e., mainly recreational) usage.  The paper concludes with discussions on the policy implications of the research findings.
3.  Research Design and Methods
This section first reviews the sampling approach for selecting neighborhoods and households to study how built environments influence walking and cycling in Bogotá.  This is followed by a discussion of the chosen survey instrument, the variables selected to express built environments, and our overall modeling approach.
Sampling Approach
A multistage stratified sample of 32 officially designated neighborhoods (equivalent to census tracts in size) was initially selected.  The first stage involved grouping neighborhoods according to four variables: socio-economic status (SES), average slope of terrain, proximity to TransMilenio stations, and public park provision.  The stratifying variables were chosen because walking and cycling were thought to vary across these dimensions. In examining histograms of these variables across all neighborhoods in Bogotá, cut-points were identified for the four stratifying variables as follows: SES -- low (strata 1 or 2) and medium (strata 3 through 5); average slope (< 10% and > 10%); proximity to TransMilenio (< 500 meters and > 500 meters); and public-park provisions (< 6% of total land devoted to parks; > 6% of total land devoted to parks).  Once neighborhoods were sorted into groups, individual neighborhood cases were randomly selected using proportional weighted sampling.  This yielded 32 representatively sampled neighborhoods, shown in Figure 1. 

In the second sampling stage, five city blocks were randomly selected from all blocks within each selected neighborhood.   Ten households were then randomly selected in each block.  Households were included in the sample as long as there was at least one adult member who had resided in the neighborhood for a year or more.  In all, this approach yielded a sample of 1,285 adult residents of Bogotá.

Survey Instrument
To obtain information on bicycling and walking activities among the sampled households, data from an adapted version of the IPAQ (International Physical Activity Questionnaire) survey was used.  This instrument was developed by a group of academic and government institutions led by the World Health Organization to survey physical activity in the areas of work, recreation, domestic chores (i.e., within one’s residence), and transport (i.e., travel for non-recreation, or utilitarian, purposes).  While this survey was designed mainly to gauge levels of physical activity during a typical Monday through Friday weekday period, it also provides useful data for examining walking and cycling behavior for specific purposes, akin to travel diary surveys.  
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Variables and Modeling Approach
We adopted an ecological approach to modeling walking and bicycling behavior, expressing minutes of non-motorized travel per weekday as a function of both built and natural environment attributes as well as socio-economic, attitudinal, and policy variables (Sallis et al., 2006).  For modeling purposes, levels of walking and cycling for utilitarian (e.g., non-recreational or leisure) purposes was treated as a binary variable.  Specifically, we measured whether sampled adults walked or biked for utilitarian purposes at least 30 minutes per day for at least five days during the previous week.



Variables

Predictor variables fell into two categories: those related to individuals and their households; and those related to neighborhoods.  Attributes of individuals (e.g., age, gender) and their households (e.g., SES; car ownership levels) were obtained from the IPAQ survey.  Attributes of neighborhoods pertained mainly to land-use and built environment variables, and were obtained from the Cadastre Department of the city of Bogotá, using Geographic Information Systems (GIS) tools.

For expressing built environments, we adopted and extended the “3D” model – density, diversity, and design -- first advanced by Cervero and Kockelman (1997).  Two additional “Ds” were added: distance to transit and destination accessibility, the former acknowledging how the presence of TransMilenio busway services might induce walking as a form of access and egress, and the later expressing the degree of accessibility to activities outside of one’s neighborhood.  Of course, these are not unrelated variables since, after all, dense environments also tend to be diverse in their land-use make-ups, often have pedestrian-oriented designs, tend to be relatively accessible to other locations, and have high levels of transit services.  Because these “5 D’s” are effectively overlapping Venn diagrams (Figure 2), with a fair amount of inter-correlation amongst manifest variables, we first measured 49 different built-environment variables and applied Factor Analysis to capture common variance.  The 49 variables fell into one of the 5 D categories.  For measuring “Design”, for instance, measured variables for neighborhood buffers included: proportion of intersections that are 3, 4, or 5 way; street network density; street connectivity indices; sidewalk and bikeway completeness indices; route directness indices; percent of block faces with sidewalks, street trees, street lights, bikelanes, and midblock crossings; density of pedestrian signal phases, median strips, and street furniture; average block length and street widths; share of blocks that are quadrilateral; sidewalk quality rating; and neighborhood park density.  These variables were measured for both 500m buffer-rings around the centroids of sampled neighborhoods and larger geographic territories, comparable in size to census tracts, that extended 1000 meters beyond the perimeters of sampled neighborhoods. 
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Figure 2.  Expanding from Three to Five “D’s of Built Environments: Density, Diversity, Design, Destination Accessibility, and Distance to Transit
Modeling Approach


The general approach to building models was as follows.  First, models that contained key control variables related to socio-demographic attributes of respondents and their households as well as attitudinal variables were initially used.  Control variables that were statistically significant, showed minimal signs of multicollinearity, and yield interpretable signs were retained.  Next, factor scores for the extracted factors that captured the 5 Ds were initially added, however after several preliminary modeling efforts, it became evident that introducing limited sets of built-environment variables with minimal inter-correlation yielded better results than did factors.  Candidate built environment variables that provided high marginal explanatory powers to the control variables were then added.  The models that were chosen represent the combinations of statistically significant control variables and representations of the 5Ds that were interpretable and consistent with theory. 

In the sections that follow, best-fitting models are presented for predicting: (1) utilitarian walking; (2) utilitarian cycling; and (3) ciclovia usage for recreational-leisure activities.  Thus the first two models examine purposeful travel by foot and bicycle, based on the availability of data from IPAQ.  In contrast, the third model gets at factors influencing recreational travel, specifically on reserved ciclovia lanes.  Collectively, we believe these analyses provide wide-ranging insights into the influences of built environments on walking and cycling travel in Bogotá.
4. 
Factors Influencing Walking for Utilitarian Purposes

How does the built environment influence walking for utilitarian purposes, such as going to school or work, grocery shopping, or visiting a doctor, in Bogotá?   A model was estimated that predicted whether someone walked more than 30 minutes per day or not, expressed in binary (0-1) terms.   Because the amount of weekday walking was highly skewed toward zero (i.e., relatively little walking for utilitarian purposes), we opted to dichotomized the variable (and thus avoid problems with a non-normally distributed dependent variable), using 30 minutes per weekday as a cut-point.  This 30 minute threshold was chosen in part because public health officials recommend this as a minimal daily amount of moderate-level physical activity, as reported by the U.S. Surgeon General and World Health Organization (Sallis et al., 2006).  Also, predictor variables were expressed in categorical form (i.e., nominal or ordinal) in order compute odds ratios that reflect the comparative explanatory power. Cutpoints for creating categorical variables were selected by examining histograms and discerning logical “jumps” in the distribution of values.
A best-fitting model for predicting whether someone walked 30 minutes or more per weekday for utilitarian purposes is presented in Table 1.  Hierarchical nonlinear modeling (HNM) was used for estimation because of high intraclass correlation (i.e., high variation in utilitarian walking across the 32 “level 2” sampled neighborhoods).  Using ordinary least squares (OLS) under such conditions violates the assumption of independence, yielding biased parameter estimates.  For more on HNM, see Raudenbush and Bryk (2001).

Two built-environment variables – street density and connectivity index -- entered the model as significant predictors, marginally adding explanatory power to the control variables.  [Street density was calculated as roadway kilometers divided by land area (km2) within 500 meters of the centroid of neighborhoods.  The connectivity index was calculated as the number of intersections and deadends divided by the number of road links within 500 meter buffers.  The larger the index, the higher the connectivity.]  A high connectivity value indicates many route opportunities for traversing through a road network, generally indicative of a high-quality walking environment, though this is only the case in a fine-grained road network.  A fine-grained grid network has high values on both the street density and street connectivity variables.

From Table 1, street connectivity was the strongest predictor among all variables in the model.  A high connectivity index (over 2.6) increases the odds of walking 30 minutes or more per weekday for utilitarian activities by 2.19 relative to a low index (under 2.25).  A dense street network also increases the likelihood of walking, though less so than connectivity.  All else being equal, someone living in a neighborhood with a dense street network (> 0.25 road km/land area km2) was 50 percent more likely to walk 30 minutes or more per weekday than someone residing in a sparse street network setting (< 0.20).

It is noteworthy that only two aspects of the “Design” component of the 5 D’s entered the model.  None of the measures of density, diversity, distance to transit, or destination accessibility provided significant marginal explanatory power.

Table 1.  Walking for Utilitarian Purposes: Hierarchical Nonlinear Model for Predicting Walking for Utilitarian Purposes: (30 minutes or more per weekday = 1; < 30 minutes per weekday = 0).  Level 1 (Person respondents) = 1285; Level 2 (500m buffer around centroid of respondent’s neighborhood) = 90.
	 
	Coef.
	  t stat.
	Prob.
	Odds Ratio

	
	Built Environment Variables (Level 2):
	
	
	
	

	
	 Street Density (road km/land-area km2): low (< .20)
	--
	--
	--
	1.00

	
	 Street Density: medium (.20 to .25)
	1.560
	1.936
	0.056
	1.45

	 
	 Street Density: high (> .25)
	1.668
	1.698
	0.093
	1.50

	
	 Connectivity Index: low (< 2.25)--
	--
	--
	--
	1.00

	 
	 Connectivity Index: medium (2.5 to 2.6)
	2.118
	3.880
	0.000
	1.99

	 
	 Connectivity Index: hi (> 2.6)
	2.435
	3.393
	0.001
	2.19

	
	Socio-economic Control Variables (Level 1):
	
	
	
	

	
	  Age: young (18-35)
	--
	--
	--
	1.00

	 
	  Age: mid-lifecycle (35-50)
	1.516
	3.008
	0.003
	1.46

	 
	  Age: senior (> 50)
	1.388
	2.235
	0.026
	1.34

	
	  Income Strata (Low: strata 1 or 2)
	--
	--
	--
	1.00

	 
	  Income Strata (Medium: strata 3 or 4)
	0.681
	-2.092
	0.036
	0.62

	
	  Cars in Household (No)
	--
	--
	--
	1.00

	 
	  Cars in Household (Yes)
	-0.752
	-2.114
	0.034
	0.72

	
	Landscape Control Variable (Level 2):
	
	
	
	

	
	  Slope of Land (< 4%)
	--
	--
	--
	1.00

	 
	  Slope of Land (> 4%)
	-0.499
	-2.943
	0.005
	0.43

	 
	  Constant
	-1.346
	50.014
	0.000
	--


Table 1 also shows that walking for work, shopping, and other utilitarian purposes was highest for older Bogotá residents.  A steeper topography, cars in the household, and a higher socio-economic standing discouraged utilitarian walking. 
5.  
Factors Influencing Bicycling for Utilitarian Purposes 
A parallel analysis was carried out on factors influencing bicycle use for utilitarian purposes.  Given the appreciable amount of investment made in dedicated bicycle lanes (ciclorutas) in Bogotá, we expected the accessibility to these facilities to have a significant bearing on cycling behavior.  For expressing built environment attributes that might influence cycling, we extended the buffer area to 1000 meters around the perimeter of each sampled household’s neighborhood.  This produced a geographic area for representing “neighborhood” that was, on average, around six times larger than the 500 meter buffers used to study utilitarian walking.
Table 2 presents the best-fitting Hierarchical Nonlinear Model for predicting cycling for utilitarian purposes.  The only built-environment variable that added significant marginal explanatory power to control variables was street density.  A Bogotá resident is 69 percent more likely to cycle for utilitarian purposes 30 minutes or more per weekday in a setting with medium-to-high street densities than in a low street density setting.  Surprisingly, bike-lane density (i.e., bike-lane km/lane-area km2) did not significantly influence utilitarian cycling. Neither did a variable capturing bike-lane completeness nor any of the other 47 candidate built-environment variables. 

High fatality levels, on the other hand, was a significant deterrent to utilitarian cycling.  The odds ratio drops by more than 50 percent if fatalities per year exceed 10 (versus under 10).  The strongest single predictor, however, is the availability of a bike in a household.  Cycling for going to work, school, shopping, and other non-recreational activities is lower for women and drops with age, car ownership, and education level.  Averaging 10 or more traffic-accident fatalities per year within the 1000 foot buffer surrounding sampled neighborhoods cut the odds of utilitarian cycling in half relative to a lower fatality rate.  
6.  Factors Influencing Ciclovia Use

As noted, Bogotá has one of the longest standing and most extensive programs for closing off major thoroughfares to cars on Sundays and national holidays, giving them over to cyclists, runners, strollers, roller-bladers, and any other form of “non-motorized” movement.  Bogotá’s ciclovia initiative has since been mimicked in other cities of Latin America, including Rio de Janeiro and Santiago. 

Applying the same modeling approach used to predict utilitarian walking and cycling, we investigated the degree to which the 5 D’s of the built environment influenced ciclovia use.  Our dependent variable was the self-reported response to the IPAQ question: “Have you used ciclovia within the past month”?  Because the intraclass correlation for ciclovia use (i.e., between versus within group variation) was very low and insignificant,

Table 2.  Bicycling for Utilitarian Purposes: Hierarchical Nonlinear Model for Predicting Walking for Utilitarian Purposes: (30 minutes or more per weekday = 1; < 30 minutes per weekday = 0).  Level 1 (Person respondents) = 1285; Level 2 (1000m buffer around perimeter of respondent’s neighborhood) = 90.
	 
	Coef.
	t statistic
	Prob.
	Odds Ratio 

	
	Built Environment Variables (Level 2):
	
	
	
	

	
	  Street Density (road km/land-area km2): low (< .20)
	--
	--
	--
	1.00

	
	  Street Density: medium-high (.20 or more)
	.525
	2.416
	.028
	1.690

	
	Street Safety (Level 2):
	
	
	
	

	
	  Death Rates in Traffic Accidents (fatalities per year): 0-10
	--
	--
	--
	1.00

	
	  Death Rates in Traffic Accidents (fatalities per year): > 10
	-.729
	4.339
	.003
	.482

	
	Socio-economic Control Variables (Level 1):
	
	
	
	

	
	  Male
	--
	--
	--
	1.00

	
	  Woman
	-1.799
	28.888
	.000
	.165

	
	  Age: young (18-35)
	--
	--
	--
	1.00

	 
	  Age: mid-lifecycle (35-50)
	-.659
	3.610
	.007
	.518

	 
	  Age: senior (> 50)
	-.926
	3.669
	.007
	.396

	
	  Education Level (high school or less)
	--
	--
	--
	1.00

	 
	  Education Level (post-high school)
	-.747
	4.600
	.002
	.474

	
	  Cars in Household (no)
	--
	--
	--
	1.00

	 
	  Cars in Household (yes)
	-.537
	1.999
	.046
	.585

	
	  Bicycles in Households (no)
	--
	--
	--
	1.00

	 
	  Bicycles in Household (yes)
	2.357
	22.408
	.000
	10.559

	
	Landscape Control Variable (Level 2):
	
	
	
	

	
	  Slope:  <4%
	--
	--
	--
	1.00

	 
	  Slope: 4%-12%
	-1.097
	3.712
	.006
	.334

	 
	  Slope: >12%
	-2.212
	9.528
	.000
	.110




hierarchical non-linear modeling was unnecessary.  Instead, logistic regression equation was estimated using the maximum likelihood techniques.  Because of the general willingness of cyclists and recreationists to travel longer distances, built-environment variables were expressed for 1000 meter buffers around the perimeters of sampled neighborhoods, as in the previous analysis. 

Table 3 presents the best-fitting model for predicting ciclovia activities.  Clearly, provision of bicycle facilities matter.  Having 1000 meters or more of ciclovia lanes within one’s extended neighborhood increases the odds of using ciclovia at least once a 
Table 3.  Use of Ciclovia in the Past Month: Logistics Regression Model
	 Dependent Variable: Have you used Ciclovia within the past   month (1=yes; 0=no)
	Coef.
	t statistic
	Prob.
	Odds Ratio 

	
	Built Environment Variables:
	
	
	
	

	
	  Ciclovia length (meters): 0 meters
	--
	--
	--
	1.000

	 
	  Ciclovia length (meters): 1-999 meters
	.565
	1.865
	.053
	1.759

	
	  Ciclovia length (meters): 1000+ meters
	.780
	2.182
	.037
	2.181

	
	  Park density (park area/land area): Low (< .04)
	
	
	
	

	
	  Park density (park area/land area): Medium (.04 - .08)
	-.448
	1.319
	.104
	.639

	
	  Park density (park area/land area): High (> .08)
	-.722
	1.941
	.049
	.486

	
	Social Capital:
	
	
	
	

	
	  See others jogging/cycling in neighborhood: no/little
	--
	--
	--
	1.000

	 
	  See others jogging/cycling in neighborhood: medium-high
	.545
	15.254
	.000
	1.725

	
	Socio-economic Control Variables:
	
	
	
	

	
	  Woman
	--
	--
	--
	1.000

	 
	  Male 
	.742
	6.354
	.000
	2.099

	
	  Cars in Household (no)
	--
	
	--
	1.000

	 
	  Cars in Household (yes)
	-.714
	3.662
	.007
	.490

	
	  Bicycles in Households (no)
	--
	--
	--
	1.000

	 
	  Bicycles in Household (yes)
	1.174
	11.0989
	.000
	3.235

	
	  Know how to ride bike (no)
	--
	--
	--
	1.000

	 
	  Know how to ride bike (yes)
	1.123
	5.789
	.001
	3.075

	
	Landscape Control Variables:
	
	
	
	

	
	  Slope of Land (< 4%
	--
	--
	--
	1.000

	 
	  Slope of Land  (4% or more)
	-.567
	2.014
	.045
	.567

	 
	 Constant
	-4.943
	47.862
	.000
	.007




month relative to having no ciclovia lanes nearby.  It would be wrong to think of ciclovia as an “amenity”.  It is a provision.  Just as motorists need safe and reliable facilities to drive, recreational cyclists, joggers, pedestrians, and roller-bladders need dedicated lanes devoted to their activities. 

The only other built-environment-related variable with reasonably good predictive powers that entered the model captured the presence of public parks.  However park density worked against ciclovia use.  Evidently, having a lot of public parks nearby reduces the need to exercise by using ciclovia streets.  As with the other two analyses of non-motorized transport, Table 3 is also notable for the absence of other built environment variables – notably those related to urban density, land-use mixture, distance to transit, or destination accessibility.  


Table 3 shows that a variable suggestive of social capital – i.e., “seeing others jogging and cycling’ in the neighborhood -- induces ciclovia use.  Since people are known to socialize more and become more physically active in compact, mixed-use neighborhoods, this variable could be a proxy for walking-friendly places.  Regardless, the significance of this variable seems consistent with Robert Putman’s arguments on the importance of walking-friendly places on community engagement (which one could argue “ciclovia” is a form of) (Putman, 2000).  

Among the other “control” variables in the equation, Table 3 reveals that ciclovia activities are higher for males and those who own and know how to ride bikes.  It declines with cars in households and a steep terrain.  Owning and knowing how to ride a bike were the strongest predictors of ciclovia usage.  Thus, providing micro-credit to low income households to purchase bikes as well as basic training on how to ride them might be one way to stimulate physical activity among Bogotá residents.  Opening up more ciclovia lanes throughout the city is another.  However changing the density and land-use pattern of the city would likely have no meaningful impact on recreational cycling, walking, and other ciclovia activities.   
7.  Conclusion
While in the developed world, density and diversity (of land uses) have been found in numerous studies to influence travel demand, this was not the case in Bogotá.  Neither were the other “Ds” – distance to transit (specifically Transmilenio) or destination accessibility.  This reflects, we believe, the fact that compact neighborhoods with a mix of housing, shops, and other uses are commonplace in Bogotá.  And many neighborhoods have good access to transit stops and generally have comparable levels of accessibility to sub-regional destinations like shopping plazas, schools, and medical facilities.  With little significant variation, the influence of density, land-use diversity, and the other “Ds” on non-motorized travel was a wash.  

What did have some influence on utilitarian travel were street designs – specifically, street density and in the case of cycling, route connectivity as well.  And for recreational activities, having reserved lanes for bicycles and foot travelers reasonably close to one’s residence encouraged ciclovia usage. 
Clearly, the most important leverage that urban designers and planners have over walking and cycling in Bogotá is in the design and (in the case of ciclovia) regulation of streets.  The configuration, connectivity, and density of streets matter.  Other built-environment factors do not. 

Our findings perhaps have the greatest implications for new-town development.  Like most rapidly growing cities, the periphery of month relative to having no ciclovia lanes nearby.  It would be wrong to think of ciclovia as an “amenity”.  It is a provision.   is rapidly being carved up into new subdivisions and tract housing.  To promote active transportation – i.e., walking and cycling -- particular attention should be given to street designs and layouts that create dense networks with high connectivity.  Grid-street patterns and the platting of land into small blocks (e.g., 40m X 40m) produce dense, highly connected networks.  The reality, however, is that most suburban development in Bogotá, especially that catering to professional-class residents, is unabashedly car-oriented in its design – superblocks sparsely served by curvilinear streets.  Of course, following the traditional patterns of the older, built-up parts of the city – specifically, compact, mixed-use development – is also important.  The fact that these variables did not show up as significant in our predictive models does not mean that their absence will have no influence on non-motorized travel.  It is the uniformly compact, mixed-use nature of the neighborhoods that we sampled in Bogotá that produced little statistical variation and thus non-significant results.  But segregating activities by long distances and designing suburbs at very low densities, coupled with car-oriented street designs, would no doubt significantly reduce non-motorized travel.

Our research also makes a case for extending the network of dedicated ciclovia lanes on Sundays and holidays to many areas of the city, including newly suburbanizing ones.  While this might have little impact on traffic congestion or even air quality, the contributions toward promoting physical activity and a fit lifestyle could be significant. 
Whether our research findings are generalizable to other large cities in the developing world is an open question.  We believe they are.  We hope similar research is conducted elsewhere to see if this indeed is the case. 
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Figure 1.  Locations of 32 Selected Neighborhoods in Bogotá
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