
Dr. Lawrence Frank, Professor and Bombardier Chair in 
Sustainable Transportation - University of British Columbia 
President, Urban Design 4 Health, Inc.    www.ud4h.com 

  The Hidden Health Costs  
of Community Design 

 

http://www.ud4h.com/


“The Law Locks Up Both Man and 
Woman that Steels the Goose from Off 
the Common … 

 

But Lets the Greater Felon Loose,  

That Steals the Common from the Goose”  

-------------------------------------------------- 
a.k.a. The tragedy of the commons 



On 350 calories — one apple tart or a “special” 
slice of Ray's Pizza — a cyclist can travel 10 
miles, a pedestrian 3.5 miles, and an 
automobile 100 feet. 

Transportation Alternatives, Bicycle Blueprint, 1998 

“Carbonless Footprints” Paper in Preventive Medicine 
TRANSPORTATION ENERGY INDEX 



Kavage, Frank, and Kolian 2010 
American Public Health Association 
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Note:   Diet and nutrition, age, gender, income, genetics, and other factors also impact 
 weight and chronic disease and to the extent possible are controlled in analyses. 
 Vehicle age and climate impacts emissions and air quality, and respiratory function 
 is also impacted by a variety of factors  

Dr. Lawrence Frank  
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1) Evidence is clear that built environments likely play a  
major role in shaping health outcomes and disparities 
 a) behaviors and b) exposures 
2) Recent evidence further clarifies that environments 
Relate with health outcomes independent of preferences 
and further suggests the relationship is causal 
3) Increased odds of meeting physical activity guidelines and 
reduce risk of obesity are associated with transit use and 
more walkable environments  
 a) reduces odds of chronic disease onset for  
 several morbidities 
 b) logically reduces demands on health care  
 system and associated costs 
4) It is both possible and timely to monetize these costs 





 



Proposed Approach 
 Summarize the evidence 

 evidence on each link of the behavioral and 
exposure based causal pathway 

 Document methods used to prioritize 
transportation and land use decisions 

 Cost benefit tools and their lack of accounting for 
health costs (see: 

 http://www.apha.org/NR/rdonlyres/F84640FD-13CF-47EA-8267-
E767A1099239/0/HiddenHealthCostsofTransportationShortFinal.pdf 

 Propose to spatially link built environment 
data with Health outcome Data and with 
Health Care Utilizitation Records Where 
Available 

 Using NIH funded databases (www.nqls.org)  

http://www.nqls.org/


 

“The Hidden Health Costs of Transportation” - Frank et al 2010 
American Public Health Association 
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Lower Mainland Walkability Map 

 



Comparing Two Communities 

 



Built environment characteristics explaining transit use in adults

Any transit 
trip

Work/school 
transit trip

Non-
work/school 
transit trip

Higher residential density ++ + +
Higher street connectivity ++ + ++
Higher commercial density +++ NS +
Higher mix of land uses ++ ++ NS
More nearby parks and open spaces NS NS NS
Higher overall neighbourhood walkability ++ ++ ++
NS = not significant, '+' = 95% significant; '++' = 99% significant, '+++' = 99.9% significant

Devlin and Frank, 2009 



Built environment characteristics explaining walking in adults

Any walk    
trip

Work/school 
walk trip

Non-
work/school 
walk trip

Higher residential density +++ +++ +++
Higher street connectivity +++ +++ +++
Higher commercial density +++ +++ +++
Higher mix of land uses ++ + ++
More nearby parks and open spaces +++ + +++
Higher overall neighbourhood walkability +++ ++ +++
NS = not significant, '+' = 95% significant; '++' = 99% significant, '+++' = 99.9% significant

Devlin and Frank, 2009 



 Transit use was significantly associated with 
greater odds of meeting physical activity 
recommendations (OR=3.42; CI=2.40-4.87)  

 by walking for transportation  

 The odds of meeting 30 minute Physical 
Activity Recommendation is negative for 
additional trips as a car driver when compared 
to moderate walking  (OR =.87; CI=0.76-0.99) 

Source: LaChapelle and Frank, 2009 



 2005 study found that residents of the 
most walkable areas in Atlanta were 2.4 
times more likely to get the 
recommended amounts of physical 
activity 

 18 percent in the lowest Versus 37 
Percent in the highest levels of 
walkability got recommended levels of 
physical activity 

 Frank LD, Schmid TL, Sallis JF, Chapman JE, Saelens BE.  2005. “Linking Objective Physical Activity Data with 
Objective Measures of Urban Form.“American Journal of Preventive Medicine. Volume 28, No. 2 (Suppl2):  pp. 
117-125. 





 

  Coefficient   t - Ratio   P - Value   

Age   0.012   6.00   0.000   

Education   - 0.080   - 4 .71   0.000   

Income   - 0.057   - 4.75   0.000   

Walk Distance   - 0.049   - 2.04   0.034   

Car Time   0.001   2.875   0.003   

Land Use Mix   - 2.035   - 5.65   0.000   

Black Male   0.311   3.930   0.000   

Black Female   0.372   5.09   0.000   

White Female   - 0.871   - 11.3   0.000   

Constant   - 0.497   - 2.22   0.026   

  Frank, L., Andresen, M., and Schmid, T., Obesity Relationships With Community Design, Physical 
Activity, and Time Spent in Cars. American Journal of Preventive Medicine. June 2004.  

Predictors of Obesity 



 Every additional hour per day in a car 
translates into a 6 percent increase in 
the likelihood of obesity 
 Time spent driving increases as 

walkability decreases 

 Every additional Kilometer (.6 miles) 
walked translates into 4.8 percent 
reduction in the likelihood of being 
obese 
 Distances walked increases with 

walkability 

 
Frank, L., Andresen, M., and Schmid, T., Obesity Relationships With Community Design, Physical 
Activity, and Time Spent in Cars. American Journal of Preventive Medicine. June 2004.  







*p<.05, **p<.01, ***p<.001 
 

 

*p<.05, **p<.01, ***p<.001 

YOUTH Age Range  5-8 years 

OR  

(95% CI) 

9-11 years 

OR  

(95% CI) 

12-15 years 

OR  

(95% CI) 

16-20 years 

OR  

(95% CI) 
N=847 N=632 N=867 N=815 

Intersection highest tertile  

(vs lowest) 
1.7  

(1.0-2.9) 
1.3  

(0.8-2.3) 
1.7  

(1.1-2.8)* 
2.0  

(1.1-3.6)* 
Density highest tertile 

 (vs lowest) 
1.8  

(1.0-3.1) 
2.3  

(1.2-4.3)** 
3.7  

(2.2-6.4)*** 
2.0  

(1.0-4.1) 
Mixed land use (vs no mix) 1.5  

(0.9-2.4) 
1.5  

(0.9-2.5) 
2.5  

(1.6-3.8)*** 
1.9 

(1.0-3.2)* 
At least 1 commercial land use  

(vs 0) 
1.5  

(0.9-2.4) 
1.6  

(1.0-2.5) 
2.6  

(1.7-4.0)*** 
1.7  

(1.0-3.1) 
At least 1 recreation/open space land 

use (vs 0) 
2.1  
(1.3-3.4)*** 

1.8  

(1.1-2.9)* 
2.5  

(1.7-3.6)*** 
1.8  

(1.1-2.9)** 

controlling for socio-demographics and stratified by age group  
(Averaged over a two day period) 
 

LOGISTIC REGRESSION ANALYSES PREDICTING  
THE ODDS OF WALKING AT LEAST ONCE OVER 2-DAYS 



 Compared with youth from households with 3 or 
more cars (99.9% confidence level):  

 Youth from households with 2 cars were 1.4 times more 
likely to walk at least once over a two day period 

 

 Youth from households with 1 car were 2.6 times more 
likely to walk at least once over a two period and 2.2 
times more likely to walk more than a ½ mile per day 

 

 Youth from households with no cars were 7.7 times more 
likely to walk at least once a two day period and 6.8 
times more likely to walk more than a ½ mile per day. 





GeoStats and LFC, Inc. 
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* Controlled for gender, income, age, total number of  

vehicles in the house 

* VOC differences across quartiles significant (p<0.001 

Volatile Organic Compounds &  

Intersection Density Where People 

Live * (n=2467)  

Volatile Organic Compounds and Retail 

Use Where People Work * (n=2467) 

 

LIVE WORK 
OZONE  - AIR POLLUTION 



Air Pollution and Walkability 

   

Marshall, Brauer, and Frank 2008 

Nitric Oxide 



 



Residential Density and  
Mix of Housing Type 
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Preference for 
Neighborhood 

Type

Walkability of 
Current 

Neighborhood
16.0% 36.6 14.9%
(188) (188) (161)
33.9% 25.8 11.7%
(446) (446) (386)
3.3% 43.0 21.4%
(246) (246) (215)
7.0% 25.7 21.6%
(43) (43) (37)

FIGURE 12 - Walking, Driving and Obesity by Neighborhood Preference
and Walkability
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 Aging population 
 Smaller communities are attractive for retiring 

baby boomers 

 Requires recreational amenities and high quality 
walkable environments to reduce vehicle 
dependence 

 Where will the 65-plus population live? 
 Access to services 

 Less reliance on driving for safety reasons 

 Maintaining Independence 

 For elderly, considering cost of service 
delivery with Aging in Place 
 Suburban Vs Urban setting   



 “By 2032, 1/4 of B.C. residents will be over age 65.”  
 Vancouver Sun September 17, 2011 

 California will see its 65-plus population more than 
double in the next 25 years, from 3.5 million in 2000 
(10.6 percent of the state's population) to 8.2 million 
in 2030 (17.8 percent). 
 Where will the 65-plus population live? 

 Access to services, Less reliance on driving for safety 
reasons, Maintaining Independence 

 Lack of Affordable Housing in Walkable Places  
 Cost of service delivery with Aging in central / walkable 

versus peripheral / unwalkable places 

 



 Increased walkability was related with more 
walking (OR 2.02), less time spent traveling in 
a car (OR .53), and lower odds of being 
overweight (OR .68).  

 Those with 1 or no cars were more likely to 
walk (OR 2.9) and spend less time in cars (OR 
.53); but also less likely to get recommended 
levels of PA (OR .55).  

 Visiting a fast food outlet was associated with 
increased odds of obesity (OR 1.81). 



Walkability and Elderly 

 





• Percentage of households within 
0.6 miles (1 km) of a grocery store, 
produce market, specialty market 
or farmers’ market 

• Uses Neighborhood Quality of Life 
Study (NQLS) food outlet data - 
subject to detailed field verification 
in 2010.  

• Over 80 percent of multi-family 
households - and nearly 60 
percent of all households - have 
access to a grocery store or 
farmers’ market within walking 

distance.  
 



 



CO2 & Neighbourhood Design 

Source:  LUTAQH final report, King County ORTP, 2005 
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Driving 1/3 As Much in 2050 

 

Brookings Draft Report – King County 



LFC, Inc.   
May. 19, 2009 

Final Map of 
CO2 

emissions 
from 

transportation 

Includes:  
Local urban form (land 

use mix, intersection 
density, retail FAR)  

Regional location (auto 
travel time 

Transit accessibility & 
travel time 

Demographics 



Results – Urban Form + Major 

Progress – Seattle Study 

• All else equal, households living in the 

most walkable King County 

neighborhoods were 54 percent more 

likely to meet the 8.4 daily mile 

threshold.   

• Each ten-minute decrease in regional 

transit travel time increased the odds of 

meeting the vehicle miles traveled 

target by 11 percent.  



 Document (likely) health care COST$ (auto 

dominated) and BENEFIT$ of (transit & active) 

transportation investments 

 Working across sectors 
 Research - Integration of health and urban planning research and data 

collection 

 Practice - Training planners to understand health and 
health practitioners to understand more about planning 

 Zoning for Health 
 Health, safety, and welfare underpin development regulations and 

transportation investments 

 Tying Transportation Funding to Measurable 
Performance 



Thank  

You! 

http://health-design.spph.ubc.ca/ 


