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Introduction 

• Guibo SUN 

– Urban planning: transit‐oriented development 

– Geographic Information Systems and Science (GIS) 

• Working on: 

– The influence of ultra‐dense built environment on 
walking behavior of adults in Hong Kong and 
Shenzhen 

– The influence of built environment on walking 
behavior with a longitudinal study 



Outline 

• Built environment and walking studies 

• Two case studies using GIS 

• Conclusion and discussion 



Walking studies 

• Studies in public health 
– An important form of moderate-intensity physical activity  

– A practical health improvement method for general public (WHO, 
2010) 

• Studies in urban planning 
– New urbanism, smart growth, transit-oriented development 

(Handy 2005, Ewing, et al. 2011) 

– By shaping the built environment, planners aim to encourage 
walking while reducing motorized movement 

• Factors might influence walking behaviors 
– Individual and social variables (Forsyth, A, et al. 2006) 

– The built environment  



Walking studies 

• Independent variables 
– Measures of the built environment: land use patterns, transport, 

urban design (Handy 2005) 

• Dependent variables: transport walking and leisure walking 
– Dichotomized: not walking vs. any walking 

– Continuous: minutes/week of walking, walked distance… 

• Covariates 
– Age, gender, race/ethnicity, education, income, health compared to 

others, working status, BMI, season, and study site…. 

• Study design 
– Cross-sectional study vs. longitudinal study 



Case 1: The Influence of Ultra-dense Built 
Environment on the Walking Behaviours of 
Adults in Hong Kong and Shenzhen 

(Collaborated with department of public health at 
CUHK and Harvard Medical School) 



Predictors:

Ultra-dense built environment 

(Objective measures,

Perceived attributes)

Outcomes:

Walking behavior

(Walking for transport,

Walking for leisure)

Moderators:

Housing provision system,

Residential location,

Socioeconomic status

Transit-oriented 

Development

Conceptual model 



Two examples of neighbourhood selection for participants with an 800 meter buffer around the selected 
subway station. Left: Neighbourhood nearby Tai Po Market subway station in Hong Kong; Right: 
Neighbourhood nearby Dengliang subway station in Shenzhen. 



The design of the protocol 

• Why a protocol? 

– Bridge concept and application 

– Enhance communication among disparate fields 

– Enable validation and replication (Forsyth, A, 2006) 

• Two adaptable protocols 

– Walk Score® 

– NEAT-GIS (Forsyth, A, 2006, 2012) 



Categories, counts and weights are used 

Distance decay function 

Freely available at http://www.walkscore.com/ 

http://www.walkscore.com/
http://www.walkscore.com/


Example: Sidewalk Length per Unit Area 
1. Basic Concept 
2. Basic Formula 
3. Detailed Formula 
4. Comments and Explanations 
5. GIS Approach 
6. GIS Steps 

6. GIS Steps 

(D’Sousa, Ed, et al. 2010, "NEAT-GIS ") 



Issues  

• Selection of variables 
– Focus group discussions 

– Empirical studies 

• Data qualities 
– consistency, geographic scale, purpose, accuracy, 

completeness, time 

– Address in Chinese 

• Data sources in China 
– Google maps, field trips, urban planning centers 



Conclusion (1) 

• Mechanism 
– Low density vs. ultra-dense built environment 

– Government-led institutional factors (TOD) 

• Protocol 
– A web-based walkability assessment method 

– GIS can be used to validate the measure 

– Open discussion for health promotion based on shaping of 
the built environment 

• GIS 
– Only very basic functions: geocoding, buffer, intersect… 

– GIS software may be too complex for other disciplines 



Case 2: How do changes to the built 
environment influence walking behaviors? A 
longitudinal study within a university campus 
in Hong Kong 

(Guibo Sun, Nicolas M. Oreskovic, Hui Lin. IJHG, 2013) 



A natural  
experiment: 



Changes to the built environment (left) and changes in utilization of pedestrian network (right)  



Examples of changes to the built environment and walking behaviors on campus:(a) decreased utilization 
of a traditional pedestrian road segment, (b) new escalator and increased walking trips; (c) changes to a bus 
stop, from a start and end terminal to a pass by terminal, (d) increased utilization of a traditional hilly stair 
pedestrian road segment; (e) decreased utilization of a traditional pedestrian road segment, around which is 
the traditional activity center 



Individual-based measure of exposure to the built environment. An example of one subject’s change in 
exposure to the built environment using the baseline and follow-up survey  



 Mean  Minimum Maximum 

Measures of changes to walking behavior     

Change in walking distance (meters) 83.86  -6749.84 4898.05 

Change in walking ratio 0.01  -0.29 0.37 

Change in altitude range (meters) -1.22  -115.06 105.1 

Measures of changes to the built environment     

Changed exposure to work area (meters
2
) 32072.23  -158671 228839 

Changed exposure to life area (meters
2
) 20847.84  -48660 131927 

Changed exposure to pedestrian network intersection 7.9  -107 110 

Changed exposure to regular bus stops 10.64  -12 46 

Changed exposure to middle-class bus stops -3.64  -34 28 

Changed exposure to population density 0.1  -0.24 0.56 

 

Changes to the built environment and to walking behaviors (N=146) 

*work area= includes buildings containing classrooms, laboratories and libraries 
**life area= includes buildings containing canteens, dormitories, public open space, and sport centers 

* 

** 



Multivariable linear regression models examining the influence of changes to the built environment on 
walking behavior 

 Changes to walking distance Changes to walking ratio Changes to altitude range 

 β SE p-

value 

Β SE p-

value 

β SE p-value 

Change in exposure to  

building area 

         

Change in exposure to work areas -0.041 0.001 0.34 0.171 0<0.001 0.12 -

0.385 

0.000 <0.001*

* 

Change in exposure to life areas -0.147 0.003 <0.001*

* 

-0.101 0<0.001 0.41 -

0.152 

0.000 0.18 

Change in exposure to  

pedestrian network 

         

Change in exposure to pedestrian 

network intersection 

0.895 2.177 <0.001*

* 

0.408 0<0.001 <0.001*

* 

-

0.174 

0.110 0.08 

Change in exposure to  

bus services 

         

Change in exposure to regular 

bus stops 

0.029 6.225 0.39 -0.037 0.001 0.67 0.208 0.314 0.01* 

Change in exposure to middle-

class bus stops 

0.054 6.515 0.08 0.081 0.001 0.31 -

0.175 

0.328 0.02* 

Change in exposure  to  

population density 

         

Change in exposure to population 

density 

0.187 724.549 <0.001*

* 

0.115 0.107 0.48 0.996 36.52

9 

<0.001*

* 

Gender 0.008 112.174 0.76 -0.026 0.016 0.72 -

0.024 

5.655 0.72 

SE=standard error. 

* p<0.05, **p<0.001 



Conclusion (2) 

• GIS 

– Individual-based measure of exposure to the built 
environment 

– Geospatial and qualitative interpretations of 
changes to the walking behaviors  

• A longitudinal study imply a casual 
relationship 



Thanks! 
Questions and comments are welcome! 

Guibo SUN 

gbsun@cuhk.edu.hk 
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