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Unsa6sfac6on	
  	
  
of	
  cycleways:	
  –0.82	
  

Slopes:	
  –0.77	
  
Poor	
  health:	
  –	
  0.58	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ρxy	
  	
  =	
  1	
  	
  	
  	
  	
  

	
  (correla6on)	
  	
  

Ac6ve	
  people	
  <	
  25	
  years:	
  0.54	
  

Accident	
  risk:	
  –	
  0.32	
  

Job	
  density:	
  0.38	
  

No	
  child,	
  town	
  size:	
  0.23	
  

ρxy	
  =	
  0	
  

ρxy	
  	
  =	
  –1	
  

Commu6ng	
  
distances	
  (km)	
  

Average	
  
slopes	
  (d°)	
  

Commu6ng	
  distances:	
  –	
  0.54	
  



 

  
 
 
 
 
 
 
 
 
 
 
 POLICY-RELATED     
 FACTORS 

 

 ENVIRONMENTAL FACTORS 
 

 INDIVIDUAL FACTORS 
 
 
 

-  Income 
-  Education 
-  Gender 
-  Age 
-  Car availability 
-  Young childrens/household 

 Socio-economic data (NIS) 

 
 
- Subjective health 
 

Health data (NIS) 

 
- Slopes (d°) 

Physical data (UCL) 

 
- Air pollution (PM10) 

Environmental data  
(IRCEL-CELINE) 

 
 
-  Accident risk: f (number 
 of accidents, travel time) 
 

Accident data (NIS) 

 
- Land-use (e.g. urban) 
-  City size 
-  Job and pop. densities 

Land-use data (UCL) 

 
-  Satisfaction of cycle paths 
-  Traffic volume 
-  Commuting distance (km) 

 Trip/local characteristics 

BICYCLE USE 

Scale : communes 
(INS 5) 

Vandenbulcke	
  et	
  al	
  
Transporta<on	
  Research	
  Part	
  A	
  (2011)	
  
	
  	
  



SPATIAL	
  
AUTOREGRESSIVE	
  
MODEL	
  +	
  REGIMES	
  

Uncorrelated	
  X	
  

"White	
  correc<on	
  »	
  

OLS	
  	
  
(Ordinary-­‐Least	
  Squares	
  )	
  

Spa6al	
  autocorrela6on	
  	
  
(LM	
  tests)	
  

Structural	
  instability	
  	
  
(Chow	
  tests)	
  

Mul6collinearity	
  (VIF,	
  …)	
  

Heteroskedas6city	
  (BP	
  tests)	
  

Spa-al	
  autoregressive	
  
model	
  (spa-al	
  lag)	
  

Inclusion	
  of	
  spa<al	
  regimes	
  
(ESDA)	
  

111111 εβρ ++= XyWy

222222 εβρ ++= XyWy

εβρ ++= XWyy
(Queenmatrix)	
  

εβ += Xy

3.
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Simpson’s	
  paradox	
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Spa6al	
  LAG	
  model	
  +	
  Regimes	
  N-­‐S	
  

  North South 

 Intercept 2,3084* 4,30951**** 

 Median income 0,0311* -0,0027 

 Active men 0,0296** 0,0008 

 Age 2 (45-54 years) -0,0417** -0,0205*** 

 Young children -0,0365*** -0,0247*** 

 Cycleways unsatisfaction -0,0052*** -0,0045*** 

 Commuting distance -0,0165*** -0,0047* 

 Air quality 0,01384**** -0,0054 

 City size -0,11459**** -0,03615**** 

 Bad health -0,0098 -0,0146** 

 Accident risk -0,76319**** -0,14892**** 

 Traffic volume 2 (municipal 
network) -0,2357 -0,4521** 

 Age 3 (> 54 years) -0,1074 -0,0680 

 Education 3 (university 
degree) -0,0968 -0,3132*** 

 Slopes -0,1931** -0,1972**** 

 Lag coefficient (ρ) 0,5362**** 

 N 589 (NNorth = 308; NSouth = 281) 

 Log Likelihood 93,923 

 

Y = % commuter 
cyclists in commune i 
 

 

North = Flanders 
South = Wallonia & Brussels 
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Demographic	
  factors	
  	
  
Socio-­‐economic	
  	
  
Environmental	
  factors	
  	
  

-­‐	
  Dissa-sfac-on	
  with	
  cycle	
  facili-es	
  
+	
  Town	
  size	
  
-­‐	
  Accident	
  risk	
  
-­‐	
  Traffic	
  volume	
  

	
  



loca6on	
  2	
  >	
  loca6on	
  1	
  

Spa6al	
  factors?	
  	
  

Importance	
  of	
  space/loca6on	
  

Network	
  loca-on	
  1	
   Network	
  loca-on	
  2	
  

Bicycle	
  traffic	
  
=	
  

?	
  
?	
  

?	
  
 
accident 

 street network 
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•  Yi	
  =	
  0,1	
  	
  ð	
  logis-c	
  specifica-on	
  
	
  

•  Correc6ons	
  for	
  	
  
– Mul-collinearity	
  

– Heteroskedas-city	
  
– Residual	
  spa-al	
  autocorrela-on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ð	
  omimed	
  variables?	
  ð	
  spa<al	
  models	
  

•  Bayesian	
  framework	
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�  Cases = accidents 

 +  Controls = generated absences   ð yi = (0,1) 
�  Regression methods (e.g. logistic models) 
�  Advantage: estimation of  risk, reduced statistical bias  
�  Issues: no vehicle & human factors, selection of  controls 

Models	
  based	
  on	
  case-­‐controls?	
  

	
  
�  Regression	
  methods	
  (e.g.	
  mul-nomial	
  logit	
  models)	
  
�  Issues:	
  over-­‐/under-­‐dispersion,	
  underrepor-ng,	
  etc.	
  

�  Regression	
  methods	
  (e.g.	
  logis-c	
  models)	
  
�  Main	
  issue:	
  bias	
  in	
  the	
  selec-on	
  of	
  road	
  trajectories	
  

 

Case-
control 

strategy 

Transportation 
(gravity-based 

models) 

Epidemiology 
(case-control 

studies) 

Ecology 
(generation of  

controls) 

Models	
  based	
  on	
  surveys,	
  road	
  trajectories	
  

Models	
  based	
  on	
  accident-­‐only	
  data	
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Data	
  collec6on	
  
•  Accident	
  risk	
  =	
  6me-­‐consuming	
  process	
  

– Accidents	
  (cases)	
  ð	
  to	
  be	
  geocoded/located	
  

–  ‘Absences’	
  (controls)	
  ð	
  to	
  be	
  generated	
  	
  

– Road	
  network	
  ð	
  exclude	
  ‘unbikeable’	
  links	
  

– Risk	
  factors	
  ð	
  to	
  be	
  collected…	
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1)  Negative exponential 
function 

2)  500 impedance functions 
3)  No edge effect 

Stratified random sampling 

Potential bicycle 
traffic 

1
1
1
1
1
1	
  

Black spots (network kernel densities) 

S
a

m
p

lin
g

 in
te

n
si

ty
 

S
a

m
p

lin
g

 r
e

g
io

n
 

111
111	
  

Ncontrols = 4*Naccidents 
 



Collec6ng	
  risk	
  factors	
  
Infrastructure factors 

•  Cycling facilities & contraflow cycling 
•  Discontinuities 
•  Parking areas & garages 
•  Bridge & funnels 
•  Crossroads & complexity 
•  Tram railways 
•  Traffic-calming areas 
•  Major roads 
•  Proximity city centre 
•  Distance to specific points of  interest (e.g. 
schools, bus stops, etc.) 

Traffic conditions 
•  Cars 
•  Trucks/lorries & buses 
•  Vans 

Environmental factors 
•   Gradients 
•   Green blocks (parks, etc.) 

5.
 A

C
C

ID
EN

TS
 D

E 
LA

 R
O

U
TE

 
3.
4	
  
M
od

el
	
  fo

r	
  i
	
  =
	
  a
dd

re
ss
es
	
  

So
ur
ce
	
  :	
  
Va

nd
en

bu
lc
ke
,	
  I
nt
Pa
ni
s,
	
  T
ho

m
as
	
  2
01
4	
  



DATASET	
  

DEPENDENT VARIABLE 
(BINARY) 
 Accident data (geocoded) 

Controls/absences 

INDEPENDENT VARIABLES 
(RISK FACTORS) 
 

Infrastructure factors 

Traffic conditions 

Environment (physical) 

MODELLING PROCESS 

FINAL MODEL 

Choice of  the specification 
 

Convergence diagnostics 
 

Corrections for spatial effects 
 

PREDICTIONS 

GIS 
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Output:	
  Predic-ons	
  for	
  a	
  trajectory	
  

Schuman’s 
roundabout 

Tram railways 

High 
traffic 

volume 

Exit ð High 
traffic 

volume 

Succession of  crossroads on a 
major road (Wetstraat/Rue de la 
Loi) + segregated cycling facility 

End of  a separated 
cycling facility at 

the crossroad Residential 
ward 

Residential ward + 
contraflow 
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BENEFITS	
  
•  Individual	
  health	
  
•  Commu-ng	
  costs	
  
	
  	
  (-me,	
  $,	
  parking)	
  

•  «	
  For	
  the	
  Planet	
  »	
  

RISKS	
  
•  Health	
  (inhala-ons)	
  
•  Safety	
  (mortality,	
  
morbidity,	
  costs)	
  

	
  



TRANSPORT 

 
 

ACTIVITIES 
 
 

LOCATIONS 

LINKS 

PLACES 

Morphology 

Spatial structure 

Land use In
sp
ire

d	
  
fr
om

	
  :	
  
Ro

dr
ig
ue

,	
  2
01
4	
  
COMPLEX	
  SYSTEMS	
  	
  	
  	
  

Nested	
  scales	
  
(Non)	
  Linearity	
  

Exo-­‐/endo-­‐geneous	
  
(Sub-­‐)op-mal	
  	
  

Sta-c	
  –	
  dynamic	
  
Open	
  systems	
  
Emergence	
  
Stochas-c	
  

Self-­‐organisa-on	
  
…	
  



1.	
  Spa6al	
  is	
  special.	
  

•  Loca6on(s)	
  and	
  distance(s)	
  	
  
•  Scale	
  	
  (nested	
  and	
  interdependant	
  scales)	
  
•  COMPLEXITY	
  of	
  spa-al	
  processes	
  	
  	
  
•  UNCERTAINTY	
  
•  MAUP,	
  heterogeneity,	
  border	
  …	
  
	
   	
   	
   	
  Econometrics,	
  spa6al	
  analysis,	
  	
  GIS	
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BUT	
  
-­‐	
  we	
  need	
  to	
  capture	
  the	
  meaning	
  of	
  data,	
  not	
  just	
  the	
  data	
  
itself	
  –	
  epistemological	
  implica-ons	
  of	
  the	
  big	
  data	
  
revolu-on	
  (rapid	
  changes)	
  
-­‐	
  we	
  need	
  to	
  develop	
  and	
  understand	
  methods	
  and	
  link	
  
them	
  with	
  exis-ng	
  spa-al	
  (urban)	
  theories	
  
	
  

	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Networks,	
  transport	
  geography	
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2.	
  New	
  ICT	
  «	
  big/sos	
  »	
  data	
  	
  	
  

Geography Rd Acc   Own results Conclusion   



•  Can	
  represent	
  relaFonships	
  at	
  a	
  
variety	
  of	
  scales	
  at	
  once.	
  	
  

•  Structural	
  proper-es	
  of	
  networks	
  
provide	
  means	
  of	
  understanding	
  
how	
  they	
  work	
  >	
  Rd	
  Acc.	
  
–  Nodes	
  and	
  links,	
  direc-on	
  
–  Degree	
  centrality	
  and	
  
betweenness	
  

Networks	
  	
  
(People	
  centered	
  communi<es)	
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•  The	
  same	
  	
  pamern	
  appears	
  across	
  
all	
  scales.	
  Scale	
  invariant.	
  

•  The	
  rela-onship	
  between	
  size	
  of	
  
box	
  and	
  pamern	
  in	
  it	
  	
  	
  is	
  constant.	
  

•  Fractals	
  follow	
  their	
  own	
  power	
  
law	
  rela-ng	
  how	
  number	
  of	
  
boxes	
  needed	
  to	
  cover	
  a	
  shape	
  
change	
  in	
  rela-on	
  to	
  their	
  size.	
  

	
  

Fractals	
  
(Place	
  based	
  morphologies)	
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«	
  The	
  need	
  for	
  theory	
  is	
  of	
  even	
  greater	
  significance	
  that	
  it	
  
ever	
  was	
  and	
  as	
  data	
  volumes	
  grow	
  the	
  need	
  to	
  approach	
  

such	
  bigness	
  with	
  clear	
  theory	
  has	
  never	
  been	
  more	
  
important	
  »	
  	
  

M.	
  Bamy,	
  2008	
  
	
  

.	
  

3.	
  	
  We	
  cannot	
  do	
  without	
  models,	
  
whatever	
  they	
  are.	
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Full	
  details	
  about	
  the	
  examples	
  are	
  to	
  
be	
  found	
  in	
  

•  Thomas	
  I.	
  (1996),	
  Spa-al	
  Data	
  Aggrega-on.	
  	
  Exploratory	
  Analysis	
  of	
  Road	
  Accidents.	
  
	
  	
  	
  	
  	
  	
  AAP,	
  28:2,	
  251-­‐264	
  
•  SteenberghenT.	
  et	
  al.	
  (2004)	
  Intra-­‐urban	
  loca-on	
  of	
  road	
  accidents	
  blackzones:	
  a	
  Belgian	
  	
  

	
  example.	
  	
  IJGIS:	
  18,2,	
  169-­‐181.	
  	
  
•  Vandenbulcke	
  G.,.	
  et	
  al.	
  (2011)	
  Bicycle	
  commu-ng	
  in	
  Belgium:	
  Spa-al	
  determinants	
  	
  

	
  and	
  re-­‐cycling	
  strategies,	
  TR	
  –	
  A	
  45	
  118–137	
  	
  	
  
•  Thomas	
  I.,	
  Frankhauser	
  P.	
  (2013)	
  Fractal	
  dimensions	
  of	
  the	
  built-­‐up	
  footprint:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  buildings	
  versus	
  roads.	
  	
  Fractal	
  evidence	
  from	
  Antwerp	
  (Belgium).	
  	
  Environment	
  and	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Planning	
  B,	
  40,	
  	
  310-­‐329.	
  	
  
•  Vandenbulcke	
  G.,	
  Thomas	
  I.,	
  IntPanis	
  L.	
  (2014),	
  Predic-ng	
  cycling	
  accident	
  risk	
  in	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Brussels:	
  an	
  innova-ve	
  spa-al	
  case-­‐control	
  approach.	
  	
  AAP,	
  62,	
  341-­‐357	
  	
  
	
  


