
Introduc)on	  to	  Spa)al	  Data	  Analysis	  
in	  the	  Human	  Geography	  Research	  



Recall:	  Why	  Do	  Spa)al	  Analysis?	  
•  Special	  characteris)cs	  of	  spa)al	  data:	  

–  Tobler’s	  First	  law	  (spa)al	  dependence)	  
–  Second	  Law	  (spa)al	  heterogeneity)	  
–  Fractal	  behavior	  (scales	  in	  geography)	  



Examples	  

•  Is	  your	  educa)onal	  level	  likely	  to	  be	  similar	  to	  
your	  neighbor’s?	  

•  Are	  farm	  prac)ces	  likely	  to	  be	  similar	  on	  
neighboring	  farms?	  

•  Are	  housing	  values	  likely	  to	  be	  similar	  in	  
nearby	  developments?	  

•  Do	  nearby	  neighborhoods	  have	  similar	  
burglary	  rates?	  
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Recall:	  What	  Is	  Spa)al	  Data?	  

•  4	  main	  types	  
–  event	  data,	  spa)ally	  con)nuous	  data,	  zonal	  data,	  spa)al	  
interac)on	  data	  

•  Most	  frequently	  used	  in	  social	  sciences	  is	  zonal	  data	  
–  Data	  aggregated	  to	  a	  set	  of	  areal	  units	  (coun)es,	  MSAs,	  census	  
blocks,	  ZIP	  codes,	  watersheds,	  etc.)	  

–  Variables	  measured	  over	  the	  set	  of	  units	  

•  Examples:	  Census,	  REIS,	  County	  and	  City	  Databook,	  etc.	  	  



What	  is	  Spa)al	  Data	  Analysis?	  

“The	  analysis	  of	  data	  on	  some	  process	  opera)ng	  in	  
space,	  where	  methods	  are	  sought	  to	  describe	  or	  
explain	  the	  behavior	  of	  this	  process	  and	  its	  possible	  
rela)onship	  to	  other	  spa)al	  phenomena.”	  
	   	   	   	   	   	  Bailey	  and	  Gatrell	  (1995:7)	  

	  

Objec)ve	  of	  spa)al	  data	  analysis:	  to	  understand	  the	  
spa)al	  arrangement	  of	  variable	  values,	  detect	  
pa]erns,	  and	  examine	  rela)onships	  among	  variables	  

	  



Theore)cal	  Reasons	  	  
for	  Spa)al	  Analysis	  

•  It	  tells	  us	  something	  more	  about	  what	  we’re	  
studying	  
–  Is	  there	  an	  unmeasured	  process	  that	  affects	  the	  
phenomenon?	  

– Does	  this	  process	  manifest	  itself	  in	  space?	  
– Examples:	  interac)on	  processes,	  diffusion,	  
historical	  or	  ethnic	  legacy,	  programma)c	  effects	  



Sta)s)cal	  Reasons	  	  
for	  Spa)al	  Analysis	  

•  Viola)on	  of	  regression	  assump)ons	  
–  Units	  of	  analysis	  might	  not	  be	  independent	  
–  Parameter	  es)mates	  are	  inefficient	  
–  Es)mated	  error	  variance	  is	  downwardly	  biased,	  which	  
inflates	  the	  observed	  R2	  values	  

•  If	  spa)al	  effects	  are	  present,	  and	  you	  don’t	  account	  
for	  them,	  your	  model	  is	  not	  accurate!	  



Examples	  of	  Research	  Using	  SDA	  

•  Epidemiology	  (environmental	  exposure	  research)	  
•  Criminology	  (crime	  pa]erns)	  
•  Educa)on	  (neighborhood	  effects	  on	  a]ainment)	  
•  Diffusion/adop)on	  (technologies)	  
•  Social	  movements	  (trade	  unions,	  demonstra)ons)	  
•  Market	  analysis	  (housing	  and	  land	  price	  varia)on)	  
•  Spillover	  effects	  (economic	  spillovers	  of	  universi)es)	  
•  Regional	  studies	  (regional	  income	  varia)on	  &	  inequality)	  
•  Demography	  (segrega)on	  pa]erns)	  
•  Poli)cal	  science	  (elec)on	  studies)	  



When	  do	  you	  need	  to	  do	  SDA?	  

•  Is	  there	  a	  theore)cal	  reason	  to	  suspect	  differences	  
across	  space?	  
–  Differences	  in	  phenomena	  (variable	  values)	  
–  Differences	  in	  rela)onships	  between	  phenomena	  
(covariances)	  

•  Are	  you	  using	  data	  with	  spa)al	  referent?	  	  

•  If	  yes	  to	  both,	  it	  is	  a	  good	  idea	  to	  at	  least	  explore	  any	  
poten6al	  spa6al	  effects	  	  

•  Explora6on	  will	  tell	  you	  more	  about	  the	  subject	  you’re	  
studying	  



Spa)al	  Independence	  

•  Null	  hypothesis	  (H0)	  
– Any	  event	  has	  an	  equal	  probability	  of	  occurring	  at	  
any	  posi)on	  in	  the	  region	  

– Posi)on	  of	  any	  event	  is	  independent	  of	  the	  
posi)on	  of	  any	  other	  

•  Implicit	  assump6on	  of	  much	  work	  in	  social	  
sciences	  



Spa)al	  Effects	  

•  Test	  Hypothesis	  (H1)	  
–  Probability	  of	  an	  event	  occurring	  not	  equal	  for	  each	  loca)on	  
within	  region	  

–  Posi)on	  of	  any	  one	  event	  dependent	  on	  posi)on	  of	  any	  
other	  event	  

•  Methods	  and	  sta)s)cs	  of	  SDA	  test	  this	  hypothesis	  
–  If	  supported,	  can	  tell	  us	  more	  about	  what	  we’re	  studying;	  
can	  improve	  our	  models	  

–  If	  not	  supported,	  we	  know	  that	  we	  have	  sa)sfied	  
assump)ons	  



First	  Order	  Spa)al	  Effects	  

•  Non-‐uniform	  distribu)on	  of	  observa)ons	  over	  space	  
•  Large-‐scale	  varia)on	  in	  mean	  across	  the	  spa)al	  units	  
•  Values	  of	  the	  variables	  are	  not	  independent	  of	  their	  
spa)al	  loca)on	  

•  Results	  from	  interac)on	  of	  unique	  characteris)cs	  of	  the	  
units	  and	  their	  spa)al	  loca)on	  

•  Referred	  to	  as	  spa6al	  heterogeneity	  



Causes	  of	  Spa)al	  Heterogeneity	  

•  Pa]erns	  of	  social	  interac)on	  that	  create	  unique	  
characteris)cs	  of	  spa)al	  units	  
–  Spa)al	  regimes:	  legacies	  of	  regional	  core-‐periphery	  
rela)onships	  =>	  differences	  between	  units	  (pop,	  econ	  dvpt,	  
etc.)	  

•  Differences	  in	  physical	  features	  of	  spa)al	  units	  
–  Size	  of	  coun)es	  	  

•  Combina)on:	  
–  Differences	  in	  topography	  of	  units	  =>	  different	  pa]erns	  of	  
economic	  development	  (extrac)ve	  industries)	  
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Second	  Order	  Spa)al	  Effects	  

•  Localized	  covaria)on	  among	  means	  (or	  other	  
sta)s)cs)	  within	  the	  region	  

•  Tendency	  for	  means	  to	  ‘follow’	  each	  other	  in	  
space	  

•  Results	  in	  clusters	  of	  similar	  values	  
•  Referred	  to	  as	  spa6al	  dependence	  	  	  	  (spa6al	  
autocorrela6on)	  



Causes	  of	  Spa)al	  Dependence	  
•  Underlying	  socio-‐economic	  process	  has	  led	  to	  clustered	  

distribu)on	  of	  variable	  values	  
–  Grouping	  processes	  	  

•  grouping	  of	  similar	  people	  in	  localized	  areas	  
–  Spa)al	  interac)on	  processes	  	  

•  people	  near	  each	  other	  more	  likely	  to	  interact,	  share	  	  
–  Diffusion	  processes	  

•  Neighbors	  learn	  from	  each	  other	  
–  Dispersal	  processes	  

•  People	  move,	  but	  tend	  to	  be	  short	  distances,	  take	  their	  knowledge	  with	  them	  
–  Spa)al	  hierarchies	  

•  Economic	  influences	  that	  bind	  people	  together	  
•  Mis-‐match	  of	  process	  and	  spa)al	  units	  

–  Coun)es	  vs	  retail	  trade	  zones	  
–  Census	  block	  groups	  vs	  neighborhood	  networks	  
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Goals	  of	  SDA	  

•  To	  iden)fy	  spa)al	  effects	  and	  their	  causes	  
•  To	  appropriately	  measure	  spa)al	  effects	  
•  To	  incorporate	  spa)al	  effects	  into	  models	  

•  To	  improve	  our	  knowledge	  of	  the	  process	  and	  how	  it	  
occurs	  over	  space	  

•  All	  of	  these	  goals	  require	  both	  theory	  and	  methods	  	  



Exploratory	  Spa)al	  Data	  Analysis	  

•  Start	  with	  ques)ons	  about	  your	  theory	  and	  data:	  
–  Are	  there	  likely	  to	  be	  spa)al	  processes	  at	  work	  (diffusion,	  
interac)on,	  etc.)?	  

–  Do	  your	  data	  units	  match	  the	  process?	  	  
–  (Messner	  et	  al.	  reading)	  

•  Visually	  and	  sta)s)cally	  explore	  your	  data	  
–  Run	  basic	  descrip)ve	  sta)s)cs	  
– Map	  variables	  

•  Look	  for	  pa]erns,	  outliers	  
•  Look	  for	  spa)al	  effects	  (large-‐scale	  varia)on,	  localized	  clusters)	  
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How	  to	  Measure	  ‘Space’? 
– Distance 

– Adjacency  
or neighborhood 

 

–  Interaction 

A

22 
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Fundamental Spatial Concepts 
•  Distance 
–  The magnitude of spatial separation 
–  Euclidean (straight line) distance often only an approximation 

•  Adjacency or neighborhood 
–  Nominal or binary (0,1) equivalent of distance 
–  Levels of adjacency exist: 1st, 2nd, 3rd  nearest neighbor, etc.. 

•  Interaction 
–  The strength of the relationship between entities 
–  An inverse  function of distance 



Distance is not simple! 

24 

•  Cartesian	  distance	  via	  Pythagorus	  
	  

Use	  for	  projected	  data,	  at	  local	  scale	  

•  Spherical	  distance	  via	  spherical	  coordinates	  
Cos	  d	  =	  (sin	  a	  sin	  b)	  +	  (cos	  a	  cos	  b	  cos	  P)	  
	  	  	  	  	  	  	  	  	  where:	  	  d	  =	  arc	  distance	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  a	  =	  La7tude	  of	  A	  
	   	   	  b	  =	  La7tude	  of	  B	  
	   	   	  P	  =	  degrees	  of	  long.	  A	  to	  B	  

Use	  for	  unprojected	  data,	  or	  at	  world	  scale	  

•  possible	  distance	  metrics:	  
–  Euclidean	  straight	  line/airline	  
–  city	  block/manha]an	  metric	  
–  distance	  through	  network	  
–  )me/fric)on	  through	  network	  

22 )()( jijiij YYXXd −+−=



Spa7al	  neighbors	  based	  on	  adjacency	  

Rook:  
Sharing a boundary 

25 

Hexagons Irregular Square raster 

Queen:	  
Sharing	  a	  
boundary	  
or	  a	  point	  	  



1st and 2nd order adjacency 

hexagon rook queen 

1st 

order 

2nd 

order 
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Gravity Model: Interaction 
between i and j  is a function of: 
Pi  --the population (size) at i 
Pj   --the population (size) at j 
dij   --the distance from i to j 

Based on the Gravity Model Based on a Hierarchy 

How do you fly from 
Zhengzhou to Wuhan? 

Wuhan Zhengzhou 
Shanghai 

Central Place 
Hierarchy 27 



Weights	  Matrix	  
•  ‘Neighbors’	  can	  be	  defined	  as:	  
–  Boundaries:	  

•  Adjacent	  units	  (rook	  or	  queen)	  
•  Those	  units	  sharing	  some	  minimum/maximum	  propor)on	  of	  common	  
boundary	  

–  Centroids	  
•  If	  centroids	  are	  within	  some	  specified	  distance	  
•  If	  unit	  is	  one	  of	  k	  nearest	  neighbors	  defined	  by	  centroid	  distance	  

–  Others?	  
•  Decision	  to	  use	  one	  over	  another	  somewhat	  arbitrary	  
–  Simpler	  is	  generally	  be]er	  
–  Closer	  is	  generally	  be]er	  
–  Rely	  on	  theory,	  your	  knowledge,	  and	  the	  ESDA	  to	  guide	  you	  



Weights	  Matrix	  Example	  

1 2 3 

4 5 6 

7 8 9 

1 2 3 4 5 6 7 8 9 

1 0 1 0 1 0 0 0 0 0 

2 1 0 1 0 1 0 0 0 0 

3 0 1 0 0 0 1 0 0 0 

4 1 0 0 0 1 0 1 0 0 

5 0 1 0 1 0 1 0 1 0 

6 0 0 1 0 1 0 0 0 1 

7 0 0 0 1 0 0 0 1 0 

8 0 0 0 0 1 0 1 0 1 

9 0 0 0 0 0 1 0 0 0 

Simple Contiguity (rook) Matrix 
 

Sample Region and Units 



Sta)s)cal	  Tests	  for	  Spa)al	  
Dependence	  (Autocorrela)on)	  

•  Univariate	  Global	  Moran’s	  I	  
–  Indicates	  presence	  and	  degree	  of	  spa)al	  autocorrela)on	  among	  

variable	  values	  across	  spa)al	  units	  

	  
	  
Where	  z	  is	  a	  vector	  of	  variable	  values	  expressed	  as	  devia)ons	  from	  the	  

mean	  
Where	  W	  is	  the	  weights	  matrix	  
	  
Expected	  value	  of	  I	  convergences	  on	  0	  when	  n	  is	  large;	  can	  do	  significance	  

tests	  
Large	  posi)ve	  =>	  strong	  clustering	  of	  similar	  values	  
Large	  nega)ve	  =>	  strong	  clustering	  of	  dissimilar	  values	  

I
z Wz
z z

=
ʹ′

ʹ′



Global	  Moran’s	  I	  	  
and	  Moran	  Sca]erplot	  

Assesses relationship between the variable value for unit of origin (x axis) 
against the average of the values its neighbors (y axis) 



Local	  Indicators	  of	  Spa)al	  Autocorrela)on	  
(LISA)	  

•  Local	  Moran’s	  I	  
– Decomposes	  global	  measure	  into	  each	  unit’s	  
contribu)on	  

–  Iden)fies	  the	  local	  ‘hotspots’,	  areas	  which	  
contribute	  dispropor)onately	  to	  global	  Moran’s	  I	  



LISA	  Cluster	  Maps	  

Homicide Rate 1990 

Gini Index 1989 



Addi)onal	  Sugges)ons	  for	  ESDA	  

•  Iden)fy	  outliers	  and	  hotspots	  both	  sta)s)cally	  and	  
visually	  	  

•  Try	  taking	  outlier	  units	  out	  of	  analysis	  and	  see	  what	  
happens	  (does	  Moran’s	  I	  change?)	  

•  Explore	  changes	  in	  spa)al	  pa]erns	  over	  )me	  
•  Compare	  two	  (or	  more)	  regions	  
•  Split	  your	  sample	  by	  a	  variable	  of	  interest	  	  
•  Try	  different	  weights	  matrices	  
•  Play	  around	  with	  different	  covariates	  –	  get	  into	  your	  
data!	  



Regression	  Modeling	  and	  SDA	  

•  Use	  theory	  and	  ESDA	  findings	  to	  crap	  your	  model	  
•  Procedure:	  
– Run	  OLS	  model	  
– Assess	  diagnos)cs	  
•  If	  diagnos)cs	  indicate	  no	  spa)al	  autocorrela)on	  (or	  other	  
viola)ons	  of	  regression	  assump)ons),	  OLS	  model	  is	  fine	  

•  If	  diagnos)cs	  indicate	  spa)al	  autocorrela)on	  present,	  need	  
to	  consider	  ways	  to	  measure	  and	  incorporate	  spa)al	  
structure	  



OLS	  Diagnos)cs	  

•  Diagnos)cs	  of	  OLS	  model	  will	  indicate	  type	  of	  spa)al	  
effects	  

•  If	  either	  present,	  need	  to	  iden)fy	  likely	  source	  	  
•  Remedies	  
–  Spa)al	  heterogeneity	  (Koenker-‐Basse]	  test)	  

•  Include	  covariate	  which	  accounts	  for	  heterogeneity?	  
•  Split	  region?	  

–  Spa)al	  autocorrela)on	  (Lagrange	  Mul)plier	  tests)	  
•  Iden)fy	  missing	  variables?	  
•  Explore	  effects	  of	  spa)ally-‐lagged	  independent	  variables?	  
•  Use	  appropriate	  spa)al	  regression	  model?	  



Spa)al	  Regression	  Models	  

•  ESDA	  and	  OLS	  diagnos)cs	  tell	  you	  that	  there	  is	  
spa)al	  autocorrela)on	  	  

•  Iden)fy	  the	  source	  (LM	  tests	  will	  help)	  
– Regression	  residuals	  (LM-‐Error)	  
•  Mis-‐match	  of	  process	  and	  spa)al	  units	  =>	  systema)c	  
errors,	  correlated	  across	  spa)al	  units	  

– Dependent	  variable	  (LM-‐Lag)	  
•  Underlying	  socio-‐economic	  process	  has	  led	  to	  clustered	  
distribu)on	  of	  variable	  values	  =>	  influence	  of	  neighboring	  
values	  on	  unit	  values	  

– Spa)al	  autocorrela)on	  in	  both	  



Spa)al	  Autocorrela)on	  in	  Residuals	  =>	  
Spa)al	  Error	  Model	  

	  	  y	  =	  Xβ	  +	  ε 	   	  ε	  =	  λWε	  +	  ξ	  
	  
ε	  	  is	  the	  vector	  of	  error	  terms,	  spa)ally	  weighted	  
(W);	  λ	  is	  the	  coefficient;	  and	  ξ	  is	  the	  vector	  of	  
uncorrelated,	  homoskedas)c	  errors	  

•  Incorporates	  spa6al	  effects	  through	  error	  term	  



Spa)al	  Autocorrela)on	  in	  Dep.	  	  Variable	  =>	  
Spa)al	  Lag	  Model	  

	  	   	  y	  =	  ρWy	  +	  Xβ	  +	  ε	  
	  
y	  is	  the	  vector	  of	  the	  dependent	  variable,	  spa)ally	  
weighted	  (W);	  ρ	  is	  the	  coefficient	  

	  
Incorporates	  spa6al	  effects	  by	  including	  a	  
spa6ally	  lagged	  dependent	  variable	  as	  an	  
addi6onal	  predictor	  	  

	  
	  



Spa)al	  Lag	  Example	  
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•  Spa)al	  lag	  =	  sum	  of	  spa)ally-‐
weighted	  values	  of	  
neighboring	  cells	  
	  =	  1/3(7)	  +	  1/3(5)	  +	  1/3(4)	  
	  =	  5.3	  

Sample Region and Units 



Example	  

•  Boston	  housing	  values	  	  



Prac)cal	  Issues	  with	  SDA	  	  

•  Scale	  of	  observa)ons	  vs	  scale	  of	  process	  
•  Time	  as	  a	  factor	  in	  analysis	  (no	  natural	  order)	  
•  Defini)on	  of	  proximity	  
•  Edge/boundary	  effects	  
•  Modifiable	  area	  unit	  problem	  
•  Complexity	  of	  topography	  
•  Assump)ons	  related	  to	  ‘sample’	  of	  a]ributes	  



How	  in	  the	  Heck	  	  
Do	  I	  Actually	  Do	  This?	  

•  Exis)ng	  sta)s)cal	  sopware	  packages	  (SPSS,	  SAS)	  	  
–  Have	  trouble	  with	  weights	  matrix,	  so	  need	  to	  bring	  in	  by	  hand	  
–  Some	  rou)nes	  exist,	  but	  limited	  

•  Comprehensive	  sopware	  packages	  
–  S+	  Spa)alstats	  

•  Linear	  spa)al	  regression;	  weights	  construc)on	  
•  Not	  transparent;	  no	  diagnos)cs;	  not	  compa)ble	  with	  ArcView	  8.2	  

–  Spa)al	  Toolbox	  (LeSage)	  	  
•  Matlab	  rou)nes	  
•  Linear	  spa)al	  regression;	  weights	  construc)on;	  Bayesian	  es)ma)on;	  
spa)al	  probit/tobit	  models	  



Assignment	  

•  See	  the	  handout	  
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