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In this session…

• What is spatial analysis

• Adding spatial property to statistical data

• Measuring geographic distributions

• Identifying patterns

• Identifying clusters



W h a t  i s  s p a t i a l  a n a l y s i s ?













“

”

The process of examining locations, 
attributes, and their relationships to 

help answer questions and solve 
geographical problems.

D e f i n i t i o n :  s p a t i a l  a n a l y s i s

Esri Inc., 2018



I t ’s  a c t u a l l y  s p a t i a l  a n a l y ses
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Image credits:  Esri Inc., 2018
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“

”

The application of statistical tools 
and methods that use space and 

spatial relationships directly into 
their mathematical computation.

D e f i n i t i o n :  s p a t i a l  s t a t i s t i c s

Esri Inc., 2018



“ S p a c e ”  a s p e c t s ,  s u c h  a s …

l o c a t i o n  c o o r d i n a t e s

d i s t a n c e s

a r e a

b o u n d a r y  c o n t i g u i t y

c e n t r a l i t y

a n d  s o  o n …

o r i e n t a t i o n

v o l u m e

h e i g h t

n e i g h b o r h o o d

a d d r e s s

t e r r a i n





“ S p a t i a l i z i n g ”  y o u r  d a t a



H o w  t o  t u r n  d a t a …

f rom tabular…

to  spat ia l .



H o w  t o  i n t r o d u c e  s p a c e  i n t o  d a t a

Features

Cells

Points

Polygons
Determine 

spatial units

Polylines

D i s c r e t e

C o n t i n u o u s

L o c a t i o n s ?

T r a c k s ?  P a t h s ?  

L i n e a r  t r a c e ?

A r e a s ?

Spatial

representation?

Spatially 

discrete or 

continuous?
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E x a m p l e :  Ro a d  i n v e n t o r y
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E x a m p l e :  E l e c t i o n  r e s u l t s
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E x a m p l e :  S o i l  p H

Features

Cells

Points

Polygons
Determine 

spatial units

Polylines

D i s c r e t e

C o n t i n u o u s

L o c a t i o n s ?

T r a c k s ?  P a t h s ?  

L i n e a r  t r a c e ?

A r e a s ?

Spatial

representation?

Spatially 

discrete or 

continuous?



S a m e  d a t a ,  m a n y  p o s s i b i l i t i e s

Data
Sp. discrete / 

continuous?
Sp. representation

Crime locations Discrete Points

Crime statistics by province Discrete Polygons

Annual crime stats by police district Discrete Polygons

Criminal record per person - -

Crime stats by crime type - -



Tu r n i n g  l o c a t i o n  d a t a  t o  p o i n t s



Tu r n i n g  l o c a t i o n  d a t a  t o  p o i n t s



Tu r n i n g  l o c a t i o n  d a t a  t o  p o i n t s

?



Tu r n i n g  l o c a t i o n  d a t a  t o  p o i n t s

P l o t

( u s i n g  G I S  

s o f t w a r e )



“ S p a t i a l i z i n g ”  y o u r  d a t a

E x e r c i s e  1 :  T u r n i n g  l o c a t i o n  d a t a  i n t o  p o i n t s



E x e r c i s e  1 :  Tu r n i n g  l o c a t i o n  d a t a  
i n t o  p o i n t s

• Step  1:  In  your  web browser,  go  to  the fo l lowing  l ink :

https://goo.gl/forms/KcA4hBbEXk0nfutb2

• Step  2 :  F i l l  out  the  form



E x e r c i s e  1 :  Tu r n i n g  l o c a t i o n  d a t a  
i n t o  p o i n t s

• Step  3:  In  your  web browser,  go  to  the fo l lowing  l ink :

https://arcg.is/19PKyy

• Step  4 :  F i l l  out  the  form



Tu r n i n g  a r e a  d a t a  t o  p o l y g o n s



Tu r n i n g  a r e a  d a t a  t o  p o l y g o n s

1

2

b o u n d a r y  

d a t a  ( w i t h  

e q u i v a l e n t  

i d e n t i f i e r s )



“ S p a t i a l i z i n g ”  y o u r  d a t a

D e m o  1 :  T u r n i n g  a r e a  d a t a  i n t o  p o l y g o n s





M e a s u r i n g  g e o g r a p h i c  
d i s t r i b u t i o n s



W h y  m e a s u r e
g e o g r a p h i c  d i s t r i b u t i o n ?

• Compar ing  the d i s t r ibut ion  

of  d i f ferent  features

• E xa mp le :  Pi r a c y  d u r i n g  

mo n so o n  a n d  n o n - mo n so o n  

mo n t h s  i n  2015
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W h y  m e a s u r e
g e o g r a p h i c  d i s t r i b u t i o n ?

• Compar ing  the d i s t r ibut ion  

of  d i f ferent  features

• E xa mp le :  Pi r a c y  d u r i n g  

mo n so o n  a n d  n o n - mo n so o n  

mo n t h s  i n  2015



W h y  m e a s u r e
g e o g r a p h i c  d i s t r i b u t i o n ?

• Track ing  change in  d i s t r ibut ion  of  features

• E xa mp le :  Typ h o o n  o r i g i n s  i n  t h e  W.  Pa c i f i c  r e g i o n  f r o m  1883  t o  2014



W h y  m e a s u r e
g e o g r a p h i c  d i s t r i b u t i o n ?

• Monitor ing  change in  d i s t r ibut ion  of  va lues  across  space

• E xa mp le :  D i s t r i b u t i o n  i n  Pa n ga s i n a n ’s p o p u l a t i o n  f r o m  1990  t o  2015



F i n d i n g  t h e  c e n t e r

• Mean center

• Me a n  o f  X  a n d  Y  c o o rd i n a t e s ,  

r e sp e c t i v e l y

• C a n  b e  we i gh t e d  b y  a  

q u a n t i t a t i v e  f i e l d



F i n d i n g  t h e  c e n t e r

• Median  center

• L o c a t i o n  ( X , Y )  h a v i n g  

s h o r t e s t  d i s t a n c e  t o  a l l  

f e a t u r e s

• Ma y  a l s o  b e  we i gh t e d  b y  a  

q u a n t i t a t i v e  f i e l d



M e a s u r i n g  c o m p a c t n e s s

• Standard  d i s tance dev iat ion

• E x t e n t  o f  h o w  f e a t u r e s  

d e v i a t e  f r o m  t h e  me a n  c e n t e r

• C a n  b e  we i gh t e d  b y  a  

q u a n t i t a t i v e  f i e l d



M e a s u r i n g  o r i e n t a t i o n

• Standard  dev iat iona l  e l l ip se

• A l t e r n a t i ve  t o  s t a n d a rd  

d i s t a n c e  wh e n  f e a t u r e s  a r e  

a n i s t o t r o p i c

• C a n  b e  we i gh t e d  b y  a  

q u a n t i t a t i v e  f i e l d

a

b c



S o m e  t i p s  w h e n  m e a s u r i n g  
d i s t r i b u t i o n s

• Use weights  when  

dea l ing  with  

s tat ionary  features

• When there  are  

spat ia l  out l ier s ,  u se  

median  centers  

in s tead  of  mean  

center

• May a l so  be  used  

when  dea l ing  with  3D  

features



M e a s u r i n g  g e o g r a p h i c  
d i s t r i b u t i o n s

C h a l l e n g e  1 :  C a l c u l a t i n g  m e a n  c e n t e r ,  a n d  
s t a n d a r d  d i s t a n c e  d e v i a t i o n  i n  M S  E x c e l



C h a l l e n g e  1 :  M e a s u r i n g  g e o g r a p h i c  
d i s t r i b u t i o n  i n  M S  E x c e l

• Step  1:  In  your  web browser,  go  to  the fo l lowing  l ink :

https://t inyurl.com/ybata5km

• Step  2:  Download  a  copy  of  the  spreadsheet
• F i l e >  Do wn lo a d  a s >  Mi c r o so f t  E x ce l



C h a l l e n g e  1 :  M e a s u r i n g  g e o g r a p h i c  
d i s t r i b u t i o n  i n  M S  E x c e l

• Step  3:  Us ing  MS  Excel ,  ca lcu late  the fo l lowing:
• Me a n  c e n t e r  o f  p i r a c y  i n c i d e n t s  d u r i n g  mo n so o n  mo n th s

• Me a n  c e n t e r  o f  p i r a c y  i n c i d e n t s  d u r i n g  n o n - mo n so o n  mo n th s

• S t a n d a rd  d i s t a n c e  o f  p i r a c y  i n c i d e n t s  d u r i n g  mo n so o n  mo n th s

• S t a n d a rd  d i s t a n c e  o f  p i r a c y  i n c i d e n t s  d u r i n g  n o n - mo n so o n  mo n th s





I d e n t i f y i n g  p a t t e r n s



W h y  i d e n t i f y  p a t t e r n s ?

• Better  unders tand ing  of  

geograph ic  phenomena

• E xa mp le :  Po ve r t y  i n  

C e n t r a l  L u zo n



W h y  i d e n t i f y  p a t t e r n s ?

• Monitor ing  cond i t ions  and  t rack ing  changes

• E xa mp le :  Po p u l a t i o n  o f  Pa n ga s i n a n f r o m  1990  t o  2015



W h y  i d e n t i f y  p a t t e r n s ?

• Compar ing  the d i s t r ibut ion  of  set  of  features  or  va lues

• E xa mp le :  C l u s t e r  a n a l y s i s  o f  e a r t h q u ake s  v s .  t yp h o o n s



H o w  c a n  s t a t i s t i c s  i d e n t i f y  
p a t t e r n s ?

• Compar ing  the observed vs .  the hypothet ica l  dis t r ibut ion

v s .



H o w  c a n  s t a t i s t i c s  i d e n t i f y  
s p a t i a l  p a t t e r n s ?

• How d i f ferent  i s  the  observed pattern  f rom the hypothet ica l  

( random)  pat tern

• I n  t e rms  o f  z - s c o r e s  a n d  p - v a l u e s



A p p r o a c h e s  t o  i d e n t i f y i n g  p a t t e r n s
( f o r  f e a t u r e  l o c a t i o n s )

Q u a d r a t  a n a l y s i s N e i g h b o r  d i s t a n c e s D i s t a n c e  b a n d s



A p p r o a c h e s  t o  i d e n t i f y i n g  p a t t e r n s
( f o r  a r e a - b a s e d  v a l u e s )

S i m i l a r i t y  a m o n g  

n e i g h b o r s



A p p r o a c h  1 :  Q u a d r a t  a n a l y s i s
( f o r  f e a t u r e  l o c a t i o n s )

• Actua l  d i s t r ibut ion  vs .  expected  Po i s son ian d i s t r ibut ion  

of  po int s  across  quadrat s

v s .

0 1 2 3 4 5 6 0 1 2 3 4 5 6



A p p r o a c h  1 :  Q u a d r a t  a n a l y s i s
( f o r  f e a t u r e  l o c a t i o n s )

• Compar i son  per formed us ing:

• Ko lmo go ro v - Sm i r n o v  t e s t

• Ch i - sq u a re  t e s t

0 1 2 3 4 5 6

0 1 2 3 4 5 6

0 1 2 3 4 5 6

0 1 2 3 4 5 6

0 1 2 3 4 5 60 1 2 3 4 5 6

v s .
𝐾

𝑚



A p p r o a c h  2 :  N e i g h b o r  d i s t a n c e s
( f o r  f e a t u r e  l o c a t i o n s )

• Actua l  v s .  expected  mean  nearest  ne ighbor  d i s tance 

among po int s

𝑑𝑜 =
σ𝑐𝑖
𝑛

A B C D E F G

A 0 988 2117 2494 3538 3858 4267

B 988 0 1725 3348 4308 4004 3601

C 2117 1725 0 2804 4034 2567 2309

D 2494 3348 2804 0 1196 2510 4897

E 3538 4308 4034 1196 0 3277 6034

F 3858 4004 2567 2510 3277 0 3433

G 4267 3601 2309 4897 6034 3433 0

𝑑𝑒 = 0.5 𝐴/𝑛

v s .



A p p r o a c h  2 :  Q u a d r a t  a n a l y s i s
( f o r  f e a t u r e  l o c a t i o n s )

• Compar i son  per formed us ing:

• N e a re s t  n e i gh b o r  i n d e x/ r a t i o

• Z - t e s t

𝑁𝑁𝐼 =
𝑑𝑜
𝑑𝑒

𝑧 =
𝑑𝑜− 𝑑𝑒

𝑆𝐸

w h e r e

𝑆𝐸 =
0.2636

Τ𝑛2 𝐴



I d e n t i f y i n g  p o i n t  p a t t e r n s

C h a l l e n g e  2 :  I d e n t i f y i n g  p a t t e r n s  u s i n g  n e a r e s t  
n e i g h b o r  a p p r o a c h  i n  M S  E x c e l



C h a l l e n g e  2 :  I d e n t i f y i n g  p a t t e r n s  
u s i n g  n e a r e s t  n e i g h b o r  a p p r o a c h

• Step  1:  In  your  web browser,  go  to  the fo l lowing  l ink :

https://t inyurl.com/y7ydtfxa

• Step  2:  Download  a  copy  of  the  spreadsheet
• F i l e >  Do wn lo a d  a s >  Mi c r o so f t  E x ce l



C h a l l e n g e  2 :  I d e n t i f y i n g  p a t t e r n s  
u s i n g  n e a r e s t  n e i g h b o r  a p p r o a c h

• Step  3:  Us ing  MS  Excel ,  ca lcu late  the fo l lowing:
• Ob se r ve d  me a n  d i s t a n c e  o f  d r u g s t o r e s

• E xp e c t e d  me a n  d i s t a n c e  o f  d r u g s t o r e s

• Ne a re s t  n e i gh b o r  i n d e x

• Z - s c o r e

• ( o p t i o n a l )  p - v a l u e  



I d e n t i f y i n g  p o i n t  p a t t e r n s

D e m o  2 :  I d e n t i f y i n g  p a t t e r n s  u s i n g

n e a r e s t  n e i g h b o r  a p p r o a c h  i n  A r c G I S  P r o



A p p r o a c h  3 :  D i s t a n c e  b a n d s
( f o r  f e a t u r e  l o c a t i o n s )

• Actua l  v s .  expected  number  of  po int s  at  every  d i s tance band k

𝐾(𝑑) =
𝐴

𝑛2
෍

𝑖≠𝑗

෍

𝑖≠𝑗

𝐼𝑖𝑗𝑑𝑖𝑗



A p p r o a c h  3 :  D i s t a n c e  b a n d s
( f o r  f e a t u r e  l o c a t i o n s )

• Actua l  v s .  expected  d i s tance of  a l l  ne ighbor ing  po int s

𝐾(𝑑) =
𝐴

𝑛2
෍

𝑖≠𝑗

෍

𝑖≠𝑗

𝐼𝑖𝑗𝑑𝑖𝑗

𝐿(𝑑) =
𝐴σ𝑖≠𝑗σ𝑖≠𝑗 𝐼𝑖𝑗𝑑𝑖𝑗

𝜋𝑛(𝑛 − 1)
v s . 𝑑



A p p r o a c h  3 :  D i s t a n c e  b a n d s
( f o r  f e a t u r e  l o c a t i o n s )

L(
d

)

Distance (meters)
60 80 100 120 140 160 180

5

4

3

2

1

clustering

dispersion



I d e n t i f y i n g  p o i n t  p a t t e r n s

D e m o  3 :  I d e n t i f y i n g  p a t t e r n s  u s i n g

d i s t a n c e  b a n d s  a p p r o a c h  i n  A r c G I S  P r o



Re c a p :  I d e n t i f y i n g  p a t t e r n s
( f o r  f e a t u r e  l o c a t i o n s )

Q u a d r a t  a n a l y s i s N e i g h b o r  d i s t a n c e s D i s t a n c e  b a n d s



A p p r o a c h e s  t o  i d e n t i f y i n g  p a t t e r n s
( f o r  a r e a - b a s e d  v a l u e s )

S i m i l a r i t y  a m o n g  n e i g h b o r s

C l u s t e r  c h a r a c t e r i z a t i o n

• Operates  on  the concepts  of

• Sp a t i a l  a u t o c o r r e l a t i o n

• To b le r ’s  F i r s t  L a w  o f  G e o g r a p h y

“Everything is related to everything else, but 
nearer things are more related than distant 

things.” – Waldo Tobler



A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• How nearby  va lues  

di f fer  or  conform with  

one another

• Poss ib le  for  categor ica l ,  

or  quant i tat ive  va lues



A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• For  categor ica l  data:

• J o i n  c o u n t  s t a t i s t i c

• For  quant i tat ive  data:

• G e a r y ’s  c

• G lo b a l  Mo r a n ’s  I



A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• Actua l  v s .  expected  d i s t r ibut ion  of  adjacent  s imi lar  categor ies

𝑂11 =෍

𝑖

෍

𝑗

[𝑤𝑖𝑗(𝑥𝑖𝑥𝑗)] v s . 𝐸11 = 𝑝1
2
𝐿

𝑧01 =

𝑂11 − 𝐸11

𝜎11



I d e n t i f y i n g  a r e a  p a t t e r n s

D e m o  4 :  I d e n t i f y i n g  p a t t e r n s  u s i n g

j o i n  c o u n t  t e s t  f u n c t i o n  i n  R



A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• Actua l  v s .  expected  d i s t r ibut ion  of  adjacent  s imi lar  va lues

𝑐𝑜 =
𝑛σ𝑖σ𝑗𝑤𝑖𝑗(𝑥𝑖−𝑥𝑗)

2

2σ𝑖σ𝑗𝑤𝑖𝑗(𝑥𝑖 − ത𝑋)2
v s . 𝑐𝑒 = 1

𝑧𝑐 =

𝑐𝑂 − 𝑐𝑒

𝜎𝑒

U s i n g  G e a r y ’s  c



A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• Actua l  v s .  expected  d i s t r ibut ion  of  adjacent  s imi lar  va lues

U s i n g  M o r a n ’s  I
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A p p r o a c h :  S i m i l a r i t y  o f  n e i g h b o r s
( f o r  a r e a - b a s e d  v a l u e s )

• Actua l  v s .  expected  d i s t r ibut ion  of  adjacent  s imi lar  va lues

Geary’s c Moran’s I D

c < 1 I > 0 C lu s t e r e d

c = 1 I = 0 Ra n d o m

c > 1 I < 0 D i sp e r se d



I d e n t i f y i n g  a r e a  p a t t e r n s

D e m o  5 :  I d e n t i f y i n g  p a t t e r n s  u s i n g

G e a r y ’ s ,  a n d  M o r a n ’ s  t e s t  f u n c t i o n s  i n  R





I d e n t i f y i n g  c l u s t e r s



W h y  i d e n t i f y  c l u s t e r s ?

• Del ineate  spec i f ic  

focus  of  in teres t  or  

pr ior i ty

• E xa mp le :  Ho t sp o t  a n d  

c o l d - sp o t  o f  p o ve r t y



W h y  i d e n t i f y  p a t t e r n s ?

• Exp lore  and  examine the poss ib le  cause  of  c lus ter ing

• E xa mp le :  Pi r a c y  a n d  ma r i t i me  r o u t e s



I d e n t i f y i n g  c l u s t e r s  a m o n g  
f e a t u r e  l o c a t i o n s

• Clus ter s  a re  def ined  through  a  threshold  d i s tance

• May be determined by  f ind ing  the  mean  random d i s tance’s  

conf idence interva l  lower  l imit

0.5 𝐴/𝑛

𝑑𝑐 ± (𝑧 ∗ 𝑆𝐸)
0.26136 𝐴/𝑛2

Z - s c o r e ,  d e p e n d i n g  o n  

c o n f i d e n c e  l e v e l

e . g .  1 . 9 6  f o r  9 5 %  c . i .



I d e n t i f y i n g  p o i n t  c l u s t e r s

D e m o  6 :  D e t e c t i n g  p o i n t  c l u s t e r s  
i n  A r c G I S  P r o



I d e n t i f y i n g  c l u s t e r s  a m o n g  
a r e a - b a s e d  v a l u e s

• Features  are  ind iv idua l ly  as sessed  for  s imi lar i ty  with  i t s  

neighbor ing  va lues

• G e a r y ’s  c i

• Mo ra n ’s  I i
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I d e n t i f y i n g  a r e a  c l u s t e r s

D e m o  6 :  D e t e c t i n g  c l u s t e r  o f  a r e a - b a s e d  
v a l u e s  u s i n g  M o r a n ’ s  I i i n  A r c G I S  P r o



In summary
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Assess ing  Spat ia l  
Patterns  Us ing  Stat i s t ic s

Th a n k  yo u  f o r  a t t e n d i n g .


