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Spatial Point Pattern Analysis

Analyzing global patterns: Overview

0 Quadrat Analysis

2 Nearest Neighbor Analysis: K-order NNA

0 Distance-based Methods
G(d) and F(d) Functions
Ripley’s K Functions

R codes




The Second-order Property:
Distance-based Methods

Nearest Neighbor Analy5|s (NNA)

F Function: F(d)

Ripley’s K Functions: K (d) and L(d)

(PPL)| . : (PP2) | *




# ¥ G Function: G(d)

The G function is defined as the cumulative
frequency distribution of the nearest-neighbor
distances

#d

G(d) =- min(X,) <)

H

G(d) gives the proportion (since the count is divided by n) of

nearest-neighbor distances that are less than distance d.



mmmm | 0 meters

Nearest
Event X Yy neighbor r_.
1 66.22 3254 10 25.59
2 2252 2239 4 15.64
3 3101 8121 5 21.14
4 947 31.02 8 24.81
5 30.78 60.10 3 9.00
6 7521 5893 10 21.14
7 79.26 7.68 12 21.94
8 8.23  39.93 4 9.00
9 9873 4253 6 21.94
10 89.78 42.53 6 21.94
11 65.19 92.08 6 34.63
12 54.46 8.48 7 24.81




| + 22 G Function, G(r)

Nearest
Event X y neighbor r_.
1 66.22 3254 10 25.59
2 2252 2239 4 15.64
3 3101 81.21 5 21.14
4 9.47 31.02 8 24.81
5 30.78 60.10 3 9.00
6 75.21 5893 10 21.14
7 79.26 7.68 12 21.94
8 8.23  39.93 4 9.00
9 98.73 4253 6 21.94
10 89.78 4253 6 21.94
11 65.19 92.08 6 34.63
12 54.46 8.48 7 24.81
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G Function:=rj%3

The shape of G-function tells us the way the events

are spaced in a point pattern
Clustered : G increases rapidly at short distance

Uniform : G increases slowly up to distance where

most events spaced, then increases rapidly
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‘ R Lab: G(d) Function

nnd<-nndist(School.ppp, k=1)
G = ecdf(nnd)
plot(G, main="G function”, xlim=c(0,5000))

TN.Windows<-owin(xrange=x.range, yrange=y.range)
nnl<-rpoint(424, win=TN.Windows)
plot(nnl)

G function

10

nndl<-nndist(nnl, k=1)
Gl = ecdf(nndl)
lines(Gl,col="blue’)
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G(r)
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F Function: F(d)

The F function is similar to the G function, but
instead of the events a sample of point locations

is selected randomly from anywhere in the
study area

{dmln {I X} < d} where d_.. (x,X) is the minimum distance
F{d] from the location x; in the randomly selected
FH set of locations to the nearest event in the
point pattern, X, and m is the number of
randomly selected locations.

The nearest-neighbor distances are computed for randomly selected
locations and not for the point event locations.



F Function 3+ % 7 3%

Randomly select m points (p1, p2, ..., pn)

Calculate d . (pi, s) as the minimum distance from

min

location pi to any event in the point patterns

Calculate F(d)
#[dmin (pf-‘f‘g) < d]

F(d) B 1

#of pointpairs wherer, . <r

1111

# samp le p oints



‘ F Function 3+
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F Functionrifi#3

Clustered : F(r) rises slowly at first, but more

rapidly at longer distances

Uniform : F(r) rises rapidly at first, then slowly at

longer distances

Examine significance by simulating “envelopes”
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‘ Comparison between G and F functions

(spatial clustering tendency)

G(r)
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* i¥ | 1% F(d) Function

Step 1: Loading school.shp

Step 2: Generating Random Points: rpoint()

(p1, p2, ..., pn)

Step 3: Calculate d_,..(pi, s): st_distance() or nncross()
Step 4: Calculate F(d): ecdf()

Step 5: Monte Carlo Significance Test: for-loop

Step 6: plotting the CDF curve: plot()

Final: comparing with the result of envelope (school.ppp, fun=Fest)



st

i3 /i nncross() function

NNCross

Nearest Neighbour In Another Point Pattern

Given two point patterns x and v , finds the nearest neighbour in v of each point of x .

Keywords  spatial, math

Usage

nncross(X, Y, iX=NULL, iY=NULL)

Arguments

X, Y Two point patterns (objects of class  “ppp" ).

iX, iy Optional identifiers, used to test whether a pointin x isidentical to a pointin v . See Details




R code

schools_sf <- st_read("Schools.shp")
county_sf <- st_read("TaiwanCounty.shp")

x.coor <- schools_sf$X _coor
y.coor <- schools_sf$Y_coor

index<- county_sf$COUNTY_ID == "67000" # Tainan city
TN_BND<- county_sf[index,]

xy <- st_coordinates(TN_BND)

x1<-rev(xy[,1]) # reverse the vector of X coord
y1<-rev(xy[,2]) # reverse the vector of Y coord
newxy<-cbind(x1, y1)

PTS_bnd <- owin(poly=newxy)

school.pp3<-ppp(x.coor, y.coor, window = PTS_bnd)



R code (cont’d)

RND <- rpoint(100, win= PTS_bnd)
nndist1 <- nncross(RND, school.pp3)
F <- ecdf(nndist1[,1])

RND2 <- rpoint(400, win= PTS_bnd)
nndist2 <- nncross(RND, RND?2)
F RND <- ecdf(nndist2[,1])

plot(F, main="F function", col = "red", xlim=¢(0,5000))
lines(F_RND, col = "gray")



‘ R code (cont’d) : Fp#p & %

F function
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Fn(x)
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Ripley's K function

Ripley's K function is a statistical method for point

pattern analysis.

summary of local dependence of spatial process 2

second order process

expresses number of expected events within given

distance of randomly chosen event



Ripley's K function
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Ripley's K function

- A 1 Id;; < 1)
K)y=72"") " wili 1)) ( ”N
T

K(t) describes characteristics of the point processes at

many distance scales.
The K function 1s

K(t) = }-._lE[nmnber of extra events within
distance ¢ of a randomly
chosen event]

A is the density (hnumber per unit area) of events. (N/A)



Steps of Estimating K-function

-------------

Four steps

1

3)

;r . 4)

For a particular event, draw a circle
centered at the event (s;) and with a
radius of d

Count the number of other events

within the circle
no.[S € C(s;,d)]

Calculate the mean count of all
events D no.[S eC(s;,d)]

n
This mean count is divided by the
overall study area event density




Steps of Estimating K-function (cont’d)

<(d) = Zizlno.[S e C(s;,d)]
nA

— 2y oS eC(s, d)]

n NnN5;

n .
A=— 1Is the study area event
density

N .\ _I(dij < 1)
K(t) =1 1Zﬂw(!f,t}-) 1 5

I J#i



‘ Estimating K-function: an Example

Distance
band
(km)
10

30

40

50

#
events

from
Sq

17

25

#
events
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Sa

14
17

23

#
events

from
Si

0.012

0.067

0.153

0.269

0.419




Interpretations of K-function
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Edge effects .
e Edge effects arise from the

fact that events near the
edge of the study area tend

Guard zone

to have higher nearest-
PSR \ neighbor distances, even
though they might have
neighbors outside of the
study area that are closer

than any inside it.

~ - I(di; <t
K{n:;..—1Zﬂwf,m—1 {{IJN{ ]

T




proportion = 0.25;

the weight varies from 1 to 4

-y

the weight varies

from 1to 2.3834
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SIMULATE_OUTER_BOUNDARY_VALUES
This method creates points outside the study area boundary

that mirror those found inside the boundary in order to correct

for underestimates near the edges.

Points that are within a distance equal to the maximum

distance band of an edge of the study area are mirrored.

The mirrored points are used so that edge points will have

more accurate neighbor estimates.



SIMULATE_OUTER_BOUNDARY_VALUES ( §]5T )

Maximum Distance Band Size

Mirrored Points

o Point used in k-function calculation
® Point used only for edge correction




REDUCE_ANALYSIS_AREA (7 )

Maximum Distance Band Size
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K-functionern s 38 s B

K(t)=x 1 E E w(li, 1) : UN A =N/A
A ET

dummy variable

o (Téiti‘;f$se
/ ,, (di, )
K(h)= EZZ —

edge correction
=] f} the proportion of circumference of circle
(centered on point i, containing point j)
number of points =1 if whole circle in the study area




Assessing Point
Patterns
Statistically

Processes Patterns

MATHEMATICAL DESCRIPTION )

or . * ®

COMPUTER SIMULATION

Quadrat Analysis,
Nearest Neighbor

Analysis (NNA),
Ripley's K function
MEASURES
of PATTERN
v or
EXPECTED VALUES | STATISTICAL
TEST
and/or €———————3 [STATISTICS
or
DISTRIBUTIONS HYPOTHESIS
TEST
MODELS or
THEORIES or OBSERVATIONAL DATA
HYPOTHESES

W—J

Is the observed pattern a likely realization
of the hypothesized process?



Assessing Point Patterns Statistically

The common use of Ripley’s K(t) function is to test
Complete Spatial Randomness (CSR)

0 test whether the observed events are consistent with a

homogeneous Poisson process.

L(d) :\/K(d) d Under CSR, %_d
& - L(d) = 0.



18 ¥ Expected value of K(d)

K Aintensity)=a (= ¥ =5 f 7 aip B)

N nolSeCs,.d
N WA CEI )

1/

Expected value of K(d) = (n *a* nd?) / (n*a) = nd?

\/E(K(d)) 4 E(L(d)):\/E(K(d))_d:O
7T

T




Under CSR, L(d) = 0.
L(d) =\/K(d) —d
T
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Robbery Cases
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‘ R code: K(d) and L(d)

Kest

K-Function

=l v

Estimates Ripley's reduced second moment function K(r) from a point pattern in a window of arbitrary shape.

Keywords  spatial, nonparametric

Usage

Kest(X, .., r=NULL, rmax=NULL, breaks=NULL,
correction=c{"border"”, "isotropic", "Ripley", "translate™),

nlarge=3888, domain=NULL, var.approx=FALSE, ratio=FALSE)

> K <- Kest(School.ppp)
> plot(K, main=NULL)




‘ R code: K(d)

> K <- Kest(School.ppp)
> plot(K, main=NULL)

K(r)
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Border Correction Methods

the border method or “reduced sample” estimator (see Ripley, 1988).

This is the least efficient (statistically) and the fastest to compute. It can be
computed for a window of arbitrary shape.

isotropic/Ripley
Ripley's isotropic correction (see Ripley, 1988; Ohser, 1983). This is
implemented for rectangular and polygonal windows.

translate/translation

Translation correction (Ohser, 1983). Implemented for all window
geometries, but slow for complex windows.

rigid
Rigid motion correction (Ohser and Stoyan, 1981). Implemented for all
window geometries, but slow for complex windows.



‘ R code: L(d)

= L <- Lest(School.ppp)

M
8 Liso(r)
% = L A
— Ltrans(r)
.
“ Lpora(r)
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‘ R code: L(d)

= L =<=- Lest(School.ppp)
= L1<-L%1s0 - L§r
= plot(L1l, main=NULL, type="1")

L1
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R code: Monte Carlo Significance Test

envelope

Simulation Envelopes Of Summary Function Significant level| = 1/(99+1) - 0.01
Computes simulation envelopes of a summary function. .
Keywords hplot, htest, spatial, iteration r AL N

= CI<-envelope(School.ppp, |fun=Kest, ns1m=99, nrank=1)
Generating 99 simulations of CSR

- I T ,’govs((’r)) Rank of the envelope value

@ theo . .

® Ky (1) amongst the nsim simulated

E Kio(r) values. A rank of 1 means that

S the minimum and maximum
g g o simulated values will be used.
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+ —
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R code: Monte Carlo Significance Test

> CI_L<-envelope(School.ppp, |fun=Lest], nsim=99, nrank=1)

Generating 99 simulations of CSR ...

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, .
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45

54, 55, 56, 57, 58, 59, 60, 61, &2, 63, 64, 65, 66, 67, B8,

, 82, B3, B4, B5, B6, 8/, BB, B9, 90, 91, 92, 93, 94, 95, 9

Done.
= plot(CI_L) 5
> plot(CI_L,|.-r~r) S
8 - E\obs(r)_!
h - = Lineo(r)—1
% § ] Lh,,,-(r)—r
f,o(r)—r

0 2000 4000 6000 8000 10000 12000




R code: Envelope for G(d) and F(d)

CI_G<-envelope(School.ppp, |[fun=Gest,| nsim=99, nrank=1)

CI_F<-envelope(School.ppp,
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COMPARING METHODS FOR MEASURING THE PATTERN OF FEATURE

LOCATIONS

I T e I

Overlaying areas
of equal size

Calculating the
average distance
between -
features

Counting the
number of
features within
defined
distances

Quadrat analysis

Nearest
neighbor index

K-function

Kolmogorov-Smirnov
Chi-square
Variance-mean ratio

Z-score

Uses multiple
simulations to create
a random distribution
envelope

Can be used when
there are multiple
features at a single
location

Considers the
distance between
features

Calculates the
concentration of
features at a range
of scales or
distances,
simultaneously

Doesn’t consider the
distance between
features; results are
influenced by the size
of the quadrats

Results may be biased
if there are many
features near edge of
study area

Patterns are suspect at
larger distances due to
edge effects
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& {% Procedures of F(d) Function

o Step 1: Loading school.shp

a Step 2: Generating Random Points: rpoint()
(p1, p2, ..., pn)

a Step 3: Calculate d_. (pi, s): st_distance() or nncross()

a Step 4: Calculate F(d): ecdf()
o Step 5: Monte Carlo Significance Test: for-loop

o Step 6: plotting the CDF curve: plot()

o Final: comparing with the result of envelope (school.ppp, fun=Fest)
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2 {% Procedures of K(d) Function

0 comparing with the result of envelope (school.ppp, fun=Lest)
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