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Introduction

I Dataset: Variable X observed in n spatial
locations.

I Goal: Cluster detection.
I Cluster = spatial area Z in which X is

significantly "different" from elsewhere.
I Question: Is there any significant cluster?

Scan method

I Statistical tests:
H0 : "Absence of a cluster"

vs
H1,Z : "Presence of a cluster Z".

I Scan Statistic: maximum of a
concentration index over a set of potential
clusters.

I Significance: Monte-Carlo procedure.

Method: Univariate case

I Z ⊂ S: potential cluster and Z c its
complement.

I Wilcoxon-Mann-Whitney
statistic:

SR(Z) =
∑

i :si∈Z

Ri,

Ri : the rank of Xi .
I Concentration index in Z:

Irank(Z) =
SR(Z)−M(Z)√

V (Z)
,

M(Z): the mean of SR(Z) and V (Z):
the variance of SR(Z) under H0.

Method: Functional case

I Z ⊂ S: potential cluster and Z c its
complement.

I Wilcoxon-Mann-Whitney
statistic:

TWMW =
1

nZnZ c

∑
{i :si∈Z}

∑
{j :sj∈Z c}

Xj−Xi

‖Xj−Xi‖χ
,

nZ : size of Z and nZ c: size of Z c.

I Concentration index in Z :
U(Z) = (nZnZ c/n)1/2TWMW.

Significance of the tests

I T permutations of the Xi ’s : Λ
(1)
WMW.SS, . . . ,

Λ
(T )
WMW.SS.

I p-value:

pvalue =

1 +
T∑

i=1

1{Λ(i)
WMW.SS>ΛWMW.SS}

T + 1
.

A Wilcoxon-Mann-Whitney spatial scan statistic for univariate data

I Dataset: {(Xi, si), i = 1, · · · , n}, where si ∈ S ⊂ R2: spatial location
Xi : observation of real random variable X measured in location si (real marks).

I Median income in France in 2012 [1]:
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I MLC detected [1]:
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I WMW univariate spatial scan statistic:
ΛWMWUSS = max

Z∈D
|Irank(Z)| .

I Most likely cluster (MLC):

Ĉ = arg max
Z∈D

|Irank(Z)|.

A Set of potential clusters

I Circular clusters: Di ,j : disc with center si and passing through sj .

I A set of potential clusters:
D = {Di ,j, 1 ≤ i ≤ n, 1 ≤ j ≤ n}.

A Wilcoxon-Mann-Whitney spatial scan statistic for functional data

I Dataset: {(Xi, si), i = 1, . . . , n}, where si ∈ S ⊂ R2: spatial location
Xi : observation of χ-valued random element X measured in location si , χ: Hilbert space (functional marks).

I Demographic evolution in Spain
(from 1998 to 2019) [2]:

I MLC detected & its associated
demographic curves [2]:

I WMW functional spatial scan statistic:
ΛWMWFSS = max

Z∈D
‖U(Z)‖χ .

I Most likely cluster (MLC):

Ĉ = arg max
Z∈D

‖U(Z)‖χ.

Conclusion and perspective

I Conclusion: Introduction of the
nonparametric spatial scan statistics for real and
functional data.

I Perspective: Develop another nonparametric
spatial scan statistic based on the median test for
functional data introduced in [3].
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