
BACKGROUND METHODOLOGY RESULTS Current and Future work

Spatial Semiparametric Spectral Density
Estimation for Multivariate Extremes

Mauricio Nascimento
Pennsylvania State University
Joint work with Ben Shaby

November 14, 2016



BACKGROUND METHODOLOGY RESULTS Current and Future work

TABLE OF CONTENTS

BACKGROUND

Multivariate Extremes
California Wildfires Application

METHODOLOGY

Model for extremal dependence
Re-parametrization of model

RESULTS

Current and Future work



BACKGROUND METHODOLOGY RESULTS Current and Future work

MULTIVARIATE EXTREMES

I Wave heights and high still water level
I Concentrations of different air pollutants
I Wind speed and fire spread conditions



BACKGROUND METHODOLOGY RESULTS Current and Future work

CALIFORNIA DEPARTMENT OF FORESTRY AND FIRE

PROTECTION(CAL FIRE)

Figure: California Department of Forestry and Fire Protection1

1http:
//www.fire.ca.gov/lmu/header/2012_LMU_header_04.jpg

http://www.fire.ca.gov/lmu/header/2012_LMU_header_04.jpg
http://www.fire.ca.gov/lmu/header/2012_LMU_header_04.jpg


BACKGROUND METHODOLOGY RESULTS Current and Future work

FIRE BURNS MORE THAN 172.000 ACRES ANNUALLY

Figure: Rocky Fire burns near Clearlake August, 2 20152

2http:
//www.cnn.com/2015/07/18/us/california-freeway-fire/

http://www.cnn.com/2015/07/18/us/california-freeway-fire/
http://www.cnn.com/2015/07/18/us/california-freeway-fire/


BACKGROUND METHODOLOGY RESULTS Current and Future work

DATA
I Wind speed
I Fosberg Fire Weather Index (FFWI)

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

32.5

33.0

33.5

34.0

−118.5 −118.0 −117.5 −117.0
lon

la
t

Figure: Location of 20 meteorological stations on California
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Figure: Scatterplot of Wind and FFWI on the Fréchet scale for
Ontario, CA



BACKGROUND METHODOLOGY RESULTS Current and Future work

MODEL FOR EXTREME DEPENDENCE

Assuming the individual margins are unit Frechet the
distribution can be write it in polar coordinates
(R =

∑
(x),w = x

R ) as

P(R > r,w ∈ A) ∼ r−1H(A)

where H(A) is the angular measure in the unit simplex Sd with
the following restriction∫

Sd
widH(w) =

1
d
∀i = 1, ..., d
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NON-PARAMETRIC MODEL FOR DEPENDENCE USING

A MIXTURE OF DIRICHLET3

h(w) =

K∑
k=1

pkDirichlet(µk, νk)

where
I pk is the weight of the kth component
I µk is the mean vector of the kth component
I νk is the concentration parameter of the kth component

and the previous constraint becomes.∫
Sd

widH(w) =

K∑
k=1

pkµik =
1
d
∀i = 1, ..., d

3Boldi, M.-O. and Davison, A. C. (2007), A mixture model for multivariate
extremes. Journal of the Royal Statistical Society: Series B (Statistical
Methodology), 69: 217229.
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RE-PARAMETRIZATION OF MODEL4

Original parameters
I pk ∈ [0, 1], k = 1, ...,K
I νk ∈ R+, k = 1, ...,K
I µk ∈ Sd, k = 1, ...,K

I where
∑K

k=1 pk = 1 and
∑K

k=1 pkµik =
1
d

New parameters
I εk ∈ [0, 1], k = 1, ...,K − 1
I νk ∈ R+, k = 1, ...,K
I µk ∈ Sd, k = 1, ...,K
I where (ε,µK) = T(µ,p)

4Sabourin A, Naveau P. Bayesian Dirichlet mixture model for multivariate
extremes: A re-parametrization. Computational Statistics and Data Analysis.
2014;71:542.
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Figure: Location of 20 meteorological stations in California
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SPATIAL DEPENDENCE

h(wij) =

K∑
k=1

pkiDirichlet(µki, νki) for i ∈ 1 : I, j ∈ 1 : Ji

(pi,µKi) = T−1(εi,µi)

log(νk) ∼ GP(Xβνk
,Σνk) for k ∈ 1, ...,K

logit(εk) ∼ GP(Xβεk
,Σεk) for k ∈ 1, ...,K − 1

µk ∼ Dirichlet(µ0, ν0) for k ∈ 1, ...,K − 1
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Figure: Posterior distribution of the angles for Beaumont, CA
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Figure: Posterior distribution of the angles for San Bernardino, CA
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Figure: Posterior distribution of the angles for Perris, CA
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Figure: Posterior distribution of the angles for Ontario, CA
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CURRENT AND FUTURE WORK

I Estimating marginal distribution along side the
dependence

I Complicated because of censoring
I Estimating the number of components

I Implemented reversible jump for non-spatial case
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Thank You!
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