
Extremal dependence as given by the tail pairwise dependence
matrix in precipitation and temperature data

Svenja Szemkus 1 Petra Friederichs 1

1Institute of Geosciences University of Bonn

Compact statistical-dynamical description of
high-dimensional spatialweather extremes

The CoDEx project is investigating how data compression techniques can contribute

to a better description and understanding of extreme weather events.

We use singular value decomposition to study the spatial co-occurrence of temper-

ature and precipitation during heat wave-events.

We identify a spatial relationship between both variables and obtain a temporal iden-

tification of prominent heat waves in Europe. We also achieve improved compact

representation of the temperature time series for extremes.

The focus on extreme events is done by using the tail pairwise dependence matrix

(TPDM), proposed by Cooley and Thibaud (2019) as an analogue to the covariance

matrix for extremes. To capture the simultaneous occurrence of precipitation deficits

and high temperature, we explore how Cooley and Thibaud’s concept can be used in

this regard and propose an estimation of the TPDM based on pairwise dependencies

of two variables.

Motivation
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Figure 1. Spatial mean of temperature-anomalies (left) and precipitation (right) over CORDEX-11

Domain. The Years 2003, 2010 and 2018 are highlighted in red.

High-dimensionality of meteorological datasets (spatial/temporal/multivariate)

low signal-to-noise ratio (curse of dimensionality)

Adapt information compression/ dimension reduction to meteorological extremes!

A Singular Value Decomposition using Extremal Dependencies

Various data compression techniques are based on the covariance-matrix. To

achieve a targeted application to extremes, we follow [2] and replace the

covariance-matrix by the TPDM (Tail Pairwise Dependence Matrix) which is ref-

ered to as an analogue to the covariance matrix, but for extremal dependence.

The estimate of the TPDM is a threshold based estimation

The definition of the TPDM is based on an Extreme framework

Dataset: COSMO-REA6

Domain: CORDEX EURO-11

Resolution: 0.055° (6 km)

Period: 1995-2019

http:
//reanalysis.meteo.uni-bonn.de

Daily Preciptiation, Temperature

Extended Summer: June-September

1995-2019

Detrended Temperature Figure 2. Representation of the CORDEX

EURO-11 domain [Figure from 1]

Definition of the TPDM

Assume regular varying random vectors X ∈ RV
p
+(2) (and Y ∈ RV

q
+(2)) such that:

nPr(n−1/2X ∈ ·) →v νX(·) νX(dr × dw) = 2r−3drdHX(w)
Define each element of the TPMD after a polar transform:

σXik
=
∫

θ+
p−1

wiwkdHX(w) ΣX = (σXik
)i,k=1,...,p

With HX : Radon measure on L2 unit ball θ+
p−1 = w ∈ X̄p : ||w||2 = 1

Workflow

1. Transform Original Data such that X ∈ RV
p
+(2) and Y ∈ RV

q
+(2)

2. Estimate of the TPDM:

σ̂i,j = 2n−1
ij,exc

nsamp∑
t=1

wX
t,iw

Y
t,jI(rt,ij > r0,ij)

With: ωX
t,i = xt,i

rt,ij
; ωX

t,j = xt,j
rt,ji

; rt,ij =
√

x2
t,i + y2

t,j.

3. Compute Singular Value Decomposition (SVD): Σ̂XY = UΛV T

4. Analyse:
Singular Vectors: ei = t(Ui); fi = t(Vi)
Singular Values: λi

Expansion Coefficients: µt = UT t−1(xt); νt = V T t−1(yt)
Reconstruction: x?

t = U ? · µ?
t ; y?

t = V ? · ν?
t

with t(z) = log(1 + exp(z))

Results

Expansion Coefficients
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Figure 3. First left- and right expansion coefficients for temperature (left) and precipitation (right). The timeline corresponds to the extended summer

months (June-September) and the vertical lines denote the cut between two different years.

First mode: Temporal identification of Heat Wave Events

Higher order: Information of Spatial Extend of Extreme

Event

Identification of Extreme Precipitation difficult

Comparable smaller scales of extreme precipitation events

Singular Vectors

0.683 log(2) 0.707

Anomaly Precipitation

0.677 log(2) 0.705

Anomaly Temperature

Figure 4. Second singular vectors obtained by the SVD. The anomalies are

associated with temperature-anomalies (left) and precipitation-anomalies

(right). The representation takes place in the positive reals. Therefor log(2)
corresponds to zero.

Detection of spatial patterns with commonly occurring

extremes

First Singular Vectors entirely positive

Wave-Like Structure of singular Vectors
Relation to Rossby waves

Identification of frontal structure

→ Dynamical Link between precipitation and temperature

Summary/ Discussion

Providing a targeted application of the SVD to extremes

Allowing to benefit from the experience and knowledge of the method

Improved compact description for extreme events compared to usual SVD
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