Vertical crustal deformations and climate variability

EGUssemoly

Letizia Elial'*, Susanna Zerbini!, Fabio Raicich?

1 Department of Physics and Astronomy, University of Bologna, Italy 2 CNR Institute of Marine Sciences, Trieste, Italy

* email; letizia.elia2@unibo.it - Twitter: @letiziaelia2

114 time series

Region: Europe and Mediterranean area
Time range: 2010-2018

Terrestrial
Water Storage
(TWS)

Interannual Variability of GPS Heights and Environmental Parameters
over Europe and the Mediterranean Area by Elia L., Zerbini S. and
Raicich F. Published on Remote Sensing 2021, 13(8), 1554.
https://doi.org/10.3390/rs13081554

Latitude

through PCA and SVD

60°N

40°N

30°N

!IlS
- 10

5

15 1

10 1

_15 N
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

20°W 0°

20°E

Latitude

Time
70°N ?’
¥} o
e of).
TR
60°N -
“y % % j,
e v
i : et . o ,
50°N o . .
. ..C) ’bo ’ j/f-\
° ., C
1)
° “k‘
30°N ®

70°N ?"
@)
60°N O -5
¢
5 .
>S5 ‘.‘ L
= 05 .
5 50°N &
40°N|
30°N
O
20°W 0° 20°E 40°E 60°E
Longitude
— TWS

10 A

_10 u

20°E
Longitude

60°E

Time

!IOJI

T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

First (left) and
second (right)
spatial pattern of
the weekly GPS
Height residuals

First time
components of
the SVD pairs SP-
GPS H (left) and
TWS-GPS H
(right)

0.2

0.0

-—0.2

Spatial distribution of the
correlation coefficients
between the MEI and the GPS
Height time series.

|IOA

(@O



https://doi.org/10.3390/rs13081554
mailto:letizia.elia2@unibo.it

Vertical crustal deformations and climate variability through PCA and SVD

Objective

. To identify and analyse principal modes of variability of
* GPS height
* Environmental parameters

and

. To study the coupled variability of these parameters
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Parameters

* GPS height
* Surface atmospheric pressure (SP)

* Terrestrial Water Storage (TWS)

* Multivariate ENSO Index
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114 GPS stations selected

according to

 Length of the time series of
the daily coordinates

e Completeness of the time
series

e Spatially uniform coverage
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Datasets

Daily time series covering the period
June 9, 2010 —September 5, 2018

 GPS height
(Nevada Geodetic Laboratory, http://geodesy.unr.edu/)

. SP
(National Center for Environmental Prediction,
https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.html)

e TWS
(NASA Data and Information Services Center, https://disc.gsfc.nasa.gov/)
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Data pre-processing

* Detrending
* Deseasoning
* Estimate of weekly mean values

e Standardization

* Spatial interpolation in the case of SP and TWS
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Principal Components Analysis (PCA)

To identify principal modes of variability of a dataset

Principal Component Analysis (PCA):
modes of variability

spatial pattern time component
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PCA theory

flt,x1) - f(t,x)

Fij —

f(tn.: X1) f(tn.» xp)

* eigenvector ¢; of R — spatial pattern of the i-th mode

* vector a; = Fc¢; - time component of the i-th mode

* eigenvalue l[; of R — variance explained by the i-th mode
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Each PCA mode explains part of the total variability of the dataset

Variance (%)

Modes GPS height SP TWS
1 32.77 46.54 29.67
2 11.55 22.22 12.08
3 5.58 11.82 10.39
4 4.13 5.64 7.78
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Singular Value Decomposition (SVD)

To identify common modes of variability between pairs of variables

Singular Value Decomposition (SVD)
common modes of variability

2 spatial patterns 2 time components

Pair of variables studied:
* GPS height-AP  ——> first 4 modes = 85% of total covariance
 GPS height-TWS - > first 3 modes = 51% of total covariance
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SVD theory

F; and F, : matrices of the two variables

Reross = F1TF2 = ULV"

* Columns u; of U and v; of V - spatial pattern of the i-th mode of

covariability of F; and F,

* Vectors a; = Fyu; and b; = F,v; - time component of the i-th mode of

covariability of F; and F,

* Values [; of L — covariance explained by the i-th mode
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SP: 1stand 2"Y PCA modes
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e Coherent behaviour over
Europe and the
Mediterranean area

e Atlantic side:
Icelandic Low (coeff. > 0)

and
Azores anticyclone (coeff. < 0)
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TWS: 1°tand 2"° PCA modes
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SP-GPS height: 1°'SVD mode
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Anticorrelation
between the two
spatial patterns

GPS height: larger
positive values in
Central Europe than
those in coastal
areas

Different response
of coastal and inland
sites to the same
pressure forcing

Larger values inland,
as expected™

154 — sP
— GPS Up

10 A

_1D 4

_15 4

T T
2010 2011 2012

T T T T T T T
2012 2014 2015 2016 2017 2018 2019
Time

5y oscillation

* Van Dam, T.M.; Blewitt, G.; Helfin, M.B. Atmospheric pressure loading effects on GPS coordinate determinations. J. Geophys. Res. 1994, 99, 23939-23950
Kreemer, C.; Blewitt, G. Robust estimation of spatially varying common-mode components in GPS time-series. J. Geod. 2021, 95, 13
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SP-GPS height: 2"“ SVD mode
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TWS-GPS height: 1°*SVD mode
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the vertical
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induced by the

TWS loading
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TWS-GPS height: 2"“SVD mode
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The behaviour is mostly due

to TWS impact




Vertical crustal deformations and climate variability through PCA and SVD
Multivariate ENSO Index

MEI provides an assessment of the El Nino
Southern Oscillation and is based on 5 main
variables related to the Equatorial Pacific:

e Sea level pressure
e Sea surface temperature
e Zonal and meridional components of the

surface winds

* QOutgoing longwave radiation
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Correlation map MEI-GPS height
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Conclusions

’ ‘ >Q * Principal modes of variability of GPS height, SP, TWS
* Relationship with climatic events

\/ e Common modes of variability between the pairs GPS height-SP and GPS height-TWS
e Loading mechanism at continental scale

QOMPARISON
Witk ME|

e Relationship between MEI and vertical deformation of Earth crust at continental scale







