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Signals

Observed time-series of water transport in rivers can be perceived mathematically as
a superposition of

* non-linear long-term trends
e periodic variations

* episodic events

* colored instrument noise

e etc.
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Methods

This contribution will highlight the benefits of a few advanced signal processing methods
for extracting relevant hydrometeorological information and causality analysis.

We employ a suite of 1D time-series analysis methods

Fourier Transform

Wavelets

Singular Spectrum Analysis (SSA)
Empirical Mode Decomposition (EMD)

and additional statistical assessments like

* Pruned Exact Linear Time (PELT) tests for change point detection
EGUSes, 2022
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Data

We analyze data from two virtual stations at

 Urmia Lake (Iran), representative for semi-arid/arid conditions of Central Asia with
small hydrological signal variations

* River Elbe (Germany), representative for the central European region with a rather
humid climate

(ESUszsi, 2022
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Change points

Based on “Pruned Exact Linear Time (PELT)” for change point detection

Urmia - Altimetric water level

1278 + -“\j
I|'|,I||I II'|

E 1276

O i

-

o

§1274_ I"h

g | W |

1272} |

1270 —— ,\ ' ' " — /\ '
\8) 9 O Q M O Q
D7 &' Q7 O O O N7 AV N7 XN @
FEEEE S S S S S

time [year] @UE??:&%NZOZZ



127

]
TUDelft

SSA decomposition

1t mode: non-linear trend

SSA modes
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Fourier Transform

After SSA de-trend (1%t and 2" modes removal)

Single-Sided Amplitude Spectrum
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Wavelet Transform

After SSA de-trend (1t and 2"9 modes removal)
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EMD + Hilbert Transform

After SSA de-trend (15t and 2" modes removal)
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How to interpret those?

Urmia Catchment - Precipitation

Urmia Catchment - Temperature
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No specific trends or change points have been detected!
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How to interpret those?

Several studies have shown that the water level changes (drops) are mainly caused
by rapidly growing agricultural activities, constructing several small dams and
withdrawing groundwater.

ORIGINAL RESEARCH article ,.)

Lake Urmia: how Iran’s most pront Frvren S SLAuust 2021 [ e era i e 2 0
famous lake is disappearing
, Why is Lake Urmia Drying up? Prognhostic
Sl b neaal 0% Snee he 19705.Scem s urg Modeling With Land-Use Data and
Artificial Neural Network

Journal of Great Lakes Research

GREAT ANGS RESEARGH
S, BNEM
= AVRS

Volume 41, Issue 1, March 2015, Pages 307-311

.04 Remote Sensing of Environment E

Volume 156, January 2015, Pages 349-360

Commentary

A spaceborne multisensor Aral Sea syndrome desiccates Lake
approach to monitor the

Urmia: Call for action @Ueenerau 2022

desiccation of Lake Urmia in Iran
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River Elbe: Abbendorf
Germany
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River Elbe: Abbendorf - Altimetric water level
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Change points

Based on “Pruned Exact Linear Time (PELT)” for change point detection

River Elbe: Abbendorf - Altimetric water level
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Linear trend

Elbe River: Abbendorf - Altimetric water level
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SSA decomposition

SSA modes

note changing amplitude
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Fourier Transform

After simple linear de-trend

Single-Sided Amplitude Spectrum
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Wavelet Transform

After simple linear de-trend

Magnitude Scalogram
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EMD + Hilbert Transform

After simple linear de-trenr _
Hilbert Spectrum
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How to interpret those?

Elbe River: Abbendorf - Altimetric water level 0.5 Elbe River Basin - Precipitation
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How to interpret those?

Flood event of June 2013

Hilbert Spectrum Hilbert Spectrum
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How to interpret those?

Flood events of August 2002 and April 2006
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Message to take (conclusion)

Benefits of using different signal processing methods for extracting relevant
hydrometeorological information and causality analysis!
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Thank you for your attention

For questions and discussions,
| am available during the G3.1 “Geodesy for Climate Research” session run
through the virtual portal.
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