Inversion-based Time Series Analysis of PS-InSAR Data:

Uncovering the Origins of Subsidence and Annual Fluctuations in Southern Hesse, Germany

Michael Rudolf’, Katrin Krzepek?, Benjamin Homuth?, Dorota Ilwaszczuk?, Andreas Henk’

'"Technical University of Darmstadt, Institute of Applied Geosciences, Engineering Geology (rudolf@geo.tu-darmstadt.de), “Technical University of Darmstadt, Institute of Geodesy, Remote Sensing and Image Analysis, *Hessian Agency for Nature Conservation, Environment and Geology, Wiesbaden

TECHNISCHE
UNIVERSITAT
DARMSTADT

g
i

digitales.hessen

UG WO ZUKUNFT ZUHAUSE IST
Fiir eine lebenswerte Zukunft

Motivation

» Introduction

The uplift and subsidence of the earth's surface can be attributed
to many different processes. In urban regions in particular, it is
important to understand which ground movements occur,
whether they pose a risk to infrastructure and whether
countermeasures can be taken. While events such as earthquakes,
sinkholes and landslides have abrupt and visible effects, slow
ground movements such as slope instabilities and tectonic
movements are difficult to detect and it can take decades for
visible damage to occur. Remote sensing, especially InSAR and
Persistent Scatterer InSAR, provides high spatial and temporal
coverage for monitoring these processes. The state of Hesse in
central Germany is confronted with various ground movements,
including former open-cast lignite mines, active salt mining and
landslide-prone geological units.

Areas of increased hazard <«
- Mining activity
(Werra-Fulda)
- Abundance of landslide prone units
(Hoher Meissner & Kassel)
- Ground water extraction
(Rhein-Main & Kassel)
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A Groundwater level and surface motion

In the Rhein-Main area the ground motion is strongly connected
to the ground water level. To evaluate the applicability we
compare the Boden-Bewegungsdienst Deutschland data (BBD,
Kalia et al. 2017) with the European Ground Motion Service
(Costantini et al. 2021) and correlate both datasets with selected
ground water observation wells in the Rhein-Main area (based on
the methodology in Boni, 2016).

Buchschlag near Frankfurt a.M.
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» Results
Where data coverage is sufficient, the surface motion is strongly
correlated with the ground water level, suggesting a good
connection of the reservoir and surface. Therefore, we suggest
that both - BBD and EGMS - datasets are valid targets to use for
our study.

» Caveats

While having a similar processing, BBD and both EGMS periods
can strongly differ (Even et al. 2024). Furthermore, the
groundwater reservoirs which are monitored might not be the one
closest to the surface. A correlation with precipitation is thus not
always expected.

» Ground Motion Analyzer V Datasets

The ground motion analyzer (GMA) We use Persistent Scatterer

assigns a ground motion score to a grid of Interferometry (PS-InSAR) data
defined resolution (Krzepek et al. 2023). from the Ground Motion Service

The score is derived from the linear Germany (BBD) to analyse ground
vertical velocity of each PS. This is motion patterns.

filtered using a minimum velocity and

maximum variance of the residual. After Processing A

filtering, the number of PSs in each cell is Ground Motion Analyzer /" Source Data )

multiplied by the sum of their velocity. BBD L3 PSI Data
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A Time Series Inversion

For regions of anomalous ground movement, a
detailed time series analysis is performed. This
separates the displacement curves into their
individual components (Metzger et al. 2012,
/ Result Bevis and Brown 2014):

PrOd UCt - Linear
) (tectonic movement)

Connection with other Data

- Annual and semi-annual sinusoid
| (temperature, rainfall)

C Potential Sites

[ Dataset (offsets, earthquakes)
1 Automatic Processing l - Logarithmic

Manually Defined ( Additional Monitoring? ) (postseismic relaxation)
“ Result - 4 - Logistic

(transients, water extraction)

» Results
Several regions of anomalous ground motion were detected. Here we present:

- A linear displacement anomaly in the urban area of Frankfurt a.M.
- A seasonal anomaly in the more rural area of Crumstadet.

Using external data we search for possible causes of the anomaly and inform the
responsible authorities.

Results - Urban Case Study Frankfurt a.M.
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Two main regions of strong ground
motion in Frankfurt a.M. are detected:

- Hochst
- Inner City

For the “Inner City” a detailed time series
analysis is done because of the possible
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Conclusions

» PSI Datasets

- Data shows good correlation with ground water level.

- Irregular deformation is not well represented by InSAR
processing (linear+sinusoid in Germany, vs. piece-wise
linear in other regions, see Even et al. 2024).

» Ground Motion Analyzer

- Enables the identification of regions with significant
ground movement at various spatial scales.

- Allows for quick assessment of datasets.

- Limited applicability for seasonal or transient signals

- No temporal correlation, in contrast to alternatives such
as ADAfinder (Barra et al. 2017).

» Timeseries Analysis

- More detailed information on active regions.

- Improved deduction of geological causes.

- Identification of transients and temporal correlation
between regions.

» Applicability
- The data can be used to monitor ground movements and
identify risk areas to inform authorities and stakeholders.
- Integration of external data is required for the assignment
of possible causes.
- Important for:
> urban planning, risk assessment, monitoring
> impact of anthropogenic activity
> climate-induced changes in subsurface
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