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Figure 4: Time series of a single RADARSAT-2 
descending scatterer showing displacement 
(blue), amplitude (yellow), and ambiguity 
(grey) over time. 

7. Proposed Future Research: 
Focus on individual PS behavior rather than averaged regional 
trends. Catalogue PS based on temporal patterns and physical 
characteristics;

Analyze amplitude and phase variations over time
Detect and interpret anomalies
Add valuable contextual information

9. Final Remarks: 

From Motion Detection to Behavior Interpretation: Moving beyond mere detection of motion, our goal is to understand the underlying behavior of each scatterer.
Towards AAA-Quality Products: To make InSAR actionable, we must develop methods that support AAA (Advanced Application-Aligned) products. These are anchored in 
specific locations, imbued with physical meaning, and tailored to end-user needs.
Addressing Complex, Non-Linear Displacement: Further work is needed to interpret non-linear and locally variable displacement behavior.
Integrating Contextual Information: A key challenge is linking each scatterer to its physical environment and disentangling its composite signal. Only by incorporating 
contextual information can we reveal the true story behind each observation.
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4. Results: 
A Quantitative Statement on Geolocation 
Precision

Figure 1: Photographs of the Wilhelmina Tower in 
Valkenburg, The Netherlands, before and after its collapse 
on March 16, 2025. (NOS, 2025)

5. Discussion: 
From where to what: The Role 
of Context in Interpreting 
InSAR Scatterers
InSAR scatterer behavior is 
shaped by the physical 
environment (e.g. buildings, 
land cover, soil) and external 
conditions (e.g. weather, water 
levels). 

6. Research Opportunities: 
Which contextual information is relevant? 
How do they influence the signal - 
seasonally, gradually, or abruptly? 
Disentangling the interactions between 
environment, infrastructure, and signal 
remains one of the biggest opportunities - 
and challenges - in advancing InSAR 
interpretation.

3. Method: 

We propose using amplitude-
derived quality indicators to 
estimate the individual cross-
range, range, and azimuth 
uncertainties for each scatterer. 
This allows for a more accurate 
geolocation and interpretation of 
individual PS signals, improving the 
reliability of dynamic ground 
motion analysis.

Where? 

What? 

1. Background: 

When the Wilhelmina Tower in Valkenburg 
collapsed on March 16th, 2025, one key question 
emerged: Could InSAR have detected early 
signs of structural instability?
InSAR processed data reveals the problem that 
we need to know  where and what to draw 
conclusions about the structural integrity. 

Figure 6: Individual InSAR scatterer amplitude time series showing 
seasonal variation in the amplitude deviation. 

Figure 2: Surface and/or object movement observed using InSAR can result from a variety 
of driving mechanisms. Although near-daily observations are available from multiple 
satellites, disentangling the contributing components remains a key challenge. (Brouwer 
& Hanssen, 2024b)

2. Introduction:  
From Region to Local: The Challenge of Zooming In
 InSAR excels at detecting broad regional behavior. But 
as we zoom into individual scatterers, interpretation 
becomes harder. Small-scale signals are sensitive to 
noise, location uncertainty, and surface change. 
Understanding a single point requires a different level 
of precision, context, and care.
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8. Challenges: 

What If the Context Changes? When Scatterers 
Stop Behaving

Figure 7: Displacement and amplitude time series of a 
persistent scatterer show strong seasonal behavior before 
2021. After 2022, the signal becomes noisy and unstable, 
indicating a change in scatterer characteristics.

Figure 8: Aerial 
imagery 
before and 
after 2021 
reveals the 
installation of 
solar panels

Why Location Matters: Interpreting InSAR 
Scatterers in Their True Context
When analyzing individual point scatterers (PS) from 
InSAR time series, it is crucial to understand what the 
observed signal represents - specifically, what physical 
or environmental processes contribute to it. This 
requires knowing the precise geolocation of each PS, 
as even small spatial offsets can result in significant 
misinterpretation of the signal.
Previous approaches have typically assumed the 
same geolocation uncertainty for all scatterers. 
However, this does not reflect reality: the precision of 
each scatterer’s position depends on the quality of its 
phase history,  and the peakedness of its amplitude 
response which varies for each individual scatterer.

Figure 3: The sub-pixel position ηi 
within the radar coordinate system, 
illustrating its location relative to the 
pixel grid. Adapted from Yang, M. 
(2020). 
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Figure 5: These ellipsoids illustrate the spatial uncertainty in three dimensions. In the figure, geolocation uncertainty is shown in context: An RGB airborne LiDAR point cloud provides high-resolution ground 
reference. A BIM model of the Wilhelminatoren (pre-collapse). Ellipsoid color indicates linear displacement trend over time - purple for subsidence, blue for uplift.

Gas Storage in Action - or Something More?

Figure 5: InSAR scatterer showing dynamic displacement behavior near an 
underground gas storage site.
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purpose - Regional trend 
m aps
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Requires detailed, 
localized interpretation  
of individual scatterers

To effectively represent 
the geolocation 
uncertainties, we plot 
the 2σ (two standard 
deviations) 
uncertainty ellipsoids 
in range, azimuth, and 
cross-range directions 
for each point scatterer. 
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