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Introduction
Post-mining regions are particularly prone to unpredictable
geological hazards such as land surface movement (LSM)
and sinkhole formation, even long after mining activities
have ceased. Both LSM and sinkholes pose a direct threat
to the safety to infrastructure and residents in these vulner-
able areas. In this study, we investigated the potential of in-
tegrating open-source datasets of European Ground Motion
Service (EGMS) InSAR data with ALS data obtained from
the Polish National Geoportal to monitor LSM and detect
sinkholes. We also validated the reliability of these datasets
by comparing results with precise geodetic leveling measure-
ments and in-situ observations of sinkhole occurrences.

Study area
Our study was conducted in the underground hard coal mine
“Siersza” located in the city of Trzebinia, Poland. The mine
was closed in 2001 after several decades of mining exploitation
that resulted in cumulative land subsidence of several meters.
Following the closure of the mine, groundwater rebound, land
uplift, and sinkholes have been observed. Due to data availabil-
ity, this study covered the period from 2019 to 2022. (Fig. 1).

Figure 1: Detailed view of the AOI, showing areas of shallow coal exploita-
tion, faults, and mining impacts on the land surface: the spatial extent
of cumulative subsidence, uplift, and mining-associated sinkholes.
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Methodology
This study consisted of three stages. First, EGMS-
InSAR data were used to map vertical land motion:
Ortho datasets provided broad trends, while Calibrated
LOS data enabled denser, decomposed vertical veloc-
ity maps. Second, ALS data were processed to de-
tect sinkholes using the Stochastic Depression Analysis
(SDA), producing a probability map. GIS tools refined
sinkhole centroids from field measurements. Finally, In-
SAR and ALS results were compared with precise level-
ling to evaluate mining impacts and explore spatial links
between vertical changes and sinkhole formation, offering
a comprehensive perspective on surface instability pro-
cesses, especially in post-mining environments (Fig. 2). Figure 2: Flowchart of the methods used in this study.

Highlights of the research
• EGMS detects major uplift and residual subsidence in the 40 km2 Siersza mine area

• ALS-based methods detect up to 60% of sinkholes at a 0.90 probability threshold
• EGMS and ALS highlight local subsidence within 200–300 m of sinkhole centroids

• Combining InSAR and ALS clarifies overlapping rebound and sinkhole hazards
• Systematic offset from levelling indicates unstable reference benchmarks in the area

Figure 3: EGMS-derived vertical land movement between March 2019 and April
2022, obtained from (A) the Ortho dataset and (B) the Calibrated dataset.
(C) Time-series comparison of a representative location in the central AOI.

Subsidence and Uplift Patterns
EGMS data reveal both uplift and subsidence, with uplift peak-
ing at +18.8 mm/year and subsidence at 7.8 mm/year (Fig. 3).
Uplift aligns with areas of historical mining, while subsidence
persists in outer regions. The Calibrated product offers higher
point density than the Ortho dataset (17,690 vs. 642 points).
Both datasets show strong agreement in vertical displacement,
despite differences of up to ±3 mm/year in sparsely mea-
sured zones. The Ortho product provides reliable large-scale
trends, while the Calibrated version captures finer spatial de-
tails, making it more suitable for detailed interpretation. ALS-
derived LSM maps (Fig. 4) reveal minor uplift in the cen-
tral area and residual subsidence at the edges, mostly within
±20 mm/year. Among the tested methods, RD best captures

localized subsidence linked to sinkholes, though it retains more
noise. LPF smooths RD outputs, while M3C2 reduces noise fur-
ther but may omit small features. SDA-based sinkhole detection
using RD and LPF matched 60% of the 29 field-confirmed sink-
holes. These results demonstrate the advantage of complemen-
tary methods for deformation monitoring in post-mining settings.

Figure 4: Velocity map from the ALS-RD method with 29 documented sink-
holes and close-ups of RD, LPF, and M3C2 approaches.

Multi-Sensor Comparison
and Sinkhole Precursors

EGMS data show strong agreement with precise levelling
(R2 ≈ 0.90), while ALS-based methods correlate more weakly
due to their localized nature. A 7 mm/year offset suggests lev-
elling benchmarks may lie in unstable zones. Uplift drops by up
to 13 mm within 200–300 m of sinkholes, indicating local sub-
sidence superimposed on regional uplift. InSAR shows promise
for detecting early deformation linked to sinkhole (Fig. 5).

Figure 5: Vertical displacement as a function of distance from selected sinkhole
centroids, calculated for EGMS Ortho and Calibrated measurement points.
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