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Mining activities impact the environment both during, and after the mine closure. 
Post-mining areas are a subject of many environmental hazards such as secondary ground 
movements, waterlogging or flooding [1]. Environmental changes occur at different pace and 
times, shortly after, or years after the mining activity ends. Therefore, it is important 
to continuously monitor post-mining areas. The use of remote sensing techniques is beneficial 
for this particular case – as these areas are hazardous, large and temporally changing. 

The aim of this study is to investigate the land cover changes that occurred after the closure of 
the last underground mine in the Olkusz region (southern Poland), with the use 
of remotely sensed data. The Area Of Interest (AOI) includes the former “Hutki II” backfilling sand 
mine and areas of the former and historical underground zinc mining. 

The area is under rapid environmental changes associated with the end of underground 
mining and the shutdown of water pumps [2]. Figures 1-3 present photographs of post-mining 
impacts – sinkholes and the occurrence of surface water.
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Figure 1. Aerial photography of cascade sinkholes Figure 2. Aerial photography of a sinkhole Figure 3. Aerial photography of a surface water in Olkusz region Figure 4. Methodology scheme

Object Area [m2]
Mean 

Elevation 
[m asl]

Surface water area [m2] Surface water – [%] of 
object’s area

1 197 138 299.08 81 000 41.09
2 416 752 303.02 127 700 30.64
3 522 286 299.71 185 500 35.52

2024

Figure 6. Hutki Site in 2024, 2 years and 10 months after water pumps shut down.

Nubmer of 
sinkholes

Area >1 m2 and 
<10 m2 185

Area > 10 m2 111

Sinkholes 
area

Max 969.2 m2

Median 97.5 m2

Mean 182.85 m2

Diameter Max 33.5 m

Depth Max 12.5 m

Table 1. Statistical analysis of surface water in 2024.

Figure 9. Histogram of sinkholes’ maximum depth 

Histogram – sinkholes’ max. depth

N
um

be
r o

f s
in

kh
ol

es

Sinkholes max. depth below ground level [m]

Sentinel-2 imagery, CIR composition + MNDWI 
2022

Figure 5. Hutki Site in 2022, 10 months after water pumps shut down.

Sentinel-2 imagery + LiDAR data

Table 3. Statistical analysis of detected sinkholes. 

Legend:

Figure 7. Hutki Site. Water detected for 2024. 
Sinkholes detected between 2019 and 2023.

Total surface area in Objects 1, 2, 3 Total surface water area in AOI Difference

394 200 m2 399 800 m2 5 600 m2

mean AOI elevation = 312.05 m above sea level

Figure 8. Close-up of the area with multiple sinkholes 
[geoportal.gov.pl]

Orthophotomap + LiDAR data

[3]

[4]

Table 2. Analysis of MNDWI results.

Benefits Limitations
• Open access satellite data is useful in environmental monitoring of post-mining areas, 

with a focus on surface water detection and temporal changes 

• MNDWI can be used as a proxy for water detection

• LiDAR data is useful in elevation change analysis in post-mining areas, with the focus 
on discontinuous land subsidence (sinkholes)

• Integration of satellite imagery and LiDAR point cloud allows more accurate results and detailed 
conclusions

• Inaccuracies in results due to spatial resolution of open access satellite data

• MNDWI only as proxy, does not indicate water as well as it is visible on the CIR image

• Limited availability of LiDAR data (on demand), no- or limited archival data

• LiDAR sinkholes analysis – earthworks are incorrectly marked as sinkholes

• Integration of data from multiple sources requires similar acquisition dates – limited possibility when 
used with airborne laser scanning LiDAR data. 


