Pattern-based sinkhole detection
in Kazakhstan from Sentinel-1 and -2 data

INTRODUCTION

- Early detection is the key to risk prevention

- Mapping is crucial for projects such as Hyrasia One in Kazakhstan

Figure 1: Impressions of the study site in Kazakhstan © SVEVIND

FROM DATA TO INSIGHTS

Sinkholes are caused by the collapse of underground cavities in
karst areas - Risk to infrastructure and drinking water quality [1]

Current approach:

- Analysis of digital terrain models (DTM) in combination with manual

interpretation using geographic information systems (GIS)

- Geophysical techniques

- Field surveys

Limitations:

Manual effort und expertise

— Availability of high-resolution elevation data

— Environmental limitations and dynamic changes

=) Focus on mapping of sinkholes from open-access remote sensing data

Key idea

- Usage of shadow effects from natural or
even artificial lighting to enhance geomorphic depressions.
—> depends on differently reflected total intensity

- Limits: coverage by vegetation or buildings 265

Data T

- Sentinel-2 (10 m RGB) data © ESA 2022/2023
- Digital Elevation Model 30 m (DTM) © Copernicus

- Local reference data:
- Sinkholes: GNSS-based measurement
© SVEVIND Energy Group
- Takyrs: military map © Atlogis Topomapper
- Vegetation: Esri Satellite ©ESRI and Proba-V © ESA
- Sentinel-1 data © ESA - only necessary for CDVI
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Figure 2: Appearence of sinkholes in different datasets
left: Copernicus DEM, middle: Sentinel 2 — TCI, right: ESRI Satellite
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Filter bank

LoG-inspired multi-scale design: a three-part filter (inner, middle,
outer masks) models sinkhole structure, highlighting local
Intensity variations

Efficient box filter approximation: instead of a true LoG, box filters
are used to reduce computation effort, forming a filter bank of 23
kernel sizes

Classification by filter response: Sinkholes and takyrs are
distinguished by the sign and strength of the filter output, guided
by reference profiles

Validation via statistics: Accuracy is verified using Jaccard index,
completeness, and correctness against ground truth data

LocalCurvature = Inner Box+Middle Box—=Outer Box
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Figure 3: 3D representation of the filter mask for sinkhole detection.
Figure 5: Spatial distribution of land cover classes in the test area of The different colours represent the inner, middle, and outer masks with the

Kazakhstan, showcasing smoothed data for sinkholes (red), water corresponding values, which give different weighting to an approximation of
(blue), and vegetation (green), alongside derived data for vegetation, the three areas of the sinkhole (shadow, crater rim, surrounding)

takyr (black), watercourses, and contour lines (interval 10 m) from
the quite coarse digital terrain model

Sinkhole map

- The different image processing steps (e.g. kennaugh, principal
component analysis) with the different conditions (arid and humid)
lead to different results which are also blended with the CDVI and
generate a merged reference data set

- Automated sinkhole detection achieved 92 % accuracy during arid
months using the merged reference dataset

- Common methods such as principal component analysis in dry
periods reached only a precision of 88 % for sinkholes

- Spatial analysis confirms that sinkhole clusters often align with
surface watercourses, indicating subsurface geological influences

CONCLUSION
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Figure 4: CDVI overlay on Sentinel-2 (©ESA 2023) imagery, showing
vegetation (green) and sinkholes (red) on a continuous colour scale.
GNSS-based sinkhole references are shown in orange as vector overlays.
Variability in sinkhole characteristics, such as brighter centres, can result
from vegetation growth within sinkhole depressions, highlighting the
importance of the CDVI in distinguishing sinkholes from vegetative features

LITERATURE

CDViI

The Combined Vegetation Doline Index (CDVI) was developed to
reduce false detections caused by low-growing vegetation

Sentinel-1 and Sentinel-2 data are fused multi-temporally [2,3] to
distinguish vegetation from actual sinkholes

Hypercomplex data fusion enhances classification by combining
radar and optical information in one image

The final classification by the help of the CDVI sorts sinkholes
into (1) “confirmed”, (2) “vegetated”, and (3) “probable” cases
requiring further investigation

- Explainable model
- Few reference data is already sufficient

- Automated process, so that large areas can be mapped rapidly

- Optimal technique for yearly monitoring of sinkholes in arid zones worldwide for risk analysis
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