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ABSTRACT:

The satellite data provide a new perspective to analyse and interpret environmental impact assessment as function of topography and
vegetation. The main goal of this paper is to investigate the new Staring Spotlight TerraSAR-X mode capabilities to monitor land
degradation in Rosia Jiu opencast area taking into account the mining engineering standards and specifications. The second goal is to
relate mining activities with spatio-temporal dynamics of land degradation by using differential Synthetic Aperture Radar
interferometry (DINSAR). The experimental analysis was carried out on data acquired in the LAN_2277 scientific proposal
framework during 2014-2015 period. A set of 25 very height resolution SAR data gathered in the VV polarisation mode with a
resolution of 0.45 m x 0.16m and an incidence angle of 37° have been used in this study. Preliminary results showed that altered
terrain topography with steep slopes and deep pits has led to the layover of radar signal. Initially, ambiguous results have been
obtained due to the highly dynamic character of subsidence induced by activities which imply mass mining methods. By increasing
the SAR data number, the land degradation assessment has been improved. Most of the interferometric pairs have low coherence
therefore the product coherence threshold was set to 0.3. A coherent and non-coherent analysis is performed to delineate land cover
changes and complement the deformation model. Thus, the environmental impact of mining activities is better studied. Moreover,
the monitoring of changes in pit depths, heights of stock-piles and waste dumps and levels of tailing dumps provide additional
information about production data.

1. INTRODUCTION of quantitative data over wide areas, independently of lightening

and weather conditions. Therefore, the environmental

Open pit area imposes problematic issues regarding landscape
and ecosystem such as: surface disturbance, waste dumps and
acid drainage, hydrospheric effluents and atmospheric dust
emission (Ripley, 1996). In time, mining activities have induced
the land use / land cover changes, the vegetation stress, the
changes in soil moisture and ground water environment and
also the subsidence phenomena. Horizontal or vertical
displacement can be generated in the intensive mining areas
depending on local geological structure, the discontinuities in
rock strata and the design of slopes.

The new concepts for preserving the environment contribute to
the adoption and implementation of the legislation that
minimizes its negative effects. Thus, the ameliorative measures
envisage choosing of the environmentally friendly mining
processes, the implementation of new greening mining
technologies, the re-evaluation of cut-off grades and the
researching and developing of green mining technology. These
are reflected in decreasing of the subsidence rate, improving
efficiency and reduce greenhouse gas emission intensity.

Recent developments in sensors and remote sensing
technologies are conducted to refinement of the methods and
algorithms that could be applied for efficient environment
monitoring. RADARSAT, ALOS PALSAR, TerraSAR-X,
CosmoSky Med and Sentinel 1 missions allow rapid acquisition
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monitoring and investigation with SAR data is used to identify
spatial and temporal patterns in the characteristics of the
resource to better enable assessment of changes over time.
Many studies on SAR interferometry (Jarosz, 2003; Perski,
2000; Stow, 1997, Paradella, 2015) have revealed that
significant subsidence has occurred inside the mining operation
with some limitations over rapidly changing area (showing low
coherence) (Strozzi, 2002; Chen, 2013). Conventional DINSAR
applied in the surface deformation monitoring has been
associated with the geodynamic events and mining activities
(Modoni, 2013; Tripolitsiotis, 2014). The main limitation of
this technique consists in the loss of fringes with large
deformation gradient especially when short wavelength is
involved (Chen, 2001; Zao, 2013).

An advanced DInSAR technique uses coherent persistent points
clearly distinguished in all images without any variation in their
properties to map deformations (Ferretti, 2000; Ferretti, 2001,
Hooper, 2007). In order to increase the PS estimation in the
active mining areas, corner reflectors installed in the regions
with low coherence have been considered as reference points.
So that, by applying a parametric adjustment method, optimal
solution for subsidence rate was found (Xing, 2013).
Monitoring of the mining activities located in mountain or hilly
areas requires an accurate digital elevation model (DEM) for
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geocoding and topographic phase removal. Based on accuracy
of the DEM, persistent points could be restricted near the
subsidence  affected areas derived from differential
interferograms (Liu, 2014).

A present low coherence in the active open pit areas can lead to
poor quality of the interferograms. Therefore, to obtain the
degradation in such areas, amplitude based speckle tracking
interferometry can be applied (Yan, 2016). This technique
exploits the correlation of the speckle pattern of two images for
monitoring faster displacement. The estimation of the shift is
performed by the coregistration process using the coherence and
the amplitude cross correlation when the coherence is below the
SNR threshold. Moreover, this technique no need the
unwrapping phase and gives the deformation value without any
limitation on the deformation gradient.

In this context, the paper focuses on land degradation
monitoring in the Rosia Jiu opencast area taking into account
the mining engineering standards and specifications. Previous
researches (Irimus, 2006, Braghina, 2008, Poenaru, 2015) were
shown the socio-economic and environmental impacts of the
mining activities in the Motru coalfield basin. PSINSAR and
amplitude speckle tracking method were used and assessed in
the active opencast area.

2. THE STUDY AREA

The study area is located in the southwestern part of Romania
between Jiu and Motru Valleys, in Gorj County (Fig. 1). Being
part of the Motru basin, the coal deposits from the west have the
small tilt to the east instead of those from the north with tilt to
the south. The basin is formed under approximately north- west
extension. NE to north-south striking normal faults are
dominant with some south west normal faults also being
present, but much less frequently. The entire complex of
sediments from the Motru basin has the thickness of 90 m in the
edges up to 220 m in the centre and its occurs in the fluvial
lithic facies, characterized by the alternation of thicker
psammite layers with isolated psephites and thinner layers of
pelites. Layers are arranged into incomplete sedimentation
cycles. Predominant materials are quaternary lacustrine deposits
of Holocene and Pleistocene age placed on top of the schist
bedrock. Coal fault is found in near horizontal and lightly
dipping layers in sequence with gravels, sand and clays layers

(Fig. 2).
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Figure 1.Rosia Jiu opencast area, Gorj County. ©Google Earth,
2016
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Figure 2. Geological map of the Rosia Jiu open pit area.
(Source: Geological Institute of Romania, 1: 200000 scale)

Mining is carried out using bucket wheel excavators on eight or
nine benches, reaching of depth of about 120 m below the
surface. Beginning with 2007, mining activities are deployed in
stream mode with improvements in the technological flow and
machinery performances. These conducted to the decreasing of
its effects on the environment.

During the investigation, several questions were raised: a) are
there any areas with the ground fissure, b) is it possible to
monitor the displacement in the rock strata without any
ancillary information, and c) how could satellite remote sensing
methods for monitoring mining activities be optimized to
improve coherence between SAR data acquisition.

To answer at these questions, a coherent and non-coherent
analysis based on PSINSAR and amplitude tracking
interferometry were performed using VHR SAR data.

3. RESULTS AND DISCUSSIONS
3.1 Dataset and processing details

PSINSAR processing was applied on a set of 22 VHR TerraSAR
X data in Staring Spotlight configuration mode gathered in the
LAN_2277 scientific proposal framework during 2014-2015
period. The SAR data have been acquired in ascending mode,
VV polarization, 259 orbit cycle, 85 relative orbit, at an
incidence angle of 37°. Additional three Spotlight TerraSAR-X
data have been used to retrieve digital elevation model and
configuration settings. For processing and validation purposes,
an external DEM derived from levelling measurements with
pixel spacing 10 m and vertical accuracy of + 1m, was used. A
total of 21 interferograms have been generated in the PSI
processing. For coherence maximization and improving the
accuracy of the PSs estimation, data collected on 19.12.2014
was selected as master image (table 1).

Pixel spacing of SAR data is not the same in azimuth and range
direction (0.16 with 0.45). Therefore, multilooking was applied
by taking 5 looks in azimuth and one look in the range
direction. Consequently, the pixel spacing both in intensity and
phase components became 1 m x 1m.

The PS processing method is based on amplitude dispersion
index which is a thresholding method: it extracts pixels with
relatively large amplitude and preserves those ones with
smallest phase dispersion (Ferretti, 2001). After master
selection, processing chain involves the following steps:
interferogram generation, topography removal using a DEM,
candidate PS points identification from SAR amplitude
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statistics, use these points to model linear deformation and
atmospheric effects, atmospheric phase generation for each
interferogram, atmospheric effects removal from each
interferogram, recreate differential phase interferograms and
identify PS points using phase statistics. Finally, the
interferometric products were projected from the radar line-of-
sight (LOS) direction onto the DEM geometry.

Doppler 2PI
Date Baseline | Days Diff. Ambiguity

7/29/2014 -39.474 -143 15.269 152.057

8/9/2014 128.719 -132 56.091 46.626
8/31/2014 154.460 -110 59.146 38.847
9/11/2014 173.878 -99 64.242 34.510
9/22/2014 14.378 -88 33.617 417.506
10/25/2014 | 126.395 -55 38.990 47.475
11/5/2014 -30.691 -44 20.550 195.580
11/16/2014 | -87.167 -33 63.950 68.848
11/27/2014 | -110.789 -22 -7.815 54.186
12/19/2014 0.000 0 0.000 0.000
12/30/2014 93.387 11 66.189 64.278
3/28/2015 -23.122 99 -27.555 259.608
5/11/2015 19.024 143 59.086 315.527
5/22/2015 65.274 154 28.545 91.961

6/2/2015 -57.246 165 20.415 104.858
6/13/2015 56.127 176 29.196 106.948
6/24/2015 -31.134 187 9.694 192.804
7/16/2015 24.419 198 67.396 245.817
7/16/2015 54.800 209 19.996 109.539
7/27/2015 -31.879 220 46.515 188.296

8/7/2015 39.756 231 -31.035 150.987

Table 1. ST TerraSAR-x data details: perpendicular and
temporal baselines and centroid Doppler difference frequency

It should also be noted that the coherence coefficient threshold
was set to 0.4 in order to increase the PS number in active
mining area. Coherence values vary from 0 to 1. High values of
coherence correspond to the high correlation between master
and slave while low coherence values are due to de-correlation
between acquisitions (such as land use/land cover changes and
seasonal vegetation changes). Many useful fringes are obtained
by the differential interferogram of November 2014 in the main
pit as the mining induced rapid deformation exceeds the limits
of the maximum deformation gradient (Fig.3). Therefore,
speckle tracking technique was applied on the data acquired on
august 2014 and august 2015. This technique no need phase
unwrapping, works well in low coherence conditions and has
lower accuracy, proportional with pixel size. The sub-pixel
position of the maximum reflectivity values is estimated image
by image, highlightening possible displacement/ shift with
respect to the master. Both velocity and displacement values
were obtained along the LOS and azimuth direction.

3.2 PSInSAR analysis

Approximatively 3 billion tons of coal have been extracted and
16.83 tons of waste piles have been stripped from Rosia Jiu
mine in the year 2014. Mining activities being stopped in the
autumn-winter season allow identifying in the differential
interferogram points of abrupt transition from positive (+pi) to
negative values (-pi) (shown as colors varying from blue to
mauve in Fig. 3). This means that the phase difference between
the SAR data is higher than 2pi, thus the relative motion
between the adjacent areas exceeds one fringe. Dominant

scattering centers with high coherence were found in pit mine
areas.

Selection of reference points of the stack of which the accuracy
of the PSI estimation depends was hampered by deformation
phenomena that affect entire area. Few points were found along
railway line in the areas assumed unaffected by deformation.
PSINnSAR analysis was based on these considerations. Its result
is shown in Fig. 4. Over 16000 persistent points have been
estimated under low coherence. As it observed, PS are dense in
urban area and sparse in rural or industrial areas. The accuracy
of the PS data is investigated. Mean value of the linear mean
displacement is about -0.6 mm/year with a standard deviation of
4.45 mmlyear. Therefore, PSs with LOS velocity between +
Imml/year were consider stable points. PSs with LOS velocity
above or below these values were considered displacement
points.

Displacement profiles in the main pit can be used to quantify
the movements across the acquisition time. The magnitude of
the relative displacement between points analyzed in Fig. 5 a, in
main pit, varies from 3.5 ¢cm in the center to the 1 cm on the
edges. The magnitude of relative displacement in the tailing
areas (Fig. 5b) varies between 3cm in the main tailing dump up
to 2 cm in the secondary tailings dump.

A quantitative comparison of the displacement results for
validation ~ purposes  requires  ground  simultaneous

measurements. Unfortunately, the National Company of Lignite
as manager of Motru coal basin performs regular studies
involving topographical and leveling measurements that are
kept confidential. The practical solution to this problem is to
use the speckle tracking technique for continuous areas
monitoring at the required time interval.

; VRN

Figure 3.Diﬁeretial interferogram obtained from 16.11-
27.11.2014 image pair in the radar coordinates. ©DLR, 2014

TS 7 /] >
Figure 4. Spatial distribution of the PS points: Red points
indicate uplift (excavated) areas and blue point shown
downlift (in the main pit) or subsidence (tailings areas).

©Google Earth, 2016
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Figure 5. Temporal evolution of the degradation phenomena. (a) PS points’ analysis in the main pit area and (b) PS points’ analysis
in the tailing areas. ©DLR, 2014
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Figure 6. Speckle tracking map in LOS direction superposed with PS points. ©DLR, 2014

3.3 Speckle tracking analysis

Following the previously presented results, the global
deformation trend caused by SAR sensor’s attitude and orbit is
firstly fitted and removing using a polynomial model in both
directions. Then a DEM is applied to compensate the terrain
topography. The mismatch points were removed by the physical
constraints of surface deformation with motion direction and
magnitude (Yan, 2016).

The slant range offset map obtained from speckle tracking
method (Fig. 6) contains the same deformation information in
the LOS direction as DINSAR. If high spatial displacement
gradient is derived, then the accuracy of the method is
increased.

Low spatial displacement gradient means much noise and lower
accuracy which is determinate by its dependency on SAR
amplitude. The speckle tracking map in LOS direction is
superposed with PS points to validate the previous result. It is
observed the same direction of the displacement gradient.

4. CONCLUSIONS

In this work, the effectiveness of the PSINSAR and speckle -
tracking techniques to map and monitor mining activities
impacts on the environment in the Rosia Jiu open pit mine was
demonstrated. For these purposes 22 VHR TerraSAR -X data
were processed and analysed.
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Large deformation gradient caused by mining activities during
one year time span confirms the PS trends: landslides and
subsidence in active main pit and tailings areas. Villages and
road infrastructure are prone to subsidence phenomena induced
by mining activities.

Results show that these techniques can be used to identify
hazard -prone areas. Moreover, the new Staring Spotlight mode
of the TerraSAR-X sensor was demonstrated its capabilities to
monitor environmental impact of the mining activities by
minimizing the temporal de-correlation effect and enhancing the
PS estimation.
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