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Surface Change Detection in the March 5 Youth Mine Using Sentinel-1
Interferometric SAR Coherence Imagery
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Abstract: Open-pit mines require constant monitoring as they can cause surface changes and
environmental disturbances. In open-pit mines, there is little vegetation at the mining site and can be
monitored using InSAR (Interferometric Synthetic Aperture Radar) coherence imageries. In this study,
activities occurring in mine were analyzed by applying the recently developed InNSAR coherence-based
NDAI (Normalized Difference Activity Index). The March 5 Youth Mine is a North Korean mine whose
development has been expanded since 2008. NDAI analysis was performed with InSAR coherence
imageries obtained using Sentinel-1 SAR images taken at 12-day intervals in the March 5 Youth Mine.
First, the area where the elevation decreased by about 75.24 m and increased by about 9.85 m over the
14 years from 2000 was defined as the mining site and the tailings piles. Then, the NDAI images were
used for time series analysis at various time intervals. Over the entire period (2017-2019), average mining
activity was relatively active at the center of the mining area. In order to find out more detailed changes
in the surface activity of the mine, the time interval was reduced and the activity was observed over a 1-
year period. In 2017, we analyzed changes in mining operations before and after artificial earthquakes
based on seismic data and NDAI images. After the large-scale blasting that occurred on 30 April 2017,
activity was detected west of the mining area. It is estimated that the size of the mining area was enlarged
by two blasts on 30 September 2017. The time-averaged NDAI images used to perform detailed time-
series analysis were generated over a period of 1 year and 4 months, and then composited into RGB
images. Annual analysis of activity confirmed an active region in the northeast of the mining area in
2018 and found the characteristic activity of the expansion of tailings piles in 2019. Time series analysis
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using NDAI was able to detect random surface changes in open-pit mines that are difficult to identify
with optical images. Especially in areas where in situ data is not available, remote sensing can effectively
perform mining activity analysis.
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Fig. 1. Earthquake distribution map and study area. (a) Earthquakes and related events in the northern part of the Korean
Peninsula since 2000 and (b) March 5 Youth Mine event distribution map. Seismic wave analysis was provided by
Korea Institute of Geoscience and Mineral Resources (KIGAM) Earthquake Research Center (ERC). The cyan box
indicates the location of the March 5 Youth Mine and the blue and red dots indicate the epicenters.
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Fig. 2. Images from Google Earth taken on (a) 13 December
2008, (b) 26 May 2013, (c) 29 April 2014, (d) 21 May
2016, and (e) 17 May 2019.
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Table 1. Seismic events used in the study

Time Longitude (°) Latitude (°) Depth (m) Magnitude (M)
2017-04-30 05:05:51 126.7998 41.7105 2.0 2.7
2017-09-30 06:47:30 126.7314 41.6582 0 25
2017-09-30 07:43:56 126.8320 41.7282 0 2.8
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- 538 —



= 20179 49 2497} 20179 59 69 9] NDAT Q3 A 2 o] 71 Al7E A& Z1& magenta A4+
g7t o] 9 0] 5] NDAI /4= RGB g sto] #s} QA 225 39 U 4= ek
£ T thFig. 5). Witol J3S w2 FA S _
= 'H;;L X}::’Zgg*i(ﬁ))‘ﬂ;j j]?:”t*ﬁs}‘x‘tk At g (3) 20189 ARy A9 28
AFo =3 A2 2FojAFo] A Zof A ot dhulr} HhAy 397 5% NDAI YAES 25 Bt gt 94l
5193 0 v uku} o] B oF golEot A7) 20| ThuksA A= NDAI Bt gko] F48HA W5t L1kl thsf
ol2olgel utet W Mol A Wgo| et o AT BRI IS 5T RGBTY F4E o 85te]
2 oArE ) AZY A RS ZHA) Fek 3dhe] A EEE BAT
iz E BAE ke 201749 99 302 6A] 47530 A3k, AF 2ol A= green A AF2] FAL ] {3 o]
29} 7A] 435 562 230]) A A WY EFS T A 2 LA AT (Fig. 40)). 3F A ol A= 20189 EF0]
0] 7442 2] o Al red AAFO 2 LFER}= 2017 99 2SRl AL 2017 3} 2019\ o= o] A o] A8t
2793} 109 99 Afo] Q] AL BHES BtA 3] LRE S A GFoket. Hok AR s A 9] g5 A7 E uhet
1 ThFig. 5(b)). 7FEAE] T—;L—g shats} 7] 7R o) 9F4 3171 218 470 E 7H4 2 = I NDAI 452 ©1%
gt 7)1zte] o] 71 Yot E3] AdAre] AA 7L W o] 20184 3 &) F¢ke] BE= e = RGB 4
SHA Eeiub=t], Ak A 74& Aohe it 2 D= B AT Fig. 6(). A G gl A= 5+ 7]
o] AE AR o FETt 230 AZ djf i Wup R Ay o 2 PestA e o] ettt SHoA =

(NDAI) R
. Sep - Dec 2018
. May - Aug 2018

18 November 2018

21 May 2016
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Fig. 7. Activity changes of mining site in 2018 using NDAI graph. The reference points are (a) the cyan pixel and (b) the
magenta pixel at the center of each active region shown in Fig. 6.
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Fig. 8. (a) Activity changes of tailings piles in 2019 using RGB composite of the 4-months averaged NDAI images and
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