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GC—Net (Greenland Climate Network)e v=r&d&$%-5= (NASA)I vf=r= It (NSF) 2]
APez 19999 TA#HE= WA (ice sheet)oll AXH 18719 A&7 d@S5Eu 2 F4E #A5To]
t} (Steffen et al., 1996). #¥l=r Z=Zg%= W (University of Colorado Boulder?] Konrad
Steffen w7 Z2AE AMAxto|n], #5H 7|4 A = AZF Ht AAE & A8 SAGES SEl A
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Automatic Weather Stations (AWS)

< GC—Net ¥AFo]E: http://ciresl.colorado.edu/steffen/gcnet >

2) K—transect

K—transects= A ZHHE Kangerlussuag A9 ¢l XA UE#HE JEHIE s+ (Utrecht
University) 8% 2 t7] <+4&  (Institute for Marine and Atmospheric Research)ol A
Greenland Ice Margin Experiment (GIMEX) Z2REZS =35] 1993 8E4¥H +F % 8o A%
FH #A=o|t} (Smeets et al., 2018). K-transect= 2]A ¥]3} (Russel Glacier) A4} x| =EHE]
si 1,500 m A|&7HA] st A0 71 HES ARSI
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= Weather station, GIMEX90/91
P Mass balance site

>l Mass balance and weather station site

‘ ice edge
|
T
Site name Airport Site1 Site2 Site3 !Sited Site5 SiteHR Site6 Site7 Site8 Site9  Site10
Distance ice edge 20km -6km -2km -1km : 3 km 6km 14km 37km 52km 63km 91km 144 km
Altitude in m.a.s.l. 50m 330m 300m 150m , 360m 510m 740m 1020m 1100 m 1280 m 1520 m 1850 m

< GIMEX91 Z=ZAE9] K—transect 7|4 #AZ X o (Smeets et al., 2018) >

3) PROMICE

PROMICE (Programme for Monitoring of the Greenland Ice Sheet):= Th40] m2AEJT AT
ZIAmEgto 2 dota 2 JAc XA ZRALA (Geological Survey of Denmark and Greenland
(GEUS))9 9Jsf 2007dEH IE=E AlAtetgth (van As et al., 2011). PROMICE #&%8 LAdst=
HEAAE 5 KAN #HEX|HL Greenland Analogue Project (GAP)o 9Jslf, KAN_B #IZHA|H2
Greenland Analogue Surface Project (GRASP)o] 9J5fl. NUK WEX]AL Greenland Climate
Research Centre (GCRC)o] 95}, MIT #=X]d-2 SEDIMICE m2A Eof oJsf MAX|E| ATt

Programme for Monitoring of the Greenland Ice Sheet
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Greenland

« Greenland is the world's largest island, larger than France, Germany, the UK, Spain and ltaly combined
» Greenland is host to the second largest ice mass on the planet, covering 82% of the island

« Areaof all ice in Greenland: 1.8x10° km?

« Volume of the ice sheet: 3.0x108 km?

+ Mass of the ice sheet 2 7x10'8 kg

« Maximum ice sheet elevation: 3275 m meltwater = ~ temperz |
« Maximum ice sheet thickness: 3367 m

« Lowest elevation of the ice sheet bed' -556 m

« Age of the ice sheet ~2 4 million years

« Potential global sea level rise contribution of the ice sheet 7.4 m
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< PROMICE €A}l E: http://www.promice.dk >
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Sep 2004 @ K-transect S5 Sep 2005 @ K-transect S5 Sep 2006 @ K-transect S5
Wind direction Wind direction Wind direction
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May 2004 @ K-transect S5 May 2005 @ K-transect S5 May 2006 @ K-transect S5
Wind direction Wind direction Wind direction
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Sep 2012 @ PROMICE KAN_B Sep 2013 @ PROMICE KAN_B Sep 2014 @ PROMICE KAN_B
Wind direction Wind direction Wind direction
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Sep 2015 @ PROMICE KAN_B Sep 2016 @ PROMICE KAN_B Sep 2017 @ PROMICE KAN_B
Wind direction Wind direction Wind direction
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Wind direction Wind direction
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May 2012 @ PROMICE KAN_B May 2013 @ PROMICE KAN_B May 2014 @ PROMICE KAN_B
Wind direction Wind direction Wind direction
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elevation model, DEM)o] QJc}. o]z|st go[gAlS
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Fo17] 85 gare Hel & AA B %= &85t Ryan et al. (2015)1 Jouvet et al. (2017)
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S GAFZ o AN FALERTS O S50 GAGA T AF HolEe
& 7155tk Midgley et al. (2018)2 LiDAR 718t SR D=0y}t 2917] 215 i} 7|8F 7]
1= S v wdte Svalbard®] Midtre Lovenbreen st SE|] A|99] X|3 wHsto| tfjsf] EAsHICT.

= |
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Segregated zones
0 200 40&9&‘95 (i) Frontal zone; (ii) Lateral zone;
(iii) Medial zone; (iv) Outwash zone; (v) Other areas of the glacier forefield
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20149 & Tol7] gAF 7]vF AX|1 =2 H| o (Midgley et al., 2018) >
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Surface
Change (m)

Lowering exceeding -4

4 to-3
3lo-2
4 -2 to minLOD
Former ice-flow
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g
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4 0 250 500 m
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GCP# Latitude [deg] Longitude [deg] | Elevation [m]
1 67.1051067 -50.2156467 307
2 67.1048517 -50.2148267 308
3 67.1054117 -50.2148783 319
4 67.1051050 -50.2140367 308
5 67.1052017 -50.2138050 311
6 67.1055167 -50.2133433 310
7 67.12020333 50.17426333 310
8 67.11865667 50.17224667 292
9 67.11905167 50.16996167 291
10 67.118885 50.17495833 308
11 67.11888 50.17495667 307
12 67.11916667 50.17572167 313
13 67.12028167 50.17547167 316
14 67.11962333 50.17408167 308
15 67.11969333 50.17409833 308
16 67.11965333 50.174165 308
17 67.11963833 50.17417167 305
18 67.11925 50.17531333 313
19 67.11953667 50.175515 316
20 67.12030833 50.17649333 321
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Internal Camera Optimized

9/11

Optimized
9/10

Optimized
9/14

Initial Value

Parameters




Focal Length [mm)] 8.604 8.663 8.660 8.666
Principal Point X [mm)] 6.417 6.434 6.435 6.435
Principal Point Y [mm)] 4.278 4.242 4.246 4.243
R1 0.003 -0.014 -0.014 -0.014
R2 -0.008 0.001 0.002 0.001
R3 0.008 0.008 0.007 0.008
T1 -0.000 -0.002 -0.002 -0.002
T2 0.000 0.000 -0.000 -0.000
<Z| At WERPQA (eBee)>
Internal Camera . Optimized
Parameters Initial Value 9/10
Focal Length [mm] 4.371 2.396
Principal Point X [mm] 3.113 3.081
Principal Point Y [mm] 2.402 2.482
R1 -0.049 -0.047
R2 0.056 0.048
R3 -0.034 -0.027
T1 0.005 0.008
T2 0.002 -0.000
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15, 65, 80= 2 Waelo] G4 AlRs H=olil 2A LRI AATAct
. 7} Ftulet Zheo] ohE AA E4e ofo] Aelstairt.

Camera Angle [deg] 45 65 80 Combined
Average Ground
Sampling Distance (GSD) | 13.02 4.55 3.45 4.87
[cm]
Area Covered [km2] 3.772 0.433 0.211 2.858
Number of Images 131 131 131 393
Median matching

) 27,652.9 23,038.3 28,172.7 25,247.1
number per image
Average Density (per m®) | 2.24 27.46 59.2 18.62
Resolution [cm] 13 4.55 3.45 4.87
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<2022 69 ¥917] F Az 71 AN N FORNE FEI GCP An>
Name Lat. Long. X Y Height

GCP1 -50.221 67.08805 533844.7 7441408 252.0202
GCP2 -50.2383 67.08607 533094.6 7441177 150.5856
GCP3 -50.2449 67.08798 532805.7 7441387 166.9949
GCP4 -50.2422 67.08758 532923.1 7441344 152.6482
GCP5 -50.2389 67.09126 533062.8 7441756 162.9572
GCP6 -50.2365 67.09274 533163.9 7441922 173.7111
GCP7 -50.2361 67.09617 533175.5 7442304 194.8375
GCPS8 -50.2305 67.09979 533414.8 7442711 224.4885
GCP9 -50.2343 67.10371 533243.1 7443146 201.5302
GCP10 -50.2185 67.10489 533928.2 7443287 211.2682
GCP11 -50.2115 67.10383 534234.6 7443172 252.9186
GCP12 -50.2463 67.08848 532742.9 7441442 189.4131
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Name dx (m) dy (m) dz (m)
GCP1 0.151724 -0.052684 0.214781
GCP2 0.242726 0.170376 0.118527
GCP4 -0.027763 0.178874 0.287636
GCP5 0.115319 0.012583 0.069449
GCP6 -0.048878 0.104904 -0.167351
GCP7 -0.248856 0.022867 -0.012824
GCP8 0.06495 -0.148928 -0.029458
GCP10 -0.077599 -0.029432 -0.000674
GCP11 0.092532 0.01284 0.035071
RMSE 0.141078 0.10472 0.140636
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AdEl | FAFSER | HAEFF ¥d L& ID |5
71E9
! 2017.07.21. SPOT-6 IMG_SPOT6_MS_201707211441309_SEN_584010 ]
9101_R1C1 )
2 2018.05.15. K3A K3A_20180515154052_17329_00690568_L1G
3 2020.07.14. K3A K3A_20200714160714_29283_00077838_L1G
4 2020.07.30. K3 K3_20200730145659_43765_22781508_L1G
5 2020.08.17. K3 K3_20200817150019_44028_22791508_L1G
6 2020.09.08. K3 K3_20200908155532_44350_22781507_L1G
7 2021.07.21. K3A K3A_20210721160802_34905_00033744_L1G
8 2021.08.01. K3A K3A_20210801154508_35071_00003617_L1G
9 2021.09.19. K3 K3_20210919155826_49843_22791507_L1G
10 2021.10.17. K3 K3_.20211017155410_50252_22771507_L1G
11 2021.11.05. K3 K3_20211105145847_50529_22801508_L1G
12 2022.04.30. K3A K3A_20220430161722_39182_00048236_L1G
13 2022.06.07. K3 K3_20220607160420_53656_22791507_L1G
14 2022.07.27 K3 K3_20220727151647_54386_22771507_L1G
15 2022.10.04. K3 K3_20221004150340_55394_22771507_L1G




<KOMPSAT 3 @7 WiollA Adui7Iste S <lsh

<SPOT-6 7|Z&= &kt KOMPSAT 3 & &zt GCP

Z&35t GCP Y& dlAl>

x|l 2 Warping 1& 7|=H>

NO. X Source Y Source X Map Y Map

1 534051.0858 7443301.533 533991.819 7443310.264
2 532821.0866 7442407.125 532755.7873 7442416.491
3 535337.9313 7441298.56 535389.4437 7441280.855
4 533249.4159 7440925.327 533143.7088 7440941.817
5 531702.1109 7440692.4 531603.9939 7440709.345
6 530495.9088 7441830.582 530437.0005 7441840.258
7 531983.147 7442659.209 531919.6623 7442673.234
8 531685.2284 7442041.39 531631.1336 7442052.428
9 531828.1466 T442742.285 531771.2175 7442751.056
10 522621.5826 7438999.15 522573.3829 7439003.905
11 521869.7843 7440736.996 521787.5688 7440740.633

—
\\V]

522644.8902

7442045.493

522760.7083

7442010.636




13 523497.0402 7443365.05 523565.5724 7443342.551
14 521794.1747 7444685.271 521830.4314 7444671.291
15 027727.9277 7443991.293 527692.6573 7443990.411
16 534475.0731 7440967.136 534541.9331 7440951.52
17 534289.3734 7441192.973 534290.6181 7441195.374
18 534507.1232 7441245.218 534497.7873 7441244.851
19 535000.251 7440475.81 535034.7999 7440461.268
20 536684.0582 7440250.222 536777.0902 7440223.418
21 536072.9326 7440389.107 536195.0057 7440354.123
22 534802.6292 7440197.852 534781.3253 7440198.063
23 535532.2099 7438380.246 535480.3812 7438389.086
24 530665.075 7436300.016 530725.3338 7436281.171
25 535247.0775 7443989.492 535193.0304 7443996.186
26 535191.5149 7444271.97 535164.9625 7444272.874
27 536296.5018 7445735.382 536293.0654 7445730.059
28 536103.4272 7445969.809 536129.55625 7445958.262
29 534436.5523 7443268.556 534403.3898 7443271.74
30 533237.5213 7441689.27 533137.8885 7441706.279
31 533197.8792 7441941.188 533116.3911 7441952.672
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Input parameter Value
Filter radius (pix.) 10
Edge gradient threshold 100
Curve length threshold (pix.) 10
Line fitting error threshold (pix.) 30
Angular difference threshold (deg.) 30
Linking distance threshold (pix.) 100
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DJI  matrice 300
DJI L1 DJI P1 DJI DRTK-2
RTK
Model }
/\
RTK-aircraft LiDAR+RGB camera | Photogrammetry | GNSS recevier
sensor,  Zenmuse | sensor, ZENMUSE P1
Unfolded, |Ll RB Simultaneously
propellers (Smart oblique | receive:
excluded, Dimension: | capture avalable) GPS: L1 C/A, 12, 15
810%670%430 mm | 152X110X169 mm BEIDOU: B1, B2, B3
(LXWXH) Dimension: | GLONASS: F1, F2
Weight: 930+10 g | 198%X166%x129 | Galileo: El, EbA, E5B
Approx. 3.6 kg mm
(with o u t| System accuracy: Single Point
batteries) Hizatd: 0an@PDm | Weight: Approx. | Haizatd: 15 mRVE)
Vatical: 5an@%m | 800 g Vertical: 3.0 mRMS)
Operation RTK
frequency Point rate: Absolute|Hrizotd 1 anr 1
2.4000-2.4835 | Single return: | accuracy: poRVD)
GHz max. 240,000 | Horizontal: 3| Vatia: 2 ant 1
Specification 5.725-5.850 GHz | pts/s cm PRV
Multiple retumn: | Vertical: 5 cm
RIK podtiaing | max. 480,000
aouray. pts/s Sensor size: 35.9%24
When RIK erelded ad mm
fixedt System accuracy: | (Full frame)
1 o] pm(Haizotd) | Hodzotd: 0an@%0m | Effective Pixels:
15 an + 1 pm | Vatd: 5an@%0m | 45MP
(Verticd) Pixel size: 4.4 n
Ranging|m
Wind resist.: accuracy: Photo size: 32
12 m/s (max.) 3cm @ 100 m (8192x5460)
Flight time: RGB mapping
55 min (max.) camera photo
size:
GNSS: 5472%3078 (16:9)




GPSHGLONASS+HeDo
uHGalileo

4864%3648 (4:3)

Vision system:
Obstacle sensing

with FOV camera

<& 149 797 #

X AN AG BE(®)>

Model

Ebee

| Digital camera (sensor)

Specificatio

n

Width: 96 cm: Height: 6 cm: Length:

40 cm: Weight: 0.67 (inc. batt. and
camera); Speed: 65 km/h
Full duplex 2.4-GHz wireless

communication for telemetry and data
logging 3  km):
2.4-GHz remote control (range of 1
km)

(range of Backup

1800-mAh lithium-polymer battery, 45
minutes of flight

Fully autonomous navigation including
take-off and landing and automatic
control of the on-board camera
Included software: eMotion 3
Automatic 3D flight planning: Incl. in
eMotion 3

Cruise speed: 40-90 km/h (11-25 m/s)
Max. flight time: 55 minutes

Max. flight range: 33 km

Nominal coverage at 120m: 200ha
Nominal coverage at 2,000m: 9.3 km?2
Landing: Automatic, linear with ~5 m
(16.4 ft) accuracy

DSC-WX220 digital compact camera (rgb
photo) or Parrot Sequoia plus (multispectral
camera, 4 channels)

Parrot Sequoia Specs

Multispectral sensor - 4-band

RGB resolution - 16 MP, 4,608 x 3,456 px.
Single-band resolution - 1.2 MP, 1,280 x 960
DX

Multispectral wavelengths

Green (550nm + 40nm)

Red (660nm + 40nm)

Red edge (735nm + 10nm)

Near infrared (790nm =+ 40nm)
Single-band shutter - Global

RGB shutter - Rolling

RGB FOV

HFOV: 64°

VFOV: 50’

DFOV: 74

Single-band FOV

HFOV: 62°

VFOV: 49°

DFOV: 74
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< o]~ 2ol DRTK2(GNSST417])
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Sensor: P1 (M300)
Date:
20230907
Date: Sensor: Sony camera
Sensor: P1 (M300) Sensor: L1 (M300)
20230909 (Ebee)




Sensor: Sony camera (Ebee)

Sensor: Sony camera (Ebee)
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<2023 M300 Q17| LxpE wled & = A2 E7|EF] 67.091586, 50.218375>

o AdY | bR Rl REVF STiras 121207 &/ | AY/AOLE
24 | AN | BRBRRE Te(m) ERFEE | BRI | BRI - = 71Et
Ul»%
09.07 | P1 150 | 62.06" | 27.94" | 166.36" “’H]/ 70%/80% -
' . . | A/
09.09 150-200 | 62.83° | 27.17 | 166.64" | _
o 2e/
09.10 - 200 | 63.22° | 26.78" | 166.79" | U | 40%(=folH) | efolH
L1 = ;;f/ 70/80% | THLATR
09.11 20 | 63.60° | 26.40° | 166.93° | T " | (RGBIMORY | =&
=]
oo
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9] Oblique capture 7]5 7|9Fe] 49 A% FFo] 5%

« 2ot} A9 A9-(M300, L1) DJI Terra AZEY ]S E& 3319 EAE

3 3 las FHo AR FEFE2m, ©]E Global Mapper Pro 2ZEAE Fd] wo|= A
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a2 WGS84 UTM 22Nel| a3t
T5% DSM(AR 9 gtolth &g 7|9k R 23}
= 1;< AA; 2) A% X ME ¥JAE FBF
(classification); 3) S8 XAE AA(EZAE HZAZ}); 4) Variography ©]4 X d(exponential,
Gaussian %) 7|4+ Kriging 5°3; 5) Bining 7]'# ]J ®¥ -5 DSM A4
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( sUAV-DSM generation |

20210911 20220625 20230911
sUAV-DSM
Point cloud (.las)
Point classification
& noise removal
Orthomosaic
image
Variography & Kriging
Binning (max. value) —
i DSM grid (resampled to 2m)
GSD level 4~10 ecm
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« 171 AR 7|Hke] Hlal A S 9E] ArcticDEMel AR
* ArcticDEM2 Maxar?] 2Hd ]2 Worldview L3|d%E 9% =5
ZIRto ® -y B Akl AR s, of 1031 ¥ FEdEs VER
SF(Porter et al., 2023)

+ Strip A8 ArcticDEM< 758 w AREHAE 71 =9 A94 strip line®] DEM A&
2 o], AT oA B HuAEE Fg87] 98 2011.09.03. Il B9 @ THE

strip DEM 825 A A3} 2 (Porter et al., 2022)
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Compared to Satellites
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Dual Camera System

~ J#
RedEdge-MX blue Lnm . .
L Visible Light ~ Non-Visible Light
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Wavelength (nm)

<Micasense Rededge MX dual THE3 F217] AN AREAR: 2, FFARL 309>
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<2023d NDVI ©(&) U 20223 NDVI H(2)>

© A8 NDVI A2 oo} 5

NDV] = leR B pred
-pNIR + pred

NDVIvalues range from-1to 1

<NDVI AHALAL>
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L Spatial Band
Acquisition ; : . -
o resolution ID Level | configuratio | Projection
ate
(m) n
Blue
2021-09-19 K3_.20210919155826_49 Green
15:58:26 | Miispedral | g3 99791507 1,1G Red
2.8 WGS 84
) 1G Near-Infrare
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C
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E
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<Russell W3t U 7] 52 ¥Wo| 4= WAZ 93t £E KOMPSAT 4 g4ate Fu: x>
At | GRS | A 3% 15 1D !
1 2017.07.21. | SPOT-6 IMG_SPOT6_MS_201707211441309_SEN_5840109101_R1C1 715G Ak
2 2018.05.15. K3A K3A_20180515154052_17329_00690568_L1G

3 2020.07.14. K3A K3A_20200714160714_29283_00077838_L1G
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No. | X Source | Y Source X Map Y Map Residual X | Residual Y | Residual
1 534051.1 7443302 533991.8 7443310 | -0.0205778 | -0.287214 | 0.287951
2 532821.1 7442407 532755.8 7442416 | -0.0205705 | -0.287112 | 0.287848
3 535337.9 7441299 535389.4 7441281 | -0.0205692 | -0.287093 | 0.287829
4 533249.4 7440925 533143.7 7440942 | -0.0205631 | -0.287009 | 0.287744
5 531702.1 7440692 531604 7440709 | -0.0205567 | -0.286920 | 0.287656
6 530495.9 7441831 530437 7441840 | -0.0205588 | -0.286949 | 0.287684
7 531983.1 7442659 531919.7 7442673 | -0.0205692 | -0.287094 | 0.287830
8 531685.2 7442041 531631.1 7442052 | -0.0205648 | -0.287033 | 0.287769
9 531828.1 7442742 531771.2 74427751 | -0.0205691 | -0.287092 | 0.287828
10 522621.6 7438999 522573.4 7439004 | -0.0204815 | -0.285869 | 0.286602
11 521869.8 7440737 521787.6 7440741 | -0.0204862 | -0.285935 | 0.286668
12 522644.9 7442045 522760.7 7442011 | -0.0205024 | -0.286161 0.286895
13 523497 7443365 523565.6 7443343 | -0.0205177 | -0.286375 | 0.287109
14 521794.2 7444685 521830.4 7444671 | -0.0205064 | -0.286216 | 0.286949
15 527727.9 7443991 527692.7 7443990 | -0.0205545 | -0.286889 | 0.287624
16 534475.1 7440967 534541.9 7440952 | -0.0205659 | -0.287048 | 0.287784
17 534289.4 7441193 534290.6 7441195 | -0.0205670 | -0.287063 | 0.287799
18 534507.1 7441245 534497.8 7441245 | -0.0205677 | -0.287073 | 0.287809
19 535000.3 7440476 535034.8 7440461 | -0.0205636 | -0.287015 | 0.287751
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22 534802.6 7440198 534781.3 7440198 | -0.0205614 | -0.286985 | 0.287721
23 535532.2 7438380 535480.4 7438389 | -0.0205486 | -0.286806 | 0.287541
24 530665.1 7436300 530725.3 7436281 | -0.0205167 | -0.286362 | 0.287096
25 535247.1 7443989 535193 7443996 | -0.0205826 | -0.287281 0.288017
26 535191.5 7444272 535165 7444273 | -0.0205837 | -0.287296 | 0.288032
27 536296.5 7445735 536293.1 7445730 | -0.0205896 | -0.287377 | 0.288114
28 536103.4 7445970 536129.6 7445958 | -0.0205902 | -0.287386 | 0.288122
29 534436.6 7443269 534403.4 7443272 | -0.0205784 | -0.287222 | 0.287958
30 533237.5 7441689 533137.9 7441706 | -0.0205676 | -0.287073 | 0.287808
31 533197.9 7441941 533116.4 7441953 | -0.0205690 | -0.287091 0.287827
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Abstract: This study investigated an asbestos mine restoration project using Airborne Visible /Infrared
Imaging Spectrometer (AVIRIS) hyperspectral data. The distribution of an abandoned asbestos mine
(AAM) and treatment area were analyzed before and after the remediation based on the spectral

indic

s for detecting naturally occurring asbestos (NOA) indicators and encapsulation. The spectral
indices were developed for NOA, host rock, and encapsulation by logistic regression models using
spectral bands extracted from the random forest algorithm. The detection models mostly used VNIR
spectra rather than SWIR and were statistically significant. The overall accuracy of the detection
models was approximately

84%. Notably, the detection accuracy of non-treated and treated areas
was increased to about 96%, excluding the host rock index. The NOA index detected asbestos in the
mine area as well as those in outcrops outside of the mine. It has been confirmed that the NOA index
can be efficiently applied to all cases of asbestos occurrence. The remote sensing data revealed that
the mine area was increased by ~5% by the remediation, and the treatment activity reduced asbestos
exposure by ~32%. Moreover, the integrative visualization between the detection results and 3D

high-resolution images provided an intuitive and realistic understanding of the reclamation project

Keywords: naturally occurring asbestos (NOA); abandoned asbestos mine; mine remediation; AVIRIS
hyperspectral data; binary logistic regression; image classification; spectroscopy

1. Introduction

Naturally occurring asbestos (NOA) minerals can be classified into serpentine
(chrysotile) and amphibole (actinolite, amosite, anthophyllite, crocidolite, and tremolite)
groups. They are known to cause serious health damage to human body systems, as forms
of lung diseases, such as mesothelioma and pneumoconiosis [1-4]. Due to their harmful
impact, the production/distribution of asbestos minerals is banned in many countries
under strict environmental regulations [5].

The Environmental Protection Agency (EPA) in the United States has been extensively
managing asbestos-related sites with significant attention to abandoned asbestos mines
(AAM). Systematic cleanup activities have been regulated as a national priorities list (NPL).
Due to the significance of NOA in both environment and ecology, a survey of NOA in
both natural and mine environments is a critical procedure to prevent its dispersion. EPA
has introduced mine cleanup strategies according to the type of mining processes, such as
open pit, dredging, and underground to minimize exposure [6]. Major mine remediation
includes chemical, physical, and thermal treatment to limit the mobility of contaminants [6].
Therefore, the assessment of the remediation work in terms of NOA exposure before and
after the remediation is critical.

Remote Sens. 2022, 14, 5572. htps:/ /doi.org/10.3390/ 114215572
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We expect that follow-on research will be conducted based on current-generation satellite
hyperspectral sensors, including EnMap, HISUI, PRISMA, and EMIT, and will contribute
to providing efficient ways to make strategies/plans for mine remediation.

Table 8. Spatial assessments of NOAI, HRI, and CAP BLR model applications in both 2018 and
2014 AVIRIS data. The calculation of the mining area only is made inside Jefferson Lake’s open pit

mining boundary:

2018 2014
- Model Classification Mining Area Only Model Classification Mining Area Only
ass
Number of Extent Number of Extent Number of Extent Number of Extent
Pixels (km?) Pixels (km?) Pixels (km?) Pixels (km?)
NOAI 4603 0.96 4198 0.87 6395 133 6131 1.27
HRI 700 0.15 511 0.11 367 0.08 174 0.04
CAP 2301 0.48 2273 047 1 0.00 1 0.00
Total 7604 1.59 6982 145 6763 141 6306 1.31

4. Conclusions

This study introduced spectral indices for the detection of NOA and reclamation treat-
ment based on AVRIS hyperspectral image processing for an open-pit AAM in California.
The AAM is a past producer of chrysotile, one of the NOAs, and the remediation activities
were confirmed by time series analysis of high-resolution satellite images. To assess the
remediation effects, the NOAI and HRI classes constituting the AAM area were defined
by the MRSFF method. The CAP and Others classes representing the treatment area and
other external objects were constructed by visual inspection of the high-resolution satellite
images. An RF algorithm was used to select the top effective spectral variables for the
detection of NOAI, HRI, and CAP, and the variables were further selected to construct
the best BLR models for each class. The results showed that variables in VNIR are more
useful than SWIR for discrimination between non-treated and treated areas. The overall
detection accuracy for the three classes combined was about 84%. When the classes were
aggregated into a two-class scenario for non-treated and treated, the accuracy increased to
96%. Moreover, we have proven the ability of hyperspectral imaging for detecting NOAI
not only in AAM but also in natural outcrop occurrences.

Our case study site has an AAM area increased by reclamation activities. Notably,
treated by the reclamation activity, NOAI has reduced by about 32%. The reduced area was
mostly detected as CAP class, which was confirmed by the high-resolution images.

Author Contributions: Conceptualization, Y]. and J.Y.; methodology, Y.J. and H.-H.-H.; software, YJ.;
validation, Y.J., HH.H., H-CK., LW. and ].Y,; formal analysis, Y.].; investigation, Y.J.; resources, Y.J.;
data curation, Y.J. and ].Y.; writing—original draft preparation, Y.J.; writing—review and editing, J.Y.,
H.-C.K. and L.W.,; visualization, Y.].; supervision, J.Y., H-C.K. and L.W.; project administration, H.-
C.K. and J.Y;; funding acquisition, H.-CK. and ].Y. All authors have read and agreed to the published
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In recent decades, the Greenland glacier has experienced significant changes in the
environment near the surface due to the increase in surface melting on glacier. In
order to quantify these environmental changes, precise spatial information data is
necessary. Although digital elevation models using satellite data are widely used
to secure data, it is difficult to observe the polar regions by satellte alone due to
limitations such as spatial resolution, revisit period, and weather. To overcome these

shortcomings, many field geographic surveys using unmanned aerial vehicles are

being conducted. In this

study, a field survey was conducted on September 14, 2021

to produce high-resolution spatial information in the Russell glacier area located
in the Greenland Kangerlussuaq. By matching the acquired aerial image data,

orthorectification image

with a spatial resolution of about 13 cm/pixel and a digital

surface model are produced. This data is expected to be utilized as basic spatial
data for Russell glacier runoff and topographical changes, and it is expected to be
used as data that can grasp changes in time and spatial through continuous data

accumulation.

Keywords: Greenland, Glacier, Fixed-wing unmanned aerial vehicle, Orthorectification
image, Digital surface model
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Greenland contains a large continental glacier. The influence of glacier melting has
been expanding due to global warming. Although regional monitoring based on

satellite data is being conducted, the demand for local/specific variation observation
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has increased as rising climate temperature patterns in the polar region. In this study,
a precise topographic dataset was created for Greenland’s Russell glacier using a
small unmanned aerial vehicle (sUAV) onboarded LIDAR sensor. A precise digital

surface model (DSM) was constructed based on LIDAR data obtained at an altitude of
about 100 to 200 m, and DSM resampled to a 2 m sample distance was produced to
confirm its applicability by comparing before-and-after variations. This study provides
DSM data applied with a prefpost-processing used for the comparison analysis.

Keywords: Small unmanned aerial vehicle, LIDAR, Russell glacier, Digital surface model,

Greenland
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