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1) GC-Net

GC—Net (Greenland Climate Network)< V=839 (NASA)Y} v==dEAT (NSF)2
AYPoz 19999 TAF= WA (ice sheet)ol]l AAH 18719 A&7 dASIn 2 FAH AS540]

o} (Steffen et al.,

Steffen D7t Z 24

A5H. @4 671 A7)

1996). W= ZF=ZE%
E Ao, #=H

8 (University of Colorado Boulder®] Konrad
7R EE A Hd AAE & A SAEES FE

ARl @AM AAE ol
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Steffen Research Group

{ |
Steffen Home | People | Projects | Publications | Classes | Contact {

RESEARCH GROUPS @ CIRES >

Station Map | Sation Posiions
Greenland Climate Network (GC-Net)
RequestData
AProject Sponsored by NASA and NSF .
Map of Waather Stations Ice Sheet Weather Data
GC-Net nfor

Automatic Weather Stations (AWS)

s of the 1998 feld season, 18 automatic weather stations (AWS) are collecting climate

with @ number of nstrumerts to
sample the following

= air temperature, wind speed, wind direction, humidiy, pressure.
athigh temporal

< GC—Net YA}l E: http://ciresl.colorado.edu/steffen/gcnet >

2) K—transect
K—transect®= A9 &#= Kangerlussuaq A9 2l X oA vEdd= YESE st (Utrecht

University) &% 2 7] A4 (Institute for Marine and Atmospheric Research)el A
Greenland Ice Margin Experiment (GIMEX) ZEAEZ E3g] 1993 8¥ KB & % 8o] Az
H A=olt)t (Smeets et al., 2018). K-transect:= #1A W3} (Russel Glacier) AW A9 TEX
B & 1,500 m AH7HA] kst A EolA 73 HS5S A ASEI T

o

= Weather station, GIMEX90/91
P Mass balance site

r- [, Mass balance and weather station site

ice edge

T
Site name Airport Site1 Site2 Site3 !Site4 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. 50 m 330m 300m 150m  360m 510m 740m

1020 m 1100 m 1280 m 1520 m 1850 m

< GIMEX91 2 AE 9 K-—transect 7| 4A=" B X o (Smeets et al., 2018) >

3) PROMICE




PROMICE (Programme for Monitoring of the Greenland Ice Sheet)™= T4 T2 A EVF AgrH

ZIgaEwgo g drtg 2 add= A A FAL: (Geological Survey of Denmark and Greenland

(GEUS)l 93] 2007 35-¥ #5S AF3lth (van As et al, 2011). PROMICE #5948 743}

= #=x4" & KAN #2448 Greenland Analogue Project (GAP)e] <3, KAN_B #=x4 L&
[e)

Greenland Analogue Surface Project (GRASP)o] 2]&]. NUK #=X%3<L2 Greenland Climate
Research Centre (GCRC)ol 2]3ll, MIT #5%42 SEDIMICE ZZ A Eo| 9]g] X5 AT},

Programme for Monitoring of the Greenland Ice Sheet

[FBRGMICE™|  Greenland Climate |

Greenland

< PROMICE Aol E: http://www.promice.dk >

. 34 4% thA Kangerlussuaq A9 7]4 @3
shAl A5 A 9<Ql Kangerlussuaq®] 717 @3 45 A3 AHFEAIEE 719F AgiA 58 5
30 km oJle] <A AAE As7)dES FHE
KAN_B A "3} K—transect®] S5 #FA Aot} F #SAHL A JA T KAN_BE TE 9ol
AR g 9l S5 WA 9ol A g sl A Al7lel digk VRS A A 27 AF 8

1

ol A 12 =48 983} 24 A" AR

2

(o,
1
e
=2
=

D #9x4 30 cm GSD, vht & 9% 821 §la, 71 18C, Wi s ¢=, ¥k 1,000m
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< A F<17] AF A 92l Kangerlussuaq 2] 2571435 A4 >
1) K—transect S5 7] #SA A dlolg £4
K—transect®] S5 X Ao thal 2004 dFE 2013711 10d E<ko] 12} 4" a4 A A]7]¢]
999] F&3} Fleo] g $AL FASATh Wit FHE oF 4114003 m s 'o]m, B 7L -
0.53£0.05°Colth. 22 =AY A A A71¢] 599 A 52 oF 4.40£0.03 m s 'o|H,
7128 -1.20+0.05°Co| v}, 9¥ R 599 H F0] wor Hy 7|22 e o AAE

Wind speed at 2.5 m (ms?)

Wind speed at 2.5 m (ms?)

12

12

A1 9¥

Sep @ K-transect S5

0 1 1 1 1 1 1 Il 1 Il Il

Sep Sep Sep Sep Sep Sep Sep Sep Sep Sep
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

May @ K-transect S5

0 1 1 1 1 1 1 1 1 Il 1

May May May May May May May May May May
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

< K-—transect S5 A2 2004—2013d 9¥3} 5¢¢

Y 53
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e
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Air temperature at 2.5 m (°C)

10

Air temperature at 2.5 m (°C)

Sep @ K-transect S5

CELETRLREY:
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

May @ K-transect S5
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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
o o o

Sep 2007 @ K-transect S5 Sep 2008 @ K-transect S5 Sep 2009 @ K-transect S5
Wind direction Wind direction Wind direction
o o o

Sep 2010 @ K-transect S5 Sep 2011 @ K-transect S5 Sep 2012 @ K-transect S5
Wind direction Wind direction Wind direction
o o o

Sep 2013 @ K-transect S5
Wind direction
o

< K—transect S5 A& ¢ 2004—2013d 94

of4
o8k
\Y
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May 2004 @ K-transect S5 May 2005 @ K-transect S5 May 2006 @ K-transect S5
Wind direction
] o

Wind direction Wind direction
(]

90
100 © 150 © 200 250

90 270
50 100 ' 150 ' 200 ' 250

270

180 180
May 2007 @ K-transect S5 May 2008 @ K-transect S5 May 2009 @ K-transect S5
Wind direction Wind direction Wind direction
[} ] o

920
05100 © 150 : 200 - 250

90 270
100 ' 150 - 200 ' 250

90 270
100 © 150 £ 200 < 250

270

180 180 180
May 2010 @ K-transect S5 May 2011 @ K-transect S5 May 2012 @ K-transect S5
Wind direction Wind direction Wind direction
] [}

o

May 2013 @ K-transect S5
Wind direction
0

< K—transect S5 A&¢ 2004-2013d 59 =3 >

2) PROMICE KAN_B 714924 dlo]g] 34
PROMICE®] KAN B Al thal K—transect®] S5 #= 7]7FHtE <11 20125 F 20194744
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E £ é %l
£ 8 ':‘ 0
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]
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= E
0 1 1 1 1 1 _30 L [ | 1 1 1 L 1 1
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< PROMICE KAN_B A ¢] 2012-2019\d 9¥% 599 F&(zH 3 712($) >
AT FEHI 712 WMsE A¥ET] 98 1d Feke] #50] BF olFoixl 2018d ARE A5
o Gyt FEE A ARG S Al7]el o & BoR #ASHJoH dAFd 7|2 6€5H
997bA] 4Rl AR HSHIAT.
2018 @ PROMICE KAN_B 2018 @ PROMICE KAN_B
12
1o} %
o - g
E £ é
e 8| "N" 0r
©
3 gl
2 £ 20
L L 1 L _30 1 1 1 1 1 L L 1 L L L
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
< PROMICE KAN_B ## 9] 2018 €3t T4 (3% 7](5) >
Adgt 714 MstE oty 98l 7S e A5 A7IQL 20199 9€ @ 5 diE] Uzt 2Ee)
Nes AL B4 HEH0E 5 m s 'S Wi 497 BEH0] oWE AL o
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Sep 2019 @ PROMICE KAN_B Sep 2019 @ PROMICE KAN_B
12
_ 10 [ragdes? 8y
: "Em piese +E¢°‘+aﬂﬂéﬂ EBHHHE*QEE
E 8 r : o}
il b |
£ %-zo—
i I A
01 3 5 7 9 11 13 ;5':17 19 21 23 25 27 29 30 1 3 5 7 9 11 13 é5t17 19 21 23 25 27 29
May 2019 @ PROMICE KAN_B May 2019 @ PROMICE KAN_B
12
10
= 5 [abafed : CLEET!
c ) ﬂ@ﬁggﬂﬂﬂ Sineagheeeeangel
PO it -
£ g-zo-
POy
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< PROMICE KAN_B A H¢] 20199 9¥3} 59 A7+ Z&(xH) 3 71 2($) >

F3o] 4 K-transect®] S5¢F w7 = thiie] Al7)o] 993} 59 REF FEE Ado] 94
shAIRE i =F Aol AT AZI7F YEh = dho
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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
0o o

90 270 90 270

Sep 2015 @ PROMICE KAN_B Sep 2016 @ PROMICE KAN_B Sep 2017 @ PROMICE KAN_B
Wind direction Wind direction Wind direction
) )

90 270 90 270

Sep 2018 @ PROMICE KAN_B Sep 2019 @ PROMICE KAN_B
Wind direction Wind direction
0 0
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May 2012 @ PROMICE KAN_B

Wind direction

270 - 90 270 —

80 /100

May 2015 @ PROMICE KAN_B
Wind direction
o
i

270 — 90 270 -

May 2018 @ PROMICE KAN_B
Wind direction
0
i

270 - 90 270 -

CRIEY

May 2013 @ PROMICE KAN_B

Wind direction

90

May 2016 @ PROMICE KAN_B
Wind direction
)
i

May 2019 @ PROMICE KAN_B
Wind direction
0
i

180

< PROMICE KAN_B #3°] 2012-2019 5¢

W5 AT A

May 2014 @ PROMICE KAN_B

Wind direction

270 —

May 2017 @ PROMICE KAN_B
Wind direction

Wet A5 98l vt dAEA ZHEF AA Vo] &8Ho] v FHToll= FAVIE &&e)
of WalE #5sh= AtdlEel Eolva Aok ASH R HAA T Watel gk F #5ES fd ¥
78 "oy 7t ARgEA O, FR17I= e tH] AAolA &% witel gt =Tt ¢
g 149 dolHE R F Qi A% 54 wet Holy 5 FU7F AdEE AT de
9] 713 2o g Ag ek Al7lel dHelH g5 shsgk Aol vk AA Q17 &
-8 AgeiAar glorm= g5 st Aol tigh &840 S A4 o= 7gdr.

F2A7loll= 7FAF (visible) AA, thE 33 (multispectral) AlA, %% (hyperspectral) A4, 4
29 (thermal infrared) A4, GAF #o]y (radar) A4, #teltt (light detection and ranging,

LIDAR) A4 5 vhokdt Al Azt sbsstel, 7]

Hz o

-

R

dolE R aadE gAT)
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o]2 7|WFS 2 structure-from-motion (SIM) 7|&=& A &3t 53 FAIEED (digital
elevation model, DEM)e] St} o]zgt HolHAE &&3te] ®Wel 2 ®Wel FEAY (glacier

foreland)ell t3r EA13} W3l &x7} 7}58)c).

1) g = F97] 94 &8 Wk A A
222 (Svalbard)9] Midtre Lovenbreen W3slE tjA oz HE THo BEIdeE §F7]&E
Q1 cryoconite §AE #8 217 &85 nddE G4S &8 v Aot (Hudson et al.,, 2007).
434500 435000 A35500 436000 438500 437000 437500 434500 435000 436500 436000 436500 437000 437500
8780500 KEY: |- 8760500 87680500
2005 UAV  zeral 2006 quadrat . 2005  UAY  aeral 2006 quadrat
survey transects survey averages k2 survey transects survey averages
0% 00-05% 0% 00=-50%
760000 05-10% 4 frreoooo 50-100% L Rereoon0

8753500

B759000

8758500

8758000

a7s7s004

&rar000

B756500

8756000

Fol7] g5 GAe W # AA #Sd = &85 Ryan et al. (20153 Jouvet et al.
2 Wt AAelA ZAsE &8 (calving) A4S LI E AAE S o] &3t A
=3
| —— 2 May 2015
= = 4 May 2015
—-—-20 M
—— 26 Jul 2015
- = = 30 Jul 2015
-—- 11 Aug 2015
<Bowdoin ®3} AA #7] dAe] AAE AR #= (Jouvet et al., 2017)>
4 Wete] Aol 7 A7l 5% JFE olgste] AA WIstE @A St T3 We
o] 74 5 5AE FHsY ol A 25 HEE AT + A (Rossini et al., 2018).

1.0-175%
1.75-25%
25-35%
35-45%

Q0Oo0oo e

14%

- 8753000

|- 8758500

- 8758000

8757000

|-8756500

|-67560004

Ls7s7s00y 3

100-150%
150-200%
200-27.5%
275-350%

8758500

:OOOOD=

8758000

87858500

8758000

8757500

8757000

B756500

8756000

434500 435000 435500 436000 436500 437000

< F17]1 94k 714k ’lEF W cryoconite

437500

434500 435000 435500 435000 436500 437000

B2 Alg] (Hudson et al., 2007) >

437500

(2017)
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b

_18_



September lines

N
July lines A

0 40 80 160 Meters.
N E—

0 5 10 20 Meters
- —

W3 o]l &5 P20 Wslo] AXE WA 94 FH A28 (GNSS) 7|¥to R Ao - =
Agoz wjdd XHEC d&] SAHET F7] G4 7o g Wt ol £58 A5 49 94
W EE Ao dis] £% AAE 5 ez Wt ¥ XY e S A gtk 9IS Bt

Displacement UAV Displacement GNSS [ |Zones
Velocity [mm/day] Velocity [nm/day] —— transverse profile
O <05
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2) ded Ak IRk A =R 28 Wel A At

FR17] E5 94E 7IRte R ARE FALERPES thket e dAEAL 7Nk A o]y e}
23 ggo] 7}ssltl. Midgley et al. (2018)& LiDAR 7|WF sxuew ey Fely] 5 o4 7]t
FA =R S HwEke] Svalbarde] Midtre Lovenbreen W3l $E x| o] 2|8 wslo] s 4
a3t

Approximate
former direction
of ice flow

h [2014; m]

7

| No data
. Ground-control [2014]

Segregated zones

0 200 400

Metres (i) Frontal zone; (ii) Lateral zone;
[ — |

(iii) Medial zone; (iv) Outwash zone; (v) Other areas of the glacier forefield
< Midtre Lovenbreen W3} $¥ x]9¢] 2003 = LIDAR 7|dt FX ==}
20143 85 Ho7] 94 7wk Fxux=rd Hla (Midgley et al., 2018) >
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Tonkin et al. (2016)3} Ely et al. (2017)& W3} FEZ Q3 w5 A3
slo i3 A4S s A Wet FEE A =EFX7F S

Elgo] 7heehe Haskoirh

Surface
Change (m)

Lowering exceeding -4

-4 10-3
-3to-2
: -2 to minLOD
Former ice-flow
direction No change
| Increase

<Yk $E A 1% Wet 4 (Tonkin et al., 2016)>
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1. Z299= dXA 34 =232 dAF A 3% 53
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Ad A Adew Agtsirhal dAeksteltt.

c aMTE JdA A% A FE 7Y

- 94 : 2021.09.09.~2021.09.17.

- 4 : Russell W3}

- 4718 : KOPRI, KARI, DTU-space, JAC

- Fx D JACOA 7IA = 2 @ I FHE S A AlE

« ZGAE: dEYFH e g F17] 7zt 5ol wepa &Y
Hsto] Wk 1 F9S AFsisitt. 9E 5 H (Phantom4 Pro)
#Z9 7bs WAool Avh. webA Russell Wsh 7HgAtE Xl%ﬂ%
gt 4ol F27](eBee) & HlIA ¥ nLoA Hd
20 v A zke] ThEete] W o] o] golgirt. wpebA
g Russell W38t o] &94
HEE 68 A2E AFsd.

Phantom4 Pro eBeel)
Hd v AR (7] 30 50
H& 7t £ [m/s] 14 11-25
2o 71 WA [km?] 1 (1) 12

eBee Flight Path

eBee RGB Footprint
Phantom4 RGB Footprint
Background : SPOT6

<Eol7) #o WA (w7t Phantom4 Pro, 3

: eBee)>

. JHFE AT A A Hel tgt 5hA F

171 94 8

_llrl

eBee) #} H]g A= (A
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* Russell 43al7hA 9] A& HA S8 2470 2857 Wi HHo=z F7E 4d = 9
= AHE AAsAnt HEFEHE AFRste] 99 10¥93 1190+ Russell W3l 25 Ao A, 14
(e} o)

olofi= UE e Fdsodrl. HwA He e Fojo] shma wAol Tolv|= 99 119
Russell W3} A4S 293590},

« HEFH TV 29 WdnEe Ao E 150-250 m b4 WskE Felon Wk
AYuts 2 e 98 98 Al B 6552 nASYT. wEet Zteo] wE A A=
= oF 3-7 cm A% R M5 9 FHEE ME/AE 80/70% = AARste] B we i
M MIAEJNES Zt= 5 ALs shalorn &2 wgARE (15-202) o= < g et
9 A gE A

© 99 10¥ : F 499 HAS Tl 55270 IS FHIG o FH $AHL ofet At

<949 109 &4 374>
H&) HE 1 2 3 4
H) & Azt 16% 55% 19% 53% 178 27% 20% 56%
Zhet B2 (=] 65 65 65 65
A% [m] 150 150 150 180
H& A2l [m] 4047 4304 4304 5793
# W9 [m x m] 292 x 306 502 x 194 502 x 194 687 x 228
G eHH [%,
/A2 80/70 80/70 80/70 80/70

<F17) WE AR W Ahe B 9A Cra>

_25_



949 114

©F 3We HgS Fal 35879

<94¥ 11¢ o 74>

v M5 1 2 3 -
vl g A7t 16% 21% 18% 11% 168 16% -
Fhdl et P [&] 65 65 65 -
A% [m] 180 180 180 -
H& A2l [m] 5267 5267 5337 -
#29 ¥9 [m x m] 592 x 245 592 x 245 391 x 390 -
P 2LH ¥ (%,
A2 ] 80/70 80/70 80/70 -
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Aol >

A7 944 853 FA7 @F #
et 2 Digital Surface Model (DSM)9] ZHdiix
7&5]_?—]0 .JJ/\]:]_ Oﬂ)\]- X‘]?ﬂ-oﬂ /\]—»Q—% GCP./]
T2 B ow B7HEs7] Wi
Handheld GPS (Garmin)& AF&3te] 7=



<GCP 9A1¢ 1%

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
3 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

2. SA AFAE "% dole £4-28 H 7€ A4 deolgg v A7

R

<AATHE WHEY

P A

Z3 ZF FgelA FE=H
LA s (automatic
FHolg} AR GAE
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s}l w1l

triangulation),
HHEslo] et} 9] GAE

2 Pix4Dmapper%

H X
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22 (Phantom4D Pro)>

=824 (bundle
o HAste WHEEA
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I
ol
o

Internal Camera Parameters

Initial Value

Optimized 9/10

Optimized 9/11

Optimized 9/14
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Abg3te] 1) 7+
point cloud 74, 4) X3

block




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

<HAZE WF-EH LA (eBee)>

443, 75

Internal Camera Parameters | Initial Value Optimized 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
. OsAAE 717] 85 98 B4E W3l A FAAERd F&
s REQRY TEtERY 948 F A% BE WA FREHE s93 AdS
A s 2 HuE T3 3 R }o] 3D point cloud’} F+A4 ¥t} Point cloud?] H7HS
e FARAERYS FE2T 4 vk TFoll = IAZ 7S W (inverse distance weighting)<
AREEFGl o™ wo]= HE ¥ Sharpening BHH S 4 &3kt
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1 cmt
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Uhfdded, 24 Gz .
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(m (V) Range Accuracy | Accuracy .
Feqaxy | size
10 cm @
Zenmuse 50 m
) 3 cm @ 5472X3078
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camera & speed resistance | .
range time
battery)
Sequoia,
thermo
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