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SUMMARY

I. Title

Characterization of sea ice and glaciers in the West Antarctica using
multi-sensor data

II. Purpose and Necessity of R&D

<Mass balance research>

® Antarctic ice shelf is the land ice into the ocean that 75% of the Antarctic
coastlines and 1.561 million km? area, and having leaked.

® Jce shelf thermodynamic affecting the stability of the glacier and ocean, that
influences energy cycle with low latitudes. Thus, the basal change of ice
shelf will affect earth’s total energy balance, for the change in concrete view
of importance.

® The base of ice shelf is not accessible and the change can be calculated
indirectly through mass balance calculation, which can be calculated by
subtracting the change due to the surface accumulation/ablation, the change
due to the flow divergence from the change in ice shelf thickness.

® Previously, the base and flow velocity change was estimated in the ice shelf
up to 2008 and 2013, thus providing information of small ice shelves useful
for understanding changes in the ocean and polar environments by
understanding recent trends in glacier runoff velocity and basal melting as
follows previous studies.

® The objective of this study is to calculate the changes of flow velocity,
thickness, and basal melting on the Crosson ice shelf.
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<Fast ice research>

T

Fast ice is prevalent around the Antarctic coastal zones during the Austral
winter season and can extend offshore up to hundreds of Kkilometers.
Although the extent of fast ice is a small portion of Antarctic sea ice extent,
its volume can go up to 50 % of the total sea ice volume.

The distribution of fast ice has an influence on the shape and size of
polynya related with sea ice production, affecting the formation of Antarctic
Bottom Water and global oceanic thermohaline circulation.

As multi-year fast ice contributes to stabilization of ice shelves or ice
tongues, it can delay glacier calving and even affect mass balance of ice
sheet.

Fast ice is important for mammals in Antarctica, providing vast habitats and
breeding places and for polar route and coastal exploration

Fast ice reference data were constructed using ALOS-1 PALSAR SAR data
over West Antarctic coastal zones. With various input variables including
statistical ones, fast ice classification models were developed using machine
learning algorithms. The developed models were applied to fast ice regions
over West Antarctic ocean sectors.

Contents and Extent of R&D

<Mass balance research>

Flow wvelocity extraction was tested using the InSAR methods with the
Sentinel-1A IW mode SAR images as input data, but the extraction was not
successful because the flow speed exceeds 2.5m/12day which is the slant
range resolution of the satellite image that used.

Flow velocity was extracted using feature tracking with Landsat-7 ETM+
and Landsat-8 OLI images by the CIAS software.

_13_



Ice thickness was extracted by the Cryosat-2 altitude data with the density
of ice and ocean. Extracted thickness points were gridded to 1lkm using
Kring interpolation.

Thickness change from the surface ablation was provided by the RACMO
model.

Basal mass balance was calculated by extraction surface mass balance and
flux mass balance from the total mass balance.

<Fast ice research>

Level 1.5 geo-referenced Advanced Land Observing Satellite-1 Phased Array
type L-band Synthetic Aperture Radar (ALOS-1 PALSAR) data were used
as the main input data in the mass balance study.

SAR image pairs were preprocessed using MapReady software provided by
Alaska Satellite Facility (ASF). The preprocessed images containing fast ice
regions overlapped were masked and composited for image segmentation.
Image segmentation was implemented in eCognition software.

A total of 12 input variables including mean, standard deviation, skewness,
and ice velocity of master (earlier date) and slave (later date) images,
distance from coastline, Object Correlation Images (correlation, slope,
intercept)

The preprocessed SAR images were used to construct fast ice and non-fast
ice reference data based on visual inspection.

Input variables were extracted for fast and non-fast ice classes, and training
data were used to develop fast ice classification models. The test data was
used to evaluate the performance of the models.

The fast ice classification models was validated over various ocean sectors
including East Weddell site over Weddell Sea, Nickerson Ice Shelf over
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between Amundsen Sea and Ross Sea, Stange Ice Shelf over Bellingshausen
Sea, Cape Dart sites over Amundsen Sea.

® Fast ice detection models constructed with various combinations of input
variables were compared over the validation ocean sectors.

IV. R&D Results

<Mass balance research>

® Unlike the Pine island glacier in the second year of previous study, the flow
velocity and basal melt for small-scale Crosson ice shelves were determined.

® As a result of extracting the glacier moving velocity through the feature
tracking, the average speed of 2km/a tendency to increase the flow rate.

® Jandsat-7 images were used for the period from 2013 to 2014, and there
were region where the velocity extraction was not performed due to the
stripe.

® An increasing pattern was identified in basal melting from 2014 to 2015, but
an accumulating trend from 2015 to 2016. The different pattern could be
caused by inaccurate surface velocity and ice thickness by the surface
melting.

<Fast ice research>

® SAR image pairs with a b-day interval were constructed. All the images are
in the ScanSAR observation mode (400x400 km), descending direction, and
100 m resolution in range and azimuth directions. There is a little difference
in the incidence angle between SAR image pairs.

® LFor validity of reference regions based on visual inspection, time series of
MODIS visible images (MODO02QKM product) were examined.
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Results with various combinations of input variables over the East Weddell
site were similar, but in the west parts of the site fast ice was
overestimated when the distance variable was excluded from the models.

Over Nickerson Ice Shelf site between Amundsen and Ross Sea, using ice
velocity with normalization produced better detection results. Overall,
reference regions were well detected when the distance variable was
excluded from the models.

Fast ice detection results with various combinations of input variables over
Stange Ice Shelf site in Bellingshausen Sea were similar. Over Cape Dart
site in Amundsen Sea, using original ice velocity and excluding the distance
variable from the models produced worst performance.

V. Application Plans of R&D Results

<Mass balance research>

The mass balance modeling result could be used to understand a recent
trend of basal melting on the west Antarctica.

This result has potential to expand the mass balance trend from the previous
research in the second year.

<Fast ice research>

Based on the results of this research, West Antarctic fast ice regions can be
detected with high accuracy, providing preliminary data for predicting the
changes in oceanic environment over Antarctica.

Using data and techniques used in this project, West Antarctic fast ice maps
can be utilized for analysis of the spatiotemporal distribution of fast ice
extent and for prediction of changes in thickness and volume of fast ice.

The information of the extent and thickness of fast ice can be used for
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ocean circulation models and climate change modeling, contributing to the
decrease in uncertainties of climate dynamic models.

West Antarctic fast ice research has been rarely conducted until now. This
research provided a method that can be applied in West Antarctic fast ice
regions and used for future fast ice or sea ice over Antarctica research.

_17_
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<Mass balance 7>

SHedAE = A e 714 &5l A A77 FAHAA G, WEke] fE HEE F4
e A7 AATh FFA T (2013)e1 4= COSMO-SkyMed SAR 944 &8kl F9=
Campbell 3ol Azt w14 wal 9§52 S48kt Campbell Wt 1990 o] F2 ¢
TF AL FRHA e Aqer, T AgelAE 20109 6958 20129 1974A A 7kel F
5% 59749 COSMO-SkyMed SAR 44-& #538lal, JAEHD LS o] §sto] we +
A g &x WA &8tk Campbell WatAdol Ao fE %S 058+0.12 km’/yr & F4 o]
HAA, o= 19899l HAE drvh SUke Felflth Campbell Watde] 55 &
181-268 m/yrZ] 1988-1989d el Z4 ¥ HEwth wan, ol Wate] §&% 7l JF<

T o] HAT(ZH 1)

29 1. Campbell ¥l 35 % A%, 3 A& H

a}¢] grounding lines 9W| (3334 5 2013).
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b aleE AlgS 71AaL SARY F& 29

(a) (b)

(©) (d) (e)
I First year ice Ridge M Moderately deformed ice M Highly deformed ice

% 2. K-means €aglss |8k &7 23 (a) ASAR® PALSAR, (b)
Radarsat-29} PALSAR, (¢) Radarsat-2, ASAR, PALSAR, (d) ASAR, PALSAR
texture, (e) Radarsat-2, PALSAR texture, (f) Radarsat-2, ASAR, PALSAR
texture F74E o]&g A3 (F=d ¢ 2013).
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@ (b) (©)

(d (e) H
I First year ice Ridge W Moderately deformed ice Ml Highly deformed ice

a9 3 Hd $EH gugEss ol&s 7 4. (a) ASAR® PALSAR, (b)
Radarsat-29} PALSAR, (¢) Radarsat-2, ASAR, PALSAR, (d) ASAR, PALSAR
texture, (e) Radarsat-2, PALSAR texture, (f) Radarsat-2, ASAR, PALSAR
texture F7&4ES ©o]&g A3 (=4 £ 2013).
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b 3 =
w w w

S74'40°

2010/12/09
2010/12/10
— 2010/12/26
—2011/01/10
—2011/03/16

E164
E164'15"
E164'30

S74'40

2011/05/19
2011/06/04

= 2011/07/06
—2011/07/29

E164
E164'15°
E164'30

S74°40°

2011/10/09

o 8
b 3 2
w w w

S74'40°

S74'45°
2011/03/31
2011/04/01
—2011/04/16
—2011/04/24
—2011/05/03

E164°15
gy E164'30°

S74'40°

s74'45" |5

2011/08/07
2011/08/23
—2011/09/07
—2011/09/15
— 2011/09/24

Ef64
o E6415°
E164'30

s7a40

2011/10/10 2011/12/29
- 2011/10/26 -~ 2012/01/13
-—2011/11/11 -—2012/01/14
—2011/11/26 —2012/01/21
0 I 1
Coherence

e (3 2] 2015).
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——@— Total seaice extent
==0~~ Land-fast ice extent
17 =0+ Packice extent

150

%)
R
N

Extent (km
g

onQ

2010- 11 2011-1 2011-3 2011-5 2011-7 2011-9 2011- 11 2012-1
Date (vvyy - mun)

¥ 5, ®Hgtwenp o] 2R (Land-fast ice), -9 (Pack ice), A A 3l
WoHA sk A AE M (3HERA 2] 2015).

A2 E =2 Jleie a%

<Mass balance 17>

ek 714 A dste] g =9 7le Y #2012, 2013 o= v el

= A Aol g Het 55 £ 2 1A 59 W3t geto]l H el Rignot € (2013)°l
ME Tgs SAR 94 A5 E 37359 InSAR 7IHES T xHe ol WY ¥ £L28 3

[e] =
e, AY BE Y w x}ﬂ, %;ﬂ%m}& 5 O AR /Mo wEeld

s oA tH(1d 6).

Pritchard 9] (2012)914 = W3t 779 29 4SS B2 7|4 &§

of A= HWal EFo wWE kS aEskA] gskow WE FA WstolA Ad/sEE W
S I WstE ol &3 71A- && Wl FolE AU om, ¢ Rignot ¢ (2012)9t= =
A, et FA dets 918 ICESat aL=Al AR S AR&ste] Alet4 s d=e 1 ARE

dof, AYAS =A™ 7).



A 5 (2015)0 A= =8l Campbell W3te] A= w3 oS B3 714 &£F5 SEE
=743t Qi‘i]r. o] A= Xﬂ InSAR (Interferometric Synthetic Aperture Radar; 7H4 7 &4
77 deld) WS ol&ste] WY i HEE Fofs Uit SAR 9 AREE
COSMO-SkyMed 9174 Alg]l=9] strip-map 2=, 3m 3H’2>]": Vvia el Xui= =}
W 01€¥ 26¥5H 20119 11€ 2747HA] 1Y 4 S 7HA = 14742 SAR 97< ©l &3t
oh elal Wae] A ARE 20051304 2008 74 %%fﬂ ICESat GLAS =7 #=9}
s F9 Z’GO] HArh FEE Wt olEEHEet FA9 ol oigh W
A RS FE ol og st= AlLte]l WAL, TA7] FAY WE s §
FA WIS FASAY. 7 HAd 93 FAMEE= RACMO(Regional Atmospheric

Climate Mode)S =3

tm
i
N\
=
—_
—_

= = 2~
1:10101_5!_20 o] H

ol A wstel BW A 2 T RBstE wo] AXted, 1 A3e 17 8% 7
o},

IR (2016)9l M = 1B FdEeel AHAEHND THE ol&3ste] AE=3 Pine island '§ 3}
o] 35 &£k WgE 439k Pine island W3lE Ag= A9 gudd Wt 22 F
stuE, A= o] obEAl sl(Amundesn Sea)® ol Hol @ WA A7 WsE do
ZIA Aok & Aol A= 2000d A4l 2014741 2] Landsat-7 ETM+$} Landsat-8 OLI %7

& ol &dte] £ s F= e, " Z3E TanDEM-XE Fa A4S Wet 55
oF HALE ato], Bl e AYAAS A7 SR, o] wE A HAE 4% e
ol YERUIATE At wE Ws 55 SE% 2000 T2.8 km/yrol Al 2010l T4,
km/yr& 713t o1, 2010-20129 Abole] ~
7 Fee 7 o w geto] HYYr (L9 9).
uebs B Aol A e ek 5 (2016)9 4 AHE ¥ Landsat 97& o83 Wt 55 £x
F3 gFA T (2015904 AHEE e 714 &8 Fet WS o] &ste], A3 w

ek 714 8§ 9 W3 55 & WeE AbEstaa vl 3 Pritchard €] (2012)9]

o o
48 WS Cryosat-2 A=A A go] AEste] Hy AU W5 F7 WHtE 3otslo,
I

B
I

w

o H
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Fimbul vigri
Melt rate (m/yr) Jelbary "'™M2U Vigrid
Atka,

v
<-5 0 >5 Ekstromey 2\ Pt ol Borchgrevink
Quarg,. ‘ CE e .“Q Baudouin
Riiser-Larsen ) 4 @ Prince Harald

Weddell Sea

. 2}(@ Shirase @ Rayner

Etantcomb A Thyer
Larsen B Ronne Ll .4 X%
@ Larsen C @ i le Edward VIII
s Filchner +® Wilma
e Robert
Downer
Wordie {3 _ " @ lLars. 5 : Amery

George VI

Wilkins w0 —
Bach Publications

.2/:5§‘ ¥ ' . ) 435‘:}’@

_—

Stange %
Bellingshausen !
Sea Femgno@ EAST West

Venable

Cosgrove
Abbot e/ WEST

ANTARCTICA
Shackleton @ w\

ANTARCTICA &
Eine Tremenchu!é
Island Conger®-&
Crosson )
Thwaites! Vlncennes@\;
Dotsone
Amundsen ¢ 7 Totten
Sea m ' .‘“ S i
Getz Land@ / ) ¢ throw q}\
Nickerson e Swinburne /Dryga}skka v -
Sulzberger Nansene S & Moscow
\‘\\\\\L @ University
& Holmes
3 @B Dibbl
Melt W, - @ Dibble
Ross Sea Lllhee e ~€?" oo i B Mertz
Calving @] o Henrnck @ Ninnis
100 Gtlyr 10 Gtiyr 1 Gtiyr 0 km 500 km 1000 km Cook East

a9 6. 200939 E=E] W gk 7|4 &8 5% A% 8§ S£E(m/yr
@), wg-sbed) A A FAA(Gt/yr 99, 938 =3%)  (Rignot 2] 2013).
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714 Zel(m &9, 34 M) 1
& & (Gt yr! ©9], 989 =) (Pritchard 2] 2012).
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—E164°15°
—EI164°30

87435

S74°40°

Kilometers

N 2 0

Basal mass balance (m a™1)

2% 8 Campbell ®3t Ao 714 &Fof &gt F74 W
&% 3 AME grounding line, FA& hinge line (3+3F
2] 2015).
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9] 2007).
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65°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E
| | | | | |

|

|

Reflectance
0 w
0 East Antarctic 5
2 ice sheet &

| !

Conhcentration (%) -

[ta} w
0 S
R ¥

65°E 7OI“E 7E;°E SdUE 85°E 90°E 95°E 100°E
a9 11. MODIS 20¢ 97 4 23819 AMSR-E

s 4 A3(ell) (Fraser 2 2010).
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(g,
2
il

g WY FYe Yok BAC o)BHmst T AW FA T o BN AEE
Fal A% AW 5 Aok ek Wk 58 58§ Teleloksbzd, o8 Fah: Yyow

i InSAR (Interferometric Synthetic Aperture Radar; ZH47 §4 +74 doly) 2y 1%
E# 7 (feature tracking) o]l Atk InSAR ®HHE AdA A7HxE F11 H5H F SAR
dlojt)dde] 9143+ (Phase difference) A HE &
DAY ES] olF WS AFsle] Fuh W olFEE
o] A5, olFHelol AHEH F G ARl E ol EWe] ol o] olsEHEE F
A H=d), 2 Ao = ESA (European Space Agency)olA A& 3l Sentinel-1A C
W= W (Interferometric Wide swath) == @& #Hiu 82 Z53to], SNAP (Sentinel
Application Platform) 2XZ E¢o]E E3}o] A|EE fH YT AGF=a] W5 gzt U3 £
T 23, HZ2E A9 dfF-E9 oA Fag @S A A=, o= AHEEE SAR
G749 slant range resolution! 2.5mKX.Th 7 FAF7Ee] o]s WZF o Holx A FA 7}
BRI 2 o3 FEAYAIL, F AT A= InSAR WS A8 T U=
t}. ole] w} InSAR WY ET ¢ 2 Hes A4S & e IdHERD WS =98t
ATh FAHEHA P G e Bol AHE & A7 FAF A o= el 91X 3
SAE Fekst & olE WSE FEske WHolth 2 AT+ USGS (US. Geological
Survey)oll 4] A& 38l+= Landsat-7 ETM+9} Landsat-8 OLI & 8 dAo=z A&t
Landsat 14 942 Blue, Green, Red, NIR #1=¢9] 3|4 %=7} 30m, Pan WZ=2] g7}
15mQl aaf e Fst Ao w, Aot SHo® &, 5ol U= A, A% AR 9
5ol ozl gl 9ol 2012 el A 20167441 Crosson ™% #4<l [006, 113] EFel dhal, 7
5ol 71A] g2 GAE Fol FEFs e, 20123 2013l = Landsat-7 ETM+ol A4, 2014
do A 20161 7441 = Landsat-8 OLIE AH&8tith (3 2). I AHEHA TS s & A0l
+ UiO(University of Oslo) oA A|&3te= CIAS AZEOE AT (219 13). &
o 5)5= Blue, Green, Red, NIR, Pan 9733 A, 4% +419 A WA A&E (PCHE
POz ALE s, 4 MEss SHE4Y FHE FE2F 5, A 23 A9 29
H g8 A EoldS HZ43st7] 98] Gaussian high pass filter®] 2] S 3t
gtao] AREEFaith CIASOlAM = 94 W #Ee Wst Waks 7|wte s oy
NCC-o (Normalized cross—correction - orientation) &4 <& 53l
FE5 A9 st 29 4= AAHEHQA S ol &kl F53 Crosson A9 W
UERE 2"elth 29 149 (a)E 2013l A 20149741 9], (b)= 20149 ol 4] 2015
(c)= 20158l A 201674 ¢ WetsF&H s Webdth 20130l A 201499 4

(Synthetic Aperture Radar; &4 -77
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%, Landsat-7 ETM+9] stripeo] & &3k ztEo]

2015 7k 9] £ =7) 20159 Al A 201613 744 9] S =R oh A

[ .= ] SINGLE paints
[=]PoLvGon

[=]=vile
[~ ]BAck

resolution:

30,0000

reading and vmatmg ﬂmshed
""" current memory us 249 MB .
.. Current memary used 243 MB ..,

== Without co-registration == will directly start displacement measurement
+++ With co-registration -~ will start matching of features on stable ground,
compute a shift. scale and rotation between the two images. an
then start the dizplacement measurement,

4+ NCC-0 experimental, not fully tested 11!

=== NCC-Q is useful for low-confrast images and images with data voids
sUth as Landsat SLC—off maaes or images with saturated sections
{carrelation coefficent becomes 0.0, very small or 1.0

==+ NCC-0 requires mare memory; might not be useful for very noisy images

=== NCC-0 ¢
The original images are used for most d\sp\aipurpnses the orientation Images
for zoom images and for correlation. This makes navigation an the images sasier
but deubles the mernory use, If memary use is too large the software crashes wit
an enor message about memary allocation problems.

+]IEC-0 ks 8 modication o Orienaton Correlaton (CCO) by
el and K3 (20123, Evaluallon of ex1siing image maiching methads
for deriving glacler surface displacaments globally from optical
satsllite imagery. Remote Sensing of Environment, 118, 333-355,

+++ NOTE: correlation coefficients fram MCC and NCC-0 cannat

be compared Eas\\ly as typical NCC and NCC-0 camelation value levels are differc
I i recomnrnended to save‘NgC and NCC-0 separately and camb

+++ Will use NCC-0,

computing orientation images ,
urrent memary used: 195 MB
urrent mermary used: 43 MB .,

b Smg\e Dum\S —— sele c\ measurement points on imag
? gt\ E polygon an screen and define ras(ev resalution
wn XV tile == read XY ASCllfile of measurement points
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year date satellite Cloud fraction
2012 01/22 Landsat-7 ETM+ 30%
11/22 Landsat-7 ETM+ 18%
2013 02/09 Landsat-7 ETM+ 5%
02/04 Landsat-8 OLI 7%
02/20 Landsat-8 OLI 26%
03/24 Landsat-8 OLI 17%
09/16 Landsat-8 OLI 9%
2014
10/02 Landsat-8 OLI 4%
11/03 Landsat-8 OLI 3%
11/19 Landsat-8 OLI 25%
12/05 Landsat-8 OLI 2%
02/23 Landsat-8 OLI 7%
03/11 Landsat-8 OLI 21%
2015
03/27 Landsat-8 OLI 1%
09/19 Landsat-8 OLI 3%
01/09 Landsat-8 OLI 2%
2016 03/13 Landsat-8 OLI 21%
09/21 Landsat-8 OLI 19%

3 2. Crosson A 7F8d4d 3 AR 4 (314).
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19 14. Landsat ¥
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= Cryosat-2¢9] 1L
Kriging XS 53

(a) 2012 (b) 2013 (c) 2014

oY

19 15. Crosson W& %

22357 9k = A WslE Cryosat-2 AARE E3) A&t W2 7
5| 5 AFEst AFEE = du mEbA], 20120l A 2013
A 2014377}%1, 20143 o)A 20153 7HA), 201530l A 2016 7kA & d]l /R FA W3t
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