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Using Synthetic Aperture Radar

03
0
1=
1o
E



NNTSTU 50BN RO HITW NMTH Tt RO il 4



—_
Ife}

A L S

ArRudz AE

YUE " ZsiE A7 dAe

T e ol

B4

gy
* T

31

12.

2024.

—

0

o

oH
=
B/
el
)| +o

K

Tor

o

N

Jmo
=

B/

W
oF

0
R

B
W
oF

Muﬂo

e

~H
B

—

!
oy

—

~H

G

B
.7U
wr
oF

B

Bl

—

!

o

—

~



F
s 8 B
o O o
== =
o O
23
o O
on O
—
T T R
) 7 ™
o ER z B
)
_—
N _—
o SE
~ o e
o | =
o
iy
T
o o
i w |
T TN
= | % | = |®
-y — b B
s x| T
T =
j <
T
4
=
o || W =
2o dew | )
3 | BT | ® =~
e Tor =
< rg}
i R
- I .
wo wuw Bo o
O - T
= -
~o <A
h Ko
o 1_,_AI — _EE
= | = | 7
) T || B %’
oo | W | e | T
RN
N I I = 0
oF oF B o

W
ed

2]

st
Jof

03

o

™

- David W3} FH9| vR

i

o

wjr

- FdolH

A 4

3T
ar

Ao AAdE

- David W3} ¥4

i

LO_

il

i

- ANAE

il

=
5

, FdEelt, dddold M7, FdeEely o

Subglacial lake, David Glacier, Satellite, Synthetic aperture radar (SAR), SAR

interferometry, Double-differential SAR interferometry

o]

s
K

d oo
(@ 571 o)

A0
Al




2=
Hr

o}

B

=K

N
)

B

AFAL] Ng 2 W

1.

S A oy 1t

- David W3} ¥ WA

mK

O AAE d&Hd ey 7l

22!

%

el

B

=

mK

2=
<0

0

)

%0

B
o

—

—

0

€}
=

1%

H] %

O 9= WS K-Route +H



s
o
=
yAO
ﬁd
il
6
< :
o : |
oF 1r1_
< : 7
HO ol & ﬂ _M_% |
i - % q M
o Ww o : Qo Mu
% u % - r no
o ;& : 5 e x
~ Mo = IL o N i ;ﬁ
T oy - & 5 - % ﬂ
ﬂ %T U_K Wro _E ‘.myo N ,_ﬂa Onm
_ = KA o il = - |
1 : o v > oL 3 G o
s | : ] ]
% o o o 2 = & 2 ﬂ w mo w
; ) ﬂmo & L _E ﬂ;
o ol T M i~ i E wo | |
T, X o —o Ho oF ) = i : -
;T 7 " ) " 2 : : 3| wn
zT | : i o KO ﬂwM oF B- N
() o) ~ ,HU o 03 5 iﬁ ﬂ H
g do o) o ~ v il i .
5 x { o = o b :
| % 15 ﬁv ; - 5 O - In T
, ﬂ 7 : ik i o A Y X7 B Y &
S - oo =y o P E %
e u_x ,A_v w.‘_ - <0 Bl ~ o T
i g N o oo W z - mﬂ ;u xo ZH
n_Lu + 1 ) e ~ o wj o <
1 | u_x ; ! ;i . so o] i gl -
_v _nmu : 2 — mK ey gl S oF
uru # s o] 1}' X E : X m_x wa
ﬂ Ll W ﬁE X ‘WD O# \W;L A =0 mo E —
¥ - : S NF m X i ™ = X Bk
= fuy —~ ~ = OT . : U : ﬂAr
, 7 = 4 ® . n o o d X
e % o wmu bl nK = : AT HL Eu
ﬁu 1...% 71_ O : : E_H ﬁo _-— o) ™
<0 s T el ralls %o H N N oy
a o ol o = o 3 : :
O O . hA ﬂAl N HO ;Ir_” ‘._A.ugl _E X
O = : : ma X X pol*
O ~ e n_am mo u
O A : : :
O . = woon
B ! . r.
. L p 3
O n i -
= oy
O

_iV_



SUMMARY

I. Title

O Development of monitoring techniques for subglacial lake using synthetic

aperture radar

II. Purpose of R&D

O Development of precise observation techniques for ice sheet surface displacement
caused by subglacial lake water level variations and for monitoring subglacial

lake activity using satellite synthetic aperture radar (SAR)

III. Contents and Extent of R&D

O Development of analysis techniques for morphological characteristics of

subglacial lakes using SAR images

- Construction of interferometric SAR (InSAR) pairs for subglacial lake regions

near David Glacier and calculation of ice sheet surface displacement

- Design of techniques for calculating and analyzing ice sheet surface

displacement caused by subglacial lake activities

- Definition of subglacial lake boundaries and analysis of morphological

characteristics

(O Study on monitoring techniques for subglacial lake activities using time-series

SAR images

— Calculation of ice sheet surface displacement due to changes in subglacial lake

water levels using InSAR

- Development of analysis methods for changes in water levels and volume of



subglacial lakes based on time-series ice sheet surface displacement

O Understanding the interaction between subglacial lake activities and ice flow

dynamics
- Measurement of ice flow around subglacial lakes

- Examination of the relationship between subglacial lake activities and surface

ice velocity
O Detection of subglacial lakes around the K-Route

- Construction of time-series InSAR pairs for high-latitude inland Antarctic

regions.

- Detection of unreported subglacial lakes between the upstream region of David

Glacier and Concordia Station
(O Analysis of filling and drainage activities of subglacial lakes around the K-Route

- Development of high-resolution and precise InNSAR phase analysis technique for

monitoring filling and drainage activities of subglacial lakes

- Analysis of filling and drainage activities of David2 and newly detected

subglacial lakes

IV. R&D Results

O Establishment of techniques for deriving ice sheet surface displacement above

subglacial lakes using InSAR

O Construction of spatial information on subglacial lakes near David Glacier and

the Antarctic inland region

O Interpretation of subglacial lake activity characteristics using surface

displacement derived from InSAR
(O Estimation of the impact of subglacial lake activity changes on surface ice flow

O Development of a novel InSAR-based methodology for high-resolution and

precise monitoring of subglacial lake filling and drainage activities

O Identification of filling and drainage activities of active subglacial lakes in the

upstream region of David Glacier

_Vi_



V. Application Plans of R&D Results

(O Utilization as a foundational technology for investigating subglacial hydrological

networks in unexplored regions of Antarctica

O Application in updating spatial information and monitoring the activities of

Antarctic inland subglacial lakes

O Provision of critical baseline data for geophysical exploration and thermal drilling

of Antarctic inland subglacial lakes

- vii -
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YYYY.MM - YYYYY.MM) 1mages

120 5700 2015.12 - 2019.02 10
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3 3 ATl 8% ALOS-2 % Sentinel-1 7%

Satellite ALOS-2 PALSAR-2 Sentinel-1A SAR
Region A B -
Path/Row 120/5700 140/5650 72/859
e T S T
Number of images 16 18 10
Orbit direction Ascending Descending
Antenna direction Left Right
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Acquisition mode ScanSAR
swath

Polarization HH HH
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% 57. Vostok WA Z e ALOS-2 DDInSAR 97 Vostoksi= ©] A7¢ll4 DDInSAR=Z 2l3f &
AE WAS gojeln, wikA HE RESE BA® WAEE AAE. Vostoki= Smith et al (2009) 4
Hug YASE e

- Sentinel-1 ¥ ALOS-2 DDInSAR 97< &3 WAz &Fo oz Wz F45
© A%E AuEe] AFHAA, dAF o] HAA WAST 94 T =
3171 ¢38 Ice, Cloud and land Elevation Satellite-2 (ICESat-2) ATL06 Land Ice

Height At55 &835te] W 1 AAE 1% ¥eE E4sa4 39S



- o] ATelM = AAE

3 1% (
e bFAR AAse] N Waed J1F YT BEAAET ANRAL

3% 4. DDInSAR 9ol A WAE 9oz 45 AFo digh ICESat-2 ATL06 1% =}

Track number Observation period No. o(l;);fel';/ation
3 2019.03.29.-2023.09.19. 18
57 2019.01.01.-2023.09.22. 18
64 2019.04.02.-2023.12.23. 18
116 2019.01.05.-2023.12.26. 19
118 2019.04.06.-2023.12.26. 19
177 2019.01.09.-2023.09.30. 18
184 2020.07.07.-2023.10.01. 11
245 2020.07.11.-2023.10.05. 10
306 2019.10.16.-2023.07.10. 13
384 2019.04.23.-2023.10.14. 18
445 2019.04.27.-2023.10.18. 15
506 2019.05.01.-2023.10.22. 18
558 2019.02.03.-2023.07.26. 17
560 2019.02.03.-2023.10.25. 18
619 2019.02.07.-2023.10.29. 19
680 2019.02.11.-2023.11.02. 19
687 2019.11.10.-2023.11.03. 16
748 2019.11.14.-2023.11.07. 15
809 2019.05.21.-2023.08.12. 16
887 2019.05.26.-2023.11.16. 16
948 2019.05.30.-2023.11.20. 18

1002 2019.06.02.-2023.11.23. 17
1061 2019.06.06.-2023.11.27. 19
1063 2019.06.06.-2023.11.27. 18
1122 2019.09.09.-2023.09.01. 15
1129 2019.09.10.-2023.09.02. 14
1190 2019.09.14.-2023.09.06. 14
1251 2019.12.17.-2023.09.10. 13
1329 2019.06.24.-2023.09.15. 17
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active subglacial lakes
(Siegfried & Fricker, 2018)
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