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Abstract : Accuracy assessment of tide models in polar ocean has to be performed to accurately
analyze tidal response of glaciers by using Double-Differential Interferometric SAR (DDInSAR)
technique. In this study, we used 120 DDInSAR images generated from 16 one-day tandem COSMO-
SkyMed DInSAR pairs obtained for 2 years and in situ tide height for 11 days measured by a pressure
type wave recorder to assess the accuracy of tide models such as TPXO7.1, FES2004, CATS2008a and
Ross_Inv in Terra Nova Bay, East Antarctica. Firstly, we compared the double-differential tide height
(AT) for Campbell Glacier Tongue extracted from the DDInSAR images with that predicted by the tide
models. Tide height (T) from in situ measurement was compared to that of the tide models. We also
compared 24-hours difference of tide height (7) from in situ tide height with that from the tide models.
The root mean square error (RMSE) of AT, T and T decreased after the inverse barometer effect (IBE)-
correction of the tide models, from which we confirmed that the IBE of tide models should be corrected
requisitely. The RMSE of 7 and AT were smaller than that of 7. This was because T is the difference of
tide height during temporal baseline of the DInSAR pairs (24 hours), in which the errors from mean sea
level of the tide models and in situ tide, and the tide constituents of S», K>, K1 and P; used in the tide models
were canceled. This confirmed that 7 and AT predicted by the IBE-corrected tide models can be used in
DDInSAR technique. It was difficult to select an optimum tide model for DDInSAR in Terra Nova Bay
by using in situ tide height measured in a short period. However, we could confirm that Ross_Inv is the
optimum tide model as it showed the smallest RMSE of 4.1 cm by accuracy assessment using the
DDInSAR images.

Key Words : DDInSAR, tide model, accuracy assessment, in sifu tide height, difference of tide height,
inverse barometer effect, tide constituents
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Fig. 1. COSMO-SkyMed SAR image over Terra Nova Bay,
East Antarctica, obtained on June 16, 2010. For the
Campbell Glacier Tongue, tide height of TPXO7.1,
CATS2008a and Ross_Inv was predicted at the location
of a black cross, while that of FES2004 was predicted
at the location of a white triangle. A white dot represents
the observation station of in situ tide height.
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Fig. 2. Relationships between double-differential tide height for Campbell Glacier Tongue extracted from DDINSAR images (ATopinsar)
and that predicted by the tide models (ATmode) Such as (a) TPXO7.1, (b) FES2004, (c) CATS2008a and (d) Ross_Inv.
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Fig. 5. Relationships between double-differential tide height for Campbell Glacier Tongue extracted from DDINSAR images (_ATDD/nSAn)
and that predicted by the IBE-corrected (a) TPXO7.1, (b) FES2004, (c) CATS2008a and (d) Ross_Inv tide model (ATrmoce).

TPXO7.13} FES2004+= Z1Z} 6.0 cm@} 5.8 cm @] Z 9]¢
Z 925 YEPW T (Fig. 5Saand 5b). Fig. 55 5o 29
B o2 291 BE 84402 1A Eolok g
S 311 2= 91911, DInSAR 7HA) AYo] 9] A7k 712
o A ¢l o] DDInSARZ % ¥ Campbell Glacier
Tongae] 25 M2 o9 Y-S chA] I8 5 9)
et 18 HE 2R Ee- 5 cm W99 @S e
Y] Campbell Glacier Tongueo]] 4] DDInSARE- $|gt 1+
ol A %= 91051, 58] Ross 7} 713 Hget 29
welolo] Ty s
429h4) T3] 274712 4k TBEC] )3k 2919
WS Fig, 62t 2O, 08 HAT Totr Ty S}
z5lmele] 251012 2315 $A3190. IBE7}

50 4

w
=
L

[y
=]

M

Tide height (cm)
-
(]

w
=1

50 T
2011-02-02 2011-02-05 2011-02-08 2011-02-11 2011-02-14

Date (yyyy-mm-dd)

Fig. 6. Tide height induced by the IBE during in situ tide height
measurements.

-382-



Accuracy Assessment of Tide Models in Terra Nova Bay, East Antarctica, for Glaciological Studies of DDINSAR Technique

BAE TroderS Touee2} 0.877-0.9172] H| 1L A =2 RS B
AtH(Fig. 7). 1 31229 (high-tide level) 2} A 2 9] (low-
tide leve)d W] @217} 2 Z o &2 ey T3 79
RMSE= 6.4-7.6 cm& A5 %l=H)|, o] = 29 9]
IBE 17 713} ] i5to] A2] M3} 9= grolek. ol
gt 7] ©2}= DDInSARE I3t 29|20 AU e s
nkz512] Zstck, vhE o)) IBEZF HAH Tl Tyuelt
0.876-0.9079] 1> =2 RS VEhyn] A& & A 2|3}
9laL, 7%= 3.6-4.1 cm] 19~ 22 RMSES UEb i T} (Fig.
8). 0|2 &3] IBE7} ¥4 % 7= DDInSARO|| AFS-E 4=
Sk Weke 4 Slek. Tt AE 2919 25720]
Nz o 57] Thel, A2 e Hek)
o142] DDInSARE 913k 2] 29|98 475)7]
o ofeigol HETh

IBE7} B A% 79} ATC] RMSEX Z+7} 3.6-4.1 cm®}
4.1-6.0 cm=Z A2 "3}k 18U IBERA B0 T

%

50
— Tglm e
=== Toaer (TPXO7.1)
30
g
~ 10
=
- !
= g
@ -10 p
=
& 3
0 { o
R=0.888 o
RMSE=7.4 cm *
-50

2011-02-02 2011-02-05 2011-02-08 2011-02-11 2011-02-14
Date (yyyy-mm-dd)

(@)

50

— Tyuge

=== Toaer (CATS2008a)

30

Tide height (cm)

R=0.916
RMSE=6.4 cm

-50
2011-02-02 2011-02-05 2011-02-08 2011-02-11 2011-02-14

Date (yyyy-mm-dd)

©

©] RMSE: 6.4-7.6 cm&, 29| w99 IBE ¥4 %
Wate] o] Az] g9kt o] 19} T 92
Helo] A2 th27] wjo|ct. 79 RMSEo|= 4
OF 291 O] FHot s 2AF, 29 o] A
Pl eAp7E B GRS vtk 2914
gt 2915 SHs17] HsiA= A7 B 6
o] 2 5E U3t Fatof o] AbZE ofof
(Watson et al., 2008), ©] Ao A /\]'jl?l' Z ‘:ﬂ"—SH
114 5¢ S s ol &
B3l 4= glon, o]= IBE B4 ;201]5 7°] RMSE

A #7H %ﬂﬂi AH-8-3F 4= Qlet. RHA ﬁév}ﬁﬁ
o] QA= A& 299 AHLGES TS AALSE

of| A|A =] 7] Aol

[‘_u

ur

—\—‘

N e

0—{>onrELuozirlo$mkrﬂ,°irlrjgo,=_

op |y
of

]_

PN
O_L,

B
g=)

ofr
—_
r

L-l>—-lllrﬂr

¢

r:p
rok
% g
171
oy

RS

oot

O

N
)

O

a

Ir
Horr
o,

Pr— Tglm 3
=== T oaer (FES2004)
30
g
~ 10
=
-
2
@ -10
=
=]
-30
R=0.909
RMSE=6.7 cm
-50

2011-02-02 2011-02-05 2011-02-08 2011-02-11 2011-02-14
Date (yyyy-mm-dd)

(b)
50
S Tg:mge
=== Tyoar (Ross_Inv)
30
E
<10
=
20
2
@ -10
=
- H
-30 t
R=0.876 }I','
RMSE=7.6 cm
-50

2011-02-02 2011-02-05 2011-02-08 2011-02-11 2011-02-14
Date (yyyy-mm-dd)

(d)

Fig. 7. in situtide height (solid lines, Tgauge) and tide height predicted by the IBE-corrected (a) TPXO7.1, (b) FES2004, (c) CATS2008a

and (d) Ross_Inv tide model (dotted lines, Trmoce).

-383-



Korean Journal of Remote Sensing, Vol.29, No.4, 2013

25 z = 25 -
’g —Tie == T\oder (TPXO7.1) E‘ = Tpuge === Thoar (FES2004)
£ 55 Z 55
2 ‘e
= -
< <
2 s 2 s
e E
g 2
E -5 E -5
g g
- -
z-15 z-15
3 R=0.882 b R=0.888
s RMSE=4.0 cm s RMSE=4.0 cm

-25 -25

3 5 7 9 11 13 15 3 5 7 9 11 13 15
Day (February 2011) Day (February 2011)
(@ (b)

-2 z . . 2 - y
g — P (CATS2008a) g — Tm w T oder (Ross_Inv)
Z s Z s
2 2
3 3
Z s Z s
- N - N
= =
g g
= =
g g
- -
z-15 Z-15
E R=0.907 E R=0.876
§ RMSE=3.6 cm 5 RMSE=4.1 cm

25 -25

3 5 7 9 11 13 15 3 5 7 9 11 13 15
Day (February 2011) Day (February 2011)
(© (d

Fig. 8. 24-hours difference of tide height in every 5 minute calculated from in situ tide height (solid lines, .Tgauqe) and predicted by the
IBE-corrected (a) TPXO7.1, (b) FES2004, (c) CATS2008a and (d) Ross_Inv tide model (dotted lines, Timoge).

Table 1. Major tide constituents used in TPXO7.1, FES2004, CATS2008a and Ross_Inv tide models

Species Symbol Period (hr) Speed (°/hr) Used in*
Shallow water overtides of principal lunar M, 6.210 57.968 TF
Principal lunar semidiurnal M, 12.421 28.984 T,F,C,R
Principal solar semidiurnal S 12 30 T,F,C,R
Larger lunar elliptic semidiurnal N 12.658 28.440 T,F,C,R
Lunar elliptical semidiurnal second-order 2N, 12.905 27.895 F
Lunisolar semidiurnal K> 11.967 30.082 T,F,C,R
Lunar diurnal Ki 23.934 15.041 F,C,R
Lunar diurnal O 25.819 13.943 T,F,C,R
Larger lunar elliptic diurnal O 26.868 13.399 T,F,C,R
Solar diurnal P 24.066 14.959 T,F,C,R
Solar diurnal Si 24 15 F
Lunar monthly My 661.311 0.544 T,F,C,R
Lunisolar fortnightly My 327.860 1.098 TF C,R

*T: TPXO7.1, F: FES2004, C: CATS2008a, R: Ross_Inv
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