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Abstract

This project continues the “Bathymetric data and Height Datum Analysis” work
conducted in 2012. There are four subjects within the scope of this project. First, the
stability analysis of Dongsha satellite tracking station is continued and expanded to
include a Taiwan tracking station located in Yangmingshan for comparison. Secondly,
tidal observation and analysis are maintained for Dongsha. Thirdly, the operation
procedure of coral reef patch mapping is studied and three 1/5000 map sheets are
produced. In addition, on the coast near the Cheng-Bin fishing port, a temporary
continuous tide stations is built on bare rock. This is a part of Taiwan Height Datum
tidal station maintenance program.

Regarding the satellite tracking stations in Dongsha and Yangmingshan, the
analysis indicated that the coordinate change is in accordance with ITRF2008 velocity
field. The position relation among the main station and the three supplementary
stations is also found stable. The scheme of object-based segmentation is found to be
better than the trend removal approach for the coral reef patch mapping, based on the
experiments with three map sheets of 1/5000 scale. In 2013, the tidal observation in
Dongsha is mainly conducted with self-recording tide gauges. From harmonic analysis,
both phase, amplitude, and the average sea surface are stable. Dongsha continuous tide
station maintenance is completed on November 30. The installation of Cheng-Bin tidal
station was completed on September 4. A pressure sensor tide gauge is used. The
observation frequency is one Hz. Tidal data is transmitted to Central Weather Bureau,
National Chiao-Tung University, and the maintenance vendor. The tidal characteristics
of the new station are similar to the Keelung station based on the observation of two

months.
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H 1.3 2.6 1.2 -2.0

N 1.2 0.2 1.2 0.5

YMSB E 1.2 -0.2 1.2 -0.1
H 1.2 -2.0 1.2 1.5

N 1.2 0.3 1.2 1.1

YMSC E 1.2 -0.2 1.2 0.1
H 1.2 2.2 1.2 3.2

3-4



% 3-3~GPS 4| 2B & = 512 (GPS 4R £ -2 2 L 4h)
1

. 11/02 1/03
S e (m) | nsEL | R (m) | ApSEL
YMSA-YMSB | -0.002 | 586x10° | 0.005 1.68x10"
YMSA-YMSC | 0.004 | 6.24x10° | 0.002 2.95x10"
YMSA-YMSM | 0.003 | 9.17x10" | 0.004 1.07x10"
YMSB-YMSC | 0.000 | 1.14x10° | -0.004 8.46x10"
YMSB-YMSM | 0.001 | 4.46x10" | 0.004 127x10"
YMSC-YMSM | 0.001 | 438x10" | -0.001 3.85x10"
# 3-4~GPS ##41pl & > = & = S % P(GPS 4R £ -2 4 & 4%)
11/02 11/03
A2 3z 2k 5 & B kB
YMSM-YMSA | 0 0 46 0 0 8
YMSM-YMSB | 0 0 16 0 0 20
YMSM-YMSC | -0 0 17 0 1 8
YMSA-YMSB | 0 0 46 0 0 8
YMSC-YMSA | 0 0 16 0 0 28
YMSC-YMSB | -0 0 1 0 0 17

3-2 FEEHPEFR L HT
3-2-1 IGS % i Bizkid B 337 &

R % b 3k %% % Y(International Terrestrial Reference System, ITRS) &
R F iR = 2 7 AR % 5> d R ks ‘2 %% (International Earth
Rotation Service, IERS)G d A 47 > 3% Pl xb pLip| Bicdy 11 #72& = @ = - [ERS &
* VLBI (Very Long Baseline Interferometry)~SLR (Satellite Laser Ranging) -
LLR (Lunar Laser Ranging) ~ DORIS (Doppler Orbitography and Radio
Positioning Integrated by Satellite)* GPS % = Z 13 7 B 2 = H v Pl 2 -
ik E 2B e B ¥ TR R%F & 47 122 (International
Terrestrial Reference Frame, ITRF) » 2 E 429 3 ITRS % & & 4% % %(ITRF,
2012) » Hp 3 e g4 H@mE Ltz g RAE R E D PR 2L L

HE -

3-5



o BE % B FI(TWTF) 2 377 248 12 % (TNML » TCMS) % & ¥ = f
GPS fFk i Hizk4e » IGS i %k > 75 B GPS xR ik K2 74
EH P2 2F 0 L EBL A F 4o 3-4a 7o 0 2 ¢ TNML ¥ TCMS
B SLEESEAR$ARIT 0 B 3-4b 5 Bl 3-4a P iRt 0 A IR TN 6

/\7’{

2, o

A
TNML, TCMS

Bl 3-4a~ 588 % IGS i Bz i A

3-6



B 3-4b ~ TNML £ TCMS if gezb B i B %

BLzn = B IGS 7k i Bkt 1997 & 3 2012 £ A ITRF2008 F*%
TR YR T 2 B AR 5 F0Y 1997 E AR E 2 SR T L LR
LEA% HiE BRI AoR 3-5~F 3-7 17 0 B RE % (L ABE L iR by
wd e HE o aBAES @ TWIF 32 4 BF %1 » TNML 2 TCMS
Blvs 4 T FE (e 2 BT E 0 1997~2012 & BT 15 & L BLim it dod 3-5 9% o

TWTF_ - @ 4 4%

9 -

— -10.0C

4

W -15.00

::I -20.00

<H

0.00 10.00 20.00 30.00 10.00 50.00

E 4 4% £ {&(cm)

@ 3-5a ~ TWTF ik i ik ghi= % 6 2045 1997 1 2012 = % it

3-7



h # 4& (cm)

TWTF #5335

6.00
5.00
4.00
3.00
2.00
1.00
0.00

B 3-5b ~ TWTF #k i ik a8 42445 1997 2 2012 = % it

N4 4% % 1 (cm)

TNML_F & 4 4%

-5.00

-10.00

-15.00

-20.00

-25.00

0.00 10.00 20.00 30.00 40.00 50.00

E 42 4% % {f (cm)

3-6a ~ TNML f#k i Bich gL T 6 48 1997 3 2012 & it

h % 8 (cm)

TNML #%3 %

0.00
-0.10
-0.20
-0.30
-0.40
-0.50
-0.60
-0.70

W 3-6b ~ TNML 7k i Bjesh B =% 42 4 4% 1997 3 2012 & % 1t

il

3-8




TCMS_ - i 4 4%
0.00
~ 5.0
S, -10.00
4
|
;E -15.00
8K 20.00
f
3 2500
e 0.00 10.00 20.00 30.00 40.00 50.00
E 44 4% £ ff (cm)

Bl 3-7a ~ TCMS 4 i Bk ghi= T 5 &4k 1997 T 2012 & 5§ it

[CMS 53k &
0.00
-0.10
‘S -0.20
E 030
40
W o.50
= .0.60
-0.70
\0;"\ \S\% \q\-\o R }\\\\‘_\ R \3)\ A}\\{, R }\\{'} R 593\ R }\\\": R :33\‘ h}\\\-._ R SS‘: R 9.53\ ,-./\\\\\ ,\’0\\ &
F 5

Bl 3-7b ~ TCMS f#k i Beeb 8L 8 24 4% 1997 T 2012 & it
% 3-5~ 5 IGS i gizb>t 1997~2012 & B g% i 25(H = cm)

E N h
TWTF | 50.15 | -20.08 5.65
TNML | 45.74 | -15.31 -0.59
TCMS | 4574 | -15.31 -0.59

322 HEEP L(YMSM) ~ & 75 (TNSM)i#h if Bk B pip| Bicdh

MFCIRAT 1993 2 1994 & B RPAREBP L BT B 4
Foos b s X2 s BAE s A 8 BE G 2R GELRIZ FE T gk
S PR B ST RFH G TR ERP TWDOT7 Az
2 fkypo B L LR EEEA B3 1993 2 1994 E d P gt §

TR AeiE T L)k i BE Ao B 3-8 Ao 0 BFE P Lk R BRI IR R
4 55R GRS Aty o

3-9



Bl 3-8~ L) Fkh i Bk (TNSM)A 2
AT EAEE R TS S AR EHAE2003 % 10 1 p 3 2012
£ 71220 > NABPLELEERSE2003F 17 1p 3 2012&6 % 10
oo BB m s i giak A B3 2004 £ 10 * S B % 2005 £ 10
P12 p (- X AREE Bk o {0 2 A4 A5 5 Allen Osborne
AOAD/M T { #1315 5 Topcon TPSCR3 GGD -
3-2-3 Bpt B A e Aok $FH - E 22 & 3L ITRF 2 & B8 1L 2,
r2 GIPSY 28 & i) % 3 Bizb(TNSM)A 2003 & 1% 1 p 3 2012 &
7% 22p5&pfE- L4EE-TNSM 2004 £ 10 # 5 p { 3% 584 > &z fz
BN UG p AR REES A o B39 5 E-NfZEg~&iE, ¥
Befad R 22 TWDO7 %4 &R % st 101 & o2 2 &L o 3k
2003 32012 &2 E P2 T G ABH A 2 o sh Bt R e A g S e B o
B 3-10 3 3 TNSM #4533 25 & %83 TWDO7 22 ik 3 L & pF B »

3-10



BT AP RS AT S s (ARG B EE AT Ak

BB Lk i Biak(YMSM)p 2003 # 1% 1 p32012&#6° 10p &
BP—f3 > Uaitiph & % E R N 4B 3-11 % B 3-12 0 3%sp8h1
£ INSMAp R R IR A s » w458 o

TNSM E#:4Z - BIHRBAT - BMRGHR

15

10
5
g 0
- S
i =10

-15

20

25

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
F o
A 1
TNSM—N"LJFH: c FHRGAT - PIMRGE

20

15 Phusp
’é‘ 10
(4]
ﬁ 5
o

-5

=10

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
F o
B39~ TNSM 2 E~N & #2855
" TNSM_##3K & CBBREAT - RBREHE

% {ii(cm)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
o

B 3-10 ~ TNSM Z {53k B 2.5 BF &



YMSM E 432 C BBABAN - BMAGH
15 —
10
5 L ]
g 0 .
& 10 :
M 15 =~
=20
-25
-30
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
5
&
YMSM NAAR . psxan - Raxas
15
g WW
i Mwm
0
-5
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
%5
B 3-11 > YMSM 2 E~ N &£ /25 p¥ 5
YMSM #%3K 3 - 2#ix4s - RHRRSRHE
10
;’ . " * L ™
—_— o . .y . ¢ . ® ’ =
C R R i i T -
E 0 H : . . . - r-oll 14 -
iy
-5
-10
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
e

Bl 3-12 ~ YMSM 2 {53} % 2.5 p5 &
5 TNSM 8% YMSM *0F 5 E N » &1 5§ 8% 45 $ 4% 5t

VARE T L RHR P R S SR - SR O
E

3 TR B AR ERSBFE - LR



236 BLERSBPCE - NLEEHRFL(E ¢
* & E N h
TNSM 0.75 0.51 0.78
YMSM 0.69 0.66 0.77

IGS i R ¥ * & 3-5¢ 1997~2012 #F E~N-~h &%+ & >t

m)

iﬂt‘;

FERIE PP e TNSM ~ YMSM i B 3-Rld & 2973 f2 8
o % 3-7 v ¥4 IGS i Bk

LB F DA - KO

e e UEA ) R L S

i# B 27 TNSM -~ YMSM 2 8k i 4 4E 5 1

L
&

N &% 4 %] 55 3cm/yr £ -lem/yr % 14 50 3 A2 Q24 ¥R 7 ¥ (H
-0.04cm/yr B % AR tE b o Hoa R

® 1% IGS = TNML 2 TCMS # it

HAERF F R o

% 3-7 ~ IGS 22 TNSM ~ YMSM 2t i+~ % it 3¢ & (¥ =
VE VN Vh
TWTF 3.3440.01 -1.34+0.01 0.38+0.01
TNML 3.05+0.01 -1.02+0.01 -0.04+0.01
TCMS 3.05+£0.01 -1.02+0.01 -0.04+0.01
TNSM 2.97+0.03 -1.234+0.02 0.06+0.03
YMSM 3.2440.02 -1.11+£0.02 0.124+0.02

3-2-4 ) &

A2 d 28 L (TNSM)Z BB P L (YMSM) %4 if Bk 8k &
EHEE (X MRT (S
YMSM kit B33 E~ N
Foy AL b IGS i3 E @

-t

3-13

SR T EEFLIR o) BEEERG

: cm/yr)

PR R
TNSM £

* % 5 3cm/yr ~ -lem/yr o IR B 2 e B 7 B



H
p

AR A SRR R R TR BRI BRATL AR P TR 2

V/‘é’ ’iié—'.ga_gﬁéﬁ 3 /J\ ‘E;:F' 9 /47\ F‘J‘J#ﬂ’]’ ﬁ‘——&["—r .

Loip ek b - @ NE T P R RRE > B S e KNS

=
E
—ka
I
T

PR R ARG AR

s,
s

i

i
r"_,‘"

¥y
"!

i
iy

cl,

Fl 4-1 ~ st pe B W
Tk b 2012 & 10 0 23 pAsieiE > P AR EBFAFRE 2D

\

-~

3-(SBE 39TP i§ /R3H)2 81 iR RELPIBIR? € ¢ ¥ o X b1 A2 R TE &
2013 #3731 p R - FE IR EE RSP 0 FELF HRITHF L

PR RS AR L P ko B AP TR e o APF IR 2013 £ 6

4-1



TAD ERARE AR AL > WP R SR DL -

AEFT 107 8 pEFARL > Tk R (B 4-2) 0 A A% &
HmERRETED S EBEFT R AERITETLRGEFEE T REHR(F
43 s b AR Z XA FE AP I A 11 2 28 P 2 128 3p R L FE

Bkt 110 30 p AR n S o

Bl 4-2 ~ X et ARIR




—_
N

S it EREEESE - 3 T - R SR B H AL (v
Frp o ARG REERY .
4-2 L5 Rip kA&

mFCR 2011 & T R kRl HmR R LV RcE R R 1 0 R

WA VBEEEE RN P AERTLVE AL Gk iRk iE

ffo AERR® Ao pilipl > 2% e 2 > 45 % 5 SBE39TP 4| & 7
ﬁﬁ@*ﬁ%ﬁf%%w&ﬂj%%uﬂ*%iﬂ%@éZOQQ B LRI R S

TARETAATER TP <« FHR
F - BER AP P iR R B é\a”iﬁ~&%Tf’iua%
Hey p ¥ F R 2 25 5 2010) 0 0 =3t

1%
w2
oy
t
()
\O
—
)
‘5
i\
XN
m
r‘\?
—-)‘-
Y
g
%
T

TRk B4 E S RRIBATRR EA AR AR XK ARR F L RA4T
psia=10.135293dbar)p > 4B 4 B 5 0 F "FRPIFF ~ § B4 g iec g F)pt
FEEFRIEL c AP H R BERE Elﬁul”g Dbk 2§ RBLR|E R 7 A
Tl oo it fSRA B R o VE-H B 5 -RIF E(depth (meters) = pressure
(decibars) * 1.019716) > T b e 45 2. 57 = ey ©

AERWER BRI Fp 2002 £ 11 7 2 p 3200387 25p
PHE S 60 fj- & HE RSP i T R AP P S BT

1\
a4

b 30 - i IR TER o AT ATA TR 4 P it erpl i

T R PR LRI P o AP AT T RLPIPE R Ao 4-1 F7 5

BFEFA LT AR LB P RPPEEITRE 644 - 1 B
FEEOLAEBRPIERTINE > T P BBy RPFR &

bk 41~ Rl P RRIPFE ST OR > BRI th 2012 £ 12 0 4

P22013#2% 52622013 #6% 4p 22013 &87 25p ARG - &

SR ER s B ARPEEIDG B e gt e R ELR] 0 F A RS i Y R

4-3



AR BRI EPT08 L PR & H#icdp o B8 & B8 RIP Bdrdc B 4-4

T o
Fo4-1~ & Pt ELRI R
gt ¥ 2012 2013
KoL 5 11 12 1 2 3 4 5 6 7 8

R ) 11/2 12/4 2/5 4/9 6/4 8/25
WH SR

"}M"M, w M A \MWM Wl

) F.-D 150

||I|I. MWMWWM ",M“W WH}M\\H : ‘i

05+

SBE4915

1l

Tide (m)

__-——'v——-_=-—i'—:"

Tide (m)

350 300
D

Eg] 4-4 ~ 5‘_3, '/ L_F‘L /?‘J’E&T}"‘L’f’_é\- %g /ﬁ—b; fipi:)%’
4-3 K 5P i dcdp A
PHEFEYBP R 22 Y BRAN L L FER o P vE L R

B¢ (2010b) Tok Rl R P B AW G rit o o FRBEL B2 v E

¥

47 (USACE, 2001) % Jg i > ¥ 2 8207 i R X 2 LB (L&)~ ¥ (i n)2®
P(Fzs)zpist B9 LR PQE B RFF et - 2 3R 028288

55?«??3%?4«?']:& R ?ijy —,ﬁ fﬁfg e —EQ,}__—?\J.‘,ET p%'f‘?/”\ %‘rﬂfﬁft v 14 "“/ﬁ» e ?Ffﬁﬁ z;;!_\—gm
4-4



(B FP ek A - BRBIER T LN 19 B e JE A T #E iE
W2 ek B35 BTG ESEF A fos TR F o
EH(FZ B R SBBIFRF L Eo D0 30 2P ko
Ha R G RE 293 2 Afoa 5 ¥ B o
A FEFZ AP 40T 0 VT 23 e 2 mmp
Lo B E B s TR AR TR AR
20 AU A feadri o BBRPIT R LB UELIERT Ak 0 UEE D AP R
Pt E 4p LB o
3. AU BfrA T BT 2 BAR A R EUP k2 P RIRIGE 4P
i~ & o
4. F FRIFAHEEFP PR T EFRTREFEUS T R
4-3-1 B fei 47

A AT T R R TR BRI A A AT 2 T e
i (equilibrium tide)IZ o & AR A M3 (- cpF Y B AL & BfE 7 e 3 A
e d B f S R E AR 2 BiRig AP b o AT

PRV EE IVHARPRREFARE c AFTRY AL 2 EL
B REEENE D AR AT RS E TR B BBKIRE
T E TR -

A% * 2 Matlab /254 3% 5 & H2 t tide 25V 2 T fos 470 B 4 474k
by E2 40 i & 2 w8 % 2 195 Godin(1972), Foreman(1977)% Foreman(1978)
2. FORTRAN #2; 7% 5 A #_> & W BN A &~ 47 7 i (Pawlowicz et al.,
2002) °

ERfer it iz 2 BB AP (Aére 2 £ 2)  HP ARG
A BT 1/24(0.042)2. 2 B i K1(26.42cm) ~ O1(21.25¢m) ~ P1(9.04cm) »

4-5



HE % 5 1/12(0.083)2 & p B M2(14.61cm) ~ S2(5.55cm) ~ N2(3.28¢m) » o
FROGHA A G 2P0 E L o P A H NS R ST

-t

/
2B 2%

B 5 2360 B3 2P LERPFENTEFI26 TE 2P R o
4-3-2 -] &
AERMTAELNNE RRCEBEEA AT 62 AR 0 d L PN
H GBS B AR RSP E e ER AR R 6 24 ]
Ffcdpz T REIHE RS 425 0.0084m & BLRP mE & T35
Bl % -0.0560m > & E At AZH Y A 24 T ERPIERAITLEE |
PRI R AATE . Ao TR Y 2 8cdp i d 2012 # 11 7 3 2013 &
10 2 7 p3+295 % 2.~ A dBgLiplip = o

4-6



$ILF 2ELNP FRELSFH
WETFARPN I BuiE(PatchreefS) W Bl = /2 2 4 » e & LW RAE
HI R A RS B FEAEA R (FE 22 e B SRIEZ If
1/5000 1 6 & & 75 B A F ] o
5-1 Fp R AEUF 22 R
BB ¥ 2 R0E@ AP AT St 2 R A G R R Y T
R BREG ) B HN R TR 2 A - o RIFERE TR R A % e R

5-1 953 o

B 5-1 ~ PliFEETRERES X
SHPHEE R () (£ B 02011) BRI ABAAEFRR L > A R

B2 W BEEG ARE A nE R A ERB R R A T AT

AR IR R IR R HIRALS RIS IR R KRR
& ] » 4oBl 5-2 FFn o

5-1



Rt mfd 2 d o LA 4T > B EDRB L fd A L A e
BE A P BRI R AL G X De A RBeR P LR
AT LT EAE S P F R P SR AR S AR Ry 1555 s
EA PR feT St A s ES IR T P EF ERE o
® ML

ifﬁ'l’?:*%ﬁ?’;i'lfﬁﬁ vl R DR P BROER > RERE S LN BR
MY BB R AR ISR Ry > G - BHREASF K

MAETENA G TR PERENERFP A REIAT R NSRBI B

LG EP RS FEG  YRDATLLEARB ) fep Bl » Lot
ARRERE S GHEA SR E R WEFG - L ARG e E
® kAR

HIRGEE B A RB 0 AR ~ RV RS S R TRFAO PR

RS EPPRESIRS AR S o Ra o d MWk ¥ A B PR EE
PEAR S FEFRENA RSP PER AP o A ER LA

Lo 2
GBI THER o e PP P REFER KA L LN RELR O
FWEAG 2 EA o ERISE L TR KIFESI IS a2 B TR o

® hIpFET

IRFEE G R T AR IS SN AT EAY kRIS 2t Pl -
B A BT AR PR FRPERREFOL30% AR REFRMAT



W R o AT R RERE S LIRE B @ A2 AR
oo ¥ AR ERE PWRET AIFEMR
® IR

BN G AP HAR A AKES T 102 L T EAR A G Lk
FArH A RBAF R A KE10 2% 01 PlF A AEAF > B ARG RN
BEL PP REFN80% LY G REBER QL= A2 2R R
B BEFFdm=r2 - o

w DIVE

MRERALR

(,.-4 .

4 ﬂm.\‘

DONGSHA e

<

ATOLL

ol

SRR A

o

Bl 52 ApmistriB@Esy 0 2011)
5-2 W4T HAEEE S 22 A
AP ELAEFA®L o 2@~ (Charles Darwin) 3 #7823, 2 B4 5 FiF
WenF L 4 3% 4 1842 ERRAR T - AT 300 T4 MO BB o 2

5-3



P a2 Her & % (The Structure and Distribution of Coral Reefs ) » # & #-3
BREFAF - BRBLUVLEATHpBEDPHY G P BELS IR F
BACTRAEZ 47 0 = X chF B4 — 2 o0E A (FRES & 0 2009) » 48] 5-3 ¢
1.45 & (Fringing Reef) : » fLpl &2 L ABAERY » AR EF B
EEEEEREE S F ECE R
2.7 (Barrier Reef) @ B iz~ penif s > 2y 2 B 5 /g@ g 0 F&
VU FIE AT D AEE A s o iR % R o
3.%E(Atoll) * FHER b o F Bl A > R IDA K > d BB HRATS
Bl A5 ¢ B TP pE & 5 M2agid o

B 5-3 ~ 3+ 3 &% B "8 & (Alevizon, 2010)
O ZHIRIHELPBEIARARY LFFH

EREFEL AT TR P ER R B2 - 0 ¥

5-4



B¢ 3 & Foazpd R4FE (Ni‘ihau) ~ ¥ ¥ & (Kaua’i) ~ % #° § (O’ahu) ~ B & e
(Moloka’i) ~ # %2 & (Lana’i) ~ 5 # & (Maui) ~ + j73 5 % (Kaho’olawe) % § = % §
(Hawai’1) o

% B ® 72 Fl ¥ 2 A (U.S. National Park Service, NPS)% % F ¥ 2 4 A&
(United States Geological Survey, USGS)>* 2005 # % 2006 # % £ § * L ¥ §  »
s kR A~ # BAT 7 3F 2 (Cochran et al.,2005&Cochran et al.,2006) > & =X #7 7
BL W] G O[Bl 5-4 #EEoTdn L AL IV (Moloka' ) B R BHEA T ERIN B I R
VBT, ¥ - #ELS B S5-5 % & % § (Hawai’i) !t 2 PUHO B 3 2 2 [Fl(Puuhonua
H onaunau National Historic Park) > #* & B REHEPF P HE L % 7 2 Bl4-B 5-6

S o

160°00"W 159°0'0°'W 158°0'0"W 157°00"W 156°0'0"W 155°0°0"W

22°0'0"N
22°0'0"N

21°0'0"N

21°0'0°N

20°00"N

20°0'0"N

19°0'0"N

19°0'0"N

160°0'0"W 159°0'0°W 158°0'0"W 157°00"W 156°00"W 155°00"W

B 5-4 ~ B & i~ (Moloka’i) i % (Cochran-Marquez et al.,2005)

5-5



T T
20°N |
National Hi:
19°30° _
Pu'uhonua Honaunau
National Historical Park
n
. Pacific > z
"B Ocean MAP @ =
AREA
| ] ' ]

Fore Reef

i

Shelf Escarpment

B 5-6 ~ B R A % o1 2 Bl(Kendall et al., 2004)
FiEs RiEE AT B AR B AC R 5-7 27 0 B I S R i~ SHOALS
RIFH S Hyp 2 e &My A o P ArcView 3.2 Sid e (FdnEpdicit 2 44 o
EFRF R EFARE REAWURT T A" GIS KB F 2 gL

5-6



v

AN R L S < ]) A& R & K F (the dominant
geomorphologic structure or substrate); 2) 1 & 4 $ % F 4 %F (major biologic
cover); 3) 2 ¥ % F I (the percentage of major biological cover) 12 % 4) 3+ 12 4

# 7 (the geographic zonation) » 3 ’m & #f & Fadokit & — #75F o

{ IUA E] MO 'l X ITl
LIS 200
Video orops

Field check
observations

Draft Map
« YES Mapped polygon
correct?
v
s Make corrections to
g mapped polygons

Final Map and
written repon

B 5-7 ~ & Riey » 7 Bl A @547 (Cochran et al.,2005)
5-3 AL FRAWN S 2FER
Bigr TR 3 A7 FRPIEE TR ¢ ZHEr AN E FE R
By o BeE B AR S P IR 100 & B TR kE Rl HEREA LR R
B A543 2 17 ¢ 2 AHAB HawkEye I & Se3 | L V0 % 22 B 0
TerraMatch 424 T £ & Jd2 14 11 SCOP++5.4 f 3% 5 5x5 2 & Hcig ¥ 2587 0 45 7

SRR ApED B S 2009 & 37 20p > BT REfETR 2 2R 2 F BRI
5-7



BRI R 8 % F kR TR ko & (B 5-8) -

& 5-8 ~ E”%»ﬁﬁ w2 ARG 2R ERELE S T RIGRE

AR 3 g 1/5000 BIHZ 4 Bl & 7R A F RlA 17 {1 485 ~F 240
W2 AEE P 2EFAN TN EEX5E LS AEE S 2 AKE 2 G
gz o

5-3-1 3E TR 1

BT RALGIANIRAERLSZ NI G0 o F Bl4cE 5-9 ¢ i=i=:F
Jee> TR R FRBLGE 2 R D = Bl BRI o Bl WAL 87142013 5 = > At p
FREP T o B WON SRR S A E R S BE YL 87142036 =% 4 iE
WE Y BRAEAL T L RHLEATE 0 L LRI SR S AT BIE SR
87142046 &1 > Bltg =3t TR S o PRI T 3 BEE VA kAP HE B o
ZRITHZFE P E DEM 4B 5-10 % B 5-11 o

5-8



87144088 | 87144089 I 87144090 | 87141081 87141082 | 87141083, | 87141084 | 87141085-| 87141086 | B7T141087 | 87141088
L o ° e L] e L ° L L] L]
087144093 .3?14409‘3 -8?'1441@ .BTH‘IOG‘! JB7141002 | 87141093 .BT141EI94 .371410@5 .8?'1410W .3?14109? .3?141098
.3? 143008 .87 143009 .8? 143010 .37142001 .87 142002 .87 142003 .87 142004 .87 142005 .8]"14m .371 42007 .87142008
87142013
.8?143013 .3?‘ 143019 | 87143020 Sra2om .B? 142012 .3?142013 .8? 142014 .87 142015 .B'a" 142016 .B?‘I 42017 .3?14201 8
—_— e
'8? 143028 | 87143029 87143030 .3? 142021 .3?142)22 .3?142023 .87 142024 .87 142025 .3?1 42026 .3?1 42027 .3?142028
.3? 143038 .3?143039 .8?1 43040 .87 142031 .371421::32 .871 42033 .87 142034 .87 142035 | 87142038 .371 42037 .BT 142038
[ - e—— @
87142046
.8?143048 .81143049 .3?1436m .8?142041 .3?142042 .3?142043 -8?142044 .8?142045 87142046 .BT14204? 87142048
.8T143058 .3? 143059 .37143060 | .8?142051 .8?142052 .8?142053 .87142054 '3?142055 .3?1420'56 .B? 142057 .3?142058
|
|
87143068 87143069 | 87143070 | 87142061 B7142062 | 87142063 | 87142064 | 87142065 | 87142066 | 87142067 | 87142068
L] L] L] L] L] L L L] L] L °
B AN N
B 59 -FT®R=EAT

Bl 5-10 ~ H@ % ~ 2 F

(d =2

v J

B

r 2z /5_‘

EE A

’E’ ,ﬁ(’/fg'\

+ Bt MLk B 5 87142013 ~ 87142036 2 87142046)



Bl 5-11~ 8% ~ R jl ft E7 fa- +t e DEM
(¢ 22 + Bt %E & A 5 87142013 ~ 87142036 % 87142046)

5-3-2 B 3 B~
1~ 485 5
ARE e 2 2 AT S HNRE - BPEAKES I ATk S
Rz BeE 3 ARt AR e T E AL oA A LG P A2 Ie
T L A H AR RIFZ BB Y o doB 5-12 #7o7 o L ELi® * MicroDEM #®t
H(Guth, 2012)2- 5 #c & B 4203 2 4B % 5 2 A £ o Bl 2 B 505 S PRk
2128 AaRAEMNOEZFHE Fx 047 DEM 3> ® L5 > ¥

R AT

d
8 ..I_-.__._.-.a —eae TR S

£ Y
A

{

|

b ! .: I |
L AEEEN
Ji&]

Bl 5-12~ 7 £ % 7 & B

o2 AT R FEABLEA A=A > Ho £ DEM s A 3] k3

5-10



Ho AR ihais: » 3Ry R PEEE DEM & 8 s & 2] kg o
i * $ir48 5 eCognition (Beetz. et al. 2004) -
CEFHEARGER Pt BAEEAL 0 610 2% 1 100 2T E A AL
R S8R % > A& denfic  £.# % Multiresolution segmentation,color
shape =7+t G| 5t— A B = color 5 1 ¥ shape % 0 H P » & ZIHVEH
Multiresolution segmentation ©% F]3Z 8 27 £ BHE % B 2 4piT 0 2 A 47
DB RIS L FF Y A 0 3 ¥ ¢b & f8 3 2 (Chessboard segmentation £7
Quadtree segmentation)4 $7 d12_ = % ~ > & » BIRF L B i+ > o] 5-13
EARATT o qiE * 03 o color B2 shape vt B 5u— 34 & = color 5 1 &2
shape % 0 R & % & shape e7vt B3 ek B > & B = R AR » & 38 D
BB o @2k DEM & £ 80 a8 kA L > 4oBl 5-14 “F57 o

Bl 5-13 ~ = v % & B 5 Multiresolution segmentation ~ Chessboard segmentation

¥ Quadtree segmentation = %



Shape<-------sseceeeececncaenaee—Color

B 5-14 ~ color ¥ shape # F +* b7 R, B

DEM 4 %

DEM & i A B8 R RHE > T B RIITT - BTEOFZRE(FHRP B
AR T3y 2 B R TIOFAARA G- 2 F A AR HEEE
- LR BARO0 AL EREK Y o

21

3~

\:j:_lj
Fijs 22 DEM 2 33508k 5 & BREVP F TR B
REE YR AR B AN T RESDEE > A AR B0 T 5R] 5 2hils

i

2 & B ik DEM 4 %

WPk DEM eha &% » A L% DEM 2 3 2 @83 T 0 3 255 ¥
FRiE o kA B fs e R8T A 0 A8 RIEPFHET DEM 3 5B 2 A
B REANTIEOIHERE on AR BT IR G EEK Y o

5-3-3 £ %

LB A PR E B MAESER EER Y BEFRLRA

15 e 2 @R T8 THE BRA H - 2 HEH <3100

5-12



TN A EE B L BRSNS vk o ¥ ek BlE
B RERERARERF - BE FEPERT G
FEA100 T3 s P - H - RE o RS Bip g ok

B pF s o) s H s R L3N

TR SN R R

% DEM #2 5 5 e 78 H 2 % 4o 5-15 #7713 fa 8 g il o)
FrkESa P RELRE A S 1T A ke LR -7t DEM
HIIPRERF G S 2 < o 4of] 5-16 77 0 DEM 45 | Bl i i e A%

B D i e BRI A N IR R S R R AR R e

—v'

€ FaA REMEL B BBARINEZHLS T RRATF TR AER
Bl e 2 THEKIN Fr DEM W A ik B2 IS T asl ks 2 o R
A FE 0 (SR ART R 2 b A0 R BT o

© °0°Qo s °0 DDDQO
e
e o OO y QO | P -}O OO
> d o o OQ 2
9 © ®
o e, O 0P
@ *@® . ogq °v 0 O
GQ i =
@ P Q s ©
e *@ &

Bl 5-15 ~ DEM(iz )% 75 85 (% &)< & ot 4
(4 23 % BIt5%3 % B 5 87142013 ~ 87142036 % 87142046)

%4 5-1~ 2 DEM % fiFh i< o

HEicE DEM wE R
77 % (87142013) 105 74
2 B E(87142036) 43 27
5 b (87142046) 1 1

5-13



W 5-16 ~ 4 DEM(ix30) ek B f(F50) 5 F L8
5-4 =& % & 47

RS BRGNS - B KK V- SHEG o FE
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# 1~ 5% IGS i gkt 1997~2012 & fF ghsg i 535 (5 = 1 cm)

E N h
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1
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#®* E N h
TNSM 0.75 0.51 0.78
YMSM 0.69 0.66 0.77
IGS i B3t * £ 1 ¢ 1997~2012 # F E~-N-h & g - 55 &g
g @ pogednig sk TNSM ~ YMSM i B 3R|d & sborg 2 44 & 4

Sptw fF st 2 A gOTE L AR T 5 e & 30 HIGS i Higki#E & H¥ TNSM~YMSM

2B RS ¥

& BRI F oL ak - ROESN B4 w54 3cmlyr £2-1em/yr
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% 3+ 1GS =% TNSM ~ YMSM i+ 5 it 3¢ = (8 1= : cm/yr)

Ve VN Vi
TWTF 3.34 -1.34 0.38
TNML 3.05 -1.02 -0.04
TCMS 3.05 -1.02 -0.04

TNSM 2.97+0.03 -1.23+0.02 0.06+0.03

YMSM 3.24+0.02 -1.11+0.02 0.12+0.02
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[ERCE E T R 8 I

34 2
NFEIR 1998 Bt 2T AR S B A NMTAIRIBRIE I HE REFL o
ITRF, 2012. The international terrestrial reference  frame, URL:

http://itrf.ensg.ign.fr/(+ =x % #3: 2013-11-22)
JPL, 2012. GIPSY®6.1.2 Release Notes, California Institute of Technology.
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tide freq amp amp_err pha pha_err snr
*SSA 0.000228 0.0542 0.018 282.77 18.97 9.1
MSM 0.001303 0.0036 0.018 200.51 286.65 0.04
MM 0.001521 0.0074 0.018 32.4 139.19 0.17
MSF 0.002824 0.0085 0.018 161.88 120.52 0.23
MF 0.003052 0.0086 0.018 266.81 119.69 0.23
*ALP1 0.034383 0.0021 0.002 40.25 50.54 1.2
*2Q1 0.035686 0.0058 0.002 39.72 18.99 9
*S1G1 0.035904 0.0052 0.002 204.25 20.28 7.4
*Q1l 0.037207 0.0388 0.002 201.2 2.77 4.10E+02
*RHO1 0.037426 0.0087 0.002 358.52 11.74 20
*01 0.038729 0.2125 0.002 15.77 0.5 1.20E+04
*TAUL 0.038957 0.0033 0.002 185.3 33.11 3
*BET1 0.040031 0.0042 0.002 51.61 25.33 4.7
*NO1 0.040259 0.0143 0.002 149.46 9.97 56
*CHI1 0.040478 0.0054 0.002 287.05 19.72 7.8
*P1 0.041553 0.0904 0.002 215.39 1.22 2.20E+03
*P1 0.041553 0.0874 0.002 344.71 1.26 2.10E+03
*K1 0.041781 0.2642 0.002 337.64 0.41 1.90E+04
*PHI1 0.042009 0.0028 0.002 78.88 39.86 21
*THE1 0.043083 0.0027 0.002 348.78 39.59 2
*J1 0.043302 0.0099 0.002 144.98 10.89 26
*S01 0.044605 0.0023 0.002 105.72 45.14 15
*001 0.044833 0.0025 0.002 327.18 44.32 1.7
UPS1 0.046354 0.0005 0.002 267.45 215.14 0.064
0Q2 0.075945 0.0012 0.001 19.62 59.39 0.78
*EPS2 0.076164 0.0016 0.001 41.31 48.83 1.3
*2N2 0.077466 0.0026 0.001 120.54 28.23 3.7
*MU2 0.077685 0.006 0.001 204.63 13.02 19
*N2 0.078988 0.0328 0.001 250.16 241 5.70E+02
*NU2 0.079207 0.0052 0.001 63 14.98 15
*M2 0.080509 0.1461 0.001 50.42 0.54 1.10E+04
*MKS2 | 0.080737 0.0032 0.001 165.45 23.83 54
LDA2 0.081812 0.0011 0.001 141.63 68.89 0.69
*L.2 0.082031 0.0028 0.001 225.58 22.29 4.2
*S2 0.083333 0.0555 0.001 2219 1.42 1.60E+03
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tide freq amp amp_err pha pha_err snr
*K2 0.083562 0.0104 0.001 355.42 7.33 57
*K2 0.083562 0.0151 0.001 244.3 5.04 1.20E+02
MSN2 0.084855 0.0004 0.001 194.44 219.01 0.069
ETA2 0.085083 0.0009 0.001 164.19 76.6 0.41
*MO3 0.119238 0.0041 0.001 281.68 9.57 33
*M3 0.120764 0.0043 0.001 123.91 9.45 37
*S0O3 0.122062 0.0012 0.001 110.43 32.12 2.9
*MK3 0.12229 0.0032 0.001 232.94 12.44 20
*SK3 0.125114 0.0025 0.001 86.62 15.85 12
*MN4 0.159497 0.0008 0.001 306.49 36.77 25
*M4 0.161019 0.0022 0.001 153.4 13.22 19
SN4 0.162321 0.0005 0.001 5.62 62.82 0.84
*MS4 0.163843 0.0011 0.001 57.1 25.18 52
*MK4 0.164071 0.001 0.001 143.82 29.06 3.7
*S4 0.166667 0.0005 0.001 223.92 54.71 11
SK4 0.166895 0.0002 0.001 358.9 141.67 0.15
*2MK5 | 0.202799 0.0004 0 234.86 39.04 2.1
*2SK5 0.208447 0.0005 0 101.05 31.38 32
*2MN6 | 0.240006 0.0015 0 10.46 13.46 18
*M6 0.241528 0.0031 0 180.67 6.34 83
*2MS6 0.244352 0.0025 0 42.31 7.78 55
*2MKG6 0.24458 0.0007 0 152.76 28.45 3.8
*25SM6 0.247176 0.0005 0 254.67 35.94 2.6
MSK6 0.247404 0.0001 0 279.38 166.65 0.11
3MK7 0.283309 0.0002 0 272.82 62.77 0.81
*M8 0.322037 0.0003 0 193.51 26.54 4.8
*M10 0.402546 0.0002 0 277.66 44.67 1.7
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Abstract

Tide observation provides reference datum for elevation in surveying, and also is
essential for studies of ocean. The commonly applied self-recording tidal gauge
measures water pressure, and then converts to water depth. In order to reduce the
meteorological influence to sea surface, tidal gauge is usually installed within stilling
well. In this study, the tidal observations were collected with two sets of side by side
tidal gauges outside stilling well in Dongsha. Direct comparison, harmonic analysis,
and filtering procedures, are performed for evaluating this data set.

Keywords: Harmonic analysis, Smoothing, Moving average, Savitzky-Golay filtering
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ABSTRACT

Bathymetric Lidar utilizes green laser and scanning mechanism for coastal zone surveying. It has
been proven to be effective for mapping shallow water and coral reef area. Coral reef provides
diversified ecological habitats. In this study, terrain analysis is performed with data collected in an
airborne bathymetric Lidar mission for mapping coral patches. Classification with features such as
bathymetric position index (BPI) and slope are explored for Dongsha atoll located in the South China
Sea. The classification is compared with manually digitized coral patches based on human
interpretation. The overall accuracy is about 92.61%, and the KAPPA coefficient is 66.01%.

Keywords: Seafloor terrain, Bathymetric position index, Classification, Slope

INTRODUCTION

The coral reef ecosystems contain abundant and varied species, which are the precious natural
resources. The mapping and monitoring of coral reef are usually achieved by head-up digitization from
satellite imagery, aerial photo, or bathymetric data. The U.S. Coral Reef Task Force (CRTF) and U.S.
Geological Survey conducted benthic mapping program for Hawaiian Islands. The method of this
program was based on the integration of aerial photos, bathymetric Lidar data and in situ observation
into Geographic Information System (GIS). The boundaries of benthic classes were manually digitized
(Cochran-Marquez, 2005; Cochran-Marquez et al., 2006).

Lundblad et al., (2006) proposed the Bathymetric Position Index (BPI) terrain descriptor and
combined with slope and rugosity of seafloor terrain as the basic of benthic classification. Wilson et al.,
(2007) calculated several terrain descriptors, such as slope, aspect, curvature, BPI, terrain variability,
and the potential for discriminating different benthic habitat with these descriptors were examined.

The objective of this research is to map the coral patches in the Dongsha atoll. The BPI and slope
derived from the bathymetry data were calculated, and the classification scheme for the coral mapping
was constructed.

EXPERIMETAL DATA

The study site is located in the Dongsha atoll, South China Sea. It is a nearly circular atoll with
many coral patches distributed in the area (Fig. 1). This study uses the seafloor terrain derived from
AHAB HawkEye Il bathymetric Lidar system. The scanning devices were mounted on the aircraft with
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400m flight height, 150 knots speed. Point density is about one point per 3.5mx3.5m. Discrete points
were further interpolated to 5 m x 5m resolution grid (Shih et al., 2011).
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METHODOLOGY

This research constructed a classification scheme for the coral patch mapping. The scheme includes
the BPI and slope of seafloor terrain as the foundation for decision. The details are described below.

BPI (Bathymetry Position Index)

BPI (Bathymetric Position Index) is derived from bathymetry as a modified version of the
topographic position index (TPI) proposed in Weiss (2001) and lampietro and Kvitek (2002). It was
derived from the elevation differences between the focal cell and its surrounding cells. Equation (1)
shows the computation of BPI. It evaluates the elevation differences between a focal point and average
elevation of surrounding points within user defined area. Different shapes could be selected, and the
circular shape is chosen in this study. The scale factor of BPI is the resolution multiplied by the radius.
Taking Fig. 2 for example, the focal mean for the cell with elevation d, radius equal to 3 cell size, is the
mean elevation in the red circle. In equation (1), 0.5 is added to force floating point values rounded up.
The integer conversion process was applied to minimizing the storage size (Lundblad et al., 2006).
Therefore, the position with positive BPI value can be regarded as the relative high point.

BPI < scale factor > =int ((bathy - focal mean(bathy,circle,rad)) +0.5) 1)

Wl ™

N

N 1

< 7

Figure 2. Example of variables used to derive BPI

Classification scheme

The result of BPI is scale dependent. Determination of scale factor should take the size of benthic
features to be distinguished into account. The combination of broad and fine scales of BPI provides the
potential to delineate both large and small scale benthic features. Fig. 3 illustrates the simplified classes
of coral patch terrain. Seafloor terrain is categorized into four parts: cliff, base, flat, and gentle slope.



The cliff and base are the parts of coral patches and indicate the upper and bottom parts, respectively.
The flat and gentle slope classes are the remaining area.

In general condition, the size of coral patch majorly depends on the area on the top, as the green
area in Fig. 3. Thus, the scale factor for the broad scale would be about the largest coral patch. That is
about 600m in Dongsha atoll. The cliff and base parts present the edge of coral patch, as the red areas
shown in Fig. 3. The range of the width is about 50~100m from the manual observation. In this research,
for broad scale BPI, scale factor 150, 300, and 600 are used. For the fine scale BPI, 50, 75, and 100 are
selected.

Gentle slope
| Fine

[ scale | Broad scale | scale

Figure 3. Characteristic of typical coral terrain

Fig. 4 shows the binary image of BPI results with different scale factors. The positive BPI values
are shown in white. Result of BPI<25> roughly delineates the outlines of coral patches. As the scale
factor is increased to 50, the outlines dilated. Some smaller patches are filled. The dilation goes on with
the increase of scale factor.

DEM BPI< 25>

\ <10

>=10
Gentle slope

Figure 5. The flowchart of decision tree for classification



Fig. 5 shows the work flow of classification. B-BPI (broad scale BPI) is first applied for extracting
flat area. For B-BPI equals to or less than 0, the cell should not be coral patches. F-BPI (fine scale BPI)
is then applied to extract cliff. The rest area is then classified into base and gentle slope based on the
slope. In this study, 10 degree is selected as the threshold.

RESULTS AND DISCUSSION

In this study, an area of 2.5 KM square is selected. Boundaries of coral patches are manually
digitized from the bathymetric data. This is used as the reference for validation. The digitized
boundaries are smoothed and polygons less than 100m?* are removed.

In the classification result, the cliff and base belong to the outer parts of coral patch. Thus the two
classes are combined as the coral patch area. The binary images were created by assigning coral patch
area as 1. However, some coral patches with large size might be delineates as the coral patch in hollow
shape. Therefore, the filling process with morphological operator was conducted.

The filled binary results are converted to vector, and the coral patches are validated with the
manually digitized reference data. The commission and omission area for each BPI scale factor sets are
shown in the Table 1 and 2. There are much more commission than omission. In our BPI scale factor sets,
the combination of BPI<600, 50> presents the best result. From Table 2, it is shown that B-BPI has
dominating influence on the omission.

Table 1. Commission area of coral patch for each BPI scale factor set (m?)

scale factor B-BPI
150 300 600
50 627256.891 569824.969 529666.095
F-BPI 75 818428.170 674911.313 610085.900
100 952150.784 745695.432 660145.117
Table 2. Omission area of coral patch for each BPI scale factor set (m?)
scale factor B-BPI
150 300 600
50 92580.265 83541.116 2903.753
F-BPI 75 67854.116 10390.304 2761.221
100 20144512 10540.146 2886.215

The overall accuracy for all cases is about 90%. BPI<600, 50> case presents the best, which is
92.61%. This case also has the best KAPPA value, 66.01%. Table 3 shows the confusion matrix of
BPI1<600, 50> case, and the resultant commission and omission error are 46% and 0.47%, respectively.

Table 3. The confusion matrix of BP1<600, 50> (m?)

scale factor True False
Positive 615229.979 529666.095
Negative 2903.753 6058840.352

CONCLUSION

This research uses BPI and slope to classify seafloor terrain in Dongsha atoll. The classification
scheme was constructed for detecting coral patches. Though the best overall accuracy is 92.61%, the
KAPPA coefficient is 66.01% due to the large commission error. These commission patches are caused
by the small bumps with smaller height difference, which were not detected in the manual digitization.
This may be improved by introducing elevation difference constraint.
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ABSTRACT
Dongsha island is located in the west portion of the coral flat of Dongsha Atoll.
The shape is a mirrored C letter. On the west side of Dongsha island, it is the deep
area of South China Sea. On the east side, it is the lagoon of Dongsha Atoll. Inside
Dongsha island, there is a small lagoon. This study analyzed the values of area
derived from two ground surveying missions, one airborne bathymetric lidar mission,
and two from Satellite images.
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