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LA MODIS B fp &R i & BHE SR = 216
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HFABE NG S TEAE R R A R EHITER » AW5EFIAH 2001 % 2010 AR
MODIS (the Moderate Resolution Imaging Spectroradiometer) iz E& 7 B 240 i B 8- 511y
A tEEREYI(PV, photosynthetically active vegetation) &} » 7548 TIMESAT #kgg 7
M 2 S [ It R (22 ] AR VAR BTG A = ZRG 4RI (onset) ~ 4= & ZR45 HREFfE
(offset) iz 4= £ Z £ (length of the growing season) - 45 REE M E AR EEMERES
AAGHRF ] B AR R SR 45 PRI (r = 0.67, p = 0.035) S B &FEE(r = -0.77, p = 0.009) & F
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LATE

RIFEBEBHNERAERANTZED
MHE#E - SfEFREYE RAVERAT
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88 78 MHRE e T B 2 —IR (Parmesan &
Yohe, 2003; Jeong et al., 2011)- F i ey |
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ey R TG IR BUR S AIVK 3 5%
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0.65 K ; B EEMN 100 AR - %
1.2 K (Zheng et al., 2002)» ;& [& 222 245
BULAEEAYA T - MEME R HZ &
T P01 Rl <2 PR & 22 ] 43 AR 1Y S Bl B 2
%L (Nicholson et al., 1990; Nicholson &
Farrar, 1994) - A3 A B DRI EC 8% A PR e
JeZEEIAERNE - B BRI AT el fE
AR 22 RS T BREHE # P by o]
REE -

K HZEMNEHT R RFHEE £
12 (vegetation index) #1 NDVI (the
Normalized Difference \egetation Index,
R L EREAEER) K EVI (the
Enhanced Vegetation Index, % #5518 4= 45
1) T2 FE A N e BRI b A RE PR
{EHVEEAN ~ tEHE S0 ~ WERHEEEL
KAEYAE & &2 (Eklundh et al., 2009;
Kariyeva and van Leeuwen, 2011) - fE4E+5
TR T 2 Bt ) AL A = R R 971 bl 6 T %
T AR A IERY - (H A REZ 2 RUHIEs
AREHEE ~ KEGHS AR ~ sz m S
8 RKREZ M FIKEETEBREM
A Rt RS E R RES
6 A(MVC, maximum value composite)zi
[T FEAVAZEE (Huete et al., 2002) » {HE&
RS [ AT & A8 T 1B (B AE AR A5 IV I
RIS 2R A AR EE) - [FRZREE(L
Y 68 B4 B o 02 A e B A 1 1 52 SR A1
& B PSRl By &2 2 (Atkinson et al.,
2011)- R HRTE A E 2 7 A3# R K
FH DA B it A FE AV R e I 46 - Bl
BERIRELH A (BISE, best index slope
extraction, Viovy et al., 1992) - PIfZE({E A
(threshold, Dall’Olmo & Kamieli, 2002) ~ #%
#f~+15 A (moving average curve, Reed et

al., 1994) iz Z=fji 85 E(seasonal mid-point,

White et al., 1997)% » HHAYTFEEZER
REARCHPR TN > UM E B
Yz ERHEE - [CIBRINIHZEAE - AE
7 7R 7 R B 5 W SR P P S o BT Y
TEH A SR SRR - WS R
A HE M _FrIEEE(Beck et al., 2006; Hird
& McDermid, 2009; Hufkens et al., 2012) -

ATAEAR > TIMESAT SRS %8 fee I 2K FAh

AN Y EE - gesuEt R tiEs
=% & & T ¥ 2 45 B (phenological
metrics) » WIAERIZRFHIA &S AR ~ A&
FRE - BiEENEIFEARERER
YRR K 88 5 (Jonsson & Eklundh,
2004) - .4 FH 2 HAM AR ST SR - 40
B R Y (7 8 2 4y AR Y 81k
(Heumann et al., 2007) ~ #8784 B8 2551y
Aenfe(Tottrup et al., 2007)=i2 BtEZNE
BE A K KBy &M kR E SR
(Verbesselt et al., 2006)5 - (£ 2o {EER
AR EENFENHIEFT - B
TIMESAT 5 5y IR B 72 A& R 8 f IR
FEHYEZE 4 HT T E.(Olofsson et al., 2008;
Schubert et al., 2012) - H L ERRETE]
(North American Carbon Program) 52 t751]
A TIMESAT 4347 MODIS (the Moderate
Resolution Imaging Spectroradiometer)s2 {4
Pt 5 20905 5 AR AR 28 89 ) {185 728 A
MODO9PHN kz MOD15PHN (Jones et al.,
2012) > RIS AT IE A 1 = P fit
LE=EZin) s

BB BNV R i BNV S LS -
SUE SRS S B LS B R R AR 1%
MERYFF E(Ding et al., 2008) - {HA [F] Y4 K&
ZortndiE P REHE (RIR 2R RS
BB PTIERCRE KR ENSEE - BIEE
/N A RE AV ET B AR E X - (RIIE
FAE M RAE R LAY SEAH & B
JB\ - (RN, AT S B B AT AR Y E E)
BT - BRI R TR ERIE Rl
W ZEREYIERARGE - R R S fet
£ RYIFEETRE  Hrp R e R FERF
&3 (isochrone )i 44 [ R 1G hil— & B¢ 1
hm100 AR EEVUH 5 EEKRZ A BE
B ZR R Rt A RER G ZE(GR
Hdk > 1958) o H A& AT YIERZE
HEEEE - E -2 =F1H
i BFEEY)EEF - BE G E S (PR
%1997 BB EE 0 1999 BEEFE
2005) > {H K ER 73 ek B R AN 2 BASY
MrEPRaT RIS LT RS2 & - T2
BORIAHBATST > BIA0 A 2&E RIS AT
EHOGEREEL ) TEANER T &S



SRS ~ Ffw2% © DL MODIS R BRt ot B IR ) (R 2= 3 Af 3

A EIFMEE A (= B S > 2008) - (HZ B
A&JE4 SPOT (Satellite Pour I'Observation
de la Terre)=l, Landsat (Land satellite)Hy
A (revisit period )it & » 2 FKRNA
ZNTHETAB S GRS mE G - HIE
P B & i w0 2 A A E K|y
PRI - AT AR m i TR T R 2
%40 MODIS &R ENIERN » & T
AN[EIHY 22 [ AT (250-1000 m) Kz SEat

T RE (36 LRz %) A B (B 28 76 H BV #E
17T #EHERIEHEEGE2EIEH
HE 5 BB A M o3 A st R 1E 1 A R VE )
9841k - Chang et al. (2014a, b)FI|F37 4%
MODIS &Rt Ea] g [ A [FE sy
BLSRORAIPR & 2 AR - S s oK
REREBERZEERERNIERE T
HIEEE - NSNS 2R R KER S
Kz > H RTEEVET Renn 2 S IAE
RN TIRHEE SR Z - RIEARIHITRLA
2001-2010 4[] MODIS &k} By RLmt » JE FH
TIMESAT 7352 &8 &t R A 14
REFIIBIFH ~ 5 KFHERAERFRERN
1L AR R EYEs8EHN A
= W ERYE A R R It T e
EZE AR FER S AR &
H 2 T B A [ S (i 22 AR e PR R AH =
BEENENR -

2 B FE T AR

2.1 WseHhlE

=R A=A A EEPN 3 N KPSy
St HRREY 3 & 6 TV A E  FERNE
AE] 150 2 EAVEEEER - S ERIREE b
IRFAT 4000 24 KL JB[EIERSR G I8 T -
i B2 78 R AL Y O e B 2SR (R R mE B
R G o FEPHRIESY 22 (UM
f&) » PR ELY 2500 A » JEEHT A
HmEE b By 15.0 £ - 7 A3k 28.7
FEYE R ENL Ay 182 -7 Hinky 28.4
JEE) S Ry BIZ N - B2 ] o AT E P A L3
W > BRI ES > RALES N E RS
H[EEF] 6500 LN - Y rE Al A AT RER

A~ 1500 /\JE (Chang et al., 2014a) - 41 H:
FUMIR R S 8 LiE 5t 2 8 B AT SR (%
FAERE SRR - T B
FHP & RS E R - B gL LAy
T ORFEEEM ~ SIRAEEEM « HHEME S
UIERSE > SR B ERMER R 7 A S
251 58% % 27% > H ik 15% KAl iRk
Hbo~ AR - /DS (Bl 1, Chang et al,
2014a) - PRV IE B 8 b b sk
YRR > EIRF S E Yy 2ok
MEEAHEE RAVERI(DIng et al,, 2008) -
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2. 2t FErpek

AR5 EHE R A= TR EEE
(NASA, National Aeronautics and Space
Administration) Land Processes Distributed
Active  Archive Center (LP DACC,
https://lpdaac.usgs.gov/get data/data_pool)
NEHUES: 2001-2010 FEfE] 8 Kk 500 AR
2= [] fig A7 & B M 2% BB RO B B Rt
(MODO09AL; surface reflectance bands
1-7) « SLGERR R IE B 2L PR
1% #E 17 ' 5 08 & o7 7 (spectral mixture
analysis) - b J77A4E & E I e 525
g — 1l & 2R (pixel) (T {78 & (E R TEY)
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(PV, photosynthetically active vegetation) ~
A w47 e & F B EH P (NPV,

non-photosynthetically active vegetation)Ei
+IERFEEH(SRO, soils and rock outcrop)
= F&E I ¢ (endmember) f7 (5 #Y EE 22 (Asner
& Heidebrecht, 2002) - [t 57 A RS —E
52 (P(2) e &H PV NPV k2 SRO =1}
IoTHYSR MRS

P[’j’)pm‘al = E[Cgp(’i)a] te (1)
= [Coyp(Dy + Cypyp(A)yoy + Cspop (A)saol + €
x(c,)=1.0 (2)

HO)F Ce RRGEFTE—EmTiTiEE
HIEER » e (Me HIFRIRZ BN £l
TCHYRHE & AAFREZE S TR =1{E
IECHYAE & HY 1 (Huang et al., 2013) - 58
Ot REG % - BIe U E—G& &R
FETOLEEYPV)E SEER - B
MODIS #y 8 RERHEGELEHZE SN
B2 EME RN E > N H
HE— TR L 460 B 25 U MBS
62(MVC, Huete et al., 2002)7551% 3 {5
K52 (n = 120) » igE el B LA H ik
EE AR R E R R BT HE M
AT > R A B A R RV E R
AE 18 15 B 45 /Y &5 2R (Suzuki et al., 2006;
Prasad et al., 2007) -

F9ME TIMESAT 73 TH 2t
Feg DL A &R R R > oI I
TEFA FEEEA 2R A0 A&
S T B A AR IRV e 52 152
EREENE  ffe BT A EEREA
i NS RECE o WA AT LA
H o7 BE k2 B 400 48 o0 BUS
(http://lui.nlsc.gov.tw/LUWeb/) - &R
2006-2008 FERFIFHMIZEIRR ~ fES*
B R B B A A 3 37 (Chen & Chang,
2013) > - 22 - 3 7 UM TR R R A
TERNTEITE 57 A1) 4= B 58% K 27% > Hak
15% Ry &R AHY, ~ TR ~ VDEESE o bR
& S3%/EIAFETEM ~ 21% K FTEEMK -
19% Ryt FalTE AR Hoak 7% Ry S LRI
B - BEMMERHIEE H 38% KK
FH ~ 47% 5 I FREBE A » At 15% Fy Fsth ~

BT PR R %3t % (& 1, Chang et al.,
2014a) -

2.3 FEFR TIMESAT #fTREIZER

ER RS

TR NSAARAVIE A TR R
SRR AR > Kl B S EE
TCHRFE S B A B B B oA > B A] T
B G T PITE R B LAY ER S (U E 2(a)
THIEITIX YD) © B T PRI E Y B
EAE A AR08 A ZEER ] Jonsson &
Eklundh (2002)Ffr#%fE > TIMESAT g
(TIMESAT v. 3.0,
http//www. nateko. lu.se/ TIMES AT timesat.a

sp)SL I APy E R TE St S
FIFR B G RITE RN [F Y
Y28 NS 2 A HEREF IR E 774
SAHELT - e E A A f e T &
FiEE—E RS ERAER
ZHh - B AR RS g —
JE H 77 EEAYRFEREE 28 By A R 2R 45 RIRF
[E] > Ll S E &y 10% - FLEhREF T
B ITEE RN T S FE i E Ry
Mrif > NEFEEAER A RS R A GHE
8 Befe REE S RIS S (E 2(0),
Jonsson & Eklundh, 2004) -

A3 M e ER R Savitzky-Golay (SG)JER
B B RHETTERRES - LT ARV ERS
TERBEIRFHE M A RAVENRE » TR
WEHTEZ 25 (Chen et al., 2004) - SG % fH
Fr AT A FE AR B 7 SOIEOR #8AE > aI DA

FITREAFER
}7 _ Ef;—miixyj+1 3)

Hrp Y Ry ROR iR B 1% W7 AR 2 ML AR R AR
1B @ Ve [CRFGHEEEITEE - C RIE
KARE - N RIS EE O e SR
122 2m+1-JEFH SG IR B R &k
YR FAETTREN S CEMEER
B & °] §2 19 75 74 (Brady et al, 2007;
Kariyeva & van Leeuwen, 2011; Chang et
al., 2013; Chen etal., 2014) -
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SRS ~ Ffw2% © DL MODIS R BRt ot B IR ) (R 2= 3 Af 5

(@) (b)

1 3 5 7 911131517 1921232527 29 3133 35
Time

2 () BUNERHF Y1541 e (b) AEAE TR BUFAGHE 77 (A B 47) Bl ey 85k = (function
fiting, MHARLRGER KHFSE 2SS EURER > Hoda kb 535l A RFBIGAIGEH

R[] > 9 R AERFRIE - ¢ Nl d ZHEIS /A ARSI BT B e E 80%HILE - ARF R
e Al ¢ & d By PRI EACHRE AR A R FELAERE f/2H a-e DL b-e T EE(EHY
SPHIERTR - o h Ry Bt S 1R B A S (B Z PRV IS - o g ety SEEh © i

o7 | Ryph it & BEAER B Z FNER > Ror@Eir Lz

2 AR ST RIS BHYAERL

1E TIMESAT H758 & SG K7 el B3 R
YETEAEFERE PV B Y TR G B EIY)
(BB 22 R AN ERER - ST E BT
B2 T i T3 S BUE SR A E A
HHE—SE @B EE R A EE
BRI ST » ASTH T ZEAVHE A
FESTEEM ~ SIFATEEIEIL - FHEEMR - B
SOt (El 1) > FHARIREESK 3 Rl Ese B A
I8 - (1) fEAFEIEAYHIZ (data range)
— T A TEAEEE Y O AT 1 2 - (2)
ns 5 K BRI U774 (spike method) = %1%
% bR e AT i R Y B BE (E (spike B(
outlier) » T HAfEHmifdE 7= » 5
median filter » & B [ Fp 41| oo d— ([ B ] BE
HSSE R AT B B A% Bl i S5 AT
B 5 & Ry STLreplace » FHEZRE
(Season) F¢ k% (Trend) HY &H ¢ - #5 He—Hf
IRV EEA B SRS RIRE » HIZS TR
{R(Low) R EE > Wt 5 RV R i 9T 3

i E B & RHE O K R E (Eklundh &
Jonsson, 2009) - (3) Z=fji4: £ (seasonal
parameter) 1Y =% i 8 & & I fE Fr 51T &R R
F—HFE—ERENRER 1 5—FH
AMRERSE  WeEENIRBEER

S E Ky 0 e (4) AR E (Number of
envelope iterations)z; EEE S THY 1 &2 3 »

KGR TF TR R a4 TR i R 8 E
WEEHATRZ 2 - (EGEta tharpe 2R G
Hh 4R HYIEfE - (5) 78 & 58 ¥ (Adaptation
strength)az & BUE /MY 0 2 10 2 [ » HH
BRI Gt & th 4 8 R AR 4RI

—REAEY EAE 2 8% 3 (Eklundh & Jénsson,
2009) - (6) ZEN 9% L1K/INSG window
size)F{E B = TR B RHY R P S B i
HIREE ks o (7) ERZEFPERSEY
(season start/stop) 2 FH 2k HI B &k} Hh 4% i
R E e m A BRI R AS KA ERE
o —fEEEAE 0.5 < &R B LHVIERIEE
BERGTETE S 0 HET R EES
ZIEWRAI SRS Rie M A tE



6 R R R 22 1)

g R S GoTE ey AR - FIR
SERINE i A 2 45 R B RHE 0 BE5E
FREIE R EFRPT A BB 8 - Z5HL
HF T B R s A& =0 DARIE TR E 77
Mt o FER & RTE RN M REE M 2 R
GE Y 0 e B 2 & A R
7= (HEES S e R & I RS AR B =)
(A BE S E TS A SRR 0 - B AT TIMESAT
HHEETR LT S REEN 11 TEAERI I ES
80 & 2(b) iy a B RAE R HAAIGRE 0 b
HRNERTGEHRE  MERERE ¢
BuH a fl b Z [ERREARIAE - Hep e fil
d B ARH_EFA 2 i E{E 80%HHY
r® > ARFHEL e HIlH ¢ & d #yh Rz
BAORE ; AFERFERTE(AES
f B a-e DL b-e THE(LHYFIIEKTE
T~ o TR h Ry e B A A R (ME 2
EIEVIERR » R ZREMEREE) 5 &
gy 1 RS B AT A A
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Spatial patterns of vegetation phenology based on
MODIS time-series data in Taiwan applying
TIMESAT
Chung-Te Chang' Cho-ying Huang®*

ABSTRACT

Land surface phenology reflects the responses of a terrestrial ecosystem to climate
change. In this study, we used monthly PV (photosynthetically active vegetation) derived
from MODIS (the Moderate Resolution Imaging Spectroradiometer) reflectance data between
2001 and 2010 to delineate the land surface phenology. The phenological metrics including
onset, offset, and the length of the growing season were obtained from the phenological
analysis toolbox TIMESAT. Results indicated that the interannual variability of onset time
was significantly correlated to offset time (r = 0.67, p = 0.035) and length of the growing
season (r = —0.77, p = 0.009). In addition, the shortage of spring rainfall was influenced by
ENSO events and resulted in significant delayed on vegetation onset time and cause dramatic
impacts on the ecosystem. TIMESAT is a robust phenological analysis tool, which can
facilitate our understanding of the vegetation responses and development associated with

climate change and environmental disturbances.

Keywords: MODIS (the Moderate Resolution Imaging Spectroradiometer), Phenology
analysis, Climatic anomaly, ENSO
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Delineating Rice Cropping Activities from MODIS Time- series
Data in the Lower Mekong Basin

Cheng-Ru Chen™* Chi-Farn Chen’ Nguyen-Thanh Son®  Li-Yu. Chang4 Ya-Wen Lin®

ABSTRACT

Delineating rice cropping activities is important for crop management and crop
production estimation. This study used 8-day the time-series MODIS NDVI data in 2010 to
delineate rice-cropping activities in the Lower Mekong Basin (LMB). The data were
processed using the wavelet transform and artificial neural networks (ANN). The
classification results assessed using the ground reference data indicated the overall accuracy
and Kappa coefficient of 84.9% and 0.81, respectively. Comparisons between
MODIS-derived rice area and rice area statistics at the provincial level for each country
reaffirmed a close agreement between the two datasets (R? >0.9). The results achieved from
the methods used in this study confirmed the validity of mapping approach for delineating
rice agriculture activities in the study region. The results could provide quantitative
information on rice cropping areas and farming activities. This classification approach is thus
proposed for monitoring rice cropping activities in the study region and other regions in the
world.
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The Study of Urban Heat Island Effect Change and
Contribution Factors in Taichung City

Abstract
Lung-Shih Yang® Pei-Hang Yang? Chia-Wei Ho®®  Mei-Ling Yeh* Tine-Yin Chou®

In this study, Landsat-5 satellite images in 1995, 2009 and 2011 were used to calculated
the land surface temperature and explore the intensity of the heat island effect. In the results,
the intensity is higher in the center of Taichung city and the northwest area. By overlaying
with the population map and the industrial map, we found that these areas are the heavy
concentration of people and factories. The overdevelopment enhances the urban heat island
effect. Considering the different seasons, currents and the wind direction, In the summer, the
change of currents and the wind direction make the heat island effect spread to multiple areas.
In addition, we explored the heat island intensity in industrial areas. We found that there is no
significant correlation between the type of industry and the heat island intensity. The heat
island intensity is affected by the wind direction mainly and the higher temperature zone
concentrates in the area and leeward.
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T oom

11 S8 ESEHELY

HEESEAEE SUE R A
kA% =h gz BIRE BEE EEE BHERE

BE (m) (m) ®E (m) (m)
JEFHE 20 0.48 0.62 20 0.46 0.61
[l 20 -0.28 0.55 20 0.40 1.67
J=fuay: 10 0.37 0.59
REETE 6 0.94 1.07 11 0.27 0.86
R 30 0.07 0.28 30 0.13 0.48
BARTE 8 -0.24 0.37
HEE 20 -0.28 1.01
KIS 30 0.06 0.41 30 0.39 0.78
kDM 20 -0.18 0.62 20 -0.13 0.65
RO 10 0.08 0.3
R T 10 -0.04 0.57
JE R B 46 0.13 0.42 69 0.34 0.85
B ERE 13 0.57 1.06 10 0.35 0.50
K EHE 35 -0.01 0.76 35 0.31 1.21
2] 31 -0.24 0.39 31 0.34 0.94
g 20 -0.02 0.42 20 0.00 0.52
LR oM 20 -0.29 0.55 20 -0.16 0.55
AL 32 -0.04 0.28 33 0.16 0.75
BES 19 0.17 0.60 72 0.19 0.74
BETR 6 0.65 0.84
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FeEF DM 21 0.11 0.33 22 0.08 1.03
HRE 32 -0.23 0.57 38 0.24 0.79
SIS 24 0.07 0.57 55 0.20 0.81
M E 36 0.22 0.46 64 0.21 0.64
ERHE-ESE 69 0.19 0.40 59 0.57 1.08
BEWE 36 0.36 0.64 26 0.28 0.68
M 19 0.46 0.76 15 0.20 0.55
EoYy 30 0.33 0.43 13 0.08 0.32
Al 7 0.58 0.64

YN = 15 0.28 0.53 17 0.25 0.53
2ES 15 0.40 0.56 15 0.21 0.46
KEE-GE 26 0.04 0.76 30 0.41 0.87
FREE 21 -0.22 0.39 21 -0.10 0.42
NAHES 40 0.06 0.78 40 0.24 0.98
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BIRE -0.11 0.36 0.73 1.17 19
B E 0.75 0.10 1.81 2.12 26
B S 0.04 0.57 0.64 1.31 25
P& i -0.19 0.16 0.98 1.41 58
G -0.19 -0.17 0.65 0.72 45
RES - EE - SHE 0.04 -0.02 1.50 1.50 43
GuBF DM ~ ZeF R -
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b)WorldView-2 2014/02/12

(d)WorldView-1 2014/05/02 (e)WorldView-2 2014/09/17
15 FRPImEsE &

(a) QuickBird-2 2007/06/13 (b) IKONOS-2 2011/10/23
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Island Mapping for South China Sea Using Satellite

Images

Chien-Liang Liu"™" Liang-Chien Chen’ Cheng-Gi Wang® Wei-Chen Hsu*

ABSTRACT

To collect complete and correct island information, this study mapped South China Sea
islands and monitored the natural environment and human developments of important islands.
Due to their half-meter resolution capability and 5m accuracy without ground control, high
resolution satellite images are suitable for sparse island mapping. The suitability and
flexibility of satellite bring certain advantages. Satellites can freely observe the world and
surpass ground surveying or aerial photogrammetry for sparse islands in South China Sea. It
could be the best option in this study to map islands that are far away from Taiwan.

This paper reports a mapping project for islands in South China Sea. Major works
include: (1) rectification of satellite images, (2) vectorization, (3) base map generation, (4)3D
surface construction, and (5) change monitoring. First of all, rational function model is
selected in the generation of orthoimages. Then the vector maps are digitized in the
orthoimages. Base maps are generated for analogue output according to the standard format.
The next step is to generate digital elevation models by means of image matching and manual
editing. Finally, change monitoring is done by the comparisons of historical images. The
results provide valuable geoinformation for South China Sea.

Keywords : South China Sea, satellite images, islands, base map, change monitoring, digital

terrain model
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FIH GRACE ~ S EMIE ~ AR EI SR L8 E)

ar L | e 25 | mEuE 3 L pEsia 4
FEOR > FIEE T BT TR

W OB

LR E F Rt B & 0 (center of mass, CM) A% 28 {7 .0 (center of
figure, CF) ZfUES(L » ALK 24 E & 2 B - RISk s 008
BIERIE BN Ttk A% 2 B E&81E - Aiff5e4s& GRACE B R 2N S E
Bl AR AR AR fl 2 1t 00888 - 454 GRACE BRI Rl a8 2> il B B2 Ay
W ERR AR - A ENSEIEE2FNEEm2EHES (International
Terrestrial Reference Frame, ITRF ) » ELJFELE CF HRTZERE » BAMNIESERFLE FER]
BEaRE - WIS ER TR Z LB E eSS AR A HEZE R - AT
SRURRUE  (leakage effect) Fll/Kk7&[Al5# (Post-Glacial Rebound, PGR) —[&IEEf M
LEBEhET 2 2 E SRS BURIRSUE 2 S0 B A 20K - I PGR —[EIRE KL e E
Z LN BB RS b iR M BB R B LB AUy PGR —[ETHIE & 2 80% -

BT : #BE) - HEMNS - GRACE ~ Al

1. &

HERE &0 (Center of Mass, CM)

— it 2 Fodth (s (geocenter ) » & AR i
T M2 [ ot R B 1B TP DU AR Ryt B
EHE T o H OB ENE R HHIEK CM A
A Bk 24 /a0 (Center of Figure, CF)
ZAIES(L BELDURRSERG T E
(XY~ 2Z) ESI5ERGE AR —PETEAK
FTon o HLLSEBE) B R ER AN E 2
HEEH MG > Rt EEEh7
i £ 2 Ry KIEER PSR B 2R+ KRR
e /KAS ~ KT~ JKUL R KR T8 EAYAE

VBT IR BRI R e R R 4 TE R
2 IR R R e R E T R %
3BTRS R e R R 2 14
R Z R INI TR S ER R B 654
“FEAAEE Email: kuo70@mail. ncku.edu. tw

o KE Sy Al & H AR E R K S - 1o
BRSOy i B UK A% [ 5
( Post-Glacial Rebound, PGR) K ith 2= =2
2 (Dong etal., 1997 ) -

B & HEZE ( International
Terrestrial Reference Frame, ITRF) 2454
ZrEZE MR S B E R - Br T /D
A HBEF NN » B S HREUHIRG L B R
s R ER RS ED - e B ITRF AAER R E
F A RFENEI Z IR CM - IRk
Z CM - FIE b2 3 FEREA IF 2 ER
VA i 2 22T KRR ER CF
B ITRF fEZR B E A —(RZ=E (Wuet
al, 2012) > EAIH ITRF B2 EHELR 2

UgEIHHEA - BEE 103 £ 02 H 20 H
B HEH : [REY 103 4£ 03 H 27 H
B HHA  RE] 103 4204 H 15 H
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EERPRET RO EE) - HAEREER 2
HLOEEBAGA 7T S (Bouillé et al, 2000 ;
TCHiE » 2009 ) St i B R EEh LR E
FEOK o iR ITRF AAEREZE [ BEEL [ S 7E
Fo L R B A (R - E RIS REEE - &
7 AAREERF R Byt Lo BB Bl T FE AR B A © -
H o 2 1 28 B R LU AR R A &
UK (R - M0 B E) & v ZE8 AR 5T
ZRTT R S 2 SR HI R 22 R A BRI il
DUR B BT & CoRME A » Bt (s
SEEhECA RS - NI ReFEE s
DEBENE - RIA[E— PRI - TE AR,
HIERERE > 140 GPS EIAEFE ~ fi I
FHHIE 2 PERIRGEE ~ @RI # 2
HIEFEE S -

HBR B IR AR 2 DABREE R A =2k
T — R ERE AR AR [RGB ER CM
HE o W fEHEKGRGERE - ZAMiEK
HAIPE B EH S LCTER CM ZE) -
RI—FEIRGEA T HZ - Sk EE
FHETRHIRTRE - Bl pH P E 1353k
BB RIS 888 2 5% - K
HReMTEME T O BRI Rl E
TG E KGR - HINREER (BInfh
FHEE(L) NEEREAEEHEERNVE
B o HhEKE 75— P& T AR B R AT
Gravity Recovery and Climate Experiment

(GRACE)E st EmEEitleE &
SLAIA R RS B L RS2
{5141 Chambers et al. (2004) 7 GRACE
g A EER T AT A1 - & GRACE
EEQAE NI VNS S ol il =) i
[ » WERRK S 288 &0 BRI =
FEEH 15 %[%%E 1 % ; Chambers et al.

(2007 ) FIF GRACE ElHE ket 7K
JR~ k&R R K IR B K LK) T R B 3R
YK BT 528 SEREURA RS M
UNEEE > BTiEET 2 EKIE BT R

F-tE 5% KE105%01A

BEEL{E > 40%-70% - Davis et al. (2004 )

thi#HH GPS Bl GRACE SR Z 3R+ &
Hes R s E GRACE il A—F&IEN -

MBS R 2B SHRE - [EAh - FEHEK CM
1 CF fE{FAMEIRE 2 mm/yr SR7E1 -

e i g LR = P R 2 B E TR K
EFEERLTE 0.4 mm/yr 257%  (Blewitt et
al., 2009 ) -

SCRTEA T2 (R B B ENIAERE T

2% > {51411 Eanes et al. (1997 ) ~ Bouillé et al.
(2000) DLK; Cretaux et al. (2002) FIJFH
187 2 5 HIRE ( Satellite Laser Range, SLR)
SR E RS E AR R O E - A
fi SLR e nbBE (i /b Hoop i3 (fs
BRI ) - ERGTR R SRR

Blewitt and Clarke (2003) FI|F GPS # &
[E iR SR AL B 2 ) - BEZR GPS JHI
DEERIFE 2, SLR #EinE > {HEL SLR /Y
A HEEIRYERES 5 Kuzin et al. (2010) FI[H
16 2 ghifl 18 52 B 4 B e i SRR 1
2 ( Doppler Orbitography  and
Radiopositioning Integrated by Satellite,
DORIS ) &} #E 1700 B B {5 51 - (B
DORIS JHli R 27 AE2FEK - HEYHE
L) Z oy BN X B Y iy
& HHBEEREATER  BRNERE
L SEEE - bR T AR EEDHIESN - i
DNSEENIN O] R EFAK S > Chen et al
( 1999 ) #] FH National Centers and
Environmental Prediction - The National
Center for ~ Atmospheric Research
(NCEP-NCAR) fHAY rf i3l 22 [A] AR
J1o~ &R S - [ o K S Bl
TOPEX/Poseidon 8l = 55 & i 1T 300 8
{EAliEt - HETHE4EREL Dong etal. (1997)
T RIEIEAET R 2 S5 5RAE T - 2R RE
K S B R R AN AR - IRIELAT
i B L0 B A S TN EE DARFAS -

-
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GRACE H /2 H 2002 F-45 7125
% > pIiRHE TR 2 H P E S5
(Tapleyetal, 2004a ) [l B8 I35 AR EBLRA 2
GRS AR ERIR AKFHVE &
EHror i (Wahr etal., 2004 ) - E25 2 AR
F GRACE & Jifi 2 Bk it O S dh & 2
fligt » 4 Kang et al. (2009) FI|H
GRACE & 2 5-{RBHEE R (GPS to
Low-Earth Orbiting, or LEO satellites) &f
LA E R B AR A 2 3 SRR R
Kusche and Schrama (2005 ) #1 Munekane
(2007 )BT {8 GPS T H it =9) »
AGHIA GRACE = 35# » FIZKBR S S
TAAR B — PE TR R B 5T T YR B R e
(aliasing effect) - AR St B df it T 2
FEE 5 Wu et al. (2006) %454 GRACE -
Estimating the Circulation and Climate of
the Ocean (ECCO) JEFEA - GPS =
B2t 08 g8 kB S5 0.5
mm ; Swensonetal. (2008) 454& GRACE
= RN ENES il b S RE N ) = e N
Chenetal. (1999) f1Wuetal (2006)
2 SRS [HE Swenson et al. (2008 )
ks PGR —[EIAGE LS FE R
sV 0.1 mm/yr o REEAEEARSE i
PGR—[&IERE% £ 0 2R Wu et al. (2010)
454 GRACE ~ ECCO g5 A « GPS
HEMBEELEE 2 it HfaH
PGR Kfipl i &) Z fir EF
-0.72+0.06 mm/yr &&f; » 554} Klemann and
Martinec (2009) t7f5H PGR —[&IHE
BORWRN - [EIGS - RAI ST B R
AL i A B E i AN a2
PR - E5h - [ GRACE E 2 E 155
g 2 ZEfERAT EE B A RIEE R
fir 7 o 308 0 28 SR e & IR O O S
(leakage effects ) 7 4= 0B B 5T R

7 o

AREFFE4E & GRACE F i R &k
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SR METTEEE AT © Fo o RERETR
RUER BB 2 - AR
AR AR A B 2 BB RIS RS R g
P TR AT © BN > bt 5% PGR —
EHEERR SESp RIS LR 7 SN T
e /N4 PGR —[EIHAEII A ICE-5G
deglaciation model and viscosity profile
VM2 +5E >~ PGR f&#1  (Paulson et al.,
2007 ) HAEf TR AT -

2. %l

2.1 GRACE E h#&E

AHF4E(sE A Center for Space Research
(CSR) frstE 2> GRACE H & 1155
fi# » ¥~ F5 GRACE Satellite-only Model
(GSM) » ESJI5f# LA 2-60 FEEREEAREIE
At - BhhwEIEE L 2002 4 9
HZ 2009 47 12 H » 4:51 87 {E H {57 - HIR
GRACE = /5 iy ST %3 ( Cao )
R A R 2= 1S e HER A=K (Tapley etal,
2004b) - MR ENGT R KE R
BLEFRIRA - 275 Chambers (2006)pzEH
Tk AWFZELL SLR SRE-2 Coo TEAKHIAL
GSM 7 C»IE (Chengetal., 2004 )- [l£4} >
‘= CSR | GRACE Level 1B & HIE Rl
{THUEKEE TSR » KRR B
#I ( Atmosphere-Ocean De-aliasing model,
AOD) #7=1F#r&7( background force)
RIS SRR GSM 2 i st B0
/K& &L AIIFE R AOD fii[a] GSM >
K7 GRACE Average of non-tidal
Atmosphere and Ocean Combination ( GAC )
A e f% FHIPTA A7~ GSM+GAC Bk
R WRPEEB & AN EIGRE
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BHPREER - SRKIGE A EGRR Bz 2 E
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2.2 7K#&[o]5E (Post-Glacial Rebound,

PGR)

GRACE [JGSM & 7] 35 fife o 1, & ]
HG M BR BT RUE - AR SR PR 2 704
(3.160 ) (e BRERH A B A B S [E RSN BR
S5 Iﬁtaﬁﬁaﬁﬁﬁﬁ1 bl 5 GRACEE /]
S isER - et E e LB EN % - FikE
[ §EHNER SR TE FT g il 2 S B Ef ] - 2
% RE Y GRACE E /7 1y B =UHI 3] 7 [ERS 3
B85 85PGR (Paulson et al., 2007 ) -~
2004558 KHhZE (Hanet al, 2006) ~ 2011
Tohoku-OKkiitl Z ( Wang et al., 2012b)~ 2010
B (Wangetal., 2012a) IJH:KEH%%

F-tE 5% KE105%01A

WL > BB E) 2 R B TE S B
( Klemann and Martinec, 2009 ) - [fjAHH
%% £% F ICE-5G deglaciation model and
viscosity profile VM2Fs15 2 PGREE R
( Paulson etal., 2007 ) -

Swenson et al. (2008) ¢ 55PGR—[&
TR OB E T R 2 2B N 0.1 mm/yr
W AE HAHFE R PGR— P& T b (o 88
B R0 mm/yr - R WuU et al. (2010)
W7 e - PGRE & BcHl O Bl Zih 77
#-0.72£0.06 mm/yr 2 84k » RIEL#ETTHLL
SRE (L EPIE A 1] Z 8% - Klemann and
Martinec (2009 5HPGR—[EIE(FEX Y ~
2=y BH Rl mm/yrLR - Bz g
RIAXFIY 73 & » AW ST ER 2 PGRIEAY
{EFEHE2-60BRF A B - HU A o7 H]
AN &R B Z A [FIPGR—FE IR ET THIE

(WFRIFTR) > FHACHERA [FIPGR—FETH

(57§ PGRIZAE - PGR & A Ackiift. 8000 L) A
AT e e iy TELRBI IR
1 AU PGR ST (B X Y » Z SHISBAET)

PGR PGRO PGR1 PGR2 PGR3 PGR4 PGR5
X(mmiyr) 0 0 0.1 0.2 0.3 -0.4
Y(mmiyr) 0 0 0.1 0.2 03 0.4
Z(mmyr) 0 01 03 05 07 209

23 FHENS

AREHFE [ Envisat DL Kz Jason-1/-2 JH|
= EER > B s R E Ry 2002
£ 9 A% 2009 4 12 H » EHA Jason-1 &
Fol i R FS B 2002 45 9 B 2008 4 12
H > Z1%&DL Jason-2 ERIRHE - A&k
FH Radar Altimeter Database System
(RADS ) ERIERS » & &S FRX

ﬁ’%ﬂ&ﬁ%ﬂi@ﬂi%fﬁﬁﬁﬁ HerE
SO IERZ R BRI B U - sk
PIER SR TSRS EIUE ~ EIUE ~ 8

I DA KE&#E (Inverted Barometer,

IB) [XIE - BEAh - PGR Rk KthKAE
LT BN ER PR o RéSEE

2 E &R H 92 GRACE &)

iRl » 1Hz Envisat i Jason-1/-2 JH|=

BRI NG EAE - R L x1

H 3248 & &0k (Chambers » 2006 ) :

Ws =exp [_1(R_)2] ®

B r Ryaghs o Lot 2 K s
AL PEEE(RERE 1 % 110 km) > Re=500
km -

i = U R AT & =0k 3
HKEEEL
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Myt (0,0) = A0(0,0) — Anss (6,90) — AU (0,0) @
Horr an Bt BN S8R KL -
Ahgg, BB 2SR /KT steric sea level &1L -
Au, Ry T K AR S R 2 Rk EE B RS
( vertical displacement due to -elastic
loading )~ 6 FsER4EE > @ Fs#%E (Kuo etal,
2008 ) -

Ahgg, ATEEHE/KB SIS SRR 1 -

TR

(S9.Tg,2)—p(S,T,2)
hsteric:.[zzfpo Lo P dz
Po(Sy.Tp,2)

Hodrs, BT, Ry RIS E] 1219 2 Mg /KET
FEROREER > sELT Fy H 7 K
& ROREER - 2 Fol/KRE » HIE/K%E
€z CAIH5E 2=1500 m) &7 2R/KFE
[l 2=0 M po By F/R/KEE » p FyilgK
IS AT RDEE R SR G 2 IRRE
F 12 (equation of the state ) Z1EKF( Gill,
1982 ) Ak %% {3 A Ishii and Kimoto (2009)
ORISR E R 52 Bk Ry—4H 1°x1°
A48 &kl > mEEET 2K W
ST /KRR (0 m) Z/K2%€ 1500 m
HorFy 24 )& -

A, (0,0) Z FTEATA T ATR(Kuo et
al., 2008 ; Guo et al., 2004 ) :

Au, (6 @)= ai:l I:ichn— D i‘ﬁm(cosﬁ) o

(;jfm - ﬁgﬁ)cosmm— [AE —ﬁgif)m sin mm]
Hrfh a Rt BRF1E(=6378137 m) > n
Bl om rnl R PE g (degree) R E
(order) > Pam Fy5E 2 IERI (b 5 T pRr B
(associated Legendre function) > ACmEd

ASom By BREE G E > (L& » T{CA _LEE
Hiifi > GRACE &k} » ACh Al AShe B PGR

TR BREE (R b o k, B h, BiRRH
(Love numbers ) » B DATE HICHY BR 5 4R S8 7Y
AHFEEEF Guo etal. (2004) 78 REH

®)

I o

24 AR

AHHSEER H Wit R AR AR SR
=51 » 935l F Estimating the Circulation
and Climate of the Ocean (ECCO) fl
global Ocean Model for Circulation and
Tides (OMCT) - ECCO WA M &1E F
CRISHT8 [ R - 488 T (A 22 fE g
M E By 1~ 481 U7 A 22 [t 715 0.3

(FRiE) ~1 (&) - OMCT i #ilE B
BT HEREAVINAI Ry 1.875 x 1.875 -
R AR A i Y R G AR ST AL - IRIEERR S
AETTHUUE B RyE &7 ( Thomas, 2002) -
SR E B S IR AN A B, B B e it
ZEEAH - NI AR A ARE T R
OEENRT - HARRR B KE R E
PTG R < KA B S bR R
o> Hy RS HE Swensonetal. (2008 ) -
1% | F Generic Mapping Tools (GMT )
WS (R A EURy 0.25) HETTINTE » KEWE
PRI R/ NAERL 1 x L 498 DABC &
HAth &t -

3. WHFRITA

3.1 HRAR

F46% PGR 522 7 KIRER S b rT %=
AN
AN(8,p) = ai Zm:ﬁm (cosd)-
n=0m=0 (5)
[(AC 1 — AC o ) cO8T1 @0+ (ASum — AS e )sin mo]

FEE = £ (surface mass anomaly )
A[ZETk (Wahr et al., 1998) :

Ac(0,p) = Z z Po(cos 0)(AE"W cosme) + AE‘W sinmo) (6).

n=0 m=0


http://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CDMQFjAA&url=http%3A%2F%2Fwww.ecco-group.org%2F&ei=8nvmUOqZHs_VkAWwu4DIAQ&usg=AFQjCNETd8ntU_2vtxmJh6RLTz8yH43kYg&sig2=xvYwTEACssAKOy8q4QSXoA&bvm=bv.1355534169,d.dGY
http://www.google.com.tw/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CDMQFjAA&url=http%3A%2F%2Fwww.ecco-group.org%2F&ei=8nvmUOqZHs_VkAWwu4DIAQ&usg=AFQjCNETd8ntU_2vtxmJh6RLTz8yH43kYg&sig2=xvYwTEACssAKOy8q4QSXoA&bvm=bv.1355534169,d.dGY

74 fir R R 3 R 22 )

RS 22 F GG G RIR %
H[FoREY (Wahr et al., 1998 ) :
][AE"W} _apg (2n+1) {AEW AE‘:,E,’:}

Ag'm 3 I+k, Agm _Agf;f," -

Horhpy RydER V5935 8 (=5517 kg/nt’) «
PUtiER CM B RBER 2 SHE4E T » A
k=1 > BUEEELE n=1 5 K FIFR (7)

KAF AC B 48 o o AT AR IL— 2B HE

4 Hkg =1 MOKGFIHEZR 2 —EH
BREEARE > FEBRINEZR R 2 B (% RIA]
sFEIHEK CM AEZR N —[&TH 2 RIATE &5
ABAREL - HHIR /KSR RATE I &1
LA CF HEZR BB HEHE - [ CF EZE
k, =0.021 ( Blewitt, 2003) - [RIL1FEILIESS
N AR S &8 LEUHEGEADRE—ETH
1855 {E (Swenson et al., 2008 ) » AL
ORI LR XY~ Z 2 77 & GMx »
GMy ~ GMz :

GM 4 =x/§><a><A611

GMy =J3xax4S1 ®)

GM, =\/§><ax41610

32 WEE

ek e [ B 5 R ET E BL
VER Sy RII=(6) n] e B e Swenson et all,
2008 ) :

Ac(6,p) = ;;Pm(cos 0)- o

[(AE'Zf:“” +AE’;":J Ycosme + (Ag'Zf:“” +A§'{f,:d )sin me]

fi< Pam BRTA] -2 IEACHE (Orthogonality )
ARE T -

ACe = %I;nm (cosO)cosmep-9(8,¢) - Ac(6,0)dQ (10)
b

nm

ASHce 4i jﬁm(cosa)smmw - H6.0)-Ac(6,0)dQ (11)
7T

nm

2zm

Hor [ {{ » dQ=sind&g

F-t+E F-H RE105%01A

%0 )_1, if ocean w2)
2270, if land

HRFE(6)FUAZU(L0)AT (11) - Sl RF BREE
HE—PETHE SR e - HARFEPETE
R BIEKES
ACT = ilﬁm(cos 0)9(8.0)-

[P10(cos 6)AC' o +P11(cos §)AC"; cos @ + P11(cos O)AS'y sinp+ (13)

60 n _ _ _
z Zan(cos. O)AC,, cosmp+AS', sinme)]dQ

n=2m=0
— 1 —
ACTT " = —ij(oos@) cos@-9(8,¢)-
¥4
[EIO(COS B)AE'N +E11(cos B)AE“H cos@+ Fu(cos H)AE'H sing+ (14).

60 n _ _ _
Z ZP”"’ (cosB)(AC",, cosmp+AS',  sinme)]dQ

n=2m=0

_ 1 —
AST" = EIPIO(COS B)sing-9(0.0)-

[Plo(cos B)AE“lO +F11(cos H)AE'H cosp + P11 (cos6) Ag'n sing+ (15).

60 n _ _ _
Z Zan (cosB)AC",, cosmp+AS',  sinm@)]dQ
>

n=Tm=0

HF=0(13)~(15) AR PR A AR e (B ok
2012) :

——ocean gt
) C10 ,C11 sil :
AC ggean Icio Icio léio || AC0 Geio 16)
-~ _|yc10 jci1 (sii| A~ 16
AC u = Icit Icii 1811 | AC11 |+| Geyg
o C10 Cll S1l| ra

AS'11 i lsin lgin | AS'a Gs11

DL AT By 5 » AF I b S IEA R T

180 = %IEN(COS 6)9(6, ) -P10(cos 6)dQ
IS = i'ﬁlo(cos 0)9(6, ) -P11(cos 6) cos pdQ an

1813 = %IElO(COS 6)9(0, p) -P11(cos 0) sinpdQ

1 —
G = [P1o(cos6)9(0,9)- 18)

60 n _ _ —
"> Pun(cosO)(AC',, cosme + AS', sinmg)dQ}

n=2m=0

= oac,, B oas,, TTHEHEZZ
GRACE &} (2.1 &) fRARK(7)FEtEK
BLAST AR %
ZEENEER (2.3 §) B EER (24
1) I bR EER AR EEREE A ZEA
FLA0)FI(1L)TEKAS - i i/ N3
AR S (16) T Z KA E acy, ~ 4, B
S, 0 BRI ()F08)R1SHL EEFE

—,ocean

—ooan
f%: o AC'10 ™ AC'11
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XY~ Z=0E -

4. BERTIES 5

AR5y RI4E & GRACE & )7 & 6l
11 RS B R A R T ROR G L SR B
[P (45 RA0E 1 A ) > fHiE 1 A&
T E R R 2 OSSR HE ) &
e AT R R 2 R R IR AR (i
7B Swensonetal. (2008) g SEELET (41
® 2 s 6 {ERFERCR - Rl AR
(A)~(F)FR) alf5H] > Aif5E I GRACE
B P RE A f Eh Ca BB l  e SR (BR(C)
BL(D)) Eipi AWFERCR (AR (A)EL(B))

i 2 E B R B ORI (ER(E)
BA(F)) 455 GPACE HJJ#r 2 MU
RIFTET R Z R (ERR(C)EL(D) ) HIAT

b0 X il oy 8 2 AR HIAH (i 72 SR
1Y Ml Z 53 & 2 S iRis B AR A A &
— 2 o AEEBHREL Y - BER(C)~(F)HY Z
TEERAE XY sEERIEES
A= BREREZFERBRARETR
B E R T - SRR
ARAERIN SN ERUEFRRIINE &
BHZ SRR ERE - Br T8 NE R A
AN AR ENSHIERA
[FEIRTEL (B RS AHERY ITRF, AR
SR CF) -

-

Fohe TN s AN ey —|
REAAR - Lhighi& GRACE & T 2 M
5,
E 0 BV X N a AT AR\
X VIN RNV NG AW AR IRCY R R
: V b &, e[ ¢ “:,"'/ \\j
= 1 | \ | 4
. 2003 2004 2005 2006 2007 2008 2009 2010
10-
- Iz Vi i fm! N2 Faah A5 7 K. B e g
>§. 0F o~ LN L 4 Nome? N, ? Nl N S /:
-10 | L ECCO |
2003 2004 2005 2006 2007 2008 |_omcT | 2010
10~ ---Jason
s ---Envisat
E 0 g e Py A B £ JAVS
STV f TR, TN SEYIIN KN e pes e A
= fﬂ S A \\; /\/ Ner <4 k\\{ f\»_, \\\‘\;:"I'b\k/ U “}._»;'/’«P
e 1 L 1 1 il v 1 L J
10 2003 2004 2005 2006 2007 2008 2009 2010
Year

1 Azt E s sEh X (EE) ~ Y (PE) ~ 2 (TE)=#7 % -

Ry 2 LA S ELET AASERCER
A5 53 BIF] A &5 & 51 o0 528 B B
GRACE 2-60 [ 58 /75 f2&R LR, Envisat
HEE MG BB 4R 300 A BEINEFEE
W2 KB EEE > WHETEMEZEE
#5771 (Root Mean Square ) {5 » FL45 54N
2 FiR o [ 2 BURII AR E T
LEEIFT LR 2 /K E &8 LEDHS &R
Z NS By AT 0 A Swenson et al.

(2008) i EEGER AT » Hf

DARSE R T80 A RR A - HHiE] 2 th3gERAE
Bl pEyER (Brazil Current) FIPe[ iz
W (Agulhas Current) ZFpaty itR{E
BHER X - E 2R R E &R 22 g
MrE = GRACE FTi&Rk A7 AT
HiE 2 B REZ FIEZREIR > i
A—PEIE % (H5 7R E 2 ~F9{EH 5.73
cmF#{EZ%E 5.71 cm (Swenson et al., 2008 )

K 5.29 cm ( AHFZE) o
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% 2 &5 GRACE E 1yt 2 i M S B EC AR AT R 2 B8 X~ Y ~ Z

LN EL

WANE:=N
Annual Amplitude
Annual Phase (°) Trend (mm/yr)
(mm)
(A) ECCO X 1.13+0.07 51.29+3.95 -0.12+0.04
Time span:
Y 2.67£0.09 325.48+1.97 0.07£0.03
2003/01~2006/12
('Swenson et al., 2008 ) Z 1.23+0.10 54.25+4.93 -0.14+0.05
(B) OMCT X 1.88+0.07 45.37+3.95 -0.20+0.04
Time span:
Y 2.59+0.09 326.47+1.97 -0.02+0.03
2003/01~2006/12

('Swenson et al., 2008 ) Z 1.78+0.10 59.18+4.93 0.06+0.05
X 1.41+0.13 52.83+5.16 -0.14+0.04
(C) ECCO Y 2.46+0.10 329.10+2.42 0.01£0.03
z 1.82+0.18 40.95+5.46 -0.19+0.06
X 1.96+0.16 50.91+4.69 -0.18+0.05
(D) OMCT Y 2.61+0.10 325.71+2.29 -0.16+0.04

PN
_ _ z 2.16+0.23 45.23+6.03 -0.11+0.08

Time span:
2002/09 X 0.93+0.16 67.28+9.92 0.04+0.05

~2009/12
(B) Envisat Y 2.09£0.19 332.08+5.11 -0.34+0.06
z 1.86+0.20 45.92+5.97 -0.27£0.07
X 0.95+0.15 90.92+9.59 -0.03+0.05
(F) Jason-1/2 Y 2.14+0.17 334.04+4.63 0.19+0.06
z 2.31+0.16 60.69+4.03 -0.08+0.05




TR~ FIEE - BSOS - Mo ¢ AR GRACE ~ i 2l ~ T R O ) 77

Root mean square

Latitude

150

0.15

0.1

0.05

200

Longitude

Root mean square

Latitude

150

0.15

0.1

0.05

200

Longitude

Root mean square

Latitude

100 150

0.15

0.1

0.05

o (m)

200 350
Longitude

A [ A

2 GRACE E 1) 545 &[5 —PETE B Envisat JI S st BV K E 28 b2 E 2195
fRAECERF 300 X BN Z &R EMER ). LE: GRACE 2-60 fFE 15 H1lE: GRACE

2-60 [ e 545 & Swenson et al. (2008 )

a2 —PEIH » TIE © GRACE2-60 [EEE

NGRS G AT R — I (R (B)) -

GRACE B /15 R 2= AT IS B
HARE > Bt REEIESGEIT A S 5
Ralky o EREERE B LU E A E E
SRR At R E B2 (HE
SEATE IR A A RIRAUE - BURRUER
feNETREEN Z s A N A9 5
BNt E R AR EAEERER - AR

SR 7 R s B SR R B I
RIMEAEEEBERATT o HRSUERESR
5716 7] 43 By leakage-in effects  (GRE [

EEkyM i A) DL leakage-out effects (B
5% H #E AR ) » RRE TR UE ST 0
OEEN GG Z R0 - A ZE o AR R
43 300 22 5 600 N RN 2 i E E RS R



78 R R R 22 )

A R RER EORE 2 (3 AR L BT
AR GMT #5805 0.25)
EECTPIRE » 4RI PUERRIEI S 4 300 2
IS 600 4 P EPRH T EL - MBS
FEH (A% 3FTR) » BRIEEE 300

81 600 /B N EDI LRSI Y 2 6 A
Z 5y b CEIMRIR « EA -« s
SR {LA B » ATAERTER T RN
RSBSOS K R (L
FIFTEL - 1% 3 (PR - E0E Y
LR AR AR LA » CEMBHE fr
=5y R LIS (L - B Z )i
> ERIR A 1.86 mm B4 2.99

mm (300 A\ E(#HE])) & 2.69 mm (600

F-t+E F-H RE105%01A

SHEEEE)) > BRI I —& > 2
BURMEERAHE - fHmiE RBrm 2RIt
LN SIGIE = ot AN P N P £
59 RS IR Ry 2 2K
Har BIENEBUIEREER - SURE
BB 5RER-

AWFEIRHEATR 1 oA [F PGR—[&IH
R LBEERE 228 - PSR AAL
PGR — [T ith LB Bt R B
FERSHL OB E 2 EEAHR E(A0R 4 B )
A ERIE A AL A 5E A 8 - R4
ftam e DU AR A SO S B R T 0 8
BfdEt > StEZH O EEBSE E R
PGR —[&I5 > 80% -

7% 3 455 GRACE 8 Envisat & (L5 2 HuC88) X~ Y ~ Z =@y 8 CREFRE R -
TR F 4R 300 N EPNEFEER KN - FEERIEFER 600 A BEAEEER A

fHle])
FEEREESE (km) 0 300 300 (fd[=l) 600 600 (#i[=])
Annual X 0.93+0.16 1.05+0.16 1.17+0.18 1.11+0.18 1.15+0.32
Amplitude Y 2.09+0.19 2.25+0.19 2.36+0.21 2.29+0.19 2.58+0.38
(mm) z 1.86+0.20 2.54+0.23 2.99+0.23 2.30£0.25 2.69+0.33
X 67.28+9.92 71.27+8.64 69.95+8.83 74.76£9.22 62.06+15.94
Annual Phase
“ Y 332.085.11 334.47+4.72 336.835.11 326.97+4.82 342.49+8.34
z 45.92+4597 59.45+5.21 55.02+4.41 72.72+6.42 58.76+7.03
X 0.04+0.05 0.09+0.05 0.02+0.06 0.10+0.06 0.02+0.11
Trend
Y -0.34+0.06 -0.44+0.06 -0.35+0.07 -0.42+0.06 -0.41+0.13
(mm/yr)
z -0.27+0.07 -0.53+0.08 -0.50+0.08 -0.46+0.09 -0.64+0.11

R A4 (HETHLOSEE) X Y~ Z =i

5% (L E5(mmiyr) (53 AIAZ Lt PGRO % PGRS

BUE)
PGRO PGR1 PGR2 PGR3 PGR4 PGR5
-0.14+0.04 | -0.14+0.04 | -0.23+0.04 | -0.32+0.04 | -0.40+0.04 | -0.49+0.04
ECCO 0.01+0.03 | 0.01+0.03 | -0.08+0.03 | -0.17+0.03 | -0.27+0.03 | -0.36+0.03
-0.19+0.06 | 0.06+0.06 | -0.46+0.06 | -0.65+0.06 | -0.83+0.06 | -1.01+0.06
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0.04+0.05 | 0.04+0.05 | -0.04+0.05 | -0.12+0.05 | -0.20+0.05 | -0.28+0.05
Envisat Y -0.34+0.06 | -0.34+0.06 | -0.42+0.06 | -0.50+0.06 | -0.59+0.06 | -0.67+0.06
z -0.27+0.07 | -0.35+0.07 | -0.52+0.07 | -0.68+0.07 | -0.85+0.07 | -1.02+0.07

5. &GamiAEER

AIHFER &S & GRACE E J85/#%
VNI SYEe Ry SU R peut 2 S AN
S8)) - 45¢ GRACE B EHIIFET R 2
R 5B Swenson et al.( 2008 45 AHTG &
{HEL4E S GRACE Bilff B HIE Bk 2 4551
HRTZES > Algeid R R 2 S &R
B A R 5 T A B AN 5] LR S
SEVHERZFTEL - BEAD - MERIZ 27518
287y Ay CF Bl ITRF HEZE - [ W HEZE [ B
HFE—mEE - thrlgeiEkttER > =
R By i AR AR AU 1 AR A - B A E
ITRF 1 CF fElffm == ThEt - HAifh
2 St O BB B B AR AR PR ) ek e T
T BRAEECR 0 A5 Ry AR AE AR R T A b (0 52
B HAER A ARG HE VKR EK LR
{BZ BUE -

RGN AT R AU S A 3 0 S22 )
st s > SRS TR ST 0058
gEtE s oA E  HpllZ oy
BB 0 HEEm PR RS [ RN e Ao
b AT R R st K R R E R g A 7] 72
W& MR - BEAMNIE A BB T RE AL
ORI KE E SIS B RHE T
FIrE » IR0 {mT e e R U Ky
N—PEERHIRHFE AR - 5[2% Guo et al

(2010) J575H#E1T - PGR — [ TSl 00 8
ghEt R BYE B L OB EEE S
WP BEL Ry PGR —[FHNIEE X
80% - Klemann and Martinec (2009) 5
t PGR —[&IE 88 X~ Y~ Z 0 &

=285 B F5-0.13 mm/yr ~ 0.33 mm/yr -
-0.81 mm/yr » [NL45 & GRACE & Jji5##
MEFE B2 LE R T Bt L B

PGR —[&TH Z 2 A A] 2l -

6. &3

Tkt IR AR LS5 AR 0 BT
REN & B2 [E E EHE: £ > 2009 -

§ 1k > FIFIGRACE ~ JHIE &K} ~ Mg
UGS SRS BT REEHIE
BZE AT ENER & > BE 3w > 2012 -
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Estimation of Geocenter Motions Using GRACE
Satellite Altimetry and Ocean Models

Tzu-Yuan Chung® Chung-Yen Kuo®® Wen-How Lan® C K Shum’

Geocenter motion, defined as the motion of center of mass (CM) of the Earth
relative to the center of figure (CF), reflects the mass redistribution in Earth system, so
accurately estimated geocenter motion has a significant contribution for understanding the
mass variation of the Earth. In the study, geocenter motions are determined accurately using
the combination of GRACE gravity solutions with altimeter observations or ocean models.
The estimates derived from the combination of GRACE and ocean models agree well with
previous researches. However, since the altimeter measurements refer to International
Terrestrial Reference Frame (ITRF), which is different from CF, and data and models also
contain errors, estimated geocenter motions from the combination of GRACE and altimeter
data show the discrepancies compared to previous studies, especially in phases and trends.
The study also analyzes the impacts of leakage effects and the degree one coefficients of
Post-Glacial Rebound (PGR) on determining geocenter motions. The result shows that
leakage effects have to be considered in computation. When non-zero degree one coefficient
of PGR is applied, only about 80% of the change of assumed degree one PGR reflects on
the trend of the estimated geocenter motion.

Keywords: geocenter motion, satellite altimetry, GRACE, ocean model
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