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HIRT- o TR R Rz e S e (R 2 PR 2
il o7 A7 1Y 8 &) B 52 2 (Nicholson et al., 1990;
Nicholson & Farrar, 1994) - fH¥ B EDRIECSEMY
PRI S ZE PR NME » 7 BRI Y A i Rl HR (A (]
IRFZE RUEE T ERaTHE M By AT REE: -

& A& N & R G B Y R I [ AR AR 4R AR
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Difference Vegetation Index, & RE{L2E EAH 4= $51H)
K2 EVI (the Enhanced Vegetation Index, 451845
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M~ A EE L VIR AU EY A R &R
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B 5t 48 8 58 i R {H & A& (MVC, maximum
value composite) ZK [ & T HIF2 5 (Huete et al.,
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ik 15% 0T R ~ ST ~ DTSR ([E 1, Chang
et al., 2014a) - [HHEFEAVIE HE E (LA HUSEHE
VIZREERV R - B S B SR R A E
K EER(Ding et al., 2008) -

2.2 BFErSRL
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National Aeronautics and Space Administration)
Land Processes Distributed Active Archive Center
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data_pool) T #;H 5 2001-2010 £ 8 K Kz 500 2\ KL
22 ] fiFg AT 5 ) 3 2% 2 5 3208 B 5k (MODO9AL,
surface reflectance bands 1-7) - 825 4538 K GFL IEE
RN A B B 1% fE 176 3R & 47 A (spectral
mixture analysis) » it 77 A48 e RS 215
— fi&l B 2 (pixel) &) 175 & 1F A 12 77 (PV,
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M 5 %1 (NPV,
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p(ﬂ)pixel =2[Cep(De] + & (1)
= [Covp(Dpy + Cypvp(Dnpv + CsroP (Dsrol + €

x(C,) =10 @)

A C ARGERPEF—EimTATSARIEER] -
ifip (A)e AIETRAE IR BN B2 ImoCHYSZEHE - & R
T QTR =(EmTTHISEEFIL 1 (Huang et
al., 2013) - SEEOEERRE & TR - B —
BERPETEEHEYI(PV)EELLR - HFY MODIS
H) 8 REFHEGES EZEENEIRIIZ M E
K& I SE o i — 2R3 460
Es G LA R A & HGE(MVC, Huete et al., 2002)(5:
FIE H A0 = 120) > BIFEEd R LA sk
EAE A FE AR B R R 2R FET A f T RHRE M o AT - A+
S Iy SR B R S ) R Y BB RE S B AT USSR
(Suzuki et al., 2006; Prasad et al., 2007) -
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HIRF Frs2 B R EEEE B & FH4E T [FIE A
R E S HECE - AU ZERTEE Y L3 A
#F O 2 B B O+ W & b o0 HE
(http://lui.nlsc.gov.tw/LUWeb/) - £ &4 2006-2008
FEARAMZERR RS SER IR ERTE
77(Chen & Chang, 2013) « F B-f- i 7 248 i 5
B ESERMERYIERE 73 7l 5 = &Y 58% Kz 27% »
FoaR 15% Fy BB i Epk ~ TR ~ VDM o AR
A 53%JE R FATERR ~ 21% Ky BHEEMK ~ 19% Ryt e
AR HER 1% R lIE TR o BSENHERE
TE A 38% Ky /KAEH ~ 47% R RERERAE - HAt
15% Fy 5ttt ~ BATHIT M RO (8] 1, Chang et
al., 2014a) -
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s B A TR T8 AW HR A (Jonsson: &
Eklundh,2002)Ffr#5fE > TIMESAT #EE(TIMESAT
v. 3.0, http:// www .nateko .luse /TIMESAT/
timesat.asp) /e ¥ [ Y &R TR Ao it & > 7
IS 1R HRIIER R FF YRS B
BN BRI (B T AT e S
A= FE AR DI B IR R — 8 E 77 EL YR e B
TEF Ry B RFRRG B AR E E IR
— 7€ F 77 LRI ARG E 3 Ry 2 R R4S PRI ) - L
[ R E By 10% 0 HEBREF A Y T A E R T
G ERIYIE T » A EFEEAVIE 4 R
RAGHERE  EHIEEEHSERE 2(0b),
Jonsson & Eklundh, 2004) -

S ER A Savitzky-Golay (SG)ig iR BT &
BHET T E G I DT AR BRI RE ORI 42
RAVENRE » W PR RRERY 7248 (Chen et al,
2004) - SG ¥ [ - 51AE A= FE AR B 2 SRR AR
AU FIRE AR ¢

YT CixXY g
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P Y Ry R R SRR T A AR M AR AEAREE Vg
RFFAEEAEIEIEEE - Gl 58 N AIRE
M B O AT e SR SRR 2m+1 - BT SG Y
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HE W R XA 58y J5 % (Brady et al, 2007;
Kariyeva & van Leeuwen, 2011; Chang et al., 2013;
Chenetal., 2014) -
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1) > FHRIBEDR Rl BRI 2% - (1) fHAfE
A AG[E] (data range) » — % AVFE R FEEERE /2 O
12 » (2) W KERFIME 774 (spike method) £
HAE R PRI ¥ i Y BERE (L (spike B¢ outlier) > T
PRIG5> 55— % median filter » &
[ o 71 v e — (B F T RE A BB R AT (& BUE S
B L BRI PR © 55 fE Ry STL replace » &
518 2B (Season) ki3 E4(Trend) HYZHRY » 2 —HF
[ETREHEUE A SR E R AR - RIGS TR (Low)
HIREEE - 9t T =AY R IR e B R EIE B R
A&7 € (Eklundh & Jonsson, 2009) - (3) ZEHEESEL
(seasonal parameter) =5 & 18 & E A P YT EDRLEL
A—FHE-ARFNRER 1 5 —FREAWRAE
RF > B WEREEER  sER 0- (4) &
RZE(Number of envelope iterations)z% E B /T
212 3 REGHORIGFF RIS i Hh 4 P iR
{EAEERATS 8 - (it & Hh 4R pE 1B AT IR AR 4R Y
if{E - (5) #5%/% (Adaptation strength)% & #5{EH
o 0 £ 10 2 [ - HERFEREGE Gl GREE
[N ARIE(E - —fRAVEELE 2 24 3 (Eklundh &
Jonsson, 2009) - (6) & £g%E5 1 K/NSG window
size) B {E B & TR BRI Fr B BBV IR
ks - (7) A= RZFFIIGEE K2 Hi(season start/stop)
&R A ETE R it R R (R 2 i AR R TG K
SRV EEE R » — e ESE 0.5 - &Rk
HIRRIE SRR T TR R B S HET A EE S

ZAEWFAIN S TAS R SRR &G T
BEGTTE AT AR - R SE R oo dize A4
LR R TR R T E T ALY
S8~ ZEEUR R B R s BeAs =X - DAFIET T 1%
EE T - e R A& ATE R A RE )5 2 B L e e
YIBR 2V RS M & A S8 72 - (H RS S
LIYNERE PN LR & RS =iN] el SN EE S RN
e BRIl TIMESAT igefe 5% 2 A 11 T
RV 280 [ 2(0) Y a B FRoR AR R FRIGHFE -
b BEFR A RFLE RG] > MAERFRE g #iH a
b Z RIH-REEAAE « oo ¢ fl d Z 4R s h
WA E T2 B {E 80% AL B A R Hh e HIIH
¢ e d WYL EARORE  AFREWFERSTEL
HIBEE f /2 H a-e DL b-e 5 B LAV ERETR ©

7 h Ry Rt & 1% Bl A s (R E 2 RV S - &
TNEAERERMERYESE) 5 sy | Rkt s 2HE A
e R Z 2 M ERE - ForEEEE T &Y
E2 PR Z BRI FE AR AT 25
FHEEERHA(EKlundh & Jonsson, 2009) » 1F A 5T 147
18 3 At BT EUAY & RO — A i B i Y A R 2R B
JARFRA(E 2 o a )~ A RZRAE R ([ 2 5 b &)
DAk a Bl b FEIRpEEERT R E Y AR R R (E 2
o ) i & ERE T RAG A R AV ZZ M AT~ R
[E RV B B =TH S 8 2 MR (4 TR R 2
Vi RNFEA -

N
N\

130 o T T
1357 911131517192123252729313335
Time

2 () BB R 517047 Be(b) A TR SR G S 7317 (4 F45) B ey 85 & (functiion fitting, JfH
B REER TR R ZYESBoRER > Hr a & b 795 A RBBIGRIG R - g FoR
ERFRE - oM d BHERAMMN T EfeE{E 80%MiLE » ERFHE e Al ¢ R dHyf
I BEACAE  REAEREAE RFEEAEE /2 H a-e DL b-e MEE(LHYPIIERTR - 57
h Rk Bt & 1R B /e i (RAE 2 PRIV - PO e EITERYEE) » iy | Relidit e 21E4

1R R T Z FIAVIE - FoRG e A ET]
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%1 RIEIRHERLT TIMESAT R Savitzky-Golay (SG) K SUBOE (T ErkHE & RPIR A 1 £ 2%

ZEEE
HRfEE Spike Seasonal Envelope Adaptive SG Season
method parameter iteration strength window Start/stop
STEER 2 1 2 3 5 0.5,05
SIFAZERAL 2 1 2 3 5 0.5,0.5
FRZEMK 2 1 2 3 5 05,05
=358 2 0 2 2 2 0.5,0.5
B 2 1 2 2 3 0.5,05

3. SRR
3.1PV BRIFFINA LEE R
pagili

%i;

DI EIE AR A R AL AT - AbR(3t
AR SHRAEEIRIE M FEEMNEE —8 > 2
Al 2 RV REI B LA DAEEES - 20 PV A
(i R s/ IME I HERAE 7 A (BHEEM Ay 0.79 -
PHPAEERAM S 0.89 K FHEEM S 0.94) e 1 H (B3
W Fs 0.58 ~ $HFAEEREIR R 0.59 K FATEMEs 0.65)
(& 3(a)-(c)) - GEHE 2 \ Bt E B RHEA
— AR - I PV TEZRERV B B A MK
=TI R 4 AR 9 H) - B PV RERELIEATE
MR AR E th o R (T 22 0.40) (& 3(d)) - 2
B 33734 PV 5 ZRE 722 SR A fE AL
H¢{E9(0.20-0.35) (& 3(e)) -

HE G TR 2BORE - bl (A -
BTFEATE R IE AR FREEAR) A e A RS B Je T
i 2 FIEY 72 B — 20 RIEYie ot PR Ry 2
e ARG 1) - BIEIERMtE - HEIRZ:
B E AN 58 (adaptive strength) Kz SG ~P49%g
[1(SG window size) B ArpfitlEn(F 1) - £2ZE
N By BRI PV YR 14 2 S i b th 6 S
SCE R R M — A WX ERFEL TSR
(seasonal parameter £ 0 ; %= 1 K& 3(d)) » F}i* SG
T P URRE B8 TR/ N R s U B il 5 5 5 2
TR BRIV RBEEIES OB RI&ER - e
PREA S BUE © SeHy R v DLRPREHE -

t AT RE N Ry i fE B T e R R Y AE R 2 L
(Chen et al., 2004) - L&A [FITE #ZE AL 3 AT = -
FRMR B ERR AR st Y 2R B L AR & R e 2
FHHE R B N B #HERA —F (M RERS)
HVRFAE R EH B H TR S BECERY 22 HA
o6l A1y B (B S B AE A [R] AR i 2 R R R e
HETT AR EREIS B E RAFAVEER -

3.2 B R R R S HIZE

Lipagiitaiia

GBS H G PV 192 R LR P R A
SR (0.05) A & LU g in (> 0.80) » %
SRR (Y B (< 0.40 5 [E] 4) 5 22 BRI S3Arts
M E SRR N Ry E )RR IR 8 (RIS HOT
SRR R P B il S A & (HR R i b e
SETEBIEH AT PV IVEER(K - ETNREEES
PO _EFH AN - MR A R R A R -
B SRR A HEE (> 2700 24 K FR B E RS R A
WA F AR Ry LR M B PV
PRE TR 4) SRR IR IR 2 A RS
B AR EAE » (HF—TEE IR PV ZREE
{BTER EFEREBL AR & — B0 HFEE RS
EALE TR &M AT PR K (E 3) g
TEBE R IERME(FORAINR &) R 15BN
4 - 41 Chang et al. (2014b)iJ 5345 Hi A [EITE #
FIF PV 81 H S8 (r° = 0.58-0.83) A& (r* =
0.50-0.78) A& RIFHIBA - M /&2 EHVE
E5 PV YL E 2002 A2 0.63 BE 142 2008 FEHY
0.68 (& 4) » FRANELL ZHIRHEATREE » &
2002 FFHRHEVEZ FE AR E (1520 AE)EER
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EIERI(2500 0JE) o R 2008 FEATHIE
A3 (3000 23 &) (Chen et al., 2009) - ZEtH
BUR BB B K S BV Y AR RE R A [E R R R
flp 528 S PR B A LAY S EAT & URK

Chang et al. (2014b) ] £t s treas &8
Ml R B AT e R B R E B HAE R
AR BRI R 22 ] o AR I R A R R AR

AR ] 8 SRR EE A Y > TT DUBRE 96901y A4 B SE

[EI AR AR & A Ry B = 8 H 308
FE(r = 0.85, p< 0.01)FIFGE(r = 0.56, p< 0.01)ELA

MHE—BERREREAL - BURBEAVZER AR EOICE

1.00 1(a) Conifer

£ 070 A
0.60 -

0.50 A

0.40

01/01 01/02 01/03 01/04 01/05 01/06 01/07 01/08 01/09 01/10
month/year

1.00 q(c) Broadleaf

0.90 4
0.80 o
0.70 +
0.60 o

0.50 H

0.40 T o s B o e B o e E e I |
01/01 01/02 01/03 01/04 01/05 01/06 01/07 01/08 01/09 01/10
month/year

0.45 1 (e) Built-up area

month/year

3 FEMFAEHZHAF G PV RE P10 M (FRER) fe SC it & EHARAT R (AL4R) * () STEEM

(Conifer forest) ;
(Farmland) ; (e) ZERYHE(Built-up area)

B8 & R AR S B Ot & R[5 H 4y 8905 0 A1
& MEPE AR B ERE H YR
[ r B (R P E R T BE A R ez L B Y A R IP
et R HIPR A (Chang et al., 2014a) - ATFAYRTFEE
BRI R R SR 0 T A 52 AL 5 Y 35
(Chou et al., 2013) - [l & Bt 15 £/ )N R FE B H
8 Y PSR AR 3 hi(Chou et al,
2009) - 41 FTRESHEYIAE R R 38 e e A & THIWUTE -

RACH PRI RE_EAIMETER Y FR S B ARG A 6E

IILAEER -

1.00 1(b) Mixed

PV
o
by
o

01/01 01/02 01/03 01/04 01/05 01/06 01/07 01/08 01/09 01/10
month/year

080 5(d) Farmland

month/year

(b) $tFEEEREM(Mixed forest) 5 (c) FEBEMK(Broadleaf forest) ; (d) b
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3.3@5%%@%@%1%2%&?4%

BB T 2 A RZFFAAFH (onset, Julian
day, JD)53#f  4YEHFIRHLER 80 H (3 BIE)ZX
BN B IERY 160 H (6 B ¥)) (@ 4): £ E=E
Gt SRR [T 222 [ 4347 B 7 g s~ e ) S T st
fY 240 H(8 HJE):Z M % /8 7 m K S 0
THHRAAHNIE 2 340 H(12 AW)) (B 4) » 4 E
BN EFE R P BN AMHER 210 HiE/D 2
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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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