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2 Ao =A77F v AKCrick et dl,
1997; Crick and Sparks, 1999; Parmesan et al,
1999; Menzel, 2000; Defila and Clot, 2001; Ahas
et al, 2002 Ahas and Aasa, 2006). £3+ °}F2]
AdA 717 wigela gled, AE 4 #45e A%
71 2 A8 5 dsa AthAhas, 1999,
Chmielewski et al., 2004, Hu et al., 2005, Tao et
al., 2006).

71583e udde AHEe F4Y, A8 5
o B¥ AEAE ndd 23 5 ogEi o
& AEAARY Y A7 A9 oF, =F 4%
wA, Al 737 § wEHoE dojuke A
dA@are] X718t 71F Aol BAlY 2ol Ro}
AL ok AEAELS A7Izte BUHHE F3)
olFolAn HAdE ol A7t AT g
o] olzlar o AH e HFindlay and Jones, 1989),
Asole 713Wsiel ATAHY 73 FAH
¢ JFL Hriske Wl FLE AEE A4HR
¢)tHSagarin and Micheli, 2001; Whitfield, 2001).
AEARE AGE 7|3l A Eo] ojFA W
L3712 Aodsle ] Fa% A5 VR FH
2o] AejE A7E AT FAT BUMNE TR
g} 2.0 (Schwartz, 1999; IPCC, 2001a, 2001b), ti
FHolx A AHE F A7 el M &
A 713sl 9%97kel AFEo|HDonnelly et
al., 2004).

HZ 71333 JPHsE 97 AWt .7 HY
A AZAE Agel B BAdol Fui=EAt 2ol
w2} NEAH Al7]|9 s}l AP B A7t A
qAHoz L3 o]Fojxi i Walkovszky,
1998, Ahas et al., 2000; Sparks et al., 2000; Keatley
et a., 2002 Lu et al, 2006, Aono and Kazui,
2008; Cook et al., 2008), 53] 23 7|2¥3lE 2
sldshe AEAAE AEE Aosld B9 HslE ¥
7bshe A5°] Bt} Schwartz and Reiter (2000)
o] AFdME 159 2t (Syringa Chinensis)h
2%2| 1% (Lonicera tatarica, L korolkowii) &
o woldz EYE FFd B Pold As
(SIFLD, Spring Index First Leaf Date)®} & 713}
d A4(SIFBD, Spring Index First Bloom Date)
2 Aol FoluelFlolAe] Be s Hrt
slA.on Schwartz and Chen (2002)2 722 uhy

< Agae] FF9 B AU WsE 24
Zhao and Schwartz (2003) ©l= ATl &
AR, FER BR i #ZFHL Ae HE
S /MstYS FHAd ISI (Integrated Species
Index) & 7t e, 1S19] #3l A% F3hy
giagAe Agd B AFYY WsE H7hEA
t}, ®=3 UKPN (UK Phenology Network)e %=
Ado A #B2Exn F7|e AdwsE & W
= AMRHE(Crataegus monogyna)®t w249
(Aesculus hipocastanum)®] 713123 Zze]H]
(Anthocharis cardamines)S} AB|(Hirundo rustica)
o] 27AYS Hadty B A4(S], Spring Index)
2 Aeojslm, SI9 w3l £4L F3 3 7l
o2 % AEAAS W3l st Aok

NEo| wol, /3, GF T HEAELE FR E
% #4, A, 71F T OUs #3334 8%l 4
8kg uony 53] B AEAEL 7|d Uisit
(Lechowicz, 1995). B3 AEAEAA7Ie F= A
23el Fd 7|7o] B o]F9 7)o I
o] W AFoA B AEAEAZY 712 Al
ool @A w&ol WHHFitter et dl,
1995; Walkovszky, 1998, Sparks et al., 2000). =
el Afde #F A5 9 A3Y 452
ol g3t 715wzl wE W Fo s3iAe] A
FAA MEE EAT AFE0] UUHelEE -
o] 7], 2003; &3¢, 2006; Ho et al., 2006). 1¥
U 2% 73l AswE E40) ol8dlyq EF
AE8A M) W3lE $4% ATE A8 ey,
A3, 93 T Oe AEAAE AsE o83
o $2vete] Bdxn 7H2E AEAA ¥ 7
g2 EASt s} 7|1Fe] #AS Feid dAFe
FE3 AAolo}.

2 dFMe vy B8 HEAE
ARg o83l 7z g AE9 g ¢ go}
AlZ18F SFAI719] W3l Z¥E E43tn AEA
A A719) W3l AP 7l2Hste] BAE Fetst
A} Sk
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o] 5% Tetely| st did AEAE dANE
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gajad et 713NN N FF BH HEAE @
282 ujgh vz, J2, WF, EFol iy
B olFtAo}l Fold, 7HEE AHEAE YZEL
Lo} el & dApdae BE 4
EAE #F5e] dolsl A7 A} 7H2H
AEAE BFE] dFARAN 7S GEEHA7
59 ARE £49 ol&aA}.

AEAAE A719 Ws Zee gelsly] gsld
of 3, 7iuve], AL, S50k wus, WE o)A
of 5 T A& wol I A 7|9} 8T,
93T T U AEY 9FAF 2 9FERAN
719] AlAIE #3lE aeze Jehddd ol
dolel 73}, SFAF, GFEAY Al7lE 60 o4
o] 7] HEAE B3 ARE AT W) B2
AQ(AE, A, M, 5 F38, 28, 07,
AF A FF B BX o4F AF)9 74 4
B9 AEAAE A7IE Had golt =8 AEA
A A719] w3l 7A%e ey et 2 4
EAE A7IE FHESE sl 9EE SYPNs
2 3t 3AENL Fsla 9 A8 g A=
Ao A7E wsleg Fag B 14
A BESAHAN AEAE BZo] AFE o)
B AEAA A7) wsle] £47)7He 1945~2007
Q7R oln, 7} AEAA Al71E 1989~2007d
zBli=3

Feluste] 53 712 AEws 548 oot
7] S18ted 2t Al 542 wrgsie A8
A ARE gt £ A7oME Schwartz and
Reiter (2000), Schwartz and Chen (2002), Zhao
and Schwartz (2003) 52 #e) ¢ldle] FA 3
O foF Wisl %L Hole B s1ge] A
=AE A7IE A7 Hasd B AEAEAS:
(SPI, Spring Phytophenological Index)$} 742 2]
EAEA5(AP], Autumn Phytophenological Index)
2 o3Iyt 80 olde] A 1zt BA AE2AE
U3 A8 HASn e O BSHFE, A
€ U, UF, AF BN BE AF)9) 1921~

E=XIA X SEIX A5E A35.(2009)

T 16 12TE
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o] W3E-S Ax3} 39ick
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DAY =4 Y A)7)9 71ee =SP4
2 32 SPIE FHHFE dlo IARAL 3}
A 7]2e] wE SPlo] wEeS il r)lewis)
o dig 3 AEAHE Al W} 7ge me}
ek 7HE AEAE A71e Asde 99, 10
€, 11€ %7123 APL 7He] ARBAE 243
5, APIS} 7Hd AaaAzE B4 Jehde A1719
7% SYPUTFE 3o APIE E5WS$E §o
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gz yepideHad 2). wish A 98
dolsln} ofzjAlole] woldo] 7HE =t} 1 He)
My, AgeY, Bao}, vy, ¥E F9] ol
& 2 )& BolA Yert

ujste] ol HubAoz gFAAL Qe
FAloltk 1970 o] F wisle] wojde] A
A= ko] Faisje}, uhdd) woldo] pF =&
olFfAloh= 1 W3} A3Po] FR3kA ¥tk 1
9] v, ALY, BFo}, viuE, WE 59| o}
2 93} sjee fAlEke, 197060 ol F 2 A)7)
7t A2 AR E Aol

NEA 719 gl wiste] 7)stde] 71 o
21 ol7Alole] 7iside] 71 =k of7Alete]
M3t GA] woldn vl AR W3t Aol F
g3tA] @k ofFtAolE AAF A& U
1980dt) o) F AFAAE Ao|w, wols} 73}
Al77} o] AEYFE W3} Fo] At o]e o]
Al719] 7lewistel # Qle Aew wddd F
SAENAN o] B9 7129 ¥} ade A&
ojugict. vk Wt Zo] Z2 olFtAjote] Wols}
AAI7Ie =& B9 7IeH¥sp} ddHes 3
the Z2& gujsita & 5 Qo 1945~2007d3t
147F A7) B5AH9 2994 599 HF7|e ¥
35S HY 293 399 A7l 04T/10d9)
viskE 2 Asdhe A%olv, 493} 5o Wsks
& 77} 0.31T/10, 02T/100d0) et &, A&l
A ol& #9] 7I2Wst B B9 7)2usidc
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Ll dFURE v A7) 9ol
Az 2 Al71e] st di|e] Rk, & o
LolAle Aol dFERAI7] A LTt
dFUTE EF 2oAle A%E Bk @39 A
A3 AR BF 19890 53] =& Z¥o] F
g 198 de B4717H1%9~2007d) F 7HeE
710l %Y deln, olo] @A FHollA AA
3] A3 glck

12 ) #FAFE 2z AEe] BT HEA
A Al719 ¥EE-E Jepd Zojt} B3 AEAE
A719] WEge -07~--279/10828 UFAA
£ 7ZA%L Hole wh 7}2H AEAE Avle
37~429/104 28 =oAc B¥oltt. B A&
FolMe Muz]e] wolrl7]e] Walgo] 27104
o2 714 3y, 7183E 4§ FdMe G UT
SZAARAIZIZL 421049 71 & Fo2 oA
= %ol

A2 3¥e] wol 2 sislele Afele ¥

RN ATIZISE X A5 A3Z(2000)

3Hgo] AR 490 o} EL sk Aol
£ #Wilgo] A vshs 3¢9 AslstAg Wil
go] Za EFA} 10192 =n, doprlrx

FoA7 TA4E Atk vfigte] Wols} F)3}A]7)
o] AAE H3E B wEAe] Akay 2 F
Z). 7H AEAEY Afdle 3T 23y
o] SFAF A7|HT GFEA A)7)9 WEE
o] Atk F ALHAM B AHo] Wl
AZ 7N ALHE AAo] wdhe AH
o AEAAE Al7]9) W} F3s. oA o]
9 7|2¥srt =& B ", =& 7129 7]
Lu3l7} o]& 718 viE Fasiths RS v
ke Ao AZtEnt Lu et al(2006)& ATy
3l 2 ALY o] B9 TA 44 A¥ wEd
o] BAo 7|24so] £ B vl ¢ F
3le, olo] JPoE HFE /siUe] o] AEo)
& A48 vd] o] o WA FFAAD
Aok ¥Rl Ax FARRE Zjolck

T3 SAHcE foF #EE Mok B3 4

B 1 ASAE AP Hel ZE

A Rs s tiuge@nod T A Sy g
o3} wo} 36 ET 015 | 74 -
i o} 317 -27 045 5.3 ok
Age) o} 3/18 -2.1 0.34 5.3
vjs} 7is} 3/19 -0.3 -0.01 10.1
WE ol 3/24 -2.3 045 46 Hokk
Bo} o} 3/26 -1.2 0.13 56 o
Ml A3} 3/% -1.1 013 48 *x
ey 73 3/29 -1.2 0.11 5.7 *h
T o} 3/30 -15 0.28 43 s
wE 73 47 -13 0.23 43 ko
Bgol 713} 4/8 -06 0.03 48
vy 78} 413 -06 0.03 48

ol7iA e} o} 4/14 0.3 0.01 41

ol7}Alo} 743} 59 -0.7 0.10 36 o
9IU 93AE 10/25 28 0.12 36
A e ] 10/26 26 0.09 38
SFUy ¢3E3 11/6 42 0.23 40 *
S L 11/6 37 017 41 *

r BRAF, SE: BEQA}, pi H9)8-E(+ax p<0.001, #+ p<001, * p<0.06)
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2AA N719 ARAFA)E ¢ o 01~0459)
BEE Holv 723 AEAE A7l AARAS
(e e 0170239 £XE Hoj EF A&
A A7 W3} 712E AE8AE Al71e ws}
wot o fog #HE Holn gldw & 4 gk
ol #HH Hohgrle] AEARE sl Ay
AR ez HE 7IFHEE AEAE A)7)9
vzl yehda Qledl, B3 AEAEd Hig) 7}
&3 AEAAE A719 WSyl @ HEscH Walther
et al., 2002).

B3 7hee] AEdst 54L Bss A&7
A A)719] W3t e seksr] djstd B 48
AFAFSPD} 7H ABAAASAPDY] wis}
AsS EASL. <E 1>9 AHE nigoz
SPI= {3} Aol FAHoR fog dlsl A
2, g, Wx, EFol, wivFe] wolrl7|e} 7
ve], Age, W] sz 7] F F 97 A EAA
A719] HHoz AHosgen APIE ©EL}E9}
Lol dFAEY Al7)e HAgez AHoay
o} oju] & B AEAAE A7|e} Zol7} 2w ¥
g}-go] AL olFtAole] FEAIZIE A A
A A 2latqch

<Y L B AEAAE A9 AUz ws
Age motaly] Y8t 19212007 F9he] B
AEAEASF(SPDY AAIE walE Jeld 7o
o A A9 SPI ¥algo] 2% 29 oz A
AL A7I7E 4BART e FAlolt i
S} AF<] SPI Wgkgo] -319/10d22 UFAA
© FA7F 7P F3iEe, MEx SPI9] #iglgo]
B30Y/10822 B ABAA A7)e w2
e BAF 5 QUok AF9} ZE = SPle) wslg
o] Z}z} -149/104, -152/10d28 23 A2
A A719 W3} Zo] & A uls] FH} Y
E A AHEAEY A71A wisl EAS BY
S xdlo] YEAT hEAo]HA WS
ARk MM SPIe] ¥Wglgo] Q1Ho} 32
Ho 3, Fake] 3FlA SPIo wslgo] 2}
o $elvete] R WS 9A)ske AF9) u
9 ZAtols BF SPIo) wWigo] AN 23 A
A A719 st Felsic dallgke) B g
X9} AF9 SPI WL WE A vls)
o F, SPI9 713 AAE wsE E8 o

SRS NEIES X A15H A|35(2009)

8l 4. 22 & ASAEXISPIY Helg
(Q/10, 1971~2007, ‘o' 22 AR AFL o557
p = 00644 #elgh)

AqEg WEAM B3 NEAE A7) $3A
A 7%e] ¢ Faisi

<3 e BE AEAE A)7)9 ¥ Ao
T 2E 5A4L Hos] Sstd H2 B A
AFZF(SPL, 1971-20073) 9] ¥3lg E¥E Y
B Zlojo}. tiRE #ZX|HAM SPIF &9 3
SF FHZ BH HEAE AVE dFARE 34
ojct. ¥slgo] 71} & ¢FM 54Y/108e 2
B2 AEAAE A7 FEA d9AAT ok
AG9HoE HYE ¢HF, Fo|, £ 59 A Us
JFFELAF FY FRUF A &1 5
o A UF F dialE NS A 39 kg
SPI9] ¥ig}go] At} sigtolMe Fafigte] ¥83)
AT FolA SPI9] Wglgo] A AFE H2o
38 AEAE A7 s A7) wgeg 2
THd 3). HE 7isir7)e] Wisl gk 2A%
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A3t 9 FASE AN S 324 @
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p = 005014 freldh)

FARSE #E vk Aok

7He ABAAAF(APL 1989~20073)E i
AQo A Feo] g 7REE AEAA At =
ojz e Ado|thy 5). Walgo] Mg 2 HE
oA 1249/10802 7Fe3E AEAE A2t §
B8 FoAa ik 1 thgog HY B &
Ah el 99 FelMx APIY w3}eo] 10€/10
d ooz 712E AEAA APt RoAle F
Holch, B3 AEAdH:= g 7123 AEAH
& Rl &4, R 59 gl 553 2o o
28 59 Mgk Ae3 JFY FH WE 3
T 5 MEF 2 UE®Y ohlzl 4% &gt
= W37} Falsic)h i) Jal), o, g AF
59 daligtolME APIS] Walso] 0o 71T},

4. A 712340
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o] #AE metsr] flste #SAHE 19, 24, 3
o] 7+ #7123} SPIE AHEAS AFF 4
To|ch

A A=A SPIZF 293 399 HAvLH
frojgh o A4#g Jepdc 3 Ao A
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T 297 399 st A, mel 33
AEAAEE ol 9 st ARE7] A 2Y
7 399 7129 AA FFE ol o] A|7]9] 7]
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tar & 4 Sk
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BI=TIAXI2IEZIX #1538 A|3E(2009)

oA 3/16 0616%* | -0498** | -0.632** —0Gree 0.39
S 17 0567 | -0689%* | -0.689** ~35eex 047
P2 18 0139 | -03%* | -0341** | -0418* e 016
AF 18 0304 | -0631** | -0692+* | -0.754% e 056
2% 320 0233 | -0548** | -0510¢* | -0500% 350 035

& 321 0309 | -0546* | -0634* | 0677 Py 045
2% 323 0268 | -0694% | -0730%* | -0.770% pye 060
e 2B | -0M7* | 0611 | -0800%* | 0762+ E 057 -
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gt 324 0424** | -07%5%* | -088a** | -0.927+* 38 086
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A8 A7I7E 519 93AAE 7ol FFE
-50%/TE SPI9] ¥is}ge] Aty 44 BEL
2¢oM 399] Hiv)2e] 1T 45l wet B
d HEAE 269 UIARAE AHPow W
o] 71 &},

147) #5279 H#9l Fubee] SPIS Ty Al

Frol 85 #xx p<0.001 ** p<0.01 * p<0.05

ole] ARATE =-0972 SAANCE e Au
AE 2. <39 6>& e SPIg Txe
Zt WgolAe] \A EsE JeEhd Aot} 1945~
20079 F<t ko] 296 39 HF7ILL 10
d 3 04TH dsshe FA90H, 19899 o2
Fo] |AZ} S-A8ic) whE e 77 Fob ghil

)
5 £
o =
A A
1 |

o
A §
R =
3 v
5 -
< -

3

-15 T : : . , . -4
1950 1960 1970 1980 1990 2000
Year

T8l 6. BT B ASHER|SPIL 7[&(Tx)2| #x} HEH1945~2007)

_345_.



Feuet HEAY A719 wis Al B dF

B 3. 712 ASAEXIAPI2} 7|2710| ARkEkA|(1989~2007)

2.2%

o 11/2 -0.040 0.422 -0.191 20 0.11
AF 11/2 0.429 0455 0.050 14 0.16
35 11/3 052 0423 0.011 43 0.11
35 11/4 0.3% 0.689%* -0.111 3.7+ 043
& 11/4 0.366 0487+ -0.19% 2.7 019
3 11/5 0.302 0.114 -0.026 07 -0.05
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s 11/14 -0.028 0432 -0.040 36 0.4
AF 11/%5 0315 0.205 0.072 31 0.03
gk 11/7 0.39 0,680+ -0.015 31% 043

Ty 98 BF71, Tip 108 BF7I, T 119 FA71L, /~ 2AAF, #o8F: « p<001 * p<0.06
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