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Abstract ; Statistic and abrupt analysis methods are applied to investigate tendencies of climate change during 1956 —2003
and phenology of four kinds of trees in 1986 — 2003 , as well as the correlations with mean temperature and sunshine
duration, and afterwards, are discussed the tendencies of the responses of phenological events to temperature change,
together with their differences in abrupt change in tendencies and linkage. Results show that (1) 1956 —2003 temperature
in the study area has risen significantly in spring and winter, in contrast to the summer equivalent that has dropped
somewhat ; sunshine duration has declined most appreciably in summer, next being that in winter, as opposed to the weak
rise occurring from February to April during this period; (2) the occurrence of phenological events ( Leaf spreading and
Flowering) is advanced markedly and so is the Fruit ripening except Melia azedarach, as opposed to a little delay of leaf fall
time but the leaf growing stage is prolonged and particularly from the mid 1990s, spring events ( except Salix babylonica
L. ) are about 10 days in advance and leaf greening is kept longer some 15 days; (3) average temperature is a climate
factor greatly affecting the phenology but sunshine duration plays a minor role except during the autumn when leaves begin

falling. On a phenological basis, it is found that a about 6-day interval in advance that leads to the extension of green leaves
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by 9.5 —18.6 days occurs for every 1°C rise in spring. Generally, the sudden change in phenology appears after that in
temperature, and the curve after abrupt point shows temperature rise for spring phenological events happening in advance
and longer green-leaf stage. As a result, the phenological response to climate change is remarkable and through study to
understand the relations between climate and phenology, it is likely to provide some theoretical basis for agricultural practice

and the monitoring and assessment of ecological environment.
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FKEA(P4) LgrtHA(PS) , H7E 1988 SEFEANFFFE BEHA RIBR SR 2 ¥ iR SR AN SR SR BRI , AR AE O 17 1,
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TEFBBRMNT , dy BT RENEIES , Horh B EF07 250 512
E(dy) = N(N-1)/4 : (4)
Var(dy) = N(N -1)(2N +5)/72 (5)
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i}, 3 B N T [ A2
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£1 BRKERTHEBMEE (1956 ~2003 4)
Table 1 Tendency rate of meteorological factors during 1956 ~ 2003

T H Item 4E Annual % % Spring E % Summer #Z Autumn & Z Winter
{R & Temperature 0.032*** 0.027 *** -0.006 *** 0.019 *** 0.032**"
%7K Precipitation -0.007**" -0.004 *** -0.007 *** -0.004 """ 0.009 ***
H B8 B} ¥ Sunshine hours -0.052*** -0.024*** -0.045**" ~-0.031*** -0.042""*

* % % FORRHMFHEET 0.005 5K The linear trend tests are significant (p < 0.005, * * )
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K2 A RAXEMYEPELBEE (1986 ~ 2003 4F)
Table 2 Phenological events variation for four kinds of woody plants during 1986 ~ 2003

FiH hem P1 P P3 P4 PS
w1 FEHHHY Average date 98 61 67 333 240

#RYEZ Standard deviation 7.38 5‘. 71 5.10 4.85 10.42

JI % Trend ~0.10"** ~0.06 ~0.02 0.09*** 0. 14"
W2 FHHE Aversge date 7 82 98 342 276

tRHEZ Standard deviation 10.34 10.29 14.37 8.61 12.44

{8 7] Z Trend -0.09*** -0.13* -0.09*** 0.05"** 0.12***
w3 FHH H Average date 109 124 284 314 211

#RYEZ Standard deviation 5.99 6.37 13.81 5.76 9.38

i [7] % Trend -0.10**" -0.10** 0.03 = 0.01 0.09***
W4 3 H ) Average date 101 116 248 326 228

t3YEZ Standard deviation 7.79 6.33 11.09 10.44 16. 06

i [%] # Trend -0.10**" -0.10*** -0.20*** 0.10*** 0.15***

W1 £ B4 Populus tomentosa Carr. , W2 Il Salix babylonica L. ,W3 M melia azedarach, W4 #i|# Robinia pseudoacacia L. ;P1 ;B H BEHA leal
spreading, P2 : FF {E 85 B full flowering, P3 : 5 32 R fruit ripping, P4 ; 38 M- 5K H leaf shedding, P5 : 4%t} leaf green phase; T[] the same below ;
* ok ok x x % JPBIFRAERREGET 0.05,0.01,0.005 {5 K  The cormelation coefficients are significant with p< 0.05( * ), p< 0.01( *
*),p< 0.005(* * x)
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Fig.1 Departures of leaf spreading (a) and full flowering phase (b) for four kinds of wood plants from 1986 to 2003

PERBHL(HEIT 0.05 MFEEER) , BB ATH ELRKEBEH (W) EH(W2) B (W3) fI# (W4) The oblique lines

represent the trends and all of them are significant at a level of 0.05; W1 to W4 are same as table 2
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1, BT MR SRR R AR 2 ~3 A S RABHELERBE™ M5 1A 3 A A
(FEXTFYMEIN S ) P HEE | B R R S &N D EARHEERT 7 0. B REnh
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BB HAEUR, X T BB B FRIAREY R B RER T, TEPAAEY N RBMHIE ~ 10 Af, B T
ZH, B H R B R TR R R E R E K MRS E 2R 1 ORI EA A RE S B E R, BB 1
TR AU, O T A HCR R, (R v B T 9 MR35 R AR e B IR A R R B, RIS B
— 6 fERERIE 0.05 MEEAR, RIS I SRR EENEIHA X S5 LR
IR, BV EASS, R TREF &, HEHYSHHZK . QTR B, Y5 B RETHE
FIZE, HFFAERE 5 B B AR —BUARR , OV RELR R, RS MR 89 P33 i B, o LA BT A9
H B aE T RS, KBTE 2 A B4 A X eI B BEENMERH R, W H 250 L%, m
TEX/NB B, IERVF S YT IR MARBR B Z 5 i 1 B B, iX iR B BEXHE YY) B — R S, R AR 1E
A, B R, YRR, EEmEERERE.

®3 SKRERSEMAFEYEMURBHEXREY
Table 3 Correlation coefficients between meteorological factors and phenological phases of four kinds of wood plants

SREXR Y
Meteorological factors Species Pl P2 P P4 P

1 wi ~0.71*** ~0.83"** -0.64*"* 0.16
w2 ~0.62*** -0.76*** ~0.56 * -0.00
w3 ~0.84"** ~-0.727** 0.17 0.12
w4 ~0.68** ~0.83** -0.15 0.35

il w1 -0.62*** ~0.66**" ~0.52 * 0.26
w2 —0.72*** -0.82*"* ~0.74*** 0.36
w3 ~0.81*** -0.79*"* 0.43 0.18
W4 ~0.83*** ~0.87** -0.25 0.45

Tl -12 Wi 0.518 *

W2 0.713***
w3 ' 0.572***
w4 0.682***

s1 Wi -0.19 -0.27 ~0.45 * -0.26
w2 -0.42 -0.58 * 0.00 0.34
w3 -0.40 -0.19 0.08 0.49
w4 ~0.09 -0.30 0.44 -0.37

$3 Wi -0.07 ~0.30 ~0.52 * -0.69
w2 0.22 ~0.39 -0.37 -0.07
w3 ~0.46 * -0.11 . 0.07 0.54 *
w4 0.07 -0.09 0.42 -0.08

SL-12 Wi ~0.45 *

w2 -0.18
w3 ' -0.08
W4 -0.19

T1.73.T1 - 12 355" MEE6 1 A (513 A SEEIRE; H BEE(S) BT A SBEMRE T1 and T3 are average temperatures of the

one and three months before the phenophases respectively; T1 ~ 12: Annual mean temperature; Sunshine hours(S) is represented in the same way as

temperature; | [ the same below

2.3 YRR B AR A e B

Mt 48a REMSHIRE , ELZMKERESZ AR EE, X H &4 EMX , XBr B, KB EY e T
MARBR B SRR B , T FL AT T 5 B 5 SR BER AR ATTRE , YR XHR B i R iR o Uk, B
MR, FFAE R R A S R (AR L T 0. O1 {7 BEAG IR, DR L L5 % 1 ot B9 B P 3 Y BEF 2Z 1E
I YRR B R AL IR /N (F 4) . HERKN:

Ad = AP/AT,Bfi:d /CiHH Ad AHEUKREL, AP YBIIBEF, AT ik BEHF

YA 1 AFHREFR 1°C, R JFERM 2 FIHRHT 2.6 ~3.6d,2.7 ~4. 6d, Y1Fp Z A AL 0B 7E 0. 8d
~1.9d Z I8 RT3 AFHREFE 1°C, B FFERM 2 HIHRHT 3.6 ~7.9d,3.9 ~9.0d, ¥ Z [A] R ALIR
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BEM 3.3d 2S5, 1d, FEYEXTHI 3 A-VFHEE Km R AR LET 1 AR, XUl FEYR I 3 A
210 B AR LRI, A YA HRE TR 1°C, K 9.5 ~ 18. 6d, BEARTW BB H /), Rl &
Ko BRHEFYREZEANEHY, BEYYREAR , SBOHEE Z SRR R E SR, S X
BRI ALYE R A AR, M)A A R E , R S 4 A RE R i I8 B 2 3 AR R AL
W S A YR BRGSO, ST 48 R B AE S TR R BN ™ B Y — R PSR
2.4 YRR IR 5278 W B ®4 NEMBRNTLAR

BT REMN—FRBRES (BTS2 {b#s  Tabled The change tendency of phenophases according with air
) BKER K 5 B 5 — MR e A (B Figy  temperature (V)

L) MRS, AN RN gty SR B B B
R H— A G R 2B, ERE, S v e g
% ¥ A M-K R 55| AYHME2E T, AR5 AT w3 ~2.6% 2,47
&S, X B R FIEr 1 A B3 ARE, & w4 ~2.8%  -2.8*""
PR HIR B B AL R AT T R, UF, ™ L N S
UV R FFE AR i, lEZ [ SR w2 T7eTT -9.07
%E‘é}f—io w3 -3.8**" -3.9***
w4 S50t 437
B & MREBRE X RI B R EM A i o goee
BRI, BT ATE AT S T G300 5 45 V0 2 w2 15,77
S (F2), HARFITER S, WE2 haT &, 4F w3 9.57"
PHEBETE 1993 4E 5 FFHRZ 5 L FF, 58788 R 4 7E 1994 W 8.6

~ 1995 £ 2 [8, M4 2 SCHR P A THE BB FHR B 7E

80 4EfRH), RAERATEPFEY S ™ AT, MR E R RA M ER Y, MY S Bh k£ T Bk,
HAERTERERERELG  MYSHNERIN T — SR BSE, A IRENS, RESHRAELER
BERELG , BEMTE 1994 ~ 1995 48, AT 1989 SE70 4, B RIBRADTE 1997 £ 64 . JRA T IERRII Y
RAL G — AR ETERT | ASET 3 AREREZ G, BB 56 1 ARBERETRRLREE, E4& LR
BREREN—FEZN, PR HBR T REL(ERS) .

R5 RHOME) &MASH A3 AREARES
Table 5 Jump points of leaf spreading, full flowering and temperatures in the former one and three months

T(P1) T1-3(P1) Pl T1(P2) T -3(P2) P2
w1 1998 1994 2000 1993 ,1995 1992 1994,1997, 2001
w2 1993,1995 1992 1993 1993,1995 1992 1992
w3 1998 1994 1999 1990 1995 2000
w4 1998 1994 2000 1998 1994 1997

TI(P1).T1 -3(P1)FRFEIERBI(PL) FIARAAT 1 A 3 AREMREL;TI(P2), T1 -3(P2) JFF{EEBI(P2) B iiiar1 A 3 AR
BEMIZEAs 5 TI(P1), T1 =3(P1) represent the jump points of temperature in one and three months before leaf spreading phase; T1(FP2), T1 -3(P2)

are those before full flowering phase

M EESHTE S, O kA R — R REREREZ G, MAAERMEEE , N3 — N AETH,
Yy X S A S A B 187 HL A8 BBURR:, BB X [R) A B AT — B B 18] A4 AR Ak A HE AR R A SR, R I T 4 A 1Ay X 38
SBEAEAE— MR bR , (HR AR Y R 9IRHITH R
3 it

TE 24 AR e T , 1986 ~ 2003 4EXB MY ERE R 4 T AR E ML, BRASC YRR
SR e Bl 3 4, (H S R R YRR AT, R AT, IR, @M I E K KL, 5 Kramer!' |
Frank'"™! #RTHES" X B EWIRRAE K BHREISEAN -5, TERATERRZHBXERE EA#&

hitp : //www. ecologica. en



414 Midd S R HAE SR AR AR AL AW L 1477

#7E 20 142 90 SERLUS L B o e up

MR IR AEABFR R IL TR, R o
FAERMA T, X 5 Sparks!™ &5 B AL BRI 0] o T e
B BN AT MR e 5, s e
MEE BRGRE T AN EBTRREARITL 2ty s o
BIFRRIR, B EIER, BREWBESILAMNGS 2 2b e RS
AR R F R — SR T Ahas™ BRI 2 2o oo aestimats
SURIERANEENGIEIMGZIRA2 -3 5 0 et et
A A ZFIHGEBEH XA RIB 456, 28T 3 A P48 e e o
BETHR L C Rt FFIEEEM S BISRHT 3.6 ~7.9d,3.9 o T e U
~9.0d, BALAREE I — SRR RBER 40, i Frank 7| B s
0 %2 ~4 T GRETHRS 1 °C , I R 1 iy Vear
SEENIRRAT Sd 2 ARV N BB M RIRAT 1 ~3d, T

B RBIER BRI R g | et e
B SIS AR B SRR IR, ot
XA AR TR B REIRAKE TR MK B R 3 Z ¥ \°oo 58 @oo%ﬂ
F% s AR R R E K . Z 0 o ]

SRR EREZ MK H SHARA, Y 5 .
RIE SREREARIFORBRR MEASERS 2
SRARAE JLAE BRSO AT, R 2 SR M —TRE & 1 T T TR T
F— A ABKIRR, MR G R T L NBE, BB £ Year

BRESBEREMBRE LR LHAEETFSHKER , ARY 7
HAE S AL Ak A AN [R] B 9
4 NG temperature are shown in a and b

(1)1956 ~2003 4ERYSMRZAL AR ETHFI B B UF.UV 2RIFF)E MR 0 2 %, W1 W2 W3 W4 R HY
Bjﬁ?p%ﬁz%ftﬁ’ ﬂ{ﬁfﬂ%&?’i%%ﬁ\ﬁé%ﬂ”‘%% g 5% 2 A UF, UV are their positive and negative variable
Hﬂﬁ ,Eéﬁ)ﬁ%ﬁ?[‘%, ﬁ?ﬁiﬁ)ﬁ%’}‘{ﬁ& 90 £E1Jc tendency, respectively; W1 to W4 are same as Table 2
ML ZERE—H Y HRERETHRENEE,
KEHIK ,BAE2 ~4 AFFEHRBRES A EE MK ERLBEEARE,

(2) B JFIESAIRRTRA B, R BR AR S 2L AT 3, VRN SIS A R, sk P RE K, R A 2 AE 90 £
FEH, HEZYRINEAEER 10d 2246 (BREWS) SR ENA LR

(3) EEZYRIALIEE KB, TREEH TEA ST EE N, W T KEFEEYRE;
HZY e Ba (= A B RUR BE ) A998 BEIR 50 52 R 88URK , THTAR #4351 ) BT s e 4F B RO | IR B AR
M. BEXHEOYIEERAE —ELW S RAES, B RGN, YRR, HE2mRaRERE.

(4) MEPHRE AN B UK BT ERA 1 ~3 AREMEW, BESHE 1 C, YRR 2.8
~7.9d,2.7 ~9.0d; % FLE, G LT 1 C,PEHIEK 9.5 ~ 18.6d, AR Fh Z W] H) 4 30 B 0oF 30 B i)
R EH LR —B HEB L R ZERIR K,

(5) PFIARAE S — A BERE R Z G, T HAN R BREF)E , 32 B W X SARZE Ak i i 7 bG8
R, ATV g PAG R IR S AR AT AL B — TR AR , 15 R xS i i 25 FIECK , O S PP R IR AL T ##

B2 abESFYSMAREFHSE M-K ST i

Fig. 2 M-K statistic curves for leaf green phase and annual average
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