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A 18 R LR AEIAE 2001-2012 4 AR FTAS, HA —FEDHES RS, 782 E AR
MK A 720l i, A 89% Nl 5 T # (Syringa chinensis) URAEHHTE 1965-2001 47 5 42
HEF, BRUNHLIX, 78% % JE it U W AN 4R AL 191 P H17E 1971-2000 4F [ $2F"" . 78
RILT AU ZE RS, e R B, BRI L AR A 4R A6 A 7E 45 Hh DX ] i A2 f b s
PORTE], (HAS AR A BRI AR (L ) FBRRAE . XTI S, CTAEMI K E AR L 3
FIFFRA A, R A s e X FF S T TAE . B0, Dunne %5938 i 5256 77k
KI, FEEPBHD R Z N AV 5 1 ) 37 S PR T AR AR, AR A K
FHEK s Crepinsek 5" E L, EHIESCUE W AT X, 1994-2007 4F i [a] K 05 A )
W (Corylus avellana) AL JE HAEAIRTEE 1) 1969-1979 AF-I R 8 4 s A8 P [ AR oY
MURRAHLIX., Zhao SF"WFFT | Z R AH A BE AR L, R INAE 1973-1999 4 [HIAN[H]
YA AT BB . BRILZ AL, KO A AE R B AR b 1 o DLARGE

BT i E Y 7 IR, AR SCRGEWESY T 1963-2012 4F i [E 42 4k
23 PR AAEY A BE AR Fa S, i T eI AR B I 25 6 Sy . ] 28 55 28
Walo WFFTEs SR mT B AR AL 5 T B AE I B AR (R R AR, RIS AT S 4 L%
it YR S P T R A v S R A S R L A

2 FdmS ok

2.1 MIESSZEE

A3 B Ao B e >k UE T rh B s I ) (China Phenological Observation
Network, http://www.cpon.ac.cn/), HF[E]EE A 1963-20124F, 2% M 4% (WL AE 1969-1972 4
F11997-2002 4 WA~ B B A5 r v B, DL 504 i o5 T 3.0 5% 19 400 i 5000 A7 70 AS T R B8 1Y) e
RN B, AT AR A RET, B ET  EEEE AT IR e, DASRAR I R 5 B
JSEEETERL . TRIERRIELN T

(1) FIridk WA S A 0, U RT BE A3 A 76 8 Z2 Bl o5, DU T3 A AE AR AR BRI 23 4% )i
PRI, ASSORE A il s5 8 1 8 AN R 55 5

(2) THEDMEAR AL A ER Y P9 — 2 RO B, 75 DU S A A AS
HARFEM., ELUEY A, 5 UL SAEAEPRE™ ™, L, AR SCR I AR
BULF 1S B AR IR AL AT R 5 BB

Zead DL it B, W S A 23 R (K1), e s (K
4), Hps 17 MR, SHEAR . VFEEARY . FEARY A 1A, RS
AT AT, WA A TR BB XS L o 275 T A Sl s RV Rl AR U6 RN A A I Rs) [
FER o 44T 259 55, TEXLBEES T, 67.57%HF AR IR 4E /0 A 7E 1963-19704E 2 [a],
Y 45 AR E B TE 1995-1996 4EF12010-20124F, 4351 5 A 5119 30.89%F148.65%
(Bl 1a), FHHCEEARALIGEE R 15~474F, BRI R 24.434E (Kl 1b),
22 ARAZE

TP AE I S R H8 — RR A ) NS — 2 A6 T i 2 e J — 2 AE T BR B g s (R 0, R
PP I G AR AR A T2 Rt el AR

FD=EFD-FFD (1)

K. FD., FFD M EFD 53 R EE | AL A .

BRI (1) TR s I A AE AR B s vk, DA AR s, 1k
W B A AR s A TR PR EE 40T, E A [RlA SRR A AR B B AR T ka3 (d/a) .
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Tab. 1 Summary of plant species investigated in this study
Hs Y4 b T4 LY G SRR SERIFFAE IR

1 B Magnolia denudata DN 10 72
2 bl Amygdalus persica AR 15 84
3 i Ulmus pumila FiN 15 84
4 T Salix babylonica EiN 15 26
5 N 7] Populus canadensis AR 9 90
6 oKt Paulownia fortunei EiN 11 96
7 Fay R Broussonetia papyifera A 11 99
8 7 Armeniaca vulgaris A 10 105
9 S Salix matsudana AR 8 111
10 TERRERAAR Platanus acerifolia AR 112
11 I Melia azedarach PN 15 116
12 Hilt Robinia pseudoacacia EiN 18 121
13 B Albizia julibrissin PN 10 154
14 g gl Ligustrum lucidum A 10 161
15 FEi A Firmiana simples PIN 11 166
16 23 Ziziphus jujuba AR 10 177
17 ) Sophora japonica A 8 196
18 st Cercis chinensis WA 13 106
19 £ Morus alba N 9 109
20 BT Syringa oblata HEA 13 112
21 v Lagerstroemia indica AR 11 180
22 At Hibiscus syriacus HEAR 9 183
23 T Wisteria sinensis Ji%N 10 103

T PEIF AR IR IS A TR A AR Gy A s T ARG M, LUFH (AT H 1T RS HE) #oR. AiGR
MBI RIEAS | G5 BE HOR SRS B i 26 B

160 - a. YR HIR I A AR

80 b. YMEFSIKE

LY

140+ B R4 70+
ired W 9
< _ ~ 50
ﬂm 80 - ngd 404
= 60+ = 304
e 404 # 20+
20 104
0- 0

1960 1970 1980 1990 2000 2010 2020 10

Fig. 1 Frequency distribution of the start and end years as well as length of the phenological series
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WA, IR IBIRARFEAR S SIS e K AR Zs [alAg Ry, 4% IR AL
J7 1) R 554 45 0 1 0 FR o0 4 285 78 (> 0.15, 0~0.15, —-0.15~0, <0.15 d/a),
FEFIH AreMap B2 il 2B F i 2s A . Hak, Dh2ohb ik, Gt AFE S R
SR AR B AR AR A . KA /ME, BFF A B AR T 2 246 5 1 5%
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RV AN [N BE ] A B AR BRI SR IR 2257, 20035825 R A i A5 i i 228
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SRR I (e, PP fi 4

WAL SN S AT, B bgh I e e S— B .

#7 ¥ % I MATLAB R2010b % % ' | | {] Wﬂ

S it | D |
PRI R BESE KRB TR IR rer | 1 T

TFAEAR M BB AT sAE IR IL [ e o FE3 il | S I

KEIERK W e =0 35 (182): IR

© JFAE R IRITFAEA ARG, LT B2 AEMK A T At

%ﬁﬁ\ /ﬂ;ﬁ E/‘J ;J:/% ﬁﬁ ﬁ%ﬁk ; @ 3:|: %izﬁ\ ,B;ﬁ Fig. 2 The probable forms of changes in flowering duration
PERT, TRAERWIER ;. O FARRII A AEARIEHER , EIFERIBIR IR B HE R,
N, AEWHC RGN T REIE A 3R (I&12) . faitl, ARG 1T RSB P81
MR BRI A S RS AR N G R, T ARREAR AT 5E 1. H I8
FIAE PN IT LR R AR AT AR R AR 4 il ARSI AR A Y DR R T REAF A 22 001, T 2K
PRI AE I B R A A B 220 . DR, AR SO AR S5 W AE R LA T 63D
KERBAEAZER . NPT R84 R, B AR AE S AR Y
K153 BA [ 5 OBRTEE , 38 R LLAE N T AE I TR ARG e da) 730, M — Do, LT A
PR AEAR IR R (S A 1TH) Shopfiad, BT 5t sl a ey, T o
PR 3 R BEAEAEA) o

3 LRSI

3.0 K ERETLES

MAEHH BE 7 9 AR A a3 () SR AR, AEIR B 07 91 B 8 2 F 48 i T
G, 259 AWK AR L P S, 38.61% 1741 S 4 ki dh, Hodb B 35 4056 1 5 9.65%
(£2, E3) (P<0.05); 61.39%MEIAEFHIIE, Forb g IR 1Y 5 21.24% (P<
0.05) FRARFTEAMEL, B B E 4 0 LI 22 R, (HRTARIEII B i 3 4
KA H AT 16.29%, (KR THEARR30.91%, X ZWAREARLE IR IE R LS TR A T I i 2%
(#£2),

WAL R, KRR bESAE-1.61 da (FEREH) £1.89 da (@)
fER ) Z M), Hir 59.46% )7 51 A6 K AR AL B 3L XHE /T 0.10 d/a, 88.03%MY
JF ANV AL XHE /N T 0.50 d/a (K13) . Frf R ALK B AR L 34 M 0.10 d/a,
TP R K EAE K 0.10 do FRARMAEIIK B3 A8 b 350 0.09 d/a, ILFHEA

R2 HRKETLERLZESH

Tab.2 Summary of trends in flowering duration

. ERSEY| TrAR HEAR
T O I T S I
F () 100 38.61 81 41.54 19 38.18
Fi () 25 9.65 20 10.26 6 10.91
Fi (RN 75 28.96 61 31.28 15 27.27
FER (T 159 61.39 114 58.46 34 61.82
FE () 55 21.24 33 16.92 17 30.91
JER (AN BE) 104 40.15 81 41.54 17 30.91

e MR ARG RERREHIERT P < 0.05 i W& MK
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Fig. 3 Frequency distributions of trends in flowering duration of main woody plants in China
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Fig. 4 The spatial patterns of trends in flowering duration in China
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SRR ARIH XA . AR X . P RS AR R DX R

A A LS (E4b), FEdiEiX (32°N~50°N) FEHH R 38 e K,
AEALIE 4 0.02~0.26 d/a; fIRERREEHLIX (23°N F130°N [T ) B BEdidm, (Biladhig
55, {-0.07~-0.02 d/a; 7E20°N /A, AEWIRKEARERREK, FHEFER 0.94 d.

WAL S (Kl4c), PTHHHLIX (87°E-112°F) 428 IX 8] Al A6 K B AR Ak i 3k
(0.07~0.94 d/a, F#70.28 d/a) E @& T AKX (-0.07~0.22 d/a, F#0.05 d/a). 7E
113°E., 117°E #1 125°E M AE A 4, (R P28 b 84555 (-0.07~-0.01 d/a) .
33 HKENERTL

AWK AR AT 43R 3N SR BE (FB15) . 1963-19804F, ALK B IE S Ay 7 (i A
FERRZ, P J-1.49 d; 1981-19974F, AERHHK B R F-AE B AN BRSNS
{0H-0.01 d; 2001-20124F, fEHIHK EERE T4 2.48 d, FRUMEIIK B ERK 2R ETE
X—HrBt.

AR R A AFE—E I FP R 2257 (BIS). i, Ak, fp ., oA
TERTPI S BE 1963-1980 4F, 1981-1997 4F 1~V AL K B2 #4331 o -5.10 d . -0.20 d,
A Ak BER T A R M (S50 -1.02 dF10.03 d) . [EEEER S, MK
FERF AR S A A IR 225, 7E LR 3B, MBI BE RS 43h 1.30 d
3.90 dF1-11.20 do X FRIAMER AL BELE RTINS I Bedse i, 7RI T LAR4a %, HAR TR
KT HAY R,

34 RHKETLHERX

FEACHAR B R S8 v, AR IR IR IR B K PR AL AR IR TR 0 69 1> (%
3), ARSI 26.64%, dAEWIIER AR 43.39%, BLAk, FFAELRIHERT . FFAEA
R BTG A FA919.31%, A AEHIER P59 31.45%, XL A3 5 T A 341
A—L B (45.95%) . TEAEIBEGR R P8, FFAE AR I EE AT RS /N T AR A R
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Fig. 5 The anomalies of flowering duration for different plant species from 1963 to 2012
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HIRERE B 624, SIrA P HIRY 23.94%, (AL )T H110 62.00% . L2, JFiE
G40 e A A PRI 2K o 4 0 e 8 G R B3/, 43 A 21.00% 1 17.00%

IR, 25.13% )P IR G R X FHFEARI (383), e E T
K 2R Hk, FFEGRIAHER R /NI AR R AR I K vk 2B X
(17.44%) o HEAH 50.91%09 7 5N FF AL WE I A AL AR AR L B Ay i e 34 . TFAE LRI HR fl
TR BE KT F/INF I A6 R A 45 A 2 BE A9 A 9 43 301 7 29.09% F121.82% . [RIE, #EAR A
27.27% P S AE R ZE K I 2R TFAE AR ISR AT, JHAER IR, X— I B & TR
(19.31%) o

HAEFM AR Y e K A FER WA E—EREN (R4), FIEHPAE
KK 1 FEIE 2SI R AR AU AR B R PR AEA R U AR B, X — 28 5 il )P 3 B
B0 29.38%; M MEAEAIYIAE I KRB i E B0 (33.85%) JEIFAEIRIARTT, JFAER
WIHEIR o (FFAE G AEAR ) A 304 B 40 2 ) =8 B8 S8 R R A GR 0 B $ R RE B /N T4
A B AT

3 AEEFEREYEHKETURR

Tab.3 The forms of change in flowering duration for different life forms

ﬂafi]xﬂc i LB A WA

KM FERIE(Y) TSP %) BN  TIAMH%) I TS (%)
FEDHER>EFD 41 69 26.64 49 25.13 16 29.09

TR FFDYERT, EFDHf:R 50 19.31 34 17.44 15 27.27
FFDH#EIR<EFD IR 40 15.44 33 16.92 5 9.09
FFD HER<EFD 41 62 23.94 49 25.13 12 21.82

sl FFDR, EFDERT 21 8.11 16 8.21 4 727
FFDHER>EFD iR 17 6.56 14 7.18 3 5.45

R4 BUSHBUEEMHERKETURN

Tab. 4 The forms of change in flowering duration for early and late flowering species

. . Ak Wit
fel ez A FEFEL() E 4L (%) FFAVELC) E 4L (%)
FFD{ER>EFD $&Hi 57 29.38 12 18.46
HEK FFD#EHi, EFDHER 28 14.43 22 33.85
FFD#fEiR<EFD iR 36 18.56 5 6.15
FFD{3Rij<EFD 47 44 22.68 18 27.69
] FFDH#ER , EFD R 15 7.73 6 9.23
FFDHEiR>EFD IR 14 7.22 3 4.62
4 e

ARG T 1963-2012 47 H [ 42 A3k 45 259 5 ARAKE YA I B 3 31 (1) AR b
B H, 61.39%MAE K BT F 2T, 38.61%M ALK )P o 240 .
ASCIEE A3, ZielloZEPM R I, 1971-2000 4E R i [X. 29 R 1) 09 48 199 1 )3 Ak
EMIEK A, (HWAAPFIEIS R R A5 IE 110 Bock S50 s B 7 M v Ik (14 AR P
& (Guernsey Island) 85% 4RI ALK BEAE 1985-2011 4R 45l 53y, I H 4 P4
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FiE-1.0 d/a, X559 EFEIKE AP ELESE (0.10 da) AR KZES . XFhER—
77 T2 R FE st B AN TR) S 300, 55— 1 mT e S S A I AR TRl 56 o AR SCIF9E 1)
Wyh 32 rh R WA FE AR A, T Bock 252 BFSE A AP BEALSE R A Y, i35
TR MR AN RIRE XS PR AS A A e AL SR AEAE 22 5, AT S B3 AR
A BIART . HAN, NG IX A SRR B 22 ] rp [ KR 40 M [X i KBy
PEZERAE, MR VY 5 @I PRI . ER RIS, Al A5 %o A% 1D 3 O 54 e
IR 22 5. TEIBVEME M i e, SRSt nT g S Bl AR IR e 28
KBRS, MM EIga s, FEACRIYITE N 2P XL I dE R AR ™Y . 7E A S A 2 7Y
T, FEY AT RERE AR AS B A AR, X B AR S8R A BRI, (HA AR
AEFE BRI, B2, MY SR F B A s A R AT AL B AR FERRARAE I
VST FE R (g A R ) e 2 (B AU, DTS AR B AR A B

SRS, e KA N R AR EMAEYHERZE. EaEdit
IR R, REXHEINK R m i , BT RS S EIEMER . Fln, Miller-
Rushing %% SURBE A0 FMAEAE AR BEE T, SERRET & 1 °C, FEIIRKIEIEK 0.5 do
AW R I TIR 55 T B G IR AT AE K —43%  (Erigeron annuus) A6 ) FF2E R ]2,
DOERNERZHE T, R (Flaniae ) sy (Elanke8)
XoF R AR AR A e S SEINARUERCT e 2, FERIBETFHRE ST, WIS eI
%, MIME AR IR, I 5040k, i E R4 1 X AR E I #EY ) e —
FREE DR T AEIA RS BARIE K I RRIE o BRIBE AL, A WFoT R B SR A 3 K 5 1 AR
A 5 R K FINE B 35 A DU 2 BRI 22 0] RE 2 N KAE Y AE R AL AT RO WA, AT
AR I AL T A s AL B RF LI I BRIELEE . FRoKAN, DERIME . B BRSRAE . FRRKE
SOOI FEUEI R AL AT REH T

R SCR B EAE ALK R B R AR K RS, B4 9.65% B A8 1K FE 1)
W EA AT X R TR SR A W PR R A R b [ 2 50 AR AR AR Ak
AR HIRYE . YRR, FEEHH FIR R T 5 225X AL A BE 19 52 i [] A
EE ARSCEPEA 23 B T BRIEMD . B0, e . CEREA AT AN, HAv 18
FhAE A A Y . X 2EAE Y AL T AR AL e 7 B SRR 2, oz AE AN R 3% 3
X Iz R [T SE M7 RS R R 4 (DA AE XL M B X F o R IR I SE e R, NS
FAL R DA R R AL Ry 38R, R A U oo 7 v mT i s T AR e i) s A < AR 30
KRR T 2 XL OB, i Je i AR R R T AR, AR T
KAFHE—W5E . Mz, AR A ) N 2 P 28 AL AR T 3 SR T B X S A b oA
[ AR AEET, PRk, ] 2 AL A 4% DR 2R W AR I B B 5% Wi 2 R SR i 2 B g — A
],
5 &g

ARIERIIGE T i E FEARAM Y 2 S0 4RI K E 25 fbash, 5007 746
KEEARERY A 004 Jey . BFIRDRNAPRI 22 5%, 6 T e E AR b 2. FEL58A -

(1) ALK ERIIT, KEZBFH) (61.39%) SIERKEaF, Hrp§ &K
1721.24% (P<0.05). HEARLCIARIIE R AL TRAR T N i 2.

(2) eI EEARAAAE A A X325 5 o FEARAURE D . AErp AR AR S5 M X AL 01



13] PS5 2 1963-2012 4FH [ F 2R AEI K E 2 A8 4k 61

AR IFPECE R 2 FERALHBIXLER . Aedb X | PHRE M X RN AE R X R, KR
PR R AE IR A, REBA W L, UK EF bR R iR A, H
HAE20°N AR (094 d/a) s ZREMIAR T, PO (112°E DAPY) #5283 X Al N B 4L
WK B AR e T AR R

(3) eI B W AEBRARfE v] 43 BB 09 3 AN B Be . 1963-1980 4F#5¢%5 , 1981-1997 4F
HZ2AFEEBEE, 2001-2012 4 B F K . (AR ALK AR A i B B 5 HA Y
FEHEES

(4) FEBIK K E 2R AR AL L A B R B R P IR R p R B, X7
3 5 BT AEI B SRR P 51 Y 43.39% 0 AEIUIH 4 19 = B SR R IR I H AT RE /N
FIAEAISE AR, A R4 5751 19 62.00%
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Spatiotemporal variations in flowering duration of
woody plants in China from 1963 to 2012

TAO Zexing"*’, ZHONG Shuying', GE Quansheng', DAI Junhu',
XU Yunjia"?>, WANG Huanjiong'
(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic
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Abstract: Flowering phenology is of great importance for flower tourism planning, landscape
arrangement, and pollen allergy forecast. Previous studies mainly focused on the changes in the
first flowering date of plants, but rarely examined the spatiotemporal changes in flowering
duration. In this study, we systematically analyzed the changes in flowering durations for 23
woody plants at 42 sites from China Phenological Observation Network (CPON) during 1963-
2012. Through investigations on the spatiotemporal patterns, interspecific difference, and the
forms of change in flowering durations, the following conclusions are drawn. (1) Out of all the
259- time series, flowering durations have lengthened in 159-time series (61.39% ), where
21.24% have lengthened significantly. The extending trends for shrub species are found to be
more significant than those for tree species. (2) Most flowering durations in the south of
Northeast China, East China, and Central China exhibited trends of shortening, but those in the
north of Northeast China, North China, parts of Southwest China, and South China exhibited
extending trends. The strongest trend (0.94 d/a) occurred at around 20°N. The mean trend of
flowering duration (0.28 d/a) in western China (87°E-112°E) was larger than that in eastern
China (0.05 d/a). (3) The overall changes in flowering duration could be identified into three
stages: 1963-1980 (shorter), 1981-1997 (close to multi-year average) and 2001-2012 (longer),
although evident difference existed among species. (4) As for the time series with extending
flowering duration, 43.39% were induced by a much earlier first flowering date than the end of
flowering date. For the time series with shortening flowering duration, 62% were caused by a
more advanced trend at the end of flowering date than at the first flowering date.

Keywords: phenology; flowering duration; first flowering date; spatiotemporal variations;
China



