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Abstract; The response of vegetation phenology to urbanization and climate changes is one hotpot in the field of urban
ecological effect research. Climate changes is expected to alter seasonal biological phenomena such as vegetation growth and
animal migration, so vegetation phenology is regarded as a useful indicator to track climate changes. Recent years, many
related studies have focused on the long-term response of arbor phenology to regional climate changes. Our research focused
on the impact of urban climate change on early spring herbs flowering phenophase with spatial variation. Based on the
observation of the flowering times of 7 kinds of early spring herbs from May to June in 2012 along the northwest urbanization
gradient in Beijing, this paper analyzed the flowering phenophase change characteristics and mechanism of early spring
herbs in the urbanization gradient. The results showed that early spring herbs flowering times were affected by the
urbanization process, like woody plants. The average flowering time of the herbs within the 5th Ring Road was 2.3 to 3.6
days earlier than common cases out of them. But the flowering duration and rate of 7 kinds of early spring herbs did not
distinctly change with the urbanization gradient, with the exception of the longer flowering duration and faster flowering rate
of the herbs between 3th and 4th Ring Road, which might be explained by the new center of the urban heat island caused by

the high speed of city construction in this area. The advanced time of the flowering phenophase time changed with the
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urbanization gradient, that is, the closer to the city center, the earlier of flowering time. Especially the flowering end time
was much clearer than the flowering starting and flourishing time. Moreover, the advanced time of the flowering phenophase
time of the early spring herbs had a close relationship with life forms of the herbs, which means, perennial herbs were more
sensitive to the urbanization gradient than the annual herbs regarding flowering phenophase. It was induced that spring herb
flowering phenology has remarkable response to the accumulated impact of urbanization process and the resulting urban heat
island. Based on the temperature data from Automatic Weather Stations along the northwest gradient in Beijing, the
correlation between the average advanced flowering time and the mean temperature ( MT) and accumulated temperature
(AT) was examined. It was found that both the Pearson coefficient of MT and AT were no less than 0.85, but the
coefficient of AT is larger than that of MT, and the Pearson coefficient of the correlation between AT of 5°C and the
advanced flowering time was the highest and the value of Two-tailed test was the lowest. It was tested that where was closer
to the city center, both MT and AT became higher that lead to the flowering time occurred earlier, however, more
dominantly affected by AT, especially AT of 5°C. The results contribute to the conclusion that urban heat island during the

urbanization process has distinct cumulative effects on the phenophase of herbs. It is suggested that future studies should

give more emphasis on the cumulative effects of urban heat island on urban climate change and vegetation phenology.

Key Words: urbanization gradient; early spring herb; flowering phenophase; response; urban heat island
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Table 3 Main features of the 7 early spring herb of Beijing
vy AR A F J& 1 1t HEPEG
Name Growth type Family Genus Florescence Color Importance grade
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Table 4 Average flowering time of the 7 early spring herb in samples
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Fig.3 The change of average advanced time of the flowering phonological of difference early spring herb in the urbanization gradient
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Table 5 The relationship between different early spring herb and accumulated temperature ( AC)

— B A /N | B SR 5= el AL TR 2 bl
Name 0CRUR  SCHUE  10CRE  OCHEUE  SCEUR  10CEM  0OCENE  5CRUE 10 CRUR
- I 0.998 * 0.999 * 0.998 * 0.998 * 0.998* 0.997" 0.999 * 0.999 * 0.999 *
T 0.035 0.034 0.035 0.038 0.040 0.049 0.031 0.029 0.032
A P 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 0.999 * 0.999 * 0.999 *
T 0.004 0.004 0.006 0.007 0.002 0.002 0.028 0.024 0.026
R P 1.000* 1.000* 1.000* 1.000* 1.000* 1.000* 1.000* 1.000 * 1.000 *
T 0.014 0.013 0.013 0.013 0.013 0.013 0.016 0.015 0.015
FER P 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 ** 1.000 **
T 0.004 0.002 0.002 0.006 0.006 0.006 0.007 0.007 0.007
BEFh P 1.000 ** 1.000 ** 1.000 ** 1.000* 1.000* 1.000* 1.000 ** 1.000 ** 1.000 **
T 0.006 0.006 0.006 0.016 0.015 0.016 0.007 0.006 0.006
i b 3 P 0.999 * 0.999 * 0.999 * 0.999 * 0.999 * 0.999 * 1.000* 1.000 * 1.000 "
T 0.022 0.021 0.022 0.024 0.024 0.024 0.012 0.011 0.011
T P 0.998 * 0.998 * 0.998 * 0.987 1.000* 0.999 * 0.998 * 0.998 * 0.998 *
T 0.040 0.040 0.040 0.104 0.019 0.021 0.036 0.035 0.037
T 0.018 0.017 0.018 0.030 0.017 0.019 0.019 0.018 0.019

% P<0.05, =% .P<0.01; P JZ/RIEAFERE, T, SR TR ; T: T F-41H; P: Pearson; T: the value of Two-tailed; T'; the average

value of T
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Table 6 The relationship between temperature factor and average advanced time of the flowering phonological in the urbanization gradient

LT FAEY 53 FR T BEAH OC R AL PIGIBIAR O ZR 8L
Temperature factor Flowering phenophase Slope R? P
IR WER S hY: 3 4RI Fs -0.11 0.73 0.887 "
Mean temperature over one month B Ff -0.11 0.78 0.893 **
K] Fe -0.15 0.83 0.870"
Hir 2 H PR LA Fs -0.15 0.71 0.909 **
Mean temperature over two month K Ff -0.13 0.76 0.905 **
B Fe -0.13 0.81 0.903 **
5 C R LA Fs -5.20 0.61 0.859** | =
Accumulated temperature of 5 degrees Y Fr -6.41 0.68 0.911**
KW Fe -9.59 0.75 0.859*

* P<0.05, % * P<0.01, * * * P<0.001

(2) A5 B A B T 140 200 B B2 2003, 302(5651) ; 17191723
ﬂ:ﬂ@i%ﬁ'ﬁi?ﬁﬂ%ﬁ]?éﬁ%,%’EFEEEZM‘E%XHL [ 3] Walther G R, Post E, Conven P, Menzel A, Parmesan C,

Beebee T J C, Fromentin J] M, Guldberg O H, Bairlein F.

yﬁﬂi ﬂ:ﬁf’ g 6] ﬂ@ @ Hﬁ#ﬁz A ﬁ — ﬁi H % ZIK Gitl % i Ecological responses to recent climate change. Nature, 2002, 416
S 7 LT PR B2 A B %7 (6879) . 359-395.

59C *Hﬁ*ﬁ;é‘l‘i%gﬁo ﬁtﬂi;&ﬂﬁﬁi*ﬁ%%’@é%ﬁﬁﬁ [ 4] Zhao Z C. The changes of temperature and the effects of the

urbanization in China in the last 39 years. Meteorological Monthly,

FEH I B O S T A IR AR S T A 1 R B 1991, 17(4) ; 14-16.
ﬂﬂ%ﬂ%%o [5] Xie MM, Wang Y L, Fu M C. An overview and perspective about
(3> jt_l?_ﬁ__j 7 ﬁ?‘%% ﬁ*ﬁ%%%ﬁﬁ?#éi HTJ_ I»EU causative factors of surface urban Heat Island Effects. Progress in

Geography, 2011, 30(1) . 35-41.

E}F%ﬁ%gﬁx%ﬂﬁfﬁ/f&*ﬂggﬁﬁzﬁﬂiﬁﬂs,,fE%E [6] Li RP, Zhou G S, Zhang H L. Research advances in plant

=3, PUFRRRE I T A6 B S 28 45 22 1) ] BH i [:[_/‘/ﬂ\:rﬂg X phenology. Chinese Journal of Applied Ecology, 2006, 17(3)
SRAEAR , HF A6 T 3 e, 6T B 5 30T A1 R I IX 8 1 “jffmeHIMl t .
N, N , . . . N enuelas J, ella 1. enology: responses to a warming world.
i 25 JE A3 T R TR B Bk T IS A O, ROk Science, 2001, 294(5543) ; 793-795.

ﬁﬁ%){%iﬁ_ﬂ}%%y&fﬁ iﬂ-{l}ﬁ”ﬁﬁ*ﬁ}% . i}jﬁﬁﬁ‘ﬂl\‘ ul% é]\ [ 8] Bail, Ge QS, Dai ] H. Response of woody plant phenophases to
%ﬁ Ll &*ﬁ%ﬂ:fﬁﬂ:ﬁ% 1iF %iﬁﬂ%%ﬁ*ﬁ%%’fﬁ climate change for recent 30 years in Guiyang. Geographical

o o o N Research, 2009, 28(6) : 1606-1614.
Eﬁiﬂsﬁgi}uﬁ*ﬂ%u’%%*nzﬁﬁi}ﬁﬁiﬁz‘jﬁg%ﬁﬁﬁm [ 9] Badeck F W, Bondeau A, Biticher K, Doktor D, Lucht W,

E}F%O Schaber J, Sitch S. Responses of spring phenology to climate
change. New Phytologist, 2004, 162(2) : 295-309.
[10] Menzel A. Phenology: its importance to the global change

ﬁiﬁd‘ : Egi%jﬁlg% \iﬁ¥¥% N iﬁj%‘ N iyk %ﬁ: S 5 % N ng:KZIE community. Climatic Change, 2002, 54(4) . 379-385.
%]ﬁj%%ﬁni}%‘]ﬁﬁ o [11] Chen X Q, Li L. Relationships between Leymus chinensis

phenology and meteorological factors in Inner Mongolia grasslands.
References : Acta Ecologica Sinica, 2009, 29(10) : 5280-5290.

[12] ZhongSY, Ge QS, Zheng J Y, Dai ] H, Wang H J. Changes of

main phenophases of natural calendar and phenological seasons in

[ 1] Platt R H, Rowntree R A. The ecological city: introduction and Beijing for the last 30 years. Chinese Journal of Plant Ecology,
overview // Platt R H, Rowntree R A, Muick P C, eds. The 2012, 36(12) : 1217-1225.
Ecological City: Preserving and Restoring Urban Biodiversity. [13] JiangJ F, Wang H L, Wei Y G, Ding W K. Response of different
Cambrid; University of Massachusetts Press, 1994 1-20. type plants’ phenology to climate change in East of Hexi Corridor.
[ 2] Thomas R K, Kevin E T. Modern global climate change. Science Chinese Journal of Agrometeorology, 2011, 32(4) : 543-549.

http ; //www.ecologica.cn



6710 GO O 34 %

[14] Huang Y X, Lin S H, Han R Z, Yao Y Q. The effect of 298-306.
urbanization on growth and development of plants. Acta [31] Chen X Q, Zhang F C. Spring phonological change in Beijing in
Phytoecologica et Geobotanica Sintca, 1988, 12(4) ; 256-263. the last 50 years and its response to the climatic changes.

[15] White M A, Nemani R R, Thornton P E, Running S W. Satellite Agricultural Meteorology, 2001, 22(1): 1-5.
evidence of phenological differences between urbanized and rural .
areas of thep Easterjl United States deciduous broadleaf forest. SEH:

Ecosystems, 2002, 5(3) ; 260-277. [ 4] BZEZ. 39 FhE AR STk m. <4, 1991,

[16] Zhang X Y, Friedl M A, Schaaf C B, Strahler A H. Climate 17(4) : 14-16.
controls on vegetation phenological patterns in northern mid-and (5] e, TADME, AR 3l 2 U B B 2 52 i) DR R F 9
high latitudes inferred from MODIS data. Global Change Biology, . MBI R 2011, 30(1) ; 35-41.

2004, 10(7) : 1133-1145. [ 6] ZE5RF, JAT M, wRE. MY WEUr TR, N E S

[17] Zhang X Y, Friedl M A, Schaaf C B, Strahler A H, Schneider A. 2, 2006, 17(3) : 541-544.

The footprint of wurban climates on vegetation phenology. [ 8] HIh, B4k, 8B E. 5t BHA ALY P05 X5 <A 25 1k 1 i
Geophysical Research Letters, 2004, 31(12); 1-4. L. HEERFSE, 2009, 28(6) : 1606-1614.

[18] Ziska L H, Gebhard D E, Frenz D A, Faulkner S, Singer B D, [11] Bk, 20 AN ERERYRSR LN TFRER. A8
Straka J G. Cities as harbingers of climate change: Common 24, 2009, 29(10) ; 5280-5290.
ragweed, urbanization, and public health. Journal of Allergy and [12] fhér@, B4, B, BER, THm. I 30 4405 H AR
Clinical Tmmunology, 2003, 111(2) ; 290-295. DIi £ A5 0 0 2 AR Ak B OF L Al W AR S AR R,

[19] Chen Z. Effects of Urbanization on Phenology of Spring-Flowering 2012, 36(12) . 1217-1225.

Plants [ D]. Shanghai; East China Normal University, 2011. [13] 94577, TR, BREE, T SCRL. T POE I 4B R 2 AU A

[20] Yu X Q. BEIJING STATISTICAL YEARBOOK. Beijing: Chian YGRS A A AR B e . P E RO R4, 2011, 32(4) .
Statistics Press, 2012. 543-549.

[21] HeCY, ShiP]J, ChenJ, Zhou Y Y. A study on land use/cover [14] FEARIE, MR, HhogE, WK Wbyt KA T8
change in Beijing area. Geographical Research, 2001, 20 (6) : oM. AW A S S A A A, 1988, 12(4) ¢ 256-263.
679-687. [19]  BRA. Wb x &I W mnsgm [ D]. B, BRI

[22] JiCP, Liu WD, Xuan C Y. Impact of urban growth on the heat LK, 2011,
island in Beijing. Chinese Journal of Geophysics, 2006, 49(1) : [20] FFEZ. R WEHIH4ELE. b, PESGIHE AL, 2012.
69-77. [21] fAIFRBH, SREEES, MR, J995°. Jbatil X 4 Al i A 227

[23] QiuJ X, Wang X K, Lu F, Ouyang Z Y, Zheng H. The spatial A5, HFRIFSE, 2001, 20(6) : 679-687.
pattern of landscape fragmentation and its relations with [22] ZB42F ) XMBZR, FFEAR. AL et i A gk 6 3 T 4400 i 52 i)
urbanization and socio-economic developments: a case study of 5. HERYIER2E4R, 2006, 49(1) : 69-77.

Beijing. Acta Ecologica Sinica, 2012, 32(9) : 2659-2669. (23] fUiCB, EXFE, 23R, BRIz, WA o solaen ik

[24] ChenZ, Chen DM, Zhu D G, Cao L, Shen X H, Li J X. Effects SR IR AR Bt 2 28 B S R KT B9 96 R——LL L RO IX
of park size and plant community structure on urban park air ). AR, 2012, 32(9) : 2659-2669.
temperature. Chinese Journal of Ecology, 2011, 30 ( 11): [24] BRI, BEFfi, RKAY, Wk W%t 2R MR SHY
2590-2596. TSR SR X ol i 24 el AR A 2 . AR 3R e 2R R, 2011, 30

[25] Li Y M, Zhang J] H, Gu R Z. Research on the relationship (11): 2590-2596.
between urban greening and the effect of Urban Heat Island. [25] ZE#EW, skyEAn, iEEE. dLRThl ek 5 3R 50N I 56 R T
Journal of Chinese Landscape Architecture, 2003, 20(1) ; 72-75. 5. EEM, 2003, 20(1) ; 72-75.

[26] Zhang X F, Wang Y L, WuJ S, Li W I, Li Z G. Study on land [26] kAN, TADEE, Rad, 22108, 250 . B s iR
surface temperature vegetation cover relationship in urban region: B E S E B R —U {’ﬂ?i)llfh‘jﬂﬁﬂ iﬂfﬁﬁﬂ:%,
a case in Shenzhen City. Geographical Research, 2006, 25(3) : 2006, 25(3) . 367-377.

367-377. [27] ®HEM, HER, BIAE . JEaOR X WA FA R ) %

[27] Meng X S, Cui G F, Ouyang Z Y. Species composition and their Tl 26 il B AP ) P ok 3. AL AR B ST, 2004, 29(1)
protection of plants resources in the built area of Beijing. Hebei 11-16.

Journal of Forestry and Orchard Research, 2004, 19(1) . 11-16. (28] W) T2, AR T, Jb5TH X T $05  BE AR Ak X X el 7 B

[28] ChuZ Y, Ren G Y. Change in urban heat island magnitude and FIAYREN. G244, 2005, 63(4) : 534-540.
its effect on mean air temperature record in Beijing region. Acta [29] bk WfeEfe S W i N . TR EE M, 1991, 5
Meteorologica Sinica, 2005, 63(4) ; 534-540. (1): 50-52.

[29] Shen Z. Application of phenology in ecological monitoring. Arid [30] ﬂl[ﬁ!{ﬁ, [XA”lKH;&i?S, fﬂﬂé, ﬁ?l{ﬁé, FRERE bR X A B Y
Environmental, 1991, 5(1) ; 50-52. TSN S S 23 1] 45 4. I T A2 35 2441, 2009, 20(2)

[30] ZhaoJJ, Ouyang Z Y, Zheng H, Xu W H, Wang X K. Species 298-306.
composition and spatial structure of plants in urban parks of [31] BR&kak, skamd. 35 50 AEdba &Y A8 b SO S s

Beijing. Chinese Journal of Applied Ecology, 2009, 20 (2):

fergmang. dERE S, 2001, 21(1) ; 1-5.

http ; //www.ecologica.cn



