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within urbanized area leads to more prominent spatial heterogeneity of urban plant phenology. The spatial
unevenness of leaf coloring date (LCD), the end of deciduous trees’ growing season has a far-reaching
influence on the annual carbon sequestration of urban vegetation and the primary productivity of urban
ecosystem, also causes spatial variation in the autumn seasonal aspect. Therefore, the spatial heterogeneity of
leaf senescence is one critical cut-in point for monitoring urban ecology and landscape dynamics, and
deserves profound exploration. Regarding this point, this research aimed to explore the spatial heterogeneity
characteristics of leaf coloring date (LCD) and the phenological response to thermal environment of
underlying surface in the highly urbanized Beijing City. [Method] This research selected five autumn-color
tree species as the research objects that distributed in 9 green spaces along the urban-suburb gradient in
Beijing’s northwestern urban area. We applied ground phenological observation to collect the LCD data
during 2017-2019, and collected thermal environment data by retrieving MODIS land surface temperature
(LST). Then, we analyzed the spatial difference of LCD and its correlation with the autumn thermal
environment. [Result] (1) the LCD of various tree species in Beijing’s urban area occurred during mid-
October to early December and clustered in early and mid-November, with the species order of LCD ranked
as follows: Fraxinus pennsylvanica, Acer truncatum, Ginkgo biloba, Metasequoia glyptostroboides, Salix
matsudana. The LCD for female ginkgo trees occurred significantly earlier than male ones. (2) The LCD of
various species gradually advanced from the central urban area in 2nd Ring to the outskirts beyond 5th Ring,
with the spatial range of LCD reaching (10.1 + 0.3) d in average. A significant phenological difference
existed among different sample plots and the LCD outside of 4th Ring occurred significantly earlier than that
within 3rd Ring. (3) The LCD of various species showed a significantly positive correlation with the mean
LST in autumn-LST, (P < 0.01), which means the high accumulation of surface heat in autumn can drive
leaf senescence to delay in Beijing’s urban area. The response sensitivity of LCD to the spatial variation of
LST, was (4.11 £ 0.83) d/°C with F. pennsylvanica and M. glyptostroboides as the most sensitive species.
[Conclusion] The leaf coloring date shows a significant response to the spatial variation of surface thermal
environment in Beijing’s urban area. UHI effect represents the microcosms of long-term climate change, and
the phenological response to thermal environment variation in urban area can reflect the potential impact of
future climate change on plant phenologys, i.e., a space-time substitution.

Key words: leaf coloring date; spatial heterogeneity; urban thermal environment; land surface temperature;
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Tab. 1 Data in leaf coloring date (DOY) of various species during 2017-2019
FEHs Sample plot
g 7. e _ _ It e sde =l Lo _ _ -
kil i TR BAE AR AT KINRATE b AR Bl AT 1B A SR
Tree species Year Beijing Botanical Summer South Olympic Ditan  Yuyuantan Beihai Jingshan Taoranting Longtan
Garden Palace  Forest Park Park Park Park Park Park Park
2017 287.5 289.5 290.0 297.2 297.5 297.5 296.0 295.1 298.0
VR 2018 295.0 297.2 298.9 305.0 303.7 305.5 303.0 306.3 303.3
Fraxinus 2019 299.3 300.5 302.1 308.0 304.7 307.0 306.5 307.0 306.5
ennsylvanica
by 344
293.9 295.7 297.0 303.4 301.9 303.3 301.8 302.8 302.6
Mean of three years
2017 301.5 302.0 302.5 309.0 308.5 311.0 305.0 309.0 311.0
— 2018 299.3 301.5 302.3 305.1 308.2 311.0 310.0 310.7 311.0
PINES
Aeer truncatum 2019 308.1 308.0 309.0 3135 3113 3160 3125 3142 3143
RIS
i 303.0 303.8 304.6 309.2 309.3 312.7 309.2 311.3 312.1
Mean of three years
2017 312.5 312.3 313.8 318.0 319.0 319.4 317.0 318.0 321.0
KAz 2018 311.0 308.0 308.8 318.0 317.8 322.0 321.0 319.5 321.5
Metasequoia 2019 313.2 311.5 312.5 319.5 320.0 319.0 318.0 321.0 319.6
lyptostroboides
P 34
312.2 310.6 311.7 318.5 318.9 320.1 318.7 319.5 320.7
Mean of three years
2017 3222 324.1 3254 330.0 331.8 3294 330.0 331.3 333.0
g 2018 319.7 3239 3233 328.5 327.5 327.6 329.0 330.8 329.6
=
Salix matsudana 2919 318.0 319.8 319.0 3250 3254 3276 3260 3273 3265
RIS
il 320.0 322.6 322.5 327.8 328.2 328.2 3283 329.8 329.7
Mean of three years
2017 302.6 305.5 306.8 308.3 311.9 312.8 311.2 309.4 3124
s 2018 304.7 308.0 307.0 311.0 311.1 313.7 311.5 314.7 312.8
H
Ginkgo biloba 2019 306.0 305.1 307.5 310 3146 3144 3128 3132 3131
RiCoa %)
i 304.4 306.2 307.1 310.1 312.5 313.6 311.8 312.5 312.7
Mean of three years
2017 297.4 304.3 303.0 305.8 309.1 307.0 308.2 309.3 308.0
FRAS IR Q 2018 299.7 302.5 300.0 304.8 308.4 308.5 307.4 309.3 309.0
Female 2019 301.2 303.0 302.7 305.9 309.0 309.0 310.7 307.8 308.5
G. biloba
3Ty
299.4 303.3 301.9 305.5 308.8 308.2 308.8 308.8 308.5
Mean of three years
2017 307.4 313.7 310.6 317.0 315.6 315.3 314.2 317.8 316.0
§ 2018 310.5 313.5 313.0 315.7 318.0 317.5 3154 318.2 317.6
AT bR S Male
G. biloba 2019 309.6 313.7 310.0 3152 3190 3184 3170 3176 3175
RS
il 309.2 313.6 311.2 3159 317.5 317.1 315.5 317.9 317.0

Mean of three years

VE: R SRR W R AE EX E RS PN 22 BERR B9 1% 17318 . Note: phenology value for each sample plot takes the average phenology of multiple
sampling trees in the sample plot.
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Fig. 5 leaf coloring date of Ginkgo biloba in various sample plots
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Fig. 6 Mean LST of autumn (LST,) in various sample plots of Beijing’s
urban area during 20172019

BT AH S 23 BT R TS W T K € e SO X AR K
ZeE IR M L 7D, S JTEAR R OfERR &
FERRD IKAZ . SR (B8 3 B 5 3 FE L RK Z o1 1)
HiiR 2 B EA (P <0.0D). XEIIL T FMX A
TR 25 3R SR XoF 5 b P Rk 2 % LA I 35 1 I 1)
SR EFK 22 R0 O v 6 O3 X, K 68 i 0 M
W T E b T P O AR A DU B 7, K E A e o %
WK i Bl 5 LST, HIAHIG R EL » P38 (0.94 +
0.02); LA TE R F15(0.88 + 0.04); [\ IH &
5 246 5o R ) S BB |20 (4011 £ 0.83) d/°Cs
RUFEHTE] 1 °C MK IR 27 24 S 80P 411 d 1
RO 2 52

5ANBEBR R, RS KA A R KR
T4 135 P R 5% 1 B AR A 5 G 43 0N 0.97, 0.95) T
IR B v (| 43 70N 4.48, 4.54), FWIH G FZ
PRI A% [R] 22 e 1) Wi 87 B DA R o T R A K S
550K 2 R TR B TR O e AR o o7 R B 5, R
A5 RERR R K £ ke 5 1 b K 2 b IR P A OC SR 8K
r SRPERLE T R B BRERURR | ke [P SRAR T A AR
b, 3K 5 b pA A [) R A R o PR € R A AR R
PR IA) 22 7 A K
39 b
3.1 deREHX BRI 2 8 2R R E R A

AHIEFE A AL 5 IR X P 25 AK AR Tl K £
SR b ER P B RO X A P AR A LR AR
PR AT, IR 25 Ak 10 d LA b, AR K K £ 5 30
ERENERFFREP <0.0D), BHL=IFNFEHIY
L QER= 3 R e UTE A T Ee e N e = S ETE 7/ 7S
ZE R AN TR M s X — 5 B SR T B 52 3R 3
[ K 2 3R A5G 22 R L (P < 0.05). 1)
BRI 72 45 20 tH28 80 FEAC AR, 24 i AL ik
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Fig. 7 Correlations between leaf coloring date of various tree species and average autumn ground temperature (LST) of the sample plots
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