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The phenological responses of plants to the heat island effect in the main urban
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Abstract: In this study, we aimed to reveal the impact of the urban heat island effect on plant phenology in a mountain
city, To this end, ground observations of the phenology of 80 woody plants were conducted from January 2016 to January
2017 in the main urban area of Chongqing, and Landsat 8 thermal infrared data as well as concurrent temperature data were
used for classification of heat island intensity. The result showed that, compared with a cool island, the urban heat island
has led to an advance in the transition zone and heat island zone for spring phenology (5.1 and 8.1 days for the timing of
leaf expansion, 4.0 and 20.8 days for the timing of blossoming, and 4.8 and 11.6 days for the timing of flower fall,
respectively) , and a delay for autumn phenology (8.5 and 18.9 days for the timing of leaf fall, respectively). Furthermore,
the growth season has been extended. Differences existed among functional types in response to urban heat island effect; the
sensitivity of shrubs, evergreens and exotic plants to urban warming were found to be higher than that of trees, and
deciduous and native species. Our research, to some extent, fills the gap in the research on phenology in the southwest area

of China and might provide an early warning for predicting the phenological responses of urban plants to future urban
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microclimate changes in mountain cities and even to global warming trends.

Key Words: urban heat island; mountain city; plant phenology; functional type; response
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Table 1 Basic information of the object plants

Lk PN

’fﬁ%. ﬂ TR/ HEAR Evergreen/ zt;i/% I ﬁl
Species Family Tree/shrub deciduous Native/ exotic
122 Michelia alba DC. A2 Fk i 7| i
Bk Amygdalus persica Linn.’ Duplex’ TRk AR Jx A+
TEWI Salix babylonica L. LR EIN ot 2| Fh
M 225 Malus halliana Koehne R BN st GIp
k-H% Rhododendron simsii Planch. kRS IER} A e N
FH7 Robinia pseudoacacia L. HE FiA et 1
KAENET Gardeniajasminoides Ellis var. grandiflora Nakai. P ERL AR Wb N
FL3E Elaeocarpus decipiens Hemsl. RS AR Hok A+
K858 Schefflera heptaphylla (L.) D. G. Frodin TR WA WG 2| Fif
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ity B Foasik ok KL/l
Species Family Tree/shrub Evergreen/ Native/exotic

deciduous
WM Liriodendron chinense (Hemsl.) Sarg. AR EIN ot GiE
ZJv K 22 Magnolia soulangeana Soul.- Bod. AR FrA Pt 5| Fh
47 Platanus acerifolia (Aiton) Willd. BEAR SN ot 2| Fh
B TRER Osmanthus fragrans ¢ Fodingzhu’ AR iy N o 2| fib
SZ M 258 Koelreuteria bipinnata Franch. TEFR FrA it A+
FJB Broussonetia papyrifera (L.) L'Her. ex Vent. g EIN & A4
] % % Magnolia grandiflora L. K22 B FivN o 2| i
HEAE Osmanthus fragrans Lour. PNEE FIN GES 31Fh
WA Pittosporum tobira ( Thunb.) Ait. WAL R A o 2|
FR Michelia figo (Lour.) Spreng. NS HEAR ok 51
2135 FE Excoecaria cochinchinensis Lour. Kk E HEAR s 2| i
LI Acer palmatum 'Atropurpureum’ BRI HEZN A B
ZL4%K Loropetalum chinense (R. Br.) Oliv.var. rubrum Yieh a2y iny HEAR Hogk 2| F
L1 Armeniaca mume Sieb. R EIN ot &
£ 28 Prunus Cerasifera Ehrhar f. atropurpurea ( Jacg.) W R AR A 2| F
L1 4718 PhotiniaX fraseri Dress AR PN s &+
WM Sophora japonica Linn. BOB IR FrA E &+
H B Ficus virens Ait. var. sublanceolata (Miq.) Corner R EIN ot &
EAEME Sophora xanthantha C. Y. Ma 2Rk /N &t 5| ff
#3f Vite negundo L. T R WA s Kt
K Pyracantha fortuneana (Maxim.) Li R HEA b3y A<+
4 PR T Ligustrum japonicum Thunb. * Howardii’ AR A s [
S %3E Duranta erecta L. * Golden Leaves’ R BEA Wi 7| Fh
4 M2z BT Ligustrum X vicaryi Rehder PN HEA by A
W HF Chimonanthus praecox (L.) Link AR AR ot 2 Fh

W5 A6 Jacaranda mimosifolia D. Don Y EIN ot 2| Fh
SR B &% Michelia chapensis Dandy A ik Wk 2 i
B Melia azedarach L. B FA ot a4
N E Serissa japonica ( Thunb.) Thunb. PRl A Wit 2| Fh
WU Podocarpus macrophyllus ( Thunb.) D. Don BIUAE ik ok 2| Fif
# KA Cuphea hookeriana Walp. T 3R A Wit [
AZEHE Hibiscus mutabilis Linn. HZER A Al 3|
KHE Hibiscus syriacus L. HiZER} HEA ot A
B RAT Nandina domestica Thunb. INEER} WA i A+
4 VT Ligustrum lucidum Ait. KRR A Wi A+
MAE Eriobotrya japonica ( Thunb.) Lindl. R AR WG A+
KM Celtis sinensis Pers. ek FrA o A
#H X Cyclobalanopsis glauca ( Thunb.) Oerst. o3 TrA g e
EO?;?H}EE :/;blz;;r:;r; odoratissimum Ker-Gawl. var. awabuki (K. A " i i
HAIGAR Cerasus serrulata var. lannesiana ( Carr.) Makino R PN &t 5| ff
=AM Acer buergerianus Mig. TR TrA &t B Fh
114S Camellia japonica L. 258k WA (53 K+
LLUBRAT Alchornea davidii Franch. Kkt HEA T &+
IHBAE Cerasus serrulata (Lindl.) G. Don ex London Rl TR T 5| Fh
R4 Michelia maudiae Dunn PN R R 31 Fh
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iy B Tk /RN LAl
Species Family Tree/shrub Evergreen/ Native/exotic
deciduous

K55 Mahonia fortunei (Lindl.) Fedde INBERL A o 4
A1M Punica granatum L. ag i EIN #nt GE
IK EhTHEBE Syzygium jambos (L.) Alston Bea it SN GES 517
IKAZ Metasequoia glyptostrobides Hu et Cheng R TR SANS K+
Bk Amygdalus persica L. R EIEN n 517
KAFE Cinnanomum japonicum ( Diels) Sieb. TRk TR gk A+
WEAE % Chaenomeles speciosa ( Sweet) Nakai R TR yE Nt 2| Fh
USeR): Distylium racemosum Sieb. et Zucc SR AR Wk <+
FE#R Firmiana platanifolia (L. f.) Marsili FEAAE A b2y KA
B Camptotheca acuminata Decne. W AL EIN &t K+
K1Y Rhododendron obtusum (Lindl.) Planch. KR AL RN A g i
4 Cinnanomum camphora (L.) Presl. Fikh EIN Wk A+
/N Ligustrum sinense Lour. ZNEE S HEAR EM A+
JNMHKE Ficus microcarpa L. f. e ZN Wk AT
JNH-HTAH Phoebe microphylla H. W. Li Kkl A Wi At
EBEW Bauhinia purpurea L. P EIN Wk g1#h
F4E Bougainvillea spectabilis Willd. LREFR N g 2| fif
A Ginkgo biloba L. AR EIN Tt A+
W Jasminum nudiflorum Lindl. RS HEA it At
Y Gleditsia sinensis Lam. =EF EIN o &+
YET Gardenia jasminoides Ellis Rl A s 2
T [ Bischofia polycarpa (Levl.) Airy Shaw PN EIN ot A
9 Cercis chinensis Bunge 7SRk HEAR RS 2| Fh
S Lagerstroemia indica L. RREES A ot 2| Fh
LBk Amygdalus persica L. * Atropurpurea’ R AR - &
4% 2% Magnolia liliflora Desr. N EIN ot A

1.2 SR E SRRy

e 2016 47 A 10 H % Landsat 8 55 10 i BEAE Jy i BEILT SNBSS i R IR AR i 5 o0
p128, 1754 139, ¥ K I T rh E BF 2= B 1A LI 45 15 8 o0 i B 23 (] 5l = F & (hitp . //www. gscloud.
en) o N HIREEKIE EVNI AR T WAL R | 254 TR AR T T IX S 500 , A B e sy A ko)
PEATHE U R, RIS, T 2016 4E 7 H 10 H 2R JH Kestrel 4000 T30 XUH AL KF 31 ASBIFFERE H 52 1) it B
T30 AE L | B3I Z8 R b P RR B0 P i 2 RS [R) e 48 3—5 R s b A7 00 5 RT3 (R AR 2R B S 23R
SR JE 38 KA SPSS Xof SEM a5 ) AR -5 5 T8 174 1t 3 Y B T A7 IR0 U5 2 A, AR ASHF 9 X AT o0 A R, AR X
(4 B SCTRAEAE S o) BRI B T A B B B AFDGT 44 5 5 J3 ( RHILL, relative heat island intensity ) , A< fF 5% 1 ()
L 5 B AR AR AR UL BT 248 RHIL, 7E ArcGIS10.2 HXT T o8 A b 5 30 B 58 B o0 A [l B 45 28 Jin 434, 2 B
B AR B (B, SR S (B AR 25 S ) i T R A SR S
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T4 BN 339.4 K, 347.9 K,358.3 K (WE 3),
I BRI R T 25 0B AT RN AN TR BRGSO T AR ) R
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001 ) , ATt & DX R it HE 405 3 9 IX 5 405 XA ) e it
A XA IR AT T 5.1 M1 8.1 K, M0 AEHA 43 4%
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SR BT BAER T X R 2
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( I, 4) R Fig.2 Distribution chart of the UHI intensity of Chongqing
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Fig.4 Differences in phenology between trees and shrubs under different UHI intensity level
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Fig.5 Differences in phenology between evergreen and deciduous under different UHI intensity level
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Fig.6 Differences in phenology between exotic and native species under different UHI intensity level
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