55 44 55 6 10 S & 7 i Vol.44,No.6
2024 4F- 3 H ACTA ECOLOGICA SINICA Mar. 2024

DOI; 10.20103/j.stxb.202304070698
LR AR B, A L, G PR I AR 10 4 e B O AL E (i BT AR AR 24T, 2024, 44(6) :2479-2494.

Miao L J, YuZ W, He Y, Zhang Y Y.Spatiotemporal variations in vegetation phenology across Chinese major cities and its response to surface temperature.

Acta Ecologica Sinica,2024,44(6) :2479-2494.

o ] 455, T A A 0 1 22 0 R B X M SR U B ) T e

ZmAET 2 ER AT 5 KRFM
RIS TR R B, I 210044

FEE LA R 5 T AR Z A1 5 R AR R A SOE NI A S R G MW EXEE , LI E 35 AT KR 4 X3
RSN G, e T 4 B R A5 6 3 AL ( Moderate-resolution Imaging Spectroradiometer, MODIS ) $2 fit i 5 — {1k #i #% #8 %X
( Normalized Difference Vegetation Index, NDVI) , SR ] Savitzky-Golay 3 I FI 3l 25 50 {5 1= #2 B 2000—2020 4E4F 57 X AH # 3& 7 1
(Start of Growing Season, SOS) FIAl #{ 1] (End of Growing Season, EOS) . F-7 AN [R1 S i MRS AN [7] 1 785 388 i B0 L 90 00 A 2 A Xof
[ifi 3th s 2 HRL B (Land Surface Temperature, LST) 5 AN /K 1 ( Impervious Surface Area, ISA) BJMR N 255, BF5T & B . (1)2000—
2020 4F , H EI T X A % SOS 1 EOS 435112k 0.17d/a F1 0.15d/a A8 AR MR IR MR (9 A m] , JR3mi i A mb 258 3 v
W MR TR ORI BRI T AN T R TR, 519% B3R T AR B SOS $2 71T, 3B 404 75 b A b 75 Jb B g &8 Hb,
X, Fo Al b IR T AR B SOS #E3R (49% ) ,80% I T A Bk EOS #iR . 25 W] & | AR &SRR &5~ F i b DX 3 T AEL 9 SOS L P b b
XE (T4 91 K) , 1l EOS W GG (I T-55 314 K) i PEFRFIALFF S i % SOS (T4 91 X) Fl EOS( RT46 314 X) 2
AHBLAS s (2) BRIk BRI, 63% 1 30 T 3 I AE 9 SOS 42717 (0.6—4.3 d/km) , 60% 1Y 1 T & B0 M A 4% EOS #EIR (0.2—
1.9 d/km) ; (3) FrA T2 LST ¥R B K, 2 ALST &34 K 1°C,S0S 421 6.8 d, FkZ= ALST A1 1°C ,EOS #ER
1.5 d, SR SOS 5 ISA (5 L B E AN, ISA 5 K 19% , 9k SOS #2717 0.253 d, # ¥k EOS 5 ISA (5 [k 3 IF A1 56, ISA
mi LR 1%, 1i8% EOS #E3R 0.106 d, BEAF AR FUAS A T AR B 908 X6 LST AT ISA M R A7 AF 22 5, AT A Rl
FER I GERT LST F1 ISA 7 L iy ey 17 L At 4af i B8 Ay SRR 3R MR AR Tl R K3 7T 6 SRR 68 8 D AR 33 % LST 55 ISA [ Lk
M 7 B A R A

54817 : MODIS NDVI; #5254k ; M 3 B 5 R /K T 5 IR T Ak 5 v EEL gk vl

Spatiotemporal variations in vegetation phenology across Chinese major cities and

its response to surface temperature

MIAO Lijuan”, YU Zhiwei, HE Yu, ZHANG Yuyang
School of Geographical Sciences,Nanjing University of Information Science & Technology , Nanjing 210044 , China

Abstract: Quantifying the relationship between vegetation phenology and urbanization level is crucial for exploring the
impact of human activities on urban ecosystems. Here, we focused on the vegetation phenology of China’s 35 typical cities
and their surrounding areas. Based on the Normalized Difference Vegetation Index ( NDVI) provided by the Moderate-
resolution Imaging Spectroradiometer ( MODIS) , the Start of Growing Season (SOS), and the End of Growing Season
(EOS) were extracted from the study area from 2000 to 2020 by Savitzky-Golay filter and dynamic thresholding method. The
spatiotemporal variations of vegetation phenology in China’s cities were analyzed in their urban-rural gradients, and the
responses of phenology to Land Surface Temperature ( LST) and Impervious Surface Area (ISA) in cities with different
population sizes were compared as well. Results found that; (1) between 2000 and 2020, the SOS and EOS of urban
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vegetation generally exhibited a delaying trend with rates of 0.17 d/a and 0.15 d/a, while the SOS of megacities,
megapolis, and small cities advanced particularly. The SOS of most southern cities and some cities in North China showed
an advanced trend, and over 80% of the cities’ EOS delayed. Overall, the SOS in the eastern and southern plains appeared
earlier (average at DOY 91), while EOS appeared later (average at DOY 314), and SOS and EOS in the western and
northern urban regions expressed an opposite trend. (2) In 63% of the analyzed cities, SOS advanced as the distance from
the urban area shortened (0.6—4.3 d/km) , while in 60% of these cities, EOS delayed (0.2—1.9 d/km) as the distance
to the urban area decreased. (3) The spring LST of all cities presented a consistent increasing trend. For every 1°C increase
of ALST in spring, the SOS advanced 6.8 days. For every 1°C increase in autumn ALST, EOS delayed 1.5 days. There was
a significantly negative correlation between urban vegetation SOS and ISA proportion, with a 1% increase in ISA proportion
causing a 0.253-day advance in SOS. Additionally, there was a significantly positive correlation between the vegetation EOS
and ISA proportion, and when the proportion of ISA increased by 1%, EOS delayed by 0.106 days. Furthermore, there were
differences in the response of vegetation phenology to LST and ISA in cities with different population sizes. The influence of
LST and ISA in the megapolis and big cities was higher than that in the other three size cities, indicating that the vegetation

phenology in the megapolis and big cities was more sensitive to LST and ISA in the urban-rural gradient.

Key Words: MODIS NDVI; phenology; surface temperature; impervious surface area; urbanization; Chinese cities
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Table 1 Classification criteria of urban categories for 35 cities

WX AN TN

Il Il okt /A IIREERE
. Number of permanent - e
City type . . Number of cities Classification results
residents in urban areas
HFBRINT Megacities >1000 3 dent, B Bk =
PRI T 500—1000 ” I N BN VA SN D= - 7 7 N
Megalopolis MBI R A R R A
RITT 100500 3 R AR PR KW S8 ARSE AR
Metropolis FE B R 2 M R A T P AR
AT Medium cities 50—100 2 HE Ak
JNYETT Small cities <50 3 KB N hrp®

1.2 Bl E
1.2.1 MODIS NDVI

MODIS ( Moderate Resolution Imaging Spectroradiometer) NDVI 7=/ MOD13A2 ( https://Ipdaac. usgs. gov/
products/mod13a2v006/ ) 1 3% [& & ¢ i1 KSR (NOAA | National Oceanic and Atmospheric Administration ) $&
ik, LA [R] AR (E) 20 BE A 53 5000 1 km 116 d, ] 32 2000—2020 4F , 1280 4 AT I 1) |32k 23 ) 53
Predss e A, FLBE) 12 I FH A B R Sy T g
122 HIFRETOR

2000—2020 4F [t M Hb 2 3 B ( Land Surface Temperature, LST) %XB}2K H NASA’ s Terra LA fY) MODIS =

fit MOD11A2 (https ://Ipdaac.usgs.gov/products/mod11a2v006/ ) , ZERAESLAL T 23 [B1 3R A 1 km | B [E] 43
e 8 d MG IR A T R Rl R IR B 80, DRI T F = (3—5 ) MifkE=(9—11 7)) P2

Sk, Herf 2000 4F MOD13A2 7 il 4 T 2000 4F 2 A 19 B FA7E MR EAR B, 189 e+ 5 08 I i e I 2%
PEAR B AN E I ] | 2k 1) 08
1.2.3 Sl A 5Ok

T i SRR IR TS M B AT 4 2020 4F & A 1 43K i1 44 8 (GUB : Global Urban Boundary)
(http ://data.ess.tsinghua.edu.cn/) , GUB J& N BR & 70 HER 19 At A5 /K 1T (ISA ; Impervious Surface Area ) i
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Fig.1 Schematic diagram illustrating the extractions of phenology from NDVI time series using SG filtering
NDVI ; JH—{b A #35 5X Normalized difference vegetation index;SOS;ﬁ%sliﬂ Start of growing Season;E()S;ﬁﬁEﬁ End of growing season; NDVI . :
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AP =P, - P, (7)
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VT LST XHE B 5, 2 b B3R vk  THRIR X BB IX SR ARl LST 22 5%, AU T .
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T P — T2 1t [m1 A 23 B 7m0 b 2 IR g e By, HERR =R
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o, BAR & o W HLERIR B AR iy AR S E Gk R, 2 k>0, BI 5 IA 32 b 3 TR kIR | k<
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Fig.2 Annual variations of SOS and EOS in all cities and its five categories during 2000 to 2020
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Fig.6 Boxplot of the average values of SOS and EOS across urban, suburban, and rural area in all 35 cites and their five categories
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Fig.7 Annual variations of spring LST and autumn LST in all 35 cities and their five categories during 2000—2020
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