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Abstract: Based on the MODIS land surface temperature (LST) product, Enhanced Vegetation Index (EVI) product and land cover data,
the impacts of urbanization on seasonal variations of vegetation growth (AEVI) and surface urban heat island intensity (SUHII) during
2000~2015 for thirteen major cities in the Beijing-Tianjin-Hebei region were analyzed. The results are as follows: urbanization has
negative impacts on vegetation growth (AEVI<0) in all seasons for the thirteen major cities, and the lowest AEVI (-0.131) was found in
summer. The highest daytime and nighttime SUHII were also found in summer, and the values was 2.594°C and 1.859°C, respectively.
The average AEVI decreased during 2000~2015 with an rate of —0.0038/a, —0.0033/a, -0.0045/a, and —0.0018/a (P<0.01) for the growing
season, spring, summer, and autumn, respectively (P < 0.01). The daytime SUHII from 2000 to 2015 exhibited significant linear increase
with a rate of 0.076, 0.093, and 0.106°C/a for growing season, spring and summer, respectively (P<0.01). The nighttime SUHII from
2000 to 2015 also exhibited significant linear increase with a rate of 0.05, 0.055, 0.049, 0.054, and 0.046°C/a for growing season, spring,
summer, autumn and winter, respectively (P<0.01). The AEVI had significant negative correlations with all-time SUHII for all the
thirteen cities in the Beijing, Tianjin and Hebei region (£<0.01), ranging from —0.959to —0.592. The maximum correlation coefficient
between the daytime SUHII and AEVI was found in the growing season (-0.959), and the maximum correlation coefficient between
nighttime SUHII and AEVI was found in the spring (-0.936).
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Fig.1 Location of the study area of theBeijing—Tianjin-Hebei
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Table 1
the Beijing—Tianjin-Hebei region from 2000 to 2015

The mean value of seasonal AEVI at the 13cities in
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Table 2 The mean value of seasonal SUHII at the 13cities in the Beijing—Tianjin—Hebei region from 2000 to 2015
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Fig.2 The temporal trends of seasonal AEVI at the 13 cities in the Beijing—Tianjin—Hebei region during 2000~2015
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Table 3 Temporal trends of AEVI and SUHII in old urban
regions (the urban regions in 2000) at 13 cities in the

Beijing-Tianjin—Hebei region during 2000~2015
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Fig.6 The temporal trends of growing season temperature and
GPP in the Beijing—Tianjin—Hebei region during 2000~2015

4 Zhig

4.1 HHERE 13 MR FEZEAEVI AH A £
4,2 I AEVI {8 5:/M(-0.131); % 1 K[ SUHIT
B 5 K (2.594°C), I R AH I AE B 2= 19 b 5
(4.499°C), fe /M H BAE 4 2= 11 111 (-0.803 C );
ZERCIE] 1) SUHIL S48 f5 K (1.859°C), 5 i { H IR AE
BRI 1 (3.572°C ), s IR AR A 4 2= 1) K 7
(0.511°C).

42 AFRIZEATIAEVI ¥E R E TRk =
ZEAEVIIE N T B B2 AR T AEVI
(R AR Aok B/ AE KB AR R B E T
B AR 0 T B 43 ) 11,10,10 1 6 4.

4.3 [1R SUHI fEAKZ. HEAMEFLY ST
I EA(P<0.01), o R 3 g am o B
# (slope=0.106C /a,P<0.01), Fk Z= Fl1 & 2= [ AR Ak a3
AL 0.05 32 MEKPA 56 WA 1a] SUHIL (142 4L,
KT, SUHIL 7EAN R 22135 5 3 B i 34,
L 35 2= 1 o 2 B O {2 3 (slope=0.55 °C /a,P<
0.01).

4.4 BRAZFEARINHEZE 13 DMRTTKAEVI B{EH
F1 SUHIT #4484 5 55 3 51 A0 6(P<0.01). 19K SUHIL
5 AEVI ] B 5 AH OG 2 H I AE AR K 22 (7=-0.959,
P<0.01), 717 SUHIL 5 AEVI )5 i AR Pk HU IR AE 25
Z(r=-0.936,P<0.01).

e

(11 R WLEET, 2 S5 MRS 50 R K = M DB
JERLE B B2 (7], MR, 2017,72(4):633-645.

Zhu C, Jiang F Q, Wu L, et al. On the problems of urbanization in the
Yangtze River Delta under the background of global change [J]. Acta
Geographica Sinica, 2017,72(4):633-645.

21 R, VRTINS, A5 O ST DIk 7 A X AP 2 R B R 50

KRR 7). AR, 2017,37(21):7019-7029.
Wang J, Zhou W Q, Xu K P, et al. Spatiotemporal pattern of vegetation
cover and its relationship with urbanization in Beijing—Tianjin-Hebei
megaregion from 2000 to 2010 [J]. Acta Ecologica Sinica, 2017,
37(21):7019-7029.

B] B FEBFIZEA RAEFET GlobeLand30 [4:ki £ H B H
AWM AT GG [I]. WL, 2015,44(11):1181-1188.
Chen J, Chen L J, Li R, et al. Spatial distribution and ten years change
of global built-up areas derived from GlobeLand30 [J]. Acta
Geodaeticaet Cartographica Sinica, 2015,44(11):1181-1188.

[4] A=Th0E, % R DROEU T A b X 15 F M VR I T A S T
ME—UAR BB [T]. AEA2EIR, 2004,24(1):55-62.

Li S J, Zeng H. The expanding characteristics study of built-up land
use along the urbanization gradient in quickly urbanized area:a case
study of Nanchang area [J]. Acta Ecologica Sinica, 2004,24(1):55-62.

[5] Zhou D C, Zhao S Q, Liu S G, et al. Spatiotemporal trends of
terrestrial vegetation activity along the urban development intensity
gradient in China's 32 major cities [J]. Science of the Total
Environment, 2014,488:136-145.

[6] YaoR, Wang L C, Huang X, et al. Greening in rural areas increases the
surface urban heat island intensity [J]. Geophysical Research Letters,
2019,46(4):2204-2212.

[71 Yao R, Wang L C, Gui X, et al. Urbanization effects on vegetation and

surface urban heat islands in China’s Yangtze River Basin [J]. Remote



4 34 R SRR BT T 5RO R ABCR b 2k 17 4 B 1) 5 ) 1833
Sensing, 2017,9(6):540. regulation intensity and urbanization quality:case study of

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

T A R, SLHE R 2. 1989~2015 4FH#E LTl IR BT 55 57 0%
SR AR KA E IR R 1], P EERBERE, 2019,39(4):1734-
1743.

Lei J R, Chen Z Z, WU T T, et al. Spatio-temporal evolution and
interrelationship between thermal environment and landscape patterns
of Haikou City, 1989~2015 [J]. China Environmental Sciencece, 2019,
39(4):1734-1743.

B2 X e, KT 5,4 2000~2014 4R - 5 JEURE W78 26 I 25 A
AFIE TR [3]. B PR, 2016,36(5):1568-1578.

Zhao A Z, Liu X F, Zhu X F, et al. Spatiotemporal analyses and
associated driving forces of vegetation coverage change in the Loess
Plateau [J]. China Environmental Science, 2016,36(5):1568-1578.
Astrom D O, Astrom C, Rekker K, et al. High summer temperatures
and mortality in Estonia [J]. PloS one, 2016,11(5):e0155045.

TORE DT, i 2 B 1 5t DX vl A B i A ST AR AR AIE B A 27
WHLH] [7]. PR, 2018,38(10):1715-1723.

Huang Q F, Lu Y Q. Long-term trend of urban heat island intensity
and climatological affecting mechanism in Bejing city [J]. Scientia
Geographica Sinica, 2018,38(10):1715-1723.

A A 0 G A B, A5 30 T 4 R R 1 AR AR IR VAN
R [0]. HhERRLAUEE, 2018,33(10):1094-1104.

Song S X, Liu Z F, He C Y, et al. Research progress on assessing the
impacts of urban expansion on natural habitats [J]. Advances in Earth
Science, 2018,33(10):1094-1104.

TENY B a0 R IZ KRS KA PMas V5441
TS [J). PIEEREIR, 2017,37(7):2470-2481.

Wang G L, Yang K, Yang Y. The spatio-temporal variation of PM> s
pollution and the its correlation with the impervious surface expansion
[J]. China Environmental Science, 2017,37(7):2470-2481.

£ ISR O A eI R U P R VDA |
AR A ) [7]. HhERE BRI 2E4R, 2015,17(4):
469-477.

Pei F S, Li X, Liu X P, et al. Dynamic simulation of urban expansion
and their effects on net primary productivity: A Scenario Analysis of
Guangdong Province in China [J]. Journal of Geo-Information
Science, 2015,17(4):469-477.

MRS B, 5 18], 45 T MODIS Hb 2 7L 3 1) LS H X ik 1l
PRI A Z RO D] AERURE IR AAFHEM, 2016,52(6):
1134-1140.

Chen B H, Feng Y, Yuan J G, et al. Spatiotemporal difference of urban
heat island in Jing-Jin-Ji area based on MODIS land surface
temperature [J]. Acta Scientiarum Naturalium Universitatis Pekinensis,
2016,52(6):1134-1140.

ZEFE K SO U HE 1980~2015 4RI 1T A F AR A IR 25 B Je
KA HAL [J]. S BFHLER, 2019,39(3):187-194.

Li X Y, Kuang W H. Spatio—temporal trajectories of urban land use
change during 1980~2015 and future scenario simulation in Beijing-
Tianjin-Hebei urban agglomeration [J]. Economic Geography, 2019,
39(3):187-194.

BEAEWN, T BB 5K T S T I PR R i S R A
BIPEYE T (9], AR BEEAR, 2018,33(4):563-575.

Cui X G, Fang C L, Zhang Q. Coordination between environmental

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26

[27]

[28]

[29]

[30]

Beijing-Tianjin-Hebei urban agglomeration [J]. Journal of Natural
Resources, 2018,33(4):563-575.

FHFAE, TR M XREAR, A LT IO -GTWR AR IR 5 Sk T 7
SRR RS R S UK S ) 2 AR AT (0], HLBEAEAR, 2018,73(6):92-
108.

Wang H J, Zhang B, Lin Y L, et al. Multi-dimensional analysis of urban
expansion patterns and their driving forces based on the center of
gravity-GTWR model: A case study of the Beijing-Tianjin-Hebei urban
agglomeration [J]. Acta Geographica Sinica, 2018,73(6):92-108.
X2, A, SR, AE.2010~2015 4 [ L MR F AR A 1 5
W R S HRAE (], HiFE AR, 2018,73(5):789-802.

Liu J Y, Ning J, Kuang W H, et al. Spatio—temporal patterns and
characteristics of land-use change in China during 2010~2015 [J].
Acta Geographica Sinica, 2018,73(5):789-802.

Dallimer M, Tang Z, Bibby P R, et al. Temporal changes in greenspace
in a highly urbanized region [J]. Biology Letters, 2011,7(5):763-766.
Zhao M S, Heinsch F A, Nemani R R, et al. Improvements of the
MODIS terrestrial gross and net primary production global data set [J].
Remote sensing of Environment, 2005,95(2):164-176.

Yao R, Cao J, Wang L C, et al. Urbanization effects on vegetation
cover in major African cities during 2001~2017 [J]. International
Journal of Applied Earth Observation and Geoinformation, 2019,75:
44-53.

Peng J, Ma J, Liu Q Y, et al. Spatial-temporal change of land surface
temperature across 285 cities in China: An urban—rural contrast
perspective [J]. Science of the Total Environment, 2018,635:487-497.
Zhang X Y, Friedl M A, Schaaf C B, et al. The footprint of urban
climates on vegetation phenology [J]. Geophysical Research Letters,
2004,31(12):L12209.

Zhou D C, Zhao S Q, Zhang L X, et al. The footprint of urban heat
island effect in China [J]. Scientific Reports, 2015,5:11160.

PRAE A DU CHL B I B D7 A 2 hR) [D). Abst s T i
#t, 2002.

Xu J H. Mathematics Methods in Modern Geography (2nd ed) [D].
Beijing: Higher Education Press, 2002.

Wang C Y, Myint S, Wang Z H, et al. Spatio—temporal modeling of the
urban heat island in the Phoenix metropolitan area: Land use change
implications [J]. Remote Sensing, 2016,8(3):185.

He C Y, Liu Z F, Xu M, et al. Urban expansion brought stress to food
security in China: Evidence from decreased cropland net primary
productivity [J]. Science of the Total Environment, 2017,576:660-670.
ERMOCE R 29,4 m, AR b TR T A R PR o ) % ]
VT [9]. P EERETRRE, 2015,35(2):624-633.

QianM L, Xu Y Y, Li X, et al. An assessment of spatial thermal
environmental response to rapid urbanization of Shanghai [J]. China
Environmental Science, 2015,35(2):624-633.

DuY Y, Sun T S, Peng J, et al. Direct and spillover effects of
urbanization on PM,s concentrations in China's top three urban

agglomerations [J]. Journal of Cleaner Production, 2018,190:72-83.

TEB B B e J(1985-), U0, I RS A 5l 82, 1 b, SR T A T e
S5 IR 45 THT T R 3183 30 4275



