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Fig.2 Distribution of surface temperature in Nanjing City in 2000, 2010 and 2020
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Fig. 6 Distribution of impervious surface expansion types in Nanjing City from 2000 to 2020



- 136 - H % ® W

2023 4§

F 6 2000—2020 FHWAER HLE
Tab.6 Proportion of expansion types from 2000 to 2020

Fomy 2000—2010 4F 2010—2020 4F
HFH/km? hi /% i/ km? 4 H/ %
Kbt 3.75 0.7 5.24 2.2
WA 554.69 95.6 214.67 90.5
Wk 21.57 3.7 17.41 7.3

3.3 W KB SHRAREHXER

ROV L P T T AR 23 A FAS 328 K T 23 A
HATZ (0] — 2k (18] 3—4) I 8 X5 AN B K
23 [A) o3 Af DXSAEAS W) 15, H AR [R] ik ] A 22 A X 3 s
B2 ST O DA 78 7K I8 JEE R
R L Bl R T ST AN K I ) SN B
HUTH BRI DXt B 2 1) 1 5 S 7 5 4% [ A
JB o WA I Ao 30 DX B B I, AN a2 K T 1Y %
R BRI D M R B AR, A AR Y
IR W I R] A HEE RS, R U X G [
R, AN KT TR ARG, 3l B2 b T, B AR IR
TR ARG X IR A DAy v R SR X I

i 20 a K, BT Y 3 Rl &7 5k S8 A iy B A
S RAARRRFAE, Horb G sk B a3
TR K & 3 Al 6 I R At 2209
SRR IA L 5K, HAA S S5 RO i X
IR AR R A DX, T e 308 5K 22 o P A XA R
DA, B B AN KT 5 D I R L T
B, BT R T al LI AR 2000—2020 4 1Y)
[, P DXIRAE B KRB N o FUARAOR, HL A0
I # . 2000—2010 411 fa], 32 2% X, K AR
FEAY TRAR AR B L7351 68. 0% ,66.7%
H159. 4% , i W i1 2 QY™ TR AR 1 3500 fe o,
UK 5, i 3R T S s SO X /e 2010—
2020 4FHTE] , 3 G AP sRAR BB RN FT ) B A
i, fE N 85. 0% 5 H O Rt sy sk B, (R
77.6% 5 SAFEAY KA IR/, (o 60. 5% o {HTF
TE AR AR T AR 7 FE R HS 10 a
HB R IX o FE ST 10 a A1 LR 35 800, BT AR
AT A B TR R

RT 20002020 ERREHTY KERMHANER L
Tab.7 Proportion of thermal grades of different
urban expansion types from 2000 to 2020 (%)

7] 2000—2010 4§ 2010—2020 4E
F Wbk a4l #HxEA Wl g%l #mES
%X 7.4 2.4 7.4 2.0 0.4 5.8
h¥% 25.9 29.6 33.2 20.4 14.6 33.7
i 24.1 17.8 17.5 42.9 53.7 45.9
X 42.6 50.2 41.9 34.7 31.3 14.6

F T AN 325 K T2 5 TR T AR 5 1) 3 A
KPR e PR K L IR AR A — 2B 4

AN]SR A s s T AR B A b 22 S 1) P B
SN PS D /LSS T T Q= 1 15 Y G R R Y
AN IR 5 E, 4558 s 2000—2010 4[], i 2%
G2 VI O <1 = W7 B 0 R = W2 v/ T R B a1 B
JNT 69.99,55.46 F155.64 [ 435, 2010—2020 4F
], @ AR AN B K AT o LRSI e R
68.20 [ ai; HUCh gy ki, 67.86 A
g1 s AP sk AR E K & e BTN,

4 %k

HF Landsat TR AR, 01 AN K 15 55 % i
FEULE ST 15 B S AE A 175 7K T R Hb 2 IR 1 8
B, 5T FL AT 4G SR 545 R 5T A 3B K I 2 AR
A SRR BT 1 T A8 R A, BF S IR T4 5K Jy 1]
RIS PFR BRI . A AR 458 -

1) 1) Tt 2 93 2 36 2515 21 1) 2000—2020
AR bR IR A3 1K, T T A TR 2 248 km® 4
JnE] 3 051 km®, i XAV B4R Y K, Bl I
o DX S B P80, 3t B3R WA, ST R X Y R
R FHEAS X 3 H IR X . 76 2000—2010 4 7] i
A [ FE 73K ,2010—2020 45 fi U JE 375k

2) FFH BCI #5 %2 BUAS 3] 2000 4F 2010 4F Fi
2020 4R G ANIE KT, BIFSEAS 125 7K 1 4 5K 9 7 1]
SR, B A IR) O HERS | R T AN K T H s 1]
PUSE K, sk E R e RS 18, sk TRt I A B0
21 a [T T 5K 2L AR L, D Xy gk At
di e JHAR IR, WD .

3) P 5t TN 2 7K T A3 A 5 2 B B A A ]
— bk, AN K T -5 b R A v A IX () 2 ] — X
P e ABEKEY 5K J7 0] 5 R S P 5K Iy 1) —
NG RY IAER PO ok, bRz, BT
Afre/No e P sl s b UK R e B RE S
A B SR IR T AR RO

THA S AE —BE A S 2Z 4, iy T B ] 85
FEN 10 a, Gt/ 3% 22 ) [a] yi [ A2 AL B 5 AR 19 20
M5

5 3Lk ( References) :

[1]  Zhang Y, Liu J, Wen Z. Predicting surface urban heat island in
Meihekou City, China: A combination method of Monte Carlo and
random forest [ J ]. Chinese Geographical Science,2021,31(4) .
659 - 670.

[2] Estoque R C,Murayama Y, Myint S W. Effects of landscape com-
position and pattern on land surface temperature ; An urban heat is-

land study in the megacities of southeast Asia[J]. Science of the



55 4 9

EARE S TR AT K5 e 2B PO

- 137 -

(7]

[11]

[12]

[13]

[14]

Total Environment,2017,577 ;349 —359.

X RUFRZR B8/, S5 T Il T Al 2 T L 5 280 R A
WL )] K ILHIR VIR 5 55,2013 ,22(12) 1543 - 1549.
Liu X,Liu S D,Zhao X Y, et al. A preliminary research of urbani-
zation process and heat island effect in Nanjing[ J]. Resources and
Environment in the Yangtze Basin,2013,22(12) ;1543 —1549.
AR, B K. i T R BAY e B R T R
2SR AT [T ] . s BEAE B 2021,28(5) 152 - 57.

Zhu J F,Ma M M, Geng L Y. Spatiotemporal evolution analysis of
urban heat island in Nanjing City based on remote sensing index
[J]. Geomatics World,2021,28(5) :52 -57.

W, P . B AT B ZE R AR R 5 e M A T R G
AWFELT]. THA%,2008,26(1) :23 -27.

Pei H,Fang S F. Characteristics of heat island in Nanjing and rela-
tionship between heat island and land use/cover[ J]. Arid Meteoro-
logy,2008,26 (1) :23 -27.

JRTESE, U B, 2R T A M 360 X AR 5 AN 5 AN 3 K T Y
KFR S 2B A3 [T ] AR RIS K 2224 (B AR RO
2019,35(1) :19 -27.

Zhou Z 1.,Sha ] M,Ji ] W. The study of the relationship between
urban heat island effect and impervious surface and spatio — tempo-
ral change in urban areas of Fuzhou[ J]. Journal of Fujian Normal
University ( Natural Science Edition) ,2019,35(1) .19 —27.
TRIAEK, £ CHE. A B KR SR EZ IR ()]
1& R4 4R ,2016,20(5) 11270 - 1289.

Xu H Q, Wang M Y. Remote sensing — based retrieval of ground
impervious surfaces[ J]. Journal of Remote Sensing,2016,20(5) :
1270 - 1289.

Deng C, Wu C. BCI; A biophysical composition index for remote
sensing of urban environments [ J ]. Remote Sensing of Environ-
ment,2012,127 ;247 -259.

Xu H Q. Analysis of impervious surface and its impact on urban
heat environment using the normalized difference impervious sur-
face index ( NDISI) [ J]. Photogrammetric Engineering and Remote
Sensing,2010,76(5) :557 - 565.

& 5L GUARE A . —FRIE T R A SR ORI S
SWAEROE) ] 8 EEEAR,2003,7 (1) :37 -40,82.

Zha Y ,Ni S X, Yang S. An effective approach to automatically ex-
tract urban land - use from TM Imagery [ J]. Journal of Remote
Sensing,2003,7(1) :37 —40,82.

BT, 5K AA . BT Landsat8 32 JBR2 15 1 b 2 W B8 B s Jy 12
XFECRITFE[T]. AP A 24 ,2019,35(10) 142 - 147.

Hou Y C,Zhang D Y. Comparison study on land surface tempera-
ture retrieval algorithms based on Landsat8 remote sensing image
[J]. Chinese Agricultural Science Bulletin,2019,35(10) :142 —
147.

Xian G. Satellite remotely — sensed land surface parameters and
their climatic effects for three metropolitan regions[ J]. Advances
in Space Research,2008,41(11) :1861 —1869.

ZRIGIE. FET TM SR 3R B2 SO SRS () ] H oA
H5H AR ,2017,13(2) :223 -225.

Li H F. Research on inversion algorithm of surface temperature
based on TM image [ J ]. Computer Knowledge and Technology,
2017,13(2) .223 -225.

FEZE, KA, Kamieli A, 45, JHRL s TLA2 TM6 Bfia S 3k

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

TSR EIL ()] B4R ,2001,56 (4) 456 —466.

Qin Z H,Zhang M H, Karnieli A, et al. Mono — window algorithm
for retrieving land surface temperature from Landsat TM6 data[ J].
Acta Geographica Sinica,2001,56(4) :456 —466.

Sobrino J A, Jiménez — Muiioz J C,Paolini L. Land surface temper-
ature retrieval from LANDSAT TM5[ J]. Remote Sensing of Envi-
ronment, 2004 ,90(4) :434 —440.

Yue W,Qiu S,Xu H,et al. Polycentric urban development and ur-
ban thermal environment; A case of Hangzhou, China[ J]. Land-
scape and Urban Planning,2019,189 .58 —70.

Peng J,Xie P, Liu Y, et al. Urban thermal environment dynamics
and associated landscape pattern factors: A case study in the Bei-
jing metropolitan region [ J ]. Remote Sensing of Environment,
2016,173.145 - 155.

PRIREK. R VA — 1 22 S5 K A5 B (MND W) $2 150K (4
FEMWITE[)]. I EHR ,2005,9(5) :589 - 595.

Xu H Q. A study on information extraction of water body with the
modified normalized difference water index ( MNDWI) [ J]. Journal
of Remote Sensing,2005,9(5) :589 —595.

Gong J. Clarifying the standard deviational ellipse[ J . Geograph-
ical Analysis,2002,34(2) :155 - 167.

Wong D W S. Several fundamentals in implementing spatial statis-
tics in GIS: Using centrographic measures as examples[ J]. Annals
of GIS,1999,5(2) :163 —174.

XN B B BRI, 55 ST SRk AR RO AR R T R Ay
Hrer Rz LT ] HbF2#42,2009,64(12) ;1430 - 1438.

Liu X P,Li X,Chen Y M, et al. Landscape expansion index and its
applications to quantitative analysis of urban expansion[J]. Acta
Geographica Sinica,2009,64(12) :1430 - 1438.
TR, EE A H I BT 240500 K48 Ko 3l i %
GRS ATORELT]. B B SA,2021,28(5) :58 - 65.

He Q S,Wang M J, Cai R. Analysis of urban compactness based on
multi — dimensional landscape expansion index [ J]. Geomatics
World,2021,28(5) :58 - 65.

FIHL, w2 I8, A AT S I XA 33 K T A i AR
B AR ROV T [ T]. £ 75F#,2021,40(1) :169 ~ 181.
Wang X K, Meng Q Y, Li J, et al. Spatiotemporal evolution and
thermal environmental effects of impervious surfaces in the main
urban area of Beijing[ J]. Ecological Science,2021,40(1) ;169 —
181.

oy . R R S DX I T TR AN 2 K TR 2 i) 45 I s AR A
HRIAIFFHEARIIITE[ D] B sl K=, 2020.

Ma Y L. Impact of spatio — temporal changes of impervious surfaces
spatial structure on land surface thermal environment in urban ag-
glomeration of Guangdong — Hong Kong — Macao Greater Bay Area
[D]. Kunming; Yunnan Normal University,2020.

BT RS IRIE, X R, 45 sOUTT E Z iy 8 5 A a8 /K i
SR A A AT [T ] M BRAE R4 241, 2019, 21 (2) :226 -
235.

Fan Z Y ,Zhan Q M,Liu H M, et al. Spatial — temporal distribution
of urban heat island and the heating effect of impervious surface in
summer in Wuhan [ J]. Journal of Geo — Information Science,
2019,21(2) ;226 —235.

FHE AR, 2 BT, A N K T I s 7 A R R 3 T A
PRI S B R S 3T —— LA Tl R X A 51 [0 ] 7 P s il



- 138 - B % OB oE R 2023 4E

5 TR ,2018 ,26(6) :1316 - 1326. environment ; Fuzhou City, China[ J]. Journal of Basic Science and
Wang M Y,Xu H Q,Li X, et al. Analysis on spatiotemporal varia- Engineering,2018,26 (6) ;1316 - 1326.

tion of urban impervious surface and its influence on urban thermal

Urban heat island effects of Nanjing based on urban expansion
directions and types derived from remote sensing data

WANG Yuexiang'?, CHEN Wanting' , ZHU Yuxin', CAI Anning'”
(1. School of Urban and Environmental Sciences, Huaiyin Normal University, Huai’ an 223300, China; 2. School of Public
Policy and Management ( School of Emergency Management) , China University of Mining and Technology, Xuzhou 221116,
China;3. Tourism and Social Administration College, Nanjing Xiaozhuang University, Nanjing 211171, China)

Abstract: Delving into the urban heat island effects caused by urban expansion holds crucial significance for
addressing urban thermal environment challenges. Based on the Landsat remote sensing images of Nanjing in 2000,
2010, and 2020, this study obtained Nanjing’ s surface temperatures through inversion using the radiative transfer
equation and extracted the impervious surface information using the biophysical composition index ( BCI). It
analyzed the urban expansion directions and types of Nanjing from 2000 to 2020 by employing the standard
deviation ellipse and the landscape expansion index. Moreover, it investigated the effects of urban expansion types
on the thermal environment through statistical analysis. The results are as follows: (1) From 2000 to 2020, Nanjing
experienced an increase in surface temperatures from 29 °C to 30 °C and an expansion of the heat island area from
2 248 km” to 3 051 km’. The urban heat island expanded towards the south between 2000 and 2010 and spread to
the surrounding areas between 2010 and 2020; (2) The urban land of Nanjing expanded outwards from its center,
mainly towards the south. The expansion types were dominated by edge expansion, succeeded by infilling and
exclave expansions. The proportion of edge expansion between 2000 and 2010 was slightly higher than that between
2010 and 2020; 3 The urban expansion exhibited the same direction as the urban heat island expansion, and edge
expansion resulted in the most intense urban heat island effects, followed by exclave and infilling expansions. This
study can provide a scientific basis for ameliorating Nanjing’ s thermal environment based on the urban expansion
types and directions.

Keywords: impervious surface; urban expansion type; urban heat island effect; spatial analysis
(EERE: B 2)





