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Fig. 1 Land surface temperature map of Beijing based on Landsat data
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(spring, summer, autumn and winter)
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Fig. 6 Surface mean temperature and impervious surface distribution density in the main urban construction areas of Beijing in four

seasons (spring, summer, autumn and winter)
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surface mean temperature and impervious surface

distribution density in six typical study areas in Beijing

T 76— P = (ol g L

B ES &=
R 150 m 150 m 150 m
. 295.372+2.2493-  301.382+3.8319-  290.890+3.0410-
LK D-0.7474-D* D-1.5467-D° D-0.8540-D*
R 0.7959 0.9003 0.866
11 2R Py M2 1] et
s ES B
LR 60 m 60 m 60 m
. 295.844+2.9510- 301.841+2.4738- 292.020+2.5105-
LKA D-2.9493-D* D-2.0510-D* D-2.4598-D”
R 0.9610 0.9263 0.9840
T 5= & X s
B ES =
R 120 m 120 m 90 m
\ . 296.034+1.9394- 301.295+2.9802- 291.461+2.5978-
LKA D-0.2740-D* D-0.4204-D° D-0.4013-D”
R 0.8202 0.9274 0.9159
IV DU EE A AR
Tt RE 240 m 240 m 180 m
295.019+8.6052 299.775+8.6861+ 290.836+6.3058-
EEKAEN D-9.1014-D* 9]2—7.2463 -D? 9D—4.9877 -D?
R 0.7995 0.9156 0.8452
VA S X NG ARLLX)
R 210 m 270 m 210 m
. 296.475-0.0997-  302.190+0.7881- 291.563+1.0738-
LKA D+3.1326-D* D+2.1530-D* D+2.1966-D*
R 0.9169 0.9159 0.9579
VI BF DY 2575 455 Bk
R 60 m 60 m 60 m
296.409-0.7950-  302.055+0.8813+ 292.140-0.5343-
EEKAEN D+1.4221-D? D+0.2962-D? D+1.2899-D?
R 0.9235 0.9289 0.8987




F PR A e 202 (B RUBE R S FABR 5 5 A 125 7 T R 28 R i 37 56 2R 1799

5 %5 ®©

AR SCHE BN Landsat 2 543 5085 5 MODIS 8 d &
b 2R T B RO, VTN G K T R A
PSR, A5 A I 5 S G A 1] 40 A REAE
RUT IR A (B 5g . MRIRE) 5
ANBEK TR AR L IR R, BFRES T .

(1) AS[R) 5 5 3 A i s B . e A
KRG AT 5 S K REFEG &
MR, ELAHL (9 AN 375 K T SR 42 2% B i 8 3
P 5 B AR A RRAE AR DL . I e T T 6 S LR IX
BWarsr 32 1) MEFXPHE, VU 2
RO R, VALK CRFEimdeibx), A
75 7K T 5 AR B R A 4 0 30.02% . 30.67% .
31.83%, HEARMEZ A, 2) [P, 74
=, e, VIJLPUER U Z AR T, RS
KT 2R R B R A 4y R 26.71% 5 25.53%:;
3) AP, HZel] . B H, ANiEK I R % B
BIE /NN 19.77%, AR FLFI A e i 5 200
FIR SR 22 i K.

(2) FEWEXNEE, HF . KEMERT
Y3908 B8 11 o A7 R AIE 15 R 35 7K TS 4 5 38 119 o A
TEAFAE R0 W ) — B0 o M 2 TR X R a8 /K T
A% B 0 W B A AE — NI S, HLRE A R
B/, WG A T RE AR =
1000 m M, A5 7K TSR AR %5 2 3K 31 60% i o5 1)
BT s r=500m. r=300 m I 5 55 51k 69%
5 83%., A RiEK IR AR % B 5 Hh 3R IR B A 40
AEAMES, B2, YRBEKERES
FEIRF 60% L - s e 25 80 R G 10 S B
HEL P

(3) LAY IR B e R AR AE 22 5, T 2T
AR Ak e A RUBE I S /N o i e I R R 7 —
RE R A N (] DX 3R 108 AN 35 K T 43 AT ) A AR
JEE DL R Ml e 2 R PR — R . YA K T 43 A 4K
HERERT, NIEKIE SRR ER K, HE R E
R 5 MO K o AT W B R m B, AN K
T 2R A %% 1 5 Wl e T S8 T A DG M 2 Bk L K
RS R A (R sE ], et RUBE AR /)N

AR SO EE T 7K 25 0 0 5T AN 35 K T R 4R %
JE 5 308 T BAER B e R OC ZR T I T A R e
W 2 R 25 R I AR L, IR R T B A5 R kT
= YE LT AR AR Ak, B = 4k T A% 8] 45 4

ik K HES T PP S5 1) 532 0 AL ot 0T T 22 A 3 T AR
By BN A 3 BB . 1R ORI YR =
HENTZ55, I TEI i RIABE O T L, BE%
JEI T IR TR YRR A 25 R, B
JEIR T = 42 [ G5 R X = A B . BRI Z b,
K DR 8] 71 J3E 2565 ) BAAL A1 SR ARG ol i T
TR, T F 3 T A 8 S0 A P B DU 2 22 5 3 |
AR AL BIETE o DI 2 I A £ JEE 34 SR 4 10 /2
M BE AR AR AT AR, LS AL A T 4
R, AR BT AT R R A T A B R X
Sl A

2 % 3Lk (References)

Amiri R, Weng Q H, Alimohammadi A and Alavipanah S K. 2009.
Spatial - temporal dynamics of land surface temperature in rela-
tion to fractional vegetation cover and land use/cover in the Ta-
briz urban area, Iran. Remote Sensing of Environment, 113(12):
2606-2617 [DOL: 10.1016/j.rse.2009.07.021]

Bauer M E, Heinert N J, Doyle J K and Yuan F. 2004. Impervious sur-
face mapping and change monitoring using Landsat remote sens-
ing, ASPRS Annual Conference Proceedings, May 23—28, Den-
ver, Colorado. Bethesda, MD: American Society for Photogram-
metry and Remote Sensing.

Beck B R. 1990. Measurement of the Magnetic and Temperature De-
pendence of the Electron-electron Anisotropic Temperature Relax-
ation Rate. San Diego: University of California.

Carlson T N and Arthur S T. 2000. The impact of land use — land cov-
er changes due to urbanization on surface microclimate and hy-
drology: a satellite perspective. Global and Planetary Change, 25
(1/2): 49-65 [DOI: 10.1016/S0921-8181(00)00021-7]

Deng C B and Wu C S. 2012. BCI: a biophysical composition index
for remote sensing of urban environments. Remote Sensing of En-
vironment, 127: 247-259 [DOI: 10.1016/j.rse.2012.09.009]

Ding H'Y and Shi W Z. 2013. Land-use/land-cover change and its in-
fluence on surface temperature: a case study in Beijing city. Inter-
national Journal of Remote Sensing, 34(15): 5503-5517 [DOI: 10.
1080/01431161.2013.792966]

Estoque R C, Murayama Y and Myint S W. 2017. Effects of landscape
composition and pattern on land surface temperature: an urban
heat island study in the megacities of Southeast Asia. Science of
the Total Environment, 577: 349-359 [DOI: 10.1016/j. scitotenv.
2016.10.195]

Gaffin S R, Rosenzweig C, Khanbilvardi R, Parshall L, Mahani S,
Glickman H, Goldberg R, Blake R, Slosberg R B and Hillel D.
2008. Variations in New York city’ s urban heat island strength
over time and space. Theoretical and Applied Climatology, 94(1/
2): 1-11 [DOI: 10.1007/s00704-007-0368-3]

Imhoff M L, Zhang P, Wolfe R E and Bounoua L. 2010. Remote sens-
ing of the urban heat island effect across biomes in the continental
USA. Remote Sensing of Environment, 114(3): 504-513 [DOI: 10.
1016/j.rse.2009.10.008]



1800 National Remote Sensing Bulletin i &

2 2022,26(9)

Ji C P, Liu W D and Xuan C Y. 2006. Impact of urban growth on the
heat island in Beijing. Chinese Journal of Geophysics, 49(1): 69-
77 (éiﬂr XIEEAR, FFF1R . 2006, JLHTTT AL UE BRI T i
LI FSE . HUBRY 2447, 49(1): 69-77) [DOT: 10.3321/j.issn:
0001-5733.2006.01.010]
Li W F, Ouyang Z 'Y, Chen Q W and Mao J Q. 2008. Study on the spa-
tial pattern of impervious surface using remote sensing data with-
in the urban area of Beijing. Journal of Remote Sensing, 12(4):
603-612 (Zxfhi, BRFHE =, BRoRES, BETF . 2008. JE TR IEMH
LR b 5 B A 3t A% SR R R AR 5T . 38 B2 4, 12(4): 603-612)
[DOI: 10.11834/jrs.20080479]
Lu D S and Weng Q H. 2006. Spectral mixture analysis of ASTER im-

ages for examining the relationship between urban thermal fea-

tures and biophysical descriptors in Indianapolis, Indiana, USA.
Remote Sensing of Environment, 104(2): 157-167 [DOI: 10.1016/
j.rse.2005.11.015]

Mathew A, Khandelwal S and Kaul N. 2016. Spatial and temporal vari-
ations of urban heat island effect and the effect of percentage im-
pervious surface area and elevation on land surface temperature:
study of Chandigarh city, India. Sustainable Cities and Society,
26:264-277 [DOL: 10.1016/j.5¢5.2016.06.018]

Qiao Z and Tian G J. 2015. Dynamic monitoring of the footprint and
capacity for urban heat island in Beijing between 2001 and 2012
based on MODIS. Journal of Remote Sensing, 19(3): 476-484 (7%
iA, HDGHE . 2015, 5T MODIS (#2001 4E—2012 4L st 2
6 K Z5 B EhAS W . SE IEE AR, 19(3): 476-484) [DOT: 10.11834/
jrs.20154165])

Qin Z H, Li W J, Xu B and Zhang W C. 2003. Estimation method of
land surface emissivity for retrieving land surface temperature
from Landsat TM6 data//The 14th National Remote Sensing Tech-
nology Academic Exchange Meeting. Qingdao, China: Chinese
Society for Oceanography (Fa55¢, 2= 3CUR, #k, 5K J7 5 . 2003.
I Landsat TM6 Jiz i i 3 I r}ﬁﬁiﬁﬁé%ﬁf}:%ﬁﬂ/ﬂﬁﬁ'j—
% R A R IR AR 2y B IR

Quattrochi D, Luvall J C, Rickman D L, Estes Jr M G, Laymon C A
and Howell B F. 2000. A decision support information system for
urban landscape management using thermal infrared data. Photo-
grammetric Engineering and Remote Sensing, 66(10): 1195-1207
[DOI: 10.1080/01431160050121384]

Ridd M K. 1995. Exploring a V-I-S (vegetation-impervious surface-
soil) model for urban ecosystem analysis through remote sensing:
comparative anatomy for cities. International Journal of Remote
Sensing, 16(12): 2165-2185 [DOI: 10.1080/01431169508954549]

Sobrino J A, Jiménez-Muiioz J C, Soria G, Romaguera M, Guanter L,
Moreno J, Plaza A and Martinez P. 2008. Land surface emissivity
retrieval from different VNIR and TIR sensors. IEEE Transac-
tions on Geoscience and Remote Sensing, 46(2): 316-327 [DOL:
10.1109/TGRS.2007.904834]

Tang F and Xu H Q. 2013. Quantitative relationship between impervi-
ous surface and land surface temperature based on remote sensing
technology. Journal of Jilin University (Earth Science Edition), 43
(6): 1987-1996, 2017 (JEAE, #RIAEK . 2013. IR HTANFE K [ 5 HL R

SE G R RYIEHT  EMROR R SR GBER R E IR, 43(6):
1987-1996, 2017) [DOI: 10.13278/j.cnki.jjuese.2013.06.030]
Tran H, Uchihama D, Ochi S and Yasuoka Y. 2006. Assessment with

satellite data of the urban heat island effects in Asian mega cities.

International Journal of Applied Earth Observation and Geoinfor-
mation, 8(1): 34-48 [DOI: 10.1016/j.jag.2005.05.003]

Unger J, Gal T, Rakonczai J, Mucsi L, Szatmari J, Tobak Z, Van Leeu-
wen B and Fiala K. 2009. Air temperature versus surface tempera-
ture in urban environment//The seventh International Conference
on Urban Climate. Yokohama, Japan

Wang L, Meng Q Y, Wu J, Zhang J H and Zhang L L. 2015. Monitor-
ing and analyzing spatio-temporal changes of heat island intensity
in Beijing main urban construction area from 2005 to 2014. Jour-
nal of Geo-Information Science, 17(9): 1047-1054 (ZE&1, i K4,
SR, AR HERE, SKHRHE . 2015. 2005—2014 4Eb 5T E B X
R TR I A5 R SR 3BT . HhERAF D R4, 17(9): 1047-1054)
[DOI: 10.3724/SP.J.1047.2015.01047]

Wang X K, Meng Q Y, Li J., Hu X., Zhang L., 2021. Spatiotemporal
evolution and thermal environmental effects of impervious surfac-
es in the main urban area of Beijing. Ecological Science, 40(1):
169 - 181 (EJEHL, i KA, 250, WIBAL, sk . Jb st 2
DXCAN 375 7K T I 25 7 A8 R R IR BN A 5T . AR 25 27, 2021,
40(1): 169-181) [DOI: 10.14108/j.cnki.1008-8873.2021.01.022]

Xian G. 2008. Satellite remotely-sensed land surface parameters and
their climatic effects for three metropolitan regions. Advances in
Space Research, 41(11): 1861-1869 [DOI: 10.1016/j. asr. 2007.
11.004]

Xian G and Crane M. 2006. An analysis of urban thermal characteris-
tics and associated land cover in Tampa Bay and Las Vegas using
Landsat satellite data. Remote Sensing of Environment, 104(2):
147-156 [DOI: 10.1016/j.rse.2005.09.023]

Xiao R B, Ouyang Z Y, Zheng H, Li W F, Schienke E W and Wang X
K. 2007. Spatial pattern of impervious surfaces and their impacts
on land surface temperature in Beijing, China. Journal of Environ-
mental Sciences, 19(2): 250-256 [DOI: 10.1016/S1001-0742(07)
60041-2]

Xu H Q. 2009. Quantitative analysis on the relationship of urban im-
pervious surface with other components of the urban ecosystem.
Acta Ecologica Sinica, 29(5): 2456-2462 (£ Fk . 2009. I Hi A
5K 5 AR ST AR AR SR O R E AT L AR SR,
29(5): 2456-2462) [DOI: 10.3321/j.issn:1000-0933.2009.05.032]

Yang S B, Zhao X Y, Shen S H, Hai Y L and Fang Y X. 2010. Charac-
teristics of urban heat island seasonal pattern in Beijing based on
Landsat TM/ETM+ imagery. Transactions of Atmospheric Scienc-
es, 33(4): 427-435 (B Uk, B /NHE, HOUUORT, 1 B, 5Kk Ak
2010. JE T Landsat TM/ETM-+ECH 4 b 5 5 7 $4 22 245 5 F
IE . KA, 33(4): 427-435) [DOL: 10.3969/j.issn. 1674-
7097.2010.04.006]

Yang Y B and Pan P. 2011. Research on the impact of impervious
surface area on urban heat island in Jiangsu Province//Proceed-
ings of the SPIE 8286 International Symposium on Lidar and Ra-
dar Mapping. Nanjing: SPIE, 82861P [DOI: 10.1117/12.912517]

Ye Z W. 2009. Relation between neighborhood with dense high-rises
and thermal landscape using remote sensing. Beijing: Capital Nor-
mal University ("M% B . 2009. 338 &R A0 = )2 3 £ X S5 0
WG R BTY . R IR 2)

Yuan F and Bauer M E. 2007. Comparison of impervious surface area
and normalized difference vegetation index as indicators of surface
urban heat island effects in Landsat imagery. Remote Sensing of
Environment, 106(3): 375-386 [DOI: 10.1016/j.rse.2006.09.003]



F PR A e 202 (B RUBE R S FABR 5 5 A 125 7 T R 28 R i 37 56 2R 1801

Zhang J H, Hou Y Y, Li G C, Yan H and Yang L M. 2005. The diurnal
and seasonal characteristics of urban heat island variation in Bei-
jing city and surrounding areas and impact factors based on re-
mote sensing satellite data. Science in China (Series D: Earth Sci-
ences), 48(S2): 220-229 (SKAHEAE, BEIERT, 204, MR, #4157
B . 2005, b st K J 4 1 AR 1 K 215 R A T2 T U
WFFE A5 5% 0 D 43 A . ob [ RE 2 (D i HEREL ), 35(S1):
187-194)

Zhang X L, Zhang S W, Li Y, Xie Y F and Kuang W H. 2008. Correla-
tion between urban thermal environment effect and land use
pattern in Changchun. Resources Science, 30(10): 1564-1570 (5K
BAR, SRR SC, 2R, s 0, SRR 2008, ST RAEREE 5 b
i) FH 28 BUAR Jey (9 AR Gk o BT —— LA FR ol S 9] BE IR A2,
30(10): 1564-1570) [DOL: 10.3321/j.issn:1007-7588.2008.10.018]

tions of the urban heat island and its interannual changes in a typi-
cal Chinese megacity. Chinese Journal of Geophysics, 55(4):
1121-1128 (FkH, SISO, A5, Shiaral. 2012, I #u 2k
LA 225 AR AR AR B 22 57 . MU IR B2 4, 55(4): 1121-
1128) [DOI: 10.6038/j.issn.0001-5733.2012.04.007]

Zhou J, Chen Y H, Li J, Weng Q H and Yi W B. 2008. A volume mod-
el for urban heat island based on remote sensing imagery and its
application: a case study in Beijing. Journal of Remote Sensing,
12(5): 734-742 (JH 28, MR =i, 2508, Hi751%, 2 30k, 2008, 2T
T SRS 3T B I 5 A AR N 7 FH —— LA bt b X £
TEAFR, 12(5): 734-742) [DOL: 10.11834/jrs.20080595]

Zhou W Q, Huang G L and Cadenasso M L. 2011. Does spatial config-
uration matter? Understanding the effects of land cover pattern on

land surface temperature in urban landscapes. Landscape and Urban

Zhang Y, Bao W J, Yu Q and Ma W C. 2012. Study on seasonal varia- Planning, 102(1): 54-63 [DOI: 10.1016/j.landurbplan.2011.03.009]

Response relationship between urban thermal environment and
impervious surface distribution density at multi—spatial scale :
A case study of Beijing

MENG Qingyan"*** WANG Zi’an"*** ZHANG Linlin"*** SUN Zhenhui’*,
HU Die"***, YANG Tianliang®*

1.Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100101, China;
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Abstract: In view of the insufficient research on the response law of urban thermal environment and the Impervious Surface Distribution
Density (ISDD), this paper selected Beijing as a case study. On the basis of the MODIS data, the average temperature difference between the
urban construction and marginal areas was calculated as the UHI intensity (UHII). In combination with the characteristics of the UHII level,
six typical regions (I Xierqi, Xisanqi, Huilongguan, II Dongsi, Xi’anmen, Xinjickou, III the middle of Fengtai District, IV Sihui,
Dingfuzhuang, Dongba, V Shijingshan District, VInear the Sijiqing bridge on the North Fourth Ring Road) with a high expected UHII level
were selected to study the response relationship between the UHII level and the ISDD. Finally, Landsat data was used to invert the surface
temperature to study the critical point and optimal scale of surface temperature response to the ISDD in urban construction areas and typical
regions. Results show that the following. (1) The frequency of occurrence of UHII levels, their variation degree during the day and at night
have a certain correlation with the ISDD, and the variation characteristics of the UHII under similar ISDDs are the same. (2) The distribution
characteristics of the surface mean temperature in urban construction areas and the ISDD are obviously consistent. As the scale radius r
increases, the response is more obvious. Besides, there are critical points for the response of the surface temperature to ISDD. The response
of critical points gradually increases with the decrease of scale radius » When scale radius »=1000 m, the ISDD reaches 60%, and its
influence tends to weaken; the critical points of ¥=500 m and =300 m are 69% and 83%, respectively. (3) The optimal scales of different
typical regions have differences. The optimal scale of Xierqi, Xisanqi, and Huilongguan is 150 m, and that of Dongsi, Di’ anmen, Xinjiekou,
and Qingqiao near the fourth ring is 60 m. However, seasonal changes have little impact on the optimal scale. The optimal scale can measure
the degree of fragmentation of the impervious surface distribution in different regions and the single degree of surface type to some extent.
This study can provide a reference for urban planning and UHI governance.
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