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Changes of land surface temperature and its response to urbanization under the

extreme high-temperature background in recent ten years of Beijing
LI Xiaomeng, SUN Yonghua, MENG Dan, YU Jie, LI Xiaojuan"

State Key Laboratory Incubation Base of Urban Environmental Processes and Digital Simulation, Beijing Key Laboratory of Resource Environment and
Geographic Information System, Key Laboratory of 3-Dimensional Information Acquisition and Application, Ministry of Education, College of Resources

Environment and Tourism, Capital Normal University, Beijing 100048, China

Abstract; The study of the urban thermal environment and thermal effect is one of the most important topics in city climate
and environment research. Because of global climate change and urbanization, extreme high-temperature events have
occurred frequently in recent years and have greatly impacted the daily lives and social activities of people. Therefore, it is
necessary to analyze the spatiotemporal change of land surface temperature (LST) and the response of urbanization to the
urban thermal environment. The aforementioned type of study is significant for improving the city thermal environment, and
reducing the frequency of extreme high-temperature events.

This work has the metropolitan city of Beijing as its study area. As a major city in the world, Beijing has been facing
many environmental problems, for example, atmospheric pollution, water pollution, meteorological disasters, and others.
Extreme high-temperature events are one of the most common meteorological disasters in the city. In the present study, we
integrated theories of remote-sensing quantitative inversion methods, GIS spatial analysis methods, and geostatistics
technology in our research on thermal environment issues. We analyzed the response of urbanization to the urban thermal
environment of Beijing. First, the MODIS LST data for extreme high-temperature events in 2000 and 2010 were used to

analyze the distribution and evolution of surface temperature in the city. Variability and isothermal variation analyses were
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used to study the distribution of thermal environment. In addition, Defense Meteorological Satellite System ( DMSP )
Operational Linescan System ( OLS) data from 2000 and 2010 were selected to analyze the expansion of urban area in
Beijing from 2000 to 2010, using profile analysis and grid calculation. Finally, the response of LST to urbanization was
investigated , based on qualitative and quantitative analysis using a combination of the LST and DMSP/OLS data.

Two main conclusions were drawn, as follows; (1) The LST at the time of extreme high-temperature events increased
significantly during 2000—2010. The magnitude of LST increase varied spatially, with that of the city function expansion
and city development zones greater than that of the capital function core and ecological conservation development zones;
(2) expansion of the Beijing urban area was obvious over the last decade, with the Forbidden City as the center. The spatial
distribution of the surface temperature increase was very consistent with the city development space. The average night light
index increased, as did the average change of surface temperature. From the present study, we draw the conclusion that the
urbanization had a great impact on the LST distribution, which increased with development of the city. This work can
provide useful information for urban planning and urban living environment improvements.

There are some inadequacies that require further study. First, we only selected LST data during daytime. Nighttime
LST data should be considered in the future. Second, the distribution of LST was influenced not only by the urbanization,
but by natural causes. An analysis relating the urban thermal environment and natural causes would advance understanding

of the mechanism of the urban thermal environment. These inadequacies will be resolved in the next step of the study.
Key Words: Beijing; extreme high-temperature ; urbanization; night light data
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F1 200046 A 13 52010 £7 A 6 BERSSERITEL (BRI . B LRF2= 505 3L 2 M55 1)

Table 1 Comparison of basic meteorological conditions in June 13, 2000 and July 6, 2010 ( data source; China meteorological data sharing service

system )
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H 1 Daily maximum . Mean relative Minimum Maximum . . i Average .
Precipitation . . . . Wind direction . Sunshine
Date temperature , humidity relative humidity ~ wind speed h . wind speed hours/h
/o mm % S /(m/s) w e'n maximum /(m/s) ours,
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2000-06-13 39.1 0 28 14 5.2 i) 2.5 13.6
2010-07-06 39.2 0 21 13 5.1 7] 2.6 13.1
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T3 24.89 °C, EFFT 0.40 °C,FcRMEH 51.99 °C EFFF]52.95 °C, EFF T 0.96 °C,SFH{E i 40.21 °C ETHE]
40.66 °C, Tt T 0.45 °C, FHULAT UL b 5 v i it v 708 Ao b 8 3L 52 B T = A A A

®2 MRBEEST

Table 2  Statistics result of the land surface temperature

H 5 fe/ME RRME FH{E brifE2

Date Minimum/C Maximum/ “C Average/C Standard deviation/°C
2000-06- 13 24.49 51.99 40.21 4.5987
2010-07-06 24.89 52.95 40.66 4.7324
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Fig.4 The profile analysis of land surface temperature
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Fig.5 The land surface temperature distribution in Beijing
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Fig.6 The isothermal variation of Beijing
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Table 3 Statistics result of the DMSP/OLS nighttime light index
IIfEIX X 2000 4F-F-#{H 2010 4F -2 {H 2010 4F- 5 2000 421l

Functional area District Average of 2000 Average of 2010 Difference between 2000 and 2010
HHPTREAZ L X PEIRIX 62.85 63.00 0.15
The capital function core zone R 62.91 63.00 0.09
W TR R X THE X 46.19 58.54 12.35
The city function expanding zone WA X 56.89 62.78 5.89
FHKX 51.33 61.56 10.23
AEIX 53.26 60.68 7.42
W R SR X B IX 17.58 30.72 13.14
The city development zone 5T S IX 24.23 43.35 19.07
JE A X 23.46 42.61 19.15
KM 20.16 36.97 16.81
Pl IX. 11.72 20.21 8.50
AWK R IX MR 4.44 10.60 6.16
The ecological conservation 13k X 5.00 11.13 6.14
development zone P 9.36 19.05 9.69
FEPRH 3.91 9.68 5.77
FHah 4.95 10.98 6.03
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BB e Z MR, AT LUE Y BEE AR SEH8 50 T, 3R B 2 9 B S i L T34 R 5 %
KT YCFE IR S 5 i, HI 8 R R 43 51h 0.629 5 0.724 (& 10) , Pearson AH & R 0450 0.794 FI
0. 851, 37F 0.01 /K I B C,

http ; //www.ecologica.cn



20 41 ZELEHT AT 10 AR AL U R R R AR T A R B A T B ST Sl T A 4 e 6701

1
Hh il B > 22/°C

" 1416

BT ez %
46

0 40 80 km

0 40 80km s 1§: ~7.46002 ' ' J 1§: -5
= 3 ar z N
8 BRBETHER HY WETEMELER
Fig.8 The variation of land surface temperature Fig.9 The variation of night light index number

WA P IRIATOEAR 0 fb i3 O, 3R0R B 7 fb i 2 L e 3 (181 10) . FIE R EC R 9 0.435,
Pearson HIJC R 0.660, £ 0.01 7K - 8 25 A1 5, U BH 3t 2 IR 10 2 ) 23 A 5 30k 1l 2 ) e e 3 AR

A
H o
o 00 5000-06-13
£ 46.00
5 44.00
<
m 8 4200 . y=0.076x + 40.96
= £ 4000F R>=0.629
H& - *
g3 38.00 | o
«g 36.00 -
2 3400
§ 3200
3000 1 | 1 1 1 1
0 10 20 30 40 50 60
P IET Y6455 Night light data
o 00 010-07-06 . 0 30
g He0or oot T 300 - =0.024x+0345 o
S 44,00 R W g g y=0.024x + 0.345
g 100 Lot g 250 - R2=0.435
= g . y=0.119x + 38.95 = g
el ™ R2=0.724 m £ 200 B
-}g‘é 38.00 R -P%é‘é 1.50 . . ,’.
L * *
'é 36.00 R ;g 1.00 PSR ) ** . ‘Q‘Q
3 34.00F 2 + . 4 R
L= L = 0.50 *
§ 32.00 | | | | | | § ’Ww
S 30.00 S o ! ! ! ! |
0 100 20 30 40 50 60 0 10 20 30 40 50
KT Y6+ Night light data IKT 8% kR The changes of night light data

B 10 #REESHEMEERZEBXREESH

Fig.10 The quantitative analysis of the relationship between the surface temperature and night light index number
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