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Fig.1 Location of two meteorological stations and distributions of land use type (a) and total population (b) in Beijing City
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Fig.2 Long-term trends of urban heat island intensities of daily mean temperature (a), daily maximal temperature (b), and daily minimal
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Fig.3 Long-term climatology of main climatological factors
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Table 1 Determination coefficient and significance level of linear relationships between urban heat island intensity of daily mean temperature,

daily maximal temperature, and daily minimal temperature and main meteorological factors of urban station (Beijing station)

[k AR PXGE A PR R IR CPISHNRE PR

VR iR & 0.001 0.287 0.521 0.572 0.591 0.323 0.689 0.725 0.172
P 0.824 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003

R AR SRR r 0.047 0.030 0.077 0.008 0.027 0.023 0.032 0.197 0.375
P 0.129 0.244 0.052 0.542 0.259 0.292 0215 0.001 0.000

AR A 5 r 0.001 0.310 0.484 0.569 0.579 0.303 0.690 0.703 0.139
P 0.859 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008




104 BT A AU DT A 5 58 BRI AR PRI B g R AL 1719

2.5 2.5
b c
~ —~ —~ A
e e © 20l
= i £
B il = A
= = % st
& £ g
e ] ]
r r r
Py & w10t
" i o 4 UHII=-0.401T-1.616
. % =-0.4017-1.
O A LA o
0.5 UHII=-0.00135+4.843 ‘- -. - 0.5 UHII=-0.637W+5.017 ] o0 05l (r=0.689, P<0.001)
(r 0287 P<0. 001) (#=0.572, P<0.001) =
2000 2200 2400 2600 2800 3000 3200 45 50 55 60 65 7.0 15 5 6 9 10
45 H RN (h) PR B RIE (m/s) fﬁ*‘Fi’J%{& (Fu (c)
2.5 2.5 1.0
d e f
~ 2 ~ * « | ~os} g £ N
O 20} O 20t o
5% 5 = o %
= = = B G
2 15t 2 15} =
5 R F 04l %
| i o] *
r A r r X
T 1.0} 2 1.0} 0.2
§ UHII=-0.109R+7.481 § * % * % *® Pl
(=0.725, P<0.001) %A UHII=-0.203P+206.95 0.0 UHII=-0.026R+1.826 * -
0.5} a a4 0.5 [ (7=0-172,P<0.005) & L x * 0T (7=0.197, P<0.001)%c X
" " N " L n L " " " L L n -0.2 N " n L L N " L N
48 50 52 54 56 58 60 62 64 1010 1011 1012 1013 1014 48 50 52 54 56 58 60 62 64
SRR EE (%) FEPHSJE (hPa) EFIABRREE (%)
1.0 3.5
i
0.8} 3.0
< < 25t =
® 06 2] "
= B B
22 P7 2.0 52
g 04 & £
] E 5] ]
r 02k r - r
e k== =
i - B 1o} B o & A 4
0.0} —
UHII=—0.134P+135. 64 ® W 521110131?)(;}305*'0%18)74 m] UHIT=-0.958 W+7.487 AA
02(r_0 375, P<0.001) 0.5} .310, P<0. O o 0.5} (=0.569, P<0.001) AA
T T1010 1011 1012 1013 1014 1015 1800 2000 2200 2400 2600 2800 3000 3200 45 50 55 60 65 70 75
RS E (hPa) A5 H RN E (h) RSP BR R (m/s)
3.5 3.5 3.5
j * k % 1
3.0t 30 B 30 4 K R
S o & S | &x TR
m 2.5} w 25f B O25F RpE K %
bl # = h4g Y
2 o0l E o0} Z 50}
E z 5 "
r 1sf r 15} r 15t {z&" ¥
= = x| =
Bl ol % & | = 5 4505
’ A UHI=0.611T-2.542 [ UHII=-0.164R+11.192 % gl e
o 20,60 ' ("=0.703, P<0.001) o UHIT—0.275P+280.55
L (=0.690, P<0.001) | -703, P<0. * | UHIT=—o0. ) "
0.5 AAA. . . . 0.5 o .* E 0.5 135 P20, 01) . * %
5 6 7 8 9 10 48 50 52 54 56 58 60 62 64 1010 1011 1012 1013 1014
FFEIBALSE (C) ESPIARRREEE (%) Y5 E (hPa)

Fl4 W RE 5L EBEELR

Fig.4 Linear relationships between urban heat island intensities and climatological factors
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Fig.5 Urban heat island intensity charge with key meteorological factors
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Long-term Trend of Urban Heat Island Intensity and
Climatological Affecting Mechanism in Bejing City

Huang Qunfang"’, Lu Yugi’

(1. College of Urban, Resources and Environmental Science, Jiangsu Second Normal University, Nanjing 210013, Jiangsu, China;
2. College of Geographical Science, Nanjing Normal University, Nanjing 210023, Jiangsu, China)

Abstract: Urban heat island (UHI) has an important effect on urban eco-environment, living and production,
and physical and mental health of the residents. In addition, urban warming especially summer heat wave
caused by UHI significantly affects many aspects of the global economy, such as energy and water consump-
tion, transportation, and social economy. Understanding of long-term trend of urban heat island intensity and
its climatological driving mechanism will help the rational urban planning, urban livable construction, and ur-
ban sustainable development. Beijing is the center of the Beijing-Tianjin-Hebei metropolitan area, and has ex-
perienced a rapid urbanization process in the past few decades. This study aims to elucidate the long-term
trends of UHI intensities of mean air temperature, minimum air temperature, and maximum air temperature
and the climatological driving mechanism based on 50 years (1967-2016) meteorological observation data
from urban station (Beijing station) and rural station (Miyun station). In the past five decades, the UHI intensi-
ties of mean air temperature, and minimum air temperature showed a significant increasing trend with the in-
creasing rates of 0.29°C/decade (+=0.59, P<0.001) and 0.45°C/decade (+’=0.62, P<0.001) respectively. In con-
trast, no marked variability trend was observed for the UHI intensities of maximum air temperature. Statistical
analysis has shown that relative humidity, wind speed, and sunshine duration decreased significantly and air
temperature increased significantly in Beijing over the past 50 years, which is conducive to the formation of
UHI and the enhancement of UHI intensity. Multiple stepwise linear regressions showed that relative humidity,
maximum wind speed, and atmospheric pressure were the key climatological factors controlling UHI intensi-
ties of mean air temperature and minimum air temperature, which could explain 92.4% and 87.6% of variabili-
ties respectively. Atmospheric pressure, relative humidity, and sunshine duration were the key climatological
factors controlling UHI intensities of maximum air temperature. Under the background of global warming and
rapid urbanization, UHI effect in Beijing will further intensify, resulting in more frequent and prolonged sum-
mer urban heat waves, which will seriously endanger urban residents' production, life and health. Therefore, it
is necessary to consider the effects of UHI on the future urban planning and construction. By optimizing urban
layout, carrying out reasonable road system planning, energy planning and ecosystem planning and other mea-

sures, we can alleviate UHI effects and reduce high temperature and heat waves harm caused by UHI.

Key words: urban heat island intensity; long-term trend; relative humidity; wind speed; atmospheric pressure;
Beijing City



