22 2 Vol.22, No.2

] = BH \ =
202042 H Wk ":'- R o F Feb., 2020

Journal of Geo-information Science

SIS FIAS, B R IR 5 DX S W S ER R 2 A B A S 3 T 0. BR A5 BB 2 2:41%,2020,22(2):279-289. [ Sun J, Mao

Z H, Wang L, et al. Diurnal variation and mutual influence of typical ground objects' thermal environment in residential areas[J]. Jour-
nal of Geo-information Science, 2020,22(2):279-289. ] DOI:10.12082/dqxxkx.2020.190289

B X E A IR R H T R EB B0 54T

n ALVEEELE ORLVE OET
1. RIS IS R A 5 e 4 e, AL T 1000485 2. H EK =R 05T B WIS HERg 0, Jb st 100141
3 HTEARE M AR, AL 5T 102600
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Abstract: Along with acceleration urbanization, the urban heat island effect is increasingly intensifying due to
urban construction. In particular, the thermal environment of residential areas has a profound influence on the
local micro-climate. Therefore, studying the thermal environment characteristics of residential areas is of great
significance for understanding and improving the local micro- climate. To reveal the thermal environment
characteristics of residential areas, this study focused on a residential area in a campus of Beijing by using
thermal infrared imagery, and obtained 24 hours thermal infrared data under different weather conditions (clear
sky, cloudy, overcast sky) in summer, then selected typical urban ground objects (buildings, iron sheds, asphalt
roads, bare soil, trees and shrubs, etc.), and systematically analyzed the diurnal variations of objects in different
regions. Finally, the interactive features of the ground objects' temperature were revealed by using a tangent
method to determine the boundary ranges of the ground objects. The main results are as follows: (1) The surface
temperature curve of artificial ground objects (such as buildings and iron sheds) shows continuously violent ups
and downs because of the dramatic changes of solar radiation. It indicates that solar radiation is the main factor
affecting the temperature change of ground objects during the daytime, with positive correlation with the
temperature of ground objects. In the cloudy weather, the maximum temperature of ground objects occurs after
16:00. Cloud movement increases the temperature fluctuation of ground objects, especially in the cloudy
weather. Asphalt roads have higher temperatures at night than other ground objects, and continue to radiate heat
at night resulting in ambient temperature increases. Shadow could effectively reduce the amount of solar
radiation absorbed by ground objects and reduce the surface temperature. Vegetation canopy thickness is
negatively correlated with the temperature of ground objects. Therefore, in residential areas, increasing the

vegetation canopy thickness and expanding shadow areas will improve the local micro-climate. (2) The strong
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temperature interaction between trees and bare soil at 06:00 and 14:00 indicates that significant heat exchange
occurs throughout the day at the junction of ground objects. At 06:00, the temperature at the junction of lawn and
sidewalk has a significant interaction, indicating that there is heat exchange between the lawn and the pavement
from night to early morning. It helps relieve the high temperature of the road and the surrounding environment.
Key words: thermal infrared; thermal environment; solar radiation; urban underlying surfaces; residential area;
urban heat island; Beijing
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Fig. 1 Geographical location and image of the study area
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Fig. 9 Temperature interaction characteristics of trees and bare soils at 14:00 and 6:00



2 1 F

A5 A SRR X S MR Y H AR Al B HAR B S0 70 B 287

46-

421

IREEfE/C

401

384 /\_._

36+

0 4 g8 12 16 20
BIHS

(a) 14:00FEF-5 A\A 718 A DI 205 B RRAE

32.0-

31.6]

31.2]

30.8+
30.4 4
30.0

29.6
29.24
28.8
284 e—e—e—e—

28.0
0

RBEME/C

4 8 12 16 20
BIugS
(c) 6:00F 5 AFTiE VI RIB B RHE

42,
3.6
3.0
24]
1.8
124
0.6 H
||
0 =
o] HHE
0 5 10 1s 2
BIgs
(b) 14:005E3 - 5 \ 1T IR IR 2501

IRZE{E/°C

I_I‘—‘\_l

1.0 - [

N HHH
0 P

=

Hﬂwﬂ

0 5 10 15 20
BT S
(d) 6:00F B 5 AT LR IB 2 S 1T

F 10 FEEE5 AFTIETE 14:00 F16:00 HF 4 TRLRE 38 HASAF

Fig. 10 Temperature interaction characteristics of lawns and sidewalks at 14:00 and 6:00

4 gt St

AHE R AL G AR I T B 22 AR R R
REMFER BIR 2 2) F 124 h L 255
P, XA LR IR b AT R G, A T
AN g 2 T R ) H AR AR R 5 I3 43 43 B AH 4R
) (R A AR BRI AA T ) B IR B i AR
1k, 3878 T HoyAE s (8] _E PR A TS AR AE . 45
S 7og (1l N

(1)3Fh K AIRAE A £ 2 KA i 4 T B R AE
AR HPEZA KA, WY H iR Rt
K (Z4n), T2k T KK
0 SR S B0 ) ) i i R R S DS R
16:00 e A7 B o AR 25 2 = KA ] 43 B
KR I, H) IR B 25 W K. AE 15 min (1)
BB A BER T, A0 88 2 s 3 25 “ Bl 1A IR T
R fash AN T H0 W IR B D sl R B . kg
RENZZMREZIZEFHE 2R THHY)
TN B AR SR R 2 —

(2)FEN T3y, S S0 B W AIF 5 IX K
i AR B 5 . K PR SRS X )
it JBE T v ) L R A AR, S M R R AE A G
P, A I 5 s it B AR S R 2R 5 S5
FHIREZL AN ABASOR AN TR 2 4 ) 3 R #4773
B, G5 2R R O A AR R B R e X
RATMARA 58, X AR 5 7 S 6 A 1 e
S99 Bt BE AR AR AR AR o T AS WIS i — 20 e B
TE AR 3 0 RSOR8¢ 8] i 88 42 g 7 G A
Yy, I HAERE AR TR, S T B B . 76
F SR T, AL 1) 2 IS A T REAT R AR A B B
FEIPRGEIRE o AN, M 10 el J= 5 ) S FRI B R B3t
JEAT RO, A WOE 2 R HLREAR A B A
PP 5 gl 5

(3) AT b3 TAE 3 B KR M F
et B8 2 s T BT M R o T SR A AR AR A
AT AR R SR AR AR 19 A2 1k, 45
R A SR AR T AR T A A T o 3 R
BT ST 28 SR 2 ) ) B AR 2 S5 v B ISR RO



288 HoBk 5 BBk 2 R

2020 4F

5 R BAYCE ) Je M AN TR . AR5 b ir 8 b4 ROIT
ALHG Y s 04 5 M P A T, 5 R BH G2k ) e
BRI ER L . TR EFEFEP U
Sy 1 v AR B, S O BH G2 e A )
{75 SR8 T ) R B AIG F HLA  T )

(4) R FH B B) s v 22 0 A7 L0 19 3R I R
P, 25 2R I RS T 1 e bR i 22 e K, M)
T HRE MR 2. M AHI2E T R 5 s
TOUAAE 3R AN I B Rl bR ol 22 240 K, H RS 1
W2, 5 Z AN R R, A A PR 25 /N
L AR et

(5)zs B 4E 7 b AR R L 7F 6:00 Al 14:00 B
2, T AR, 2B AR R R £ 76 2 B AL 1 iR
FEAC HAE R EREL . FREAIAATIALE 6:00 B (131
FHa IR, YA (8] 02 =, W PE RN AT 3E 1 i
JEE A HL AN i o NI TN T 1 43 A
S AR T R R B TRL DR A S DX
Ik AR B AL, BENSHS BT NK N IRE R E
JE AT

£ Z ik (References):

[ 1] Howard L. Climate of London deduced from meteorologi-
cal observation[J]. Harvey and Darton, 1833,1(3):1-24.
o A VAR AL L A DX R AR AR I T A
RS I BB ASAU D], R R 72 412,2014,37(5):642-
652. [ Ye L M, Jiang Z H, Huo F. Numerical simulation

of the impact of land cover change on the urban heat is-

[2

—

land effect in Nanjing[J]. Transactions of Atmospheric
Sciences, 2014,37(5):642-652. |

[ 3] Saito I, Ishihara O, Katayama T. Study of the effect of
green areas on the thermal environment in an urban area
[J]. Energy and Buildings, 1991,15/16:493-498.

[4]PengJ, Xie P, Liu Y, et al. Urban thermal environment dy-
namics and associated landscape pattern factors: A case
study in the Beijing metropolitan region[J]. Remote Sens-
ing of Environment, 2016,173:145-155.

(5] 1 2R IR RS 2=, 2 e, 258 Il i 54 59 1) 2B 28 R 3000
[J]. 4 42441 ,2005,25(8):2055-2060. [ Xiao R B, Ouyang
7Y, Li WF, et al. A review of the eco-environmental con-
sequences of urban heat islands[J]. Acta Ecologica Sini-
ca, 2005,25(8):2055-2060. ]

[ 6] Fit7, I 2 A, 55 ST TS RO T E R (] AR
5IRE2247,2013,29(2):101-106. [ Bai Y, Wang X Y, Ji-
ang H M, et al. Progress of urban heat island effect[J].
Journal of Meteorology and Environment, 2013,29(2):
101-106. ]

[ 7] A% 0 Z ROA P T 55 0 i JHR T 5 0 ) TR B8 28007 73
BT [0]. 8 5 3 BRAE BURF2£,2015,31(4):51-54. [Li HF,
LiY S, Lu Z, et al. Analysis on the thermal environment
effect of river corridor landscape[J]. Geography and Geo-
Information Science, 2015,31(4):51-54. ]

[ 8 ] Wang J, Huang B, Fu D, et al. Spatiotemporal variation in
surface urban heat island intensity and associated determi-
nants across major Chinese cities[J]. Remote Sensing,
2015,7(4):3670-3689.

[9 1 IR, 5K BRI T H 3 RO i W S8k Jig 45 e B2 0] %
% 2742,2012,70(3):338-353. [ Shou Y X, Zhang D L. Re-
cent advances in understanding urban heat island effects
with some future prospects[J]. Acta Meteorologica Sini-
ca, 2012,70(3):338-353. ]

(107 X108 A7 0, WA 5% 5 T S A 0 ol S i A By 280z P
23 43 BT [9). 7% S5 B.,2011(6):73-78. [ Liu Y P, Yang B,
Chen C. Temporal and spatial analysis of urban heat is-
land in Changsha based on remote sensing data[J]. Re-
mote Sensing Information, 2011(6):73-78. ]

(117 10 B 58, 45, 55 56 T MODIS $udfa i1 L i i iy
BT S (9] BB 2 2 41 - AR R 22 iR,2007,32(7):
576-580. [ Yan F, Qin Z H, Li M S, et al. On urban heat is-
land of Shanghai city from MODIS data[J]. Geomatics
and Information Science of Wuhan University, 2007,32
(7):576-580. ]

[12] Rao P K. Remote sensing of urban heat islands from an
environmental satellite[J]. Bulletin of the American Mete-
orological Society, 1972,53:647-648.

[13] Ye C, Wang M ], Li J. Derivation of the characteristics of
the surface urban heat island in the greater Toronto area
using thermal infrared remote sensing[J]. Remote Sens-
ing Letters, 2017,8(7):637-646.

[14] Majkowska A, Kolendowicz L, Potrolniczak, et al. The ur-
ban heat island in the city of Poznan as derived from
Landsat 5 TM[J]. Theoretical and Applied Climatology,
2017,128(3-4):769-783.

(15] JHI R ek, 2% 56 o, A5 B T 1B SR 7 B T Sl T 4
i 25 728 1 5 E [7]. b BR 25 B 2 412,2017,8(2):157- 168.
[ Zhou T T, Lian L S, Li B F, et al. The change of spatial-
temporal characteristics of Qingdao urban heat island
based on remote sensing[J]. Journal of Earth Environ-
ment, 2017,8(2):157-168. ]

[16] Liu L, Zhang Y Z. Urban heat island analysis using the
Landsat TM data and ASTER data: A case study in Hong
Kong[J]. Remote Sensing, 2011,3(12):1535-1552.

(177 RS &1, 2% 57 AR, 25 00, S AU Ul T S AN [R] T T %) #1058
P B2 i A9F 2 (3], 1 238 412,2019,35(22):77-83.
[ Shang R, Li J L, Li W, et al. Different underlying surfac-



24 N A A TR AR X ) PRIR S A H AR (b S AR B 0 A 289

es of urban green space in Beijing: Effects on environ-
mental microclimate[J]. Chinese Agricultural Science
Bulletin, 2019,35(22):77-83. ]

[18] Yang X, Zhao L. Diurnal thermal behavior of pavements,
vegetation, and water pond in a hot-humid city[J]. Build-
ings, 2016,6:1-12.

[19] Toraldo E, Mariani E, Alberti S, et al. Experimental inves-
tigation into the thermal behavior of wearing courses for
road pavements due to environmental conditions[J]. Con-
struction and Building Materials, 2015,98:846-852.

[20] M HEAR AR IRAR, X SORI, A5 6 M T AR PRI 500
X LRI 53 [9]. 46 50 R 2 2 4 (1 SR B2 17),2017,53(5):
881-889. [ Yang Y J, Zou Z D, Zhao W L, et al. Compara-
tive study on the thermal environment effect of six urban
underlying surfaces[J]. Acta Scientiarum Naturalium Uni-
versitatis Pekinensis, 2017,53(5):881-889. ]

[21] S, Tolk 7 FLEAE, 45 I T LT 1 S AG B 1) A
Ja A D D R 2RI BRFAIE 73 BT [7]. 4 2577 410,2016,36
(17):5421-5431. [ Wu Z F, Wang Y N, Kong F H, et al.
Analysis of the thermal characteristics of selected urban
surfaces in a typical residential area based on infrared
thermography[J]. Acta Ecologica Sinica, 2016,36(17):
5421-5431.]

[22] AR IGE S, Bh ], 5K 2T 88, A5 XGH X ) %1 ¥t DX SR ) R
AR B AR SR R M) (D] AR FE R4 (A SRR
2 17),2017,43(1):102- 108. [ Zou X Q, Zhong K, Zhang

H Y, et al. Influences of wind velocity and direction on
solor energy gain of building south walls in winter in
Shanghai[J]. Journal of Donghua University (Natural Sci-
ence), 2017,43(1):102-108. ]
[23] i WS 38, £ T 1 R WGt T2 X AT BS80S i b 26 T
T J3E 1) 52 W) [ ], 1 35 1 A L RE,2015,31(1):32-36.
[ Meng P Y, Xu Y J, Chen X. Study on topology consis-
tency processes for vector data overlay analysis[J]. Geog-
raphy and Geo-Information Science, 2015,31(1):32-36. |
[24] fu] SCHE, BRI, B i, 55 JLRR b SR LA SR A5 1k
SREAE (74 b T SO0 (3], R sk 47 B 2 2 JR¢,2010,25(6):1983-
1993. [ He WY, Chen H B, Xuan Y J, et al. Field mea-
surements of the surface microwave emissivity for differ-
ent surface types[J]. Progress in Geophysics, 2010,25(6):
1983-1993. ]
e, R A AR, S ) AR S SRR A 0] 38 S
AR 5 H,2013,28(5):815-823. [ Xu J, Wang X S, Gao

S J, et al. Analysis of surface features emissivity data[J].

[25

—_

Remote Sensing Technology and Application, 2013,28(5):
815-823.]

[26] ¥& R 3, B AR 22, 55 1 ot ol DU T £ < H A2
PR R 0TI A 15 2800 [J]. 26 25 3R 5 27 417,2007, 16(5):
1411-1420. [ Huang L M, Huang H X, Xiang D Y, et al.
The diurnal change of air temperature in four types of
land cover and urban heat island effect in Nanjing, China
[J]. Ecology and Environment, 2007,16(5):1411-1420. ]



