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Seasonal Changes of Temperature and Humidity of Six Urban Underlying Surfaces in Beijing

WU Fei' ,ZHU Chun-yang” , LI Shu-hua’
(1. Beijing Botanical Garden sBeijing 100093 ,China; 2. Huazhong Agricultural University sWuhan s Hubei 430070, China;
3. School of Architecture , Tsinghua University , Beijing,100084 ,China)

Abstract ; Six kinds of underlying surfaces were selected at Yuyuantan Park in Beijing to study their impacts
on temperature and humidity. The temperature and relative humidity were measured once every two hours
from 8:00 to 18.:00 every day for seven days in each season. The results indicated that urban greening land
and water body demonstrated microclimatic effects. The effects of decreasing the temperature and increas-
ing the humidity of the greening lands were most remarkable in summer, then in spring and autumn, and
least in winter. The greening land decreased the temperature in spring,summer and autumn while increased
the temperature in cold winter. The decreasing temperature effect of water body was distinctive in summer
whose temperature was lower than those of other underlying surfaces. Compared with pavement, the green-
ing land could decrease the temperature ranging from 0. 8 to 4. 1°C in summer. Similar variation patterns of
different surfaces in the relative humidity were observed in spring, summer, and winter,1i. e. , water body
grass_>arbor-shrub-grass grass>>shrub-grass™pavement > building, while the order was shrub-grass>>ar-
bor-shrub-grass™>water body > pavement > building in autumn. Compared with building, the water body
could increase the relative humidity by 10. 2% ~15.4% in summer.

Key words: urban underlying surface; temperature-humidity effect; greening land; water body
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Table 1 Plants in trial sites

b YR Wi /a E/cm EiE/m ER/ m
i A 23 22.7 12.7 6.2
(Ginkgo bilioba)
FHEN 20 18.5 9.2 5.8
(Pinus tabulae formis)
RAE 35 35.9 20.3 9.9
(Ailanthus altissima)
EWA 4.2 3.8
(Lonicera maackii)
R AR 0.1
(Poa pratansis)
FrHEw 2 S 20 25.3 14.7 7.5
(Saliz matsudana)
E 18 18.3 4.2 4.0
(Sabina chinesis)
iy - M 3.3 3.8
(Prunus triloba)
%58 1.8 2.5
(Forsythia suspense)
LR 0.1
TRl e 3 =g 30 36.4 18.1  13.5
(Sophora japonica)
AL 23 21.3 6.5 5.9
(Prunus serrulata)
PNLN-Y ) 0.8
(Buxus megistophylla)
i LR 0.1
R Hbk 3.2 4.6
(Prunus persica)
4 L 0.1
w2 T 22 W % 2.9 2.3
(Malus halliana)
L LR 0.1
T3 EHA 4.3 3.9
WA 0.8
(Jasminum nudi florum)
LR 0.2
(Buchloe dactyloides)
FIF 1 O RACR 0.1
AT 0.2
(Taraxacum mongolicum)
FLP 2 i LR 0.1
EHMT 0.1
(Viola philippica)
LIP3 LS RGR TS 0.1
(Ozalis corniculata) 0.2
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surfaces varying with time in spring

8:00— 1600 M}, 7K 1A By A5 X i B & B = A9

ARl B 1. 3% ~ 3. 0%, 18: 00 kb 7% i %5 ik
1.5% . — R4 i 2 v B AH G B 5 FEBE L 4R
PE AL 0.2 % ~1. 1% . i 2% A1 57 A0 4 X i
BAR S W3 Ll A 42 3T o A SR 0% AR X 3 AR T
S UM L, K MR R AR R R L 20 3% ~
9. 0% N 5.6% . 7E 8:00 I, 7K A4 HH X8 1
AHE 9.0%,12:00 B 5. 8% (& 2),

45.0p

o 40.0 +§§%$

~ L —memy

= 350 ; g

Z 30,0 K

7 - -2

® 250 ——HH
20.0

8:00 10:00 12:00 14:00 16:00 18:00
fit %1

B2 HFEAETEETEHENEERENEAEL
Fig. 2 Mean relative humidity of different underlying

surfaces varying with time in spring

22 EETRETEEE. BETHIFE

B R [R) T 4 T 2 T B R I 0 A Ak i
SRy« FRUE <K AR < R <R <7 S <Al 2% (A
3) . AR 2E SR R TE T AN R SO AR
R ABMTHRE R R E (R DU B AR
IFi) 1Y) F36 2L P~ 0 R0 7K 434 P 0 BT A R 25 5
TR AN 22 5. AN R TR T FH O
14 B2 3 2R A AN ] o o 4 490 1 [0 £ A FH 3 B
i 2 b 1) ¥4 i S5 e 376 <7 SRR A 206  [) of 4t
DRUAEL 400 114 2% 8 R0 2% & A FH 0 RE 1 Vi AT S b 5
A K. IR A5 Sk b B I A D R b S ) Y S
b AU AL 5 DT (5 4 1 R A 1) B 2D FAREOR K
REEAR .

39.0
37.0 ——JrREE
o 8ai0 -
< 33.0 _’:_ig
31.0 w2
7 29.0 —o— R
27.0
25.0

8:00 10:00 12:00 14:0016:00 18:00
it %1

B3 EFEFAATEEEYEEBEEMNETLK
Fig. 3 Mean temperature of different underlying surfaces

varying with time in summer
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Table 2 Comparison of temperature rise rate with different underlying surfaces (in sunlight)
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Fig. 9 Daytime temperature difference changes between building and other five underlying surfaces
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A TR T IR LI R

Sl T T R TS I PR 1) DR 3R R T Akt
P8 A1 Jr B PR IS R R G 20 Ao A A T R P60 I
SRR AT Jay i BE A0 3% B0 FIRE J5 . T g% ) R )
Aii 5y 55 o 1PN G TG R B A T M % BT € o BRI
S BRI CA R BN OC T SO R B K
B JXH B IS5 5 0 18 BF 5030 AR A0 L S R R AT F 5
(75 1 22— o B ERIR BT e A7 2 T 2 3 I x4k
1T FR L ABAE SF S B AL AT X R 7 SOBOR k. b
A R T AR A A B S T R AR L Gl 7
X HEHEAT S AR ER AL T 3G 0 SR AL T BR R A AL R A

Sl T S T B 5 I T BRI Y T
P2 . H. Shudo™™ 45 AKs + A I 6 #0534 K
2 N DX AR DX K AR ZR AR IX L W5 T I 26

Wy 2 BT SR A OGS ) L 25 B R B - AR X IR R
TR B 1 VR FH S i Al X FR AR X 5 K AR R TR A
M. BNV 2238 5T b 3R B L 78 3 2% 4 i F K
TR B A R R R R AE Y . B AT, AR
Bl PN A 27 2 S Bk T T T G IR BT A R e L R I T
A SR ZE o (HIR T T % TR I 38 8500 26 & 1 2 Ak
TRBFERRZ T w82 /RS R A
USSR 7 T
32 #ig

LR R TA T B TH Y 2 09 TR A5 . 2% b R K A4
BRI i % RO F MK, & F W
RN, ER E B E . b A REEN .
ARk M B GRIRVE A . Sk b FIK (R — 4R U 21
HIRIEM .



%1 S

FE 45 AL Rt 6 Fh T T A 5] 24 i 3 AL A AR

213

TEAF K T B R LR A KR 9 3 E L
AT o R A S TR ST BT A T Y R A
e R 2 KA B e LA D LU B T AL T I i
HRE R E I T ALY A9 T i

ANTFRIZE IR BT AR LA R I R e A
B R KR > T B > > e B > R >
S BK R O R > T 9l R > K AR > R il >
o TEFR A& =F KRR AR ] Bt s 7Rk 2
HEAR B IR P Ao R BRI Oy Bk — S T R Y
R B TT IR A B Bl v » SOH 28 8 1 T T Dl 583
FERAEHITUG T B T8 T4 = 7 9 B M RE R
TET A RE R 28 I T T T R T R R SR T
AR T LBEAT — R B ZE B A » SO0 2 A P 5 T 0
BRI — A PO Z Bl R ST S A AU
PR ARG - ST AT 14 AF X e I

2 M AT 5 fife 3 T A B SO B E I R L AE
IR TIP3 A A R A A A B T b T 4 b, T DA 3
SOl T T AR T B R BRI R R R I R 5 5 K A
TE e 3 T A 200 3 i A 2K AR N A R 2R L fil 2
I AUl T 2 R A L LA B i AR R Y
AR,

SE K

(1] =0, AR, bas = B b DXl T S i OR S A 52 [T ], AR

WS AR ,2010,32(7) . 10-112.
LI Y,ZHOU Y N. The research in the thermal environment of
the urban surface in Beijing Sanlitun area[ ] ]. Low Tempera-
ture Architecture Technology, 2010, 32 (7). 10-12. (in Chi-
nese)

[2] STONE B,.NORMAN ] M. Land use planning and surface heat
island formation: A parcel-based radiation flux approach[]].
Atmospheric Environment,2006,40:3561-3573.

[3] TAHA H. Meso-urban meteorological and photochemical mod-
eling of heat island mitigation[ ]J]]. Atmospheric Environment,
2008,42.:8795-8809.

(4] RAERFEMES 54 JatTh 8 Fh bl b BT 0 B AE 1k ¢

AECT]. S TT BRI 5 kT AR 35,2012, 25(1) £ 35-38.
WU F.ZHU C Y,WANG G Y,et al. Change of temperature
and humidity of eight pavement materials in Beijing[ J]. Urban
Environment & Urban Ecology,2012,25(1) :35-38. (in Chi-
nese)

[5] CHUDNOVSKY A.BEN-DOR E.SAARONI H. Diurnal ther-
mal behavior of selected urban objects using remote sensing
measurements| ] |. Energy and Buildings.2004,36:1063-1074.

[6] ¥R, BIE, LS. B atTl AN~ #am <0 H 22 )
T BT R O[T ] RS EREE, 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 ur-

ban heat island effect in Nanjing,China[ J]. Ecology and Envi-

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ronment,2007,16(5) :1411-1420. (in Chinese)

WL S R B TLARLL, A5, P it A R IR RB T HR T R BT R AE
SAARLT]. R4 R, 2008, 28(1) 1 21-29.

PENG J L.WU X,JIANG Z H,et al. Characteristics analysis
of energy budget over urban and suburban underlying surfaces
in Nanjing []]. Scientia Meteorologica Sinica,2008,28(1):21-
29. (in Chinese)

REAEDS B AR X AR MR Rl F B i g b o B 2R e iR
W () BB FE L) ], ety 42 4, 2006, 22(6) - 672-676.
ZHENG Z F, WANG Y C, LIU W D. Numerical simulation
study for the effects of terrain and landuse to summer heat
wave in Beijing[ J]. Journal of Tropical Meteorology,2006,22
(6):672-676. (in Chinese)

RS, EAFHE N ARZE A5 T AS [ 4 b 36 2 I O 484 0 AR
W @FgE LI, PH Jb A2 B 2% 4 . 2005, 20 (2) :54-56. (in Chi-
nese)

KANG BW,WANG D X,LIU J J.etal. The effects of reduc-
ing temperature and increasing humidity by different green-
land in urban area[ ]J]. Journal of Northwest Forestry Univer-
sity,2005,20 (2):54-56. (in Chinese)

B X A RS A T it oA S R T RO B B B
B SELT ] VE AL AR BE % iz . 2008, 23 (3) :57-61.
HUANG H ,LIU J J,KANG B W,et al. A preliminary study
on t he temperature humidity effect and luminous environ-
ment in t he interior of urban greenland[]]. Journal of North-
west Forestry University,2008,23 (3):57-61. (in Chinese)
ZRSE WY, 5K U A, . G a T S Ak 5 A RO I O R
(7. o = BEl Ak . 2004 (1) £ 72-75.

T 3T % A AR R 1 I Y R T 0 F g (). Hb B O
1994,13 (4) .74-80.

YANG S H. A study on the effect of decreasing temperature
and increasing humidity of urban afforestation trees[J]. Geo-
graphical Research,1994,13 (4):74-80. (in Chinese)

b5 8 X2 A R B R R) S A B i R T 08 g g LT .
R IR ESH 47 ,1997.16 (6) :266-268.

THER L A IUR 22, 45 ST RS T ST TR S T S SR G
FRAREIE ST — LA B R BT, 20805 2K 4 R 2009,
28(2):133-136.

YIN Q,ZHU S Y,GONG C L,et al. Remote sensing analysis
of the relationships between daytime ground bright tempera-
ture and land-use types of city——with Shanghai as an exam-
ple[J]. Journal of Infrared and Millimeter Waves, 2009, 28
(2):133-136. (in Chinese)

SHUDO H, SUGIYAMA J, YOKOO N, ez al. A study on
temperature distribution influenced by various land uses[]].
Energy and Buildings.1997,26 (2):199-205.

KSR X0 JE W b s i b 2 S5 R 5 T R R T e e i A G
AL Mo HR 224 ,1988,43(3) :159-168.

ZHANG J Z.L1U Q M. The temporal relationship between
the urban land cover components and air temperature in Bei-
jing,China[ J]. Acts Geographica Sinica,1988,43(3:159-168.

(in Chinese)



