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Observational and Numerical Study on the Microclimate
over A Typical Community in Guangzhou
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(1. Department of Atmospheric Sciences, Sun Yat-sen University, Guangzhou 510275, China;
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Abstract: Based on the hot and humid climate and the underlying surface of Guangzhou, taking a typical
community in Guangzhou Higher Education Mega Center as the test site, we analyze the microclimate
characteristics over this area by meteorological observational data and a numerical model ENVI-met under
typical sunny weather condition. The results indicate that the ENVI-met model can successfully simulate
the special distribution and temporal evolution of temperature, humidity and flow field. (1) There exist
high temperature and low humidity, low temperature and high humidity over the different surfaces. 2
Channeling effect can be found between the Adjoining Buildings, and the wind speed will become 1. 4 to
1. 7 times of the upper stream. (3) The corner flow can take place on two sides of the Single Building, and
wind gust may be two to three times of the average wind speed. (4) There exists vortex between the Street
Canyon Buildings. This effect is connected with the aspect ratio and the approach flow. This study helps
us better understand some microclimate phenomenon in the area under sunny weather condition, which
may play an important role in pedestrian comfort and diffusion of air pollutants, and can represent the fea-
tures of hot and humid area. The research has practical significance for the city planning in the region
with similar microclimate characteristics.
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Fig. 1 Distribution of observational sites (number represents site)
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Fig.2  Observational temperature, relative humidity and wind speed

3.2 XTI L R3TLE
L3 25t AR 2 BB RS, SR 5 0 45

PR SBT3 B PR ASTADLE 5 S o ORI {1 8
U, TR AR AR, AR
AR TR H AR, 12: 00 B 5,
WEE TR MR EEREAR, 18: 00 B 5, R EEREAR.
MR TR, I HAEKEB ], R s e T
IS 2B EAR X XA ) = A, BHIZs R

WLIMZE R LB W) &, P RSDUE B A A IR R /D
JRGHRSE DL 3 T 30 B2 O E O ASEAEL, S Pl v
WG BRI AR, TR A SR AT 22, (HAE
IS (E B E AR RS, 512 0.8 m/s Al
0.5 m/s. AWML £ AR, SR XTS5 0 AT 2 1Y
SERINL (FEINS) , (ML, ENVI-met BEXREGSHLF
AOPABAL L | R XU A

(a) L (b) ML (o) Wi

5.0 —— 020 T N e
P 25 P S 0]\ —o— Bl £ 075 I
& Ao —o—o—a\ B - 7 5
e 0.0 D/D/D o E:{:?( 0 \:¥!=E<:—'U’D/E/. ﬁ.l_ 0.00 E:g»én—m—— —p—o-\8—g—o—=

= o| B >

2 as / \ I -10 —~" % -0.75 —u
-~ w =

5.0 0 1.

9 101112 13 14 1516 17 1819 § 101112 13 14 1516 17 1819 L 0TI 13 13 14 1516 17 1819

Fisf ]

iy s it ]

3 R DL A o R B A XU 5 W 25 SR g ) L

Fig. 3 Comparison of temperature, relative humidity and wind speed between simulations and observational results



513

A EAE TN /N DA AE WL - S B 5 127

3.3 RE. BERRKEKT T HIFE

Bl 4 450 7 15: 00 B3R . R X
MR, mEREL, WA SRR 2R
ZE[A) A2 T S RO, HAF A B A9 g i
G . IR IR BR . BRI B g s, 2
LK, R T B R T B R, K AR AR,
B A e P R K P ik, Rt 3 i
ARA DXl 3 DXy TR AR B BAICR, iR
BEBAR, MR, HMWERZERIAE5), B
/N TR AR Tl FE e, L A A MR e /)
5 Z AR, MR ok . KGR L, Rl 58
ERERA R, RZES, B, %
R RIS AN R T G KOk 225K AR
R, S EEE A, =R, FmE AR
WA BT JF R (R IR, BERZ 1)

VR 1 2 5 A DX, KU Y o O X, XU 2
A1, 4 1.0~1.6 m/s,

PRV = fA N Xk i e i AR P, B Ayt
PURES G2 S0, BRIGEXUSCR, B nvElkae
oo AoRfER TR, Rz X E S
R, A HERSAG R, wE R AEE, AL
PEm I ERECR . F3Ah, AP BN R
0 Bl A 5 S KR, A B R R R A
XA AL T R IR, 2
TRAF AR 225 R 2R o IR R A 2 R 4 Vi ]
L ST T REIR AR RT, (R SR AR A R
JE, A RRARIE T A S [a] B KRR, PR R ET
WERE, TETAREITHFERT R, WA R TG I
(IR

(OF: (b) MBE
1§ 21:15:00 140~
1 B 1.8m 1
3 TRAE/K 120]
| ol
i : LT
5 wh Y

297.55 E 60
29771
297.87 40

298.04 1
298.20 20
298.36

I 21:15:00 I} 21):15:00
9 J%:1.8m 5 J:1.8m
/% K /(m-s™)

67.11
68.82

0.28

0.56
0.84
111
1.39
1.67
1.94
2.22
2.50
277

70.54
72.26
73.97
75.69
77.40

79.12
80.83
82.55

20 40 60 80 100 120 140 160 K 0(l) 20 40 60 80 100 120 140 160 ZI\ 0 20 40 60 80100 120 140 160 K
DA A WA A, oA A
B4 BUIIELEE | D A XU A4 7K -2 A
Fig. 4 Horizontal distribution of temperature, relative humidity and wind speed
3.4 FIBFFHEST
S AT g U R R, R I 1 R 08 7 A A I 21:15:00
SR 1.8 m R (KS) /T 1.8 m

VAT HAE PIR A ST H B e XU, XU 24 D 2R
WG 1.4 ~ 1.7 %, 300l 345 200 5 B0
CPREWT, IR CBERT, AR ERT, H
PR 2 IR Dok TP BS80S S 3 3
Thi e AR E X A, A R 2 B T A
BE (175 ~2 m), T FE RS AR IZSROR AT 0o Bk
AR S B e K T RE XA T A AR, (HS
— 7T, BT G A RO — 2 i fe gk
e

6 25t T RS A ] 1. 8 m K
TR 778 e S W S e ) W =S 7/ B g
FEMP AL P = R 800, T 1A B At o XU
SR 2 XU ] s 3 R O 4 XU A 2 ~
3 4f% e YIRS SR R — A,

K/ (mes™)

« 0.40
+~ 0.80
— 1.20
— 1.60
— 2.00

PR

N

50 60 70 A

30 40
WA A,

0 10 20

5w AR s I [ KF- 5 o0 A
Fig. 5 Horizontal flow field around Adjoining Buildings



128 HIlRA R AR (ASRBERR)

5 54 &

KIHHEA 8 m/s (5 M), 7 B X EE X )
20 m/s (9 R, I s B A b T
e S AR R BT BEit . AR SR I T X5 1)
(AAEf) ZRAX, BN EAT S,
REMBLA B, SEAYRIBCE LA K.

A Z1:15:00
EEE1.8m

R /(mes™)

P A

N
0 10 20 30 40 50 60 70 80 90 A
I I

K6 AESYE BT 5 A
Fig. 6 Horizontal flow field around Single Building

MRS S 1) R A 77 1 3 L) T PR3 4 23 A
(E7) TR, SFRRIREIERE, B
WA EupX . EIFXFIRRK . FuplX: 75
HEFY R KT T RSy (7 AP B a9 LUR
1578 I o 0 e B R T S S B o P A
F 3 R AL v ) e B B [T TR
SN ANTETIN o S ST SR e v 7/ I B 12 AR S A T
g, JERAE R AT AR s R IX . 3
Pris MU R X, 31X HXGESs ,  TFA 55 i e
eI, M5 R BN

4 Z0:15:00
KK /(ms™)

«04
< 0.80
—1.20
— 1.60
— 2.00
— 240
— 2.80
— 3.20

i i
0 10 20 30 40 50 60 70
A%

K7 A S ALy T 3 A
WA (B2 r)

Fig. 7 Flow field along south to north vertical cross

section of Single Building ( Left is South)

s T A SR R AL J7 1) T B R S 00 A
(1E8) s gl KUk by B T A0 TOT 5 XL

DCRFAE 55 5 3 30 40y i I 3 ) TP 3 2 2 A
o Ho4 A KGR EAR, FFA R 0 e 2
o ARBFFAEH, AR E B S A, R
JER/N S A B B A i LT G B (T 4% & 58
FL) AR AT AT 5, {51 a2 R XL ) T A A
FE ) e oy BT AT T, IR X5 e i i i
WA i, Bk Rl o0 X552 i
ARUASR, IO S A XY S XU B
FESFUE ), LIS SR B AR08 XU R T
VI pRiE

A %1:15:00

AR/ (mes™)

<04

< 0.80
— 1.20
— 1.60
— 2.00
— 240
— 2.80
— 3.20

0 10 20 30 40 50 60 70 80
L9
K8 A B S AL 77 17 3 FL i
s (B2 H)
Fig. 8 Flow field along south to north vertical cross section of

The Street Canyon Buildings ( Left is South)

4 745 .

R A AR ZE 5 1535, LA N R0k
— TR/ IR HE L, B O R g TR AR e
TSR, WF9E TR R AR I R
RRAE, X MRS SRR R (R Ye Bk, A AL
KA HIREFIE A (RS DU S
EAEF) MRS T M, BT
45E

1) ENVI-met $C1E B4 FR #1H S 2R
IR 22 B 1 2805, RERE R MU 2% X 4
MR | PR St s [e) A it [e) Ae 4k, F+5
SEHIIMZS R 5

2) TERGHARSRMET, KIEHRTE . LAl
IR S SRR UL EE A B A A 25 S, KRB T
FEBUH IR, KR T B AR v R Y
ik, TR AT D3t P 5 90 B8 e O DXk, e
TR IERRAE I TR AR PR 1 2 1] o

3) FAMREFL. MR BUAE ST A HUE X
XRS5 o R U g KU, PR SR )
AR T 4 0 4 B B KR, e XK T k- 24 X e
(2.0 ~3.0 %5 Wit AI0 A XA 370 18] 47 N g B2 i B



513 AR NIRRT RHE LI 5 S BB T5E 129

PR, WOEMEZ RN 1.4 ~ 1.7 {555 5
AR Z B B e, A P KRR IX
RGH A

4) s B SRR AR A B T ks B
SEE MER R A N IR AAT SR IEARE 1)
P A e

S Lk

[1] KNOCH K. Uber das Wesen einer Landesklimaaufnahme
[J]. Meteorol Z, 1951, 5. 173 - 184.

[2] BAUMOLLE R J, REUTER U. Demands and require-
ments on a climate atlas for urban planning and design
[R]. Stuttgart; Office of Environmental Protection,
1999.

[3] YAMAMOTO Y. Measures of mitigate urban heat islands
[J]. Global Change and Sustainable Development,
2008, 1(2): 18 —46.

[4] Architectural Institute of Japan. Observational studies of
the urban heat island-cooling effect of urban park [ R].
Tokyo: Architect Institute of Japan, 2008.

[5] CUHK. Urban climatic map and standards for wind envi-
ronment-feasibility study[ R]. Hong Kong: Planning De-
partment, 2006.

[6] {Li, SRR, KATZSCHNER L, % Sl #R58
P8 Joe SR FHBRAR [T ] BE I R84k, 2012, 23
(5):593 -603.

(7] S, XEE, £ER, 5. BRI 45
AOREREA LT ], WS AE 4R, 2002, 13 (%) « 69 -
81.

[8] WANG B M, LIU H Z, SANG J G, et al. Numerical

simulation of pedestrian level winds around tall buildings

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[J]. Acta Scientiarum Naturalium Universitatis Sunyatse-
ni, 2007, 46(2) . 102 - 109.
HANG J, LI Y G, RICCARDO B, et al. On the contri-
bution of mean flow and turbulence to city breathability:
the case of long streets with tall buildings[ J]. Science of
the Total Environment, 2012, 416 363 —373.
WReLfe, S, dRobk, 8. NS4 /N X L
ARSI S M ()], AR, 2008, 11: 24 -27.
A, TRk ARE VR AR XS FRIE 25X AR X KU 5%
MY ], ARR BT RS2 B ARBLSRR, 2012, 40
(9): 139 -159.
BRUSE M, HERIBERT F. Simulating surface plant-air
interactions inside urban environments with a three di-
mensional numerical model [ J]. Environmental Model-
ing & Software, 1998, 13(4) . 373 -384.
FAZIZ A T and HELMUT M. Effects of asymmetry, gal-
leries, overhanging facades and vegetation on thermal
comfort in urban street canyons [ J ]. Solar Energy,
2007, 81742 —754.
JiF, iR SO R TE ARG AT
NFIHRLT]. ERA S, 2008, 27(4) ;203 -209.
BLOCKEN B, CARMELIETA J, STATHOPOULOS T.
CFD evaluation of wind speed conditions in passages be-
tween parallel buildings—effect of wall-function rough-
ness modifications for the atmospheric boundary layer
flow[ J]. Journal of Wind Engineering and Industrial
Aerodynamics, 2007, 95. 941 -962.
SIMOENS S, AYRAULT M, WALLACE J M. The flow
across a street canyon of variable width-Part 1 Kinemat-
ic description [ J ]. Atmospheric Environment, 2007,
41. 9002 -9017.

R e e e ) e N = UU—U—

(4% 123 50)

[13]  5kBk, BEHE, e, % EFRK =AM iEds
R RO R G of IR A0 2 5 A 5 ) £ A A 4
[J]. 5P, 2011, 31 (4). 431 -440.

[14] LIN CY, CHEN F, HUANG J C, et al. Urban heat is-
land effect and its impact on boundary layer develop-
ment and land-sea circulation over northern Taiwan
[J]. Atmos Environ, 2008, 42 (22): 5635 —5649.

[15] JugifE, E%7, B, & FRIL =AM h
JEME SRR HE N7 S T [T]. #ile AR A,
2005, 21 (3): 286 —292.

[16] e, £&5°, B, % FRIL =AM n R
JERHIE S HAE SR [T ], [ PR 5 RE7, 2006,
26 (Suppl.): 4 -6.

[17]

[18]

[19]

(20]

FAN S J, FAN Q, YU W, et al. Atmospheric bounda-
ry layer characteristics over the Pearl River Delta, Chi-
na, during the summer of 2006 ; measurement and mod-
el results [ J]. Atmospheric Chemistry and Physics,
2011, 11, 6297 -6310.

S, ke, 4 2. WRF/UCM 78] JH
TR LIRS B R B REHT [T]. Bl g
%, 2010, 26 (3). 273 -282.

ERE, BT TN I DA S R R oy
Br [J]. SR, 2011, 31 (4) . 422 -430.
W BR = DRI TS G B AR B L B o i ) %
EREEL [D]. 7 spiliokee, 2013.



