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Correction of outdoor mean radiant temperature estimation in
hot summer and warm winter zone

TANG Peijie'*, LI Qiong'"*

(1. School of Architecture, South China University of Technology, Guangzhou 510640, China; 2. State Key Laboratory of
Subtropical Building Science (South China University of Technology) , Guangzhou 510640, China)

Abstract: A direct correction method for estimating the outdoor mean radiant temperature ( MRT) with black globe
thermometer method was proposed to solve the observation defects of the traditional black globe thermometer method
and improve the estimation accuracy of the outdoor radiant environment in hot summer and warm winter zone. First,
the six-directional radiation method was used to observe and analyze the radiation characteristics of three different
underlying surface sites in Guangzhou, and the effect of the underlying surface albedo on the radiation environment
was clarified. Then, the estimation results of the six-directional radiation method and the black globe thermometer
method were compared, and the suitable response periods of 50 mm and 150 mm black globe thermometers were
determined to be 5 min and 20 min respectively. Finally, the regional applicability of the direct correction method
was verified. On the basis of the statistical results of the two observation methods for estimating MRT, a polynomial
correction model was constructed for two specifications of the black globe thermometer method under different
weather conditions, and the accuracy of the model was verified in the corresponding weather. Research results show
that the direct correction method was suitable for regions with the same climatic conditions, and the fitting equation,
the coefficient of determination ( R*), and the root mean square error ( RMSE) between the six-directional
radiation method and the black globe thermometer method modified according to the regression function of different
weather conditions were greatly improved. The deviation ranges of the two specifications of black globe
thermometers were improved by 61.35% and 68.71% respectively. This study can provide a theoretical basis for
the estimation of outdoor radiation environment in hot summer and warm winter zone represented by Guangzhou.

Keywords: hot summer and warm winter zone; outdoor mean radiant temperature; response time; six-directional

radiation method; black globe thermometer

E&WE: FKIESHL T (2020YFE0200300) 5 5% (4 44} 2 5 We P IEEA S A &k, T3] 21 e K, 23K
4 (51938006, 51778237 ); o oL 4 4 R 1w 5 ey — .y . PSS R
oy TS s TR R RIIR gty e SR ARAR A ) HE R B ARt

PR : R (1990—) 50, WL F40.3 ~4.8 C | FEBAERILTT XL, i T T A
F M(1980—) X%, B, WAL SERIRIICAS S HEB AT S HE S PR 22 54, %

BEEE: & B, aliqiong@ scut. edu. cn



556 1

FEEEAE, A5 RINBEHLIX F AT AR ST A S B I - 129 -

TR EE B WGAL, “ A B4 R A m e H
IR T A b DX D0 T I T A R 1Y) = A A B
PR

FeT B RTE B, T IT  4h A3 ) PR (1 it
FERNRAT IO 1 2228 U TR % AR B
(A it , B9 8 R DA BRI R SRk K
PRI T A 22 T o e it A LA e 2
TR R PR ST REABEAE N bR T B, FER
SR PRGBS ER S M A I
TR IR PR 2 [R] (0 PR S S 4 0 FAET 45 1 52
) ) 50%

SEJ 4R SR ( Mean radiant temperature , MRT)
VPN GRS —Fh R 2T B, MRT 9 SR i
RS A B 57 T B, L r A B S A A 32 4 1 52
PREGAREY ST B0 B 1O 48 S L8 ) fed), MRT 2
FHARRAE A BTN % N AR 2 R A9 4 S A g
O BE N ] B HERS , MRT A T — 2% P R
B3SRBS BRI MRT 2288 5 44
&S FR An M OC B = B W AR B AR RGO B
( Physiological equivalent temperature, PET) Fl38
A AEFE L ( Universal thermal climate index, UTCI)
W E MRT 7 R A S 5t 17350, 4
MRT BIFFEA0A 20 4R DT s 55 R B
A0 PR T A R R A IR S R R i A S 1 e (W] A
T, B RS FRYE . BT MRT 9 5 SCR
W7 vL i 52 2, 75 2 4 MRT BoEAS 21 6 I
FE o TE BRI T 35 v, 7 ] 5 SR R R X ke 15
BOPRERIAY 8 T B A A o R 2R

S, R EA 58 A0 FR B 0T 57 SCHk P, B o 0 L
MRT WL 7 v 2 3R i i i . BB IR B 31 7 12
FAXT I 55 Fre M R BA 28 5%, HL ph TR AR 3R BR 1A 8O-
) FE RS MRT, 71 43 o 4 5 e B 14
IR T ROk P B G BRIESE

TEFP I, LU M R AR B A R 3 X, 32 5145k
TS 0 (25 5 0, G T8 AR 355 R AT 15 11
DR AR 2L TP DLAERFSE b, MRT Ay UL
P KL R T B BRIREE T, (B A0 v
VAT AR ASR T o B, 75 1% 4 IX 6 25 4 MRT
SR 7 3 AT VR MR A 28 % T2 b X T 28 v [ A
A X 58 ANAFR B AT I BTG HAT T L
MBEM .

ASSCHFSE 4 B0 238 3 7 1o B v R A T
DX AR ) T 8 T B PR S 7 0, T 3 a1 A
FIREERIR T HEAG A MRT 25 5%, 5 58 AN [ AL 2
SR 345 B0 IO P 8] , 56 T OB 1 BBk R R vk
MRT FBIE D5, LASE T S Al X 25 4123 ]

1 UL b 2 A 7 ik

JUM (A4 23°07", R4t 113°157) A E R
i DX 0] v T A A B b X S LR %) Y PR A Bk
i o A SCIEANIR] H 9153 3 48 P A8 P B TR A A%
Bl N 3 Kb i 8] (K23 AT AR F- SVF >0.9) i#f 47
TORIRIT BT A PR S D0 DU, A 45 SO
BV 6 AR AT, UL AE B
=1, R E 4 SVF {8 H{ERE Cannon EOS 60D
R ABAL Sigma EX-DC 4.5 mm fafREE 0001144,

F1 WFESR

Tab.1 Attributes of observation locations

WL 375 3t L A 4 SVF TR 5 fH 1R Wi 7
2020-10-08( £ % <
Bl A F=) .
o 2020-10-09( £ =) 0.963 RIAST S HE A
SCHRET- B .
2020-10-27 (5,0 %)
Hih B 2020-10-10 (I K)
) 0.948 LD,
il A BT 2020-10-11 (5K )
Yt C: ;
2020-10-12 (1K) 0.904 TRE L e

JhERE)




IR

- 130 - W

WO ok K

ne,

ny,
2

S 54 &

A TSR H B, #E 2020 410 F 8 H ~10 A 12
H 12020 4£ 10 A 27 H#EAT T A6 d 5
RS IR I , ORI P A 5 s SR ¢, AR
J¥ RH X v, JEERIEEE ¢, , LR 6 AST7 I K
P ST A AR A AR B L3R 2, AU g e SR
JERAN 1 min, BTAERSE M) R, @it
AL UL A ) B & H YK BEA 06:20 ~ 18200,

DRI 37 14 LN B 18] 5 32 P BEAR ], LS Bk 5 3
REVRESTEOL o 38 AL bel N Gk K PH R R R 4L
ARAT T LI A ) e 2 AR R B 2 20 L
R T AR KAV TR ST 3k ) AR AT A A2
e, Hir,2020-10-08 £ 7 K <., 2020-10-09
N ZHNE ,2020-10-10 H ~2020-10-12 H WK,
2020-10-27 HHERD = .

®2 UHRER

Tab.2 Details of instruments
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Fig.2 Instruments for field observation
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Fig.3 Comparison of MRT of different underlying surfaces

2020-10-08 £ = KA, i A FH Ry AR
HAE MR, JeBT o, R KETE 13:03, 7 54.9 C;
2020-10-11 KI5 R, ZHh B T #MH KB, 1, e K
HHIAE T4 13:55, 3 61. 8 °C;2020-10-12 7 iiF
K, s C R #RE R IR E ARG 0, K AE S BRLAE
T 13:46, 4 65.5 °C;2020-10-27 KK/ 7, F
FoF Bt F = 2R o, IR ER K 3h, i A
AR R RSB MR, 1, R AE S BLTE R R
13.58,°466.7 C

GERB AL R RSN, 07 iR hE &
B SR T 3R B R (E, O 3R SR R
HHHBRAE 13:00 A4y, FERE RSEAEF 1, FE1E T B
Bt B— B R 0 5 /IMEL, AR 9% Thorsson %5 fF 5%,
HJ PR ] BELE TS IE S HUCE B, 2R VG 1) J B 4
THEIE /P B BEAL T i A 2500, 2R (V4 1) B S
SR 2RI, (A5 0 Y A G A A T . 4%
Y fe KA IR AE A, 3 Fh R BV & T i Rl
A 20 5978 13 :50 22 A 5 B AR e YR 06 Al e ~F- X
SHR B RAEAE 3.7 C AR E & M RHE 548
SR B R K AEAR 4.9 C

HR AT 16 A B A O 43 da Ve R S T I AR A R
FH 2 5 8 555 A BH s S 2 A B0 SR B AN ) 37 1
() BRI O, Q& 4 R, BT H J RS ER
PH 5 BE AR A 10° LR B 1) M [0, 2% 57 A= A 25, J 8
IR IR AT 09:00 ~ 16:00 i B9 %48
SERIHEATR L, R b 3R S R A AR . AR R



- 132 /S NS T A N - ¢

%54 %

B, AN TR T ST 73 T R RO TR, SO0 R BH 4
SR AN ), AT BEAT BT 22 57, e AR FR ST B
B RALA ¢, B0 AL 22 57« B3 00 B R R A
(0. 19) , W Wi =R f fiK, 26 1 I 58 AR o 5 1, P ok H
b VB RABL AR X 510 5 AR 28 52 5 b ) o T R e
(0.12) , W Ar & d ey , 2 THT itk J3E AR XS i e, DAL ot G
b VB RABLARDO B 180 5 TREBE LAl e Sz IR A< 0 (0. 16)
AT PHEZE

1.0
09 ! — A, 2020-10-27 (
0.8 :\ - B, 2020-10-11
3 0.7 1’ HHC, 2020-10-12 f ;
oo | li]
® i i
= 0.4r i
0.3 4
0.1+ \\/ vw\” ) ) ) . F,
0.1 e L :

0 1 L 1 1 " L 1 I L 1 1 J
06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
I %

4 BREGTARTRENRBERER

Fig. 4 Albedo of different underlying surfaces under clear

weather conditions
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