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Abstract: Wet bulb globe temperature (WBGT) is the thermal environmental index that acquired the
1SO7243 authentication of the international standard system, which is adopted by countries including
America, Australia, Japan and China, etc. Currently, most of the simplified calculation of the outdoor
WBGT is summarized or verified based on the actual measurement in low altitude areas. To research the
simplified calculation method of outdoor WBGT for areas with low latitude and high altitude, taking
Guiyang, a typical city with low latitude and high altitude, as an example, we conducted Pearson
correlation analysis and hierarchical regression analysis on the air temperature, solar radiation, relative

humidity, wind speed, air pressure and WBGT of different altitudes in summer. The result shows that
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except the wind speed, other four parameters are of linear dependence with WBGT, and can be brought
into the regression model. In the hierarchical regression, adding in air pressure can improve the prediction
approach of air temperature, solar radiation and relative humidity to WBGT, the regression model has
statistical significance and so does the influence of the four independent variables added into the model on
WBGT. In the outdoor thermal environment evaluation and actual measurement, empirical formulas need
to be verified first when adopted in different regions, and it is suggested to add the air pressure parameters
in WBGT calculation model to improve the prediction accuracy at high altitude.

Keywords: WBGT ; weather data;atmospheric pressure;natural wet bulb temperatures
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Table 1 Instrument and data acquisition time

W 4 AL 2R R4 6] B / min
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T HE LA P ) A A S0 (1 55 S5 A A i 25 0 K SR FH 2 20 45 7 AR A 3 A O B . AR 1 R I B E 3
FAXH IR 22 382 /N B HE S Ay < IR << K < DA 81 << H A< N L 7] LA S T0I0ORG 2 55 7 b 3407
F14 42 30T T G W S K G L SR R R RO ST A R T 5% B % WBG'T BL )™ M B B 8 B B2 3T . 5 L il b X 50 A
Fb I A VKR SIS AR v 25 BB T K RS T 5 1% S U — A 500 R R A DG I, I A B A B i
R LT [ Lo e s SO T B R . DRl o T o Vi 4K L 1K 25 0 5 T 4R A O 9 S 8 T LA b M
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Table 2 Comparison of measured values with various WBGT empirical methods

gt PR

WBGT ik B KRME/C RME/C EHE/C ARiEZE/SC .
wm2E/C "2/ %
) 9.30—17:30 24.50 28.34 1.69
SEMAE 32.50
11:00—16:00 25.20 29.18 1.46
N 9.30—17:30 25.48 28.82 1.27 0.96 3.46
32.45
I IE. 11:00—16:00 25.97 29.13 1.23 0.78 2.83
9.30—17:30 21.95 25.94 1.74 2.41 8.49
H A4 29.67
11:00—16:00 24.25 27.20 1.12 1.99 6.74
9.30—17:30 22.50 26.10 1.43 2.24 7.85
A €2 51) 29.33
11:00—16:00 23.98 27.00 1.12 2.18 7.40
9.30—17:30 18.96 23.57 1.83 1.76 16.86
T 27.77
11:00—16:00 20.70 24.68 1.47 1.49 15.38
9.30—17:30 24.98 29.18 1.70 1.03 3.67
K 32.75
11:00—16:00 27.11 30.21 1.38 1.19 4.15

IR SRS B AR DR 22 TS AR T E AR AR S PR S B WBGT MRS 80, #7 36 AT %3 X i
WBGT A 524 30, 3% 05 2T LU TR 46 2 i T 4R 1XC
32 XS

N T AR WBGT B faf A5 28 30, 1 Yo i 20 eI Bl b 47 Z2 o0 Ml Ze Pk Ge it 20 A o 18] 5 2 17, 5 224
W7 2 AR B AR B O PR S KU RO S S WBGT AR P . 3l i B TR 0 AT 400 26 A e, an e 1
fiis .
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Fig.1 Scatter plots between(a) air temperature, (b) relative humidity, (c) solar radiation,

(d) wind speed, (e) air pressure and WBGT

B 1 v EDHL S 2R 02 Bl U 2R, ] U3 2R W0 0 R 4R 2 MR B0 95 % 1Y B (S X TRl . N BRI LA A A5 ]
WBGT 525 55 B K BHER 5 A1 ST A7 AE 1EAH 58 5 A0 X8 B8 A7 A A 56 HLAH e M4 55, 5 XUHE 18 A 56 M 45
%, dE—H R H Pearson M5 2 B B A 56 M 09 77 A8 2 B HRE B R/ LR 3,

*3 ZREEAMEE . KEES RE . SES WBGT B Pearson 16X R H
Table 3 The Pearson correlation coefficients between air temperature, relative humidity, solar radiation,

wind speed, air pressure and WBGT

, ; K BH$E 5/ R/ I/
ERME/C X B/ % - B
(Wem %) (mes!) hPa
WBGT i Pearson # 5 14 0.766 —0.168 0.498 0.090 0.514
I 2 M R ) 0.000 0.005 0.000 0.134 0.000

3 R R KT p o 0,134, KF 0,05, A LI E 22 MHOC R B 0 R . A T HERR AT
WGHE /NS WBGT B AR A AR S8 DB o XG53 /T 1 m/ss1~2 m/s Fl 2~2.61 m/s =4 .4}
AT Pearson AP T , —2H 1Y 8. Z MK p 2058 :0.836,0.571 F1 0.982, ¥ IL i KT 0.05, K it , Af
DL 3 e 32 WEAT WBGT A RECH 0 iR . e R 22 Z oo A o A RGE S8, X 55K
FRAEUTAETT N il DX B S — B TR B R ARG B 2R I 5 T 2R T AR A S KU WBGT (952 1 570N o KL
HARE 1%, WBGT fHALAE 1L 0.013 % , MW 5% R A EHE 2 AR i S 07 Hh 10 mo =5 ) XU, 025 5 430
T DX 1.5 mo e A A XU L RS £ A A R ) B TN, A SR PR A AR IR BRI KU 8 AR A A R 2% L o
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DI, 3k R AR RRE M & A 00T S0 0 XU 4R 0 ki 3 R R R T B A Y Sl A DG 1 A
3RS WBGT fEAE LM & (p<<0.05) . A DL RN A B JH A A v, ARG Pearson G R %,
A A H ARG S B0 S i i BURHE T - 28 A B > S0UE => K BR R 9 > A X
3.3 S EBASH
KT A BT AR S0 A AT DL 2 AR R PH 4 SRR 6 X WBGT 0 K SF- , A BF 5% 5k H
A3 )2 1 g AR IE A G D M | R D 25 M AN S MR (B B B R e E BRI ZE R 4 ik 5.
4 HSEBRARBMGITER

Table 4 Statistical information for hierarchical regression models

(il R R? W R® b HEAR T B 15 22
1 0.863" 0.745 0.743 0.860 2
2 0.893" 0.797 0.794 0.770 0

x5 DHRYEREBNRELE

Table 5 Regression coefficient and hypothesis test

e tr AL R A ML Pk S it it
i _— FRUE 1:];1;( F Sig. t Sig. . VIF
2%

A —6.529  1.706 268.454  0.000  —3.827  0.000
2SR/ C 0.960 0.042  0.816  268.454  0.000  22.838  0.000  0.726 1.378
AHXT R/ Y% 0.111 0.015  0.261  268.454  0.000  7.476  0.000  0.761 1.313
KBS /(W e m™*)  0.002 0.000  0.330  268.454  0.000  10.545  0.000  0.944 1.059

g s —43.059  4.650 268.559  0.000  —9.261  0.000
2 S EC 0.857 0.040  0.728  268.559  0.000  21.620  0.000  0.654 1.528
2 AH X %6 0.064 0.015  0.150  268.559  0.000 4.429 0.000  0.645 1.551
KIS /(W e m )  0.001 0.000  0.262  268.559  0.000  8.972  0.000  0.870 1.150
S JE /hPa 0.048 0.006  0.260  268.559  0.000  8.318  0.000  0.757 1.322

e AR (LAY 2) gy 25 U B R BH 4 S L A I B AR 4 MR REL R =0.797, F =268.559 (p <<
0.001) , J8% R*=0.794, [FIARE AL HLAT G i T4 7 . AR Hst /> SR AR o, A 10 25 AT B O PR 539 A X
BE 3 AR R ER R CBERY 1), P83 REHE N 0,051, $27R BUE Hon AR S50 » H AE 56 AR 1248 5 1
fift BERE ST 1M 5.1 %6 (p<<0.001) , BPAN A SEAS 7 %F WBGT MY TN k3845 e it 22 0 X

K 25 SR A PH 48 S A R R AR 4 NS EET WBGT i fa Akt 5 #

WBGT = —43.059 + 0.857 ¢, + 0.064RH + 0.001SR + 0.048 P, 9

B AR [ 05 5 R

WBGT =0.728 1 +0.15 RH"* +0.262 SR* +0.26 P, , (10)

K 2 S WBGT A A5 A 14 56 28 &, DAL Hr mT DL H BT A A0 B 43 A3 6 4T A 26 B30T L 523 WBGT
5 WBGT P44k i 122 30 A5 B b i J00 45 A 800 L e o T I B o T A 3R 25 e WP AN i it 2,14 °C
YRR 22 0.77 C P IARR R 2E R 2.69 00 AR TR 2 h HoA XA RIS 22 . P, W UK WBGT
4 87 Ak 1158 T & S PR BT T R i o
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Fig. 2 Relations of WBGT measured and predicted values

i AR AR T R ECCIL 3R 5) AT LA X R AR B WBGT 520 i R 21/ 3 A8 & HE T by 25 SO E
(0.728) > K BH#E B (0.262) >"F JE (0.260) =M X FF (0.150) ,

L, SR S EOR AT DU & 5 S 80 (25 AR B R BRI AR 9 AR VR ) 00 WBGT 48L& B L i HL X
i WBGT By K, fER R MIX 5 WBGT BRI, SRR —MEEER SR

BEAh s R A8 i WBGT s i K 2]/ A 28 & (B AR AP HEF 1M 5 . 5t B0 WBGT 190 I A5 A 5 K it
WBGT A58 A A [] Sy - 28 AT B = K PH 48 59 = AR XV B 1 7 0 WBGT 1910 A AL 7 52 g B %) HE 5 A
2% SR > A R B > K B AR ST L X 2 2 v K i WBGT R AU S 449 A0 X 158 22 /N T T 0 A S 249 A o452 22 K
B R 22—

4 & &

PRI 48 br WBGT &M H T 60 Z4F, 5 222 35 #0300 T anfof &7 {8 i 20066 F WBGT B st o,
H R L SHHE WBGT MR JE £ , FE 5 A HCPEE A RE RIS, R FHHOP 8 7 6 37 i 80es B
B E S5 2 1 HBR 35 22, A 28 000 A o W B A AR X IR A I 0 AN A, X R — T
TET PR AT S R A I L — T U T RS I AOF 1 R DA SR sh AR M HOP RS . R &A1 B
1) WBGT & fb i1 AR A & — A~ 55 b B A7 8 A G Y BR 2 B A0 . 58 2o (o FH 6 IR 45 32 v Vg 4 3 T 5% P T S92 3
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