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Characteristics of Road Surface Temperature in Beijing

and Its Statistic Forecasting Model

DONG Yan GUO Wenli MIN Jingjing LI Naijie ZHANG Fengyao

Beijing Meteorological Service Center, Beijing 100089

Abstract: This article analyzes the diurnal variation of road surface temperature in the different weather conditions
for winter and summer in Beijing. Based on the 2012—2015 data of the road stations and the corresponding fore-
casting model outputs, the multiple linear regression statistical forecasting models are built to predict the road mini-
mum temperature in winter and the maximum temperature in summer with the different correlative factors
from the selected 5 representative road stations. Then the best forecasting model is chosen to make an as-
sessment for winters and summers from 2016 to 2017. The results show that there exists a significant diur-
nal variation for the road surface temperature, suggesting that the road surface temperature is obviously
different under different kinds of weather conditions. The road surface temperature is correlated to air tem-
perature, atmospheric radiation and sunshine duration. In addition, the prediction accuracy of summer
forecasting models for the various weather conditions is improved. Under the fair to cloudy condition, the
errors of forecasting models could be controlled within the &= 2'C in winter and 2=3°C in summer, but it is
worse under the other weather conditions. The models show a better performence in terms of the minimum
temperature forecast in winter compared to the maximum temperature forecast in summer.

Key words: characteristics of road surface temperature, minimum road surface temperature in winter, maxi-

mum road surface temperature in summer, forecasting model
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Spatial distribution of the

road stations in Beijing
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Table 1 Classification of weather conditions

by the sunshine duration for the winter and

summer of 2008 —2016 in Beijing
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Fig. 2 Diurnal variation of the road surface temperature (Tk) and

2 m temperature (T,) in (a) winter, (b) summer

in Beijing during 2008 —2016
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Fig. 3 Diurnal variations of the road surface temperature (Tk) and 2 m temperature (T,) in different

weather conditions in winter (a, b, ¢) and summer (d, e, ) during 2008—2016

(a, d) fair to cloudy, (b, e) overcast, (c, ) precipitation
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Table 2 Correlation coefficients between minimum temperature and meteorological element
outputs by the Beijing regional model for the winter from 2012 to 2015

7 . A1027 Al1210 A1325 Al414 Al512

B il i W—H U fi—H W B —H H Hf—H M H i —H
1 GLW 0.792% 0.658* 0. 704> 0.653" 0.731* 0.667 0. 757 0.630" 0. 780" 0.638"
2 Dste —0.699* —0.604" —0.667* —0.630" —0.713" —0.669" —0.643" —0.559" —0.681" —0.595™
3 RH; —0.066 —0. 145 —0.204* —0.244™ —0.240™ —0.272* —0.130 —0.232™ —0.043 —0.158
4 SWDOWN 0. 442 * 0.469 " 0.508** 0.527* 0.484* 0.521* 0.476 % 0.509 0.462* 0. 485
5 T 0.952" 0.898* 0.948* 0.932* 0.941* 0.921* 0.958" 0.913* 0. 949" 0.902 "
6 T2 _min 0. 948" 0.898 " 0.933™ 0.921* 0.916 0.904 0. 949 0.911* 0.951" 0. 896"
7 To_max 0. 909 0.861 " 0.932™ 0.912* 0.922* 0.901 0.928* 0. 882" 0.904 0. 874
8 Uio —0.259*  —0.189* —0.202* —0.173~ —0. 144 —0.092 —0.303* —0.243* —0.305" —0.206"
9 Vio 0.284" 0.274 " 0.160 0. 149 0.096 0.142 0. 255" 0.228" 0.337* 0.246 "
10 Piiowl 0.145 0.125 0.114 0.107 0.164 0.139 0.129 0.105 0.221* 0.155"
11 RZ —0.050 0.104 0. 080 0.176* 0.731% 0.667 0. 757 0.630" 0.780* 0.638*
12 Thin_ex — 0. 888" — 0. 956 — 0. 960 ™ — 0.892* — 0.893 "

TE: AW =332, % x Fl x 20 HARKE L 0. 01 1 0. 05 T F AP To_min « AR L L To_max « 508 L Trnin_ex : BT — H SR G i RLEE . T 1) .

Note:n=332; * % and * indicate passing 0. 01 and 0. 05 significance levels of test, respectively; T2_min:

minimum air temperature, T2 _max:

maximum air temperature. Tmin_ex: road minimum temperature of the previous day.
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Table 3 Same as Table 2, but for summer

15g . A1027 Al1210 Al414 Al1512 A1325

5 PF Tan e WH Wn WH O fH WH W H WH WA
1 GLW —0.324* 0.226* 0.119 0.234* 0.116 0,277 —0.005 0.184 % —0.307* 0.195 %
2 Psic —0.465* —0.275* —0.250*" —0.200*" —0.312* —0.255*" —0.243** —0.260" —0.466* —0.235*"
3 RH; 0.633% —0.165% —0.351* —0.107 —0.378* —0.120 —0.452* —0.158 % 0.664* —0.169 %
4 SWDOWN 0.563** 0.315* 0.522* 0. 247 0.581* 0.241* 0.551% 0.290* 0. 504 0.290*
5 T, 0.663 " 0.643* 0. 605 * 0. 689 * 0.653* 0. 642 0.679 0.613* 0.691* 0.630"
6 T min 0.615* 0.534* 0.542* 0.492* 0.498** 0.573* 0.551* 0.511* 0.583 " 0,470
7 T max 0. 586 * 0.562* 0.535* 0. 587 0.584* 0.534 % 0.539% 0. 542 0.529 0.524*
8 Ui —0.038 —0. 087 —0.012 —0.100 0.072 —0.011 0.121 —0.02 —0.031 —0.077
9 Vio —0.305* 0. 050 —0.028 0.042 0.132 0.156 % —0.026 0.128 —0. 286 ** 0.036
10 Py ol —0. 324 —0.012 —0.280* —0.042 —0.201* —0.077 —0.239* 0. 046 —0.307* 0.041
11 RZ 0.552% 0.177 % 0.562% 0.094 0.565% 0.125 0.626* 0.196 % 0.672* 0. 149 %
12 Thaxex — 0.428* — 0.415** — 0.429* — 0. 490 ** — 0.463*

T H O EE =350, Trmax_ex « B — H 5 i 38 1 EE
Note: 7=350, Tmax_ex: road maximum temperature of the previous day.
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Fig. 4 Comparison of the simulation results under different weather

conditions with the whole ones during 2012—2015

(a) fair to cloudy, (b) overcast, (c) precipitation

(bar: correlation coefficient, dashed line: root mean square error)
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(a, c) scatter diagram of observation and forecast, (b, d) error distribution density plot
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