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Abstract: To alleviate the crisis of urban thermal environment of Nanjing, the Weather Research and Fore-
casting Model (WRF) was uesd to simulate the effects of three types of roofs (conventional roof, high al-
bedo roof and randomized glass-polymer hybrid metamaterial roof) during the extreme high temperature
weather in Nanjing in 1—31 July 2017. The results showed that (1) cooling roofs (like high albedo roof
and randomized glass-polymer hybrid metamaterial roof) can reduce the temperature of cities by weakening
the solar radiation reaching the surface of the city. During the daytime, the average temperature of ran-
domized glass-polymer hybrid metamaterial roof drops by 0. 8—1. 2'C, and the average temperature de-
creases 0. 2— 0. 4 C in the nighttime. The average temperature of the high albedol roof drops by 0. 6 —
0.8C during the day and decreases 0. 2°C at night. (2) The surface temperature index can be used to char-

acterize the thermal performance of the cooling roof. The surface temperature index of the randomized
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glass-polymer hybrid metamaterial roof is 0. 16 —0. 43. The surface temperature index of the high albedo

roof is 0. 05—0. 26, indicating that the cooling effect of the randomized glass-polymer hybrid metamaterial

roof is stronger than the high albedo roof. (3) The high albedo roof and the randomized glass-polymer hy-

brid metamaterial roof can return 36. 7% and 47. 1% of the solar short-wave radiation respectively. The at-

mosphere absorbs heat 19. 6% less and 34. 8% less than conventional roof.

Key words: randomized glass-polymer hybrid metamaterial roof, high albedo roof, Weather Research and

Forecasting Model (WRF), high temperature
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Fig. 2 Comparisons of simulated and observed values (a, ¢) of 2 m air temperature (a, b),

10 m wind speed (¢, d) and the relevance diagrams (b, d) in 1—31 July 2017

(Solid black line shows the observed value, solid red line shows the simulated value,

and blue dotted line shows the difference between observed and simulated values)
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Fig. 3 The mean 2 m air temperature difference value between high albedo roof (a, b), randomized

glass-polymer hybrid metamaterial roof (¢, d) and control of day (a, ¢) and

control of night (b, d) respectively during 1—31 July 2017
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Fig. 4 Daily change of the surface temperature index (IT) of cooling roof during 1—31 July 2017

(Red box shows the IT of the randomized glass-polymer hybrid metamaterial roof,

middle line indicates the median value, error bars indicate the 75th and 25th percentage

points, respectively; The black box chart shows the IT of high albedo roof; The orange

and blue solid lines are average of the randomized glass-polymer hybrid

metamaterial roof and the high albedo roof, respectively)
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Fig.5 Mean surface energy balance averaged in Nangjing urban for the entire 31 d extreme

heat period in July 2017 (unit: W« m %)

(a) conventional roof, (b) high-albedo roof, (¢) randomized glass-polymer hybrid metamaterial roof

(S: solar radiation, L: longwave radiation, NET: net radiation, L H: latent heat flux, SH:

sensible heat flux, S: storage; downward and upward f{luxes are identified by arrows)

SH/W - m™’

G/W -m™

00 06

# 6 HhFEfER

12 18 00

[t il /BT

S H 3 (R

() S HGE & (SHD - (b) T #1408 B (&) (o HHR ST (RND
Fig. 6 Mean diurnal variation of surface energy balance

(a) sensible heat flux (SH), (b) surface heat flux (G), (c¢) net radiation (RN)
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