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Abstract The study of two kinds of cooling roofs (high reflectivity roofs and green roofs) has 

important implications for the mitigation of high temperatures in summer in Beijing. This paper 

has combined the Weather Research and Forecasting Model (WRF3.8) with the Single-Layer City 

Canopy Model (SLUCM), evaluated the simulation performance of control case (case1) in this 

coupled model with meteorological data of 158 stations in Beijing and used seven different albedo 

roof cases (case2-4) and different cover ratios of green roof cases (case5-8) to carry out sensitivity 

studies. The results of the study showed that: (1) In the urban area of Beijing, the roof which 

albedo is 0.85 (case4) has a better cooling effect than 100% (case8) green roof, the average 

temperature of case4 drops 0.90Ņ and in the meantime the cooling of the case8 is 0.46Ņ. (2) 

With the albedo of the roof increases by 0.1, that the maximum temperature in Beijing will 

decrease 0.27Ņ. And the increase of the proportion of green roofs will also result in a decrease in 

temperature. With each increase by 10%, the maximum temperature will decrease by 0.16Ņ. (3)   
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There is significant impact on urban heat islandŝUHI  ̃ that caused by cooling roofs. Compared 

with case1, the maximum UHI of case4 drops by 1.47Ņ during the daytime from 13:00 to 14:00, 

which is higher than the cooling effect of case8. (4) The cooling effect of the cooling roof can 

reach the height of 1.2km above the city, and the turbulence movement is also significantly 

reduced. At the 12:00-18:00 of the three days, compared with case1, the height of the boundary 

layer of case4 and case8 are respectively average reduced by 669m, 430m. 

Key words  high reflective roof, green roof, urban heat island mitigation, WRF model 
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o
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o
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2.1 WRF  
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o
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̆ᴪ Ȃ Wang ( 2009) ̆ ֤ Ҭ

ᶛҹ 0.783̂ ▼ᵩ ҹ Ȃ̃ 

 

 

1  WRF ҈ DO3 Ҋ ≠ Ȃ̂ ã DO1ȁ

DO2ȁDO3 ̂ ᵝ̔m̃ ̆̂ b̃ 158ҩ ; ABҹ ╩

̕ ( ̔35km)ῤҹ  

Fig. 1 Land- use types for the triple nesting of WRF simulations and the underlying 

surface of  DO3. (a) Black rect angles indicate DO1, DO2, DO3 simulation areas and 

terrain height (unit: m), (b) Black circles indicate 158 observation stations; AB 

is a vertical section; and the area of black circles (radius: 35 km) are used to 

calculate the urban heat island intensity  
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( case1) ҩ ֤ ҹ 0.2̆ ’Ҋ ῤ
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Ȃ 3 ( case2- 4) ҩ №≢

0.4ȁ0.6ȁ0.85Ȃ ̆ 4ҩ ᶛ( case5- 8) ҩ

ҹ 20%ȁ50%ȁ80%ȁ100%̆ ῒҬ▼ᵩ Ḡ ᴰ ̆ ҹ 0.2Ȃ ᶛ

ȁ   ȁֲҹ ֲҹ ṿ 1Ȃ 

 

1. ᶛ  

Table.1 Configuration of the numerical study cases and parameterized program 

 └ ᶛ  Ҍ  

ᶛ case1 case2 case3 case4 case5 case6 case7 case8 

 0.2 0.4 0. 6 0.85 -  

 -  -  20% 50% 80% 100% 

WRF  WRF3.8 

Ҭ  40.405
o
N̆ 116.326

o
E 

҈  100¦95̆ 136¦121̆ 151¦136 

 1 :9 km̕ 2 : 3km̕ 3 : 1km 

№  53  

 

 

Noah (Chen et al.2001)  

  ̂SLUCM̃ 

WSM3 ̂Hong et al. 2004̃  

RRTM (Mlawer et al.1997)  

Dudhia (Dudhia, 1989) 

MYJ (Janji ç, 1996)  

 18.3m(Wang et al.2009)  

 10m 

 10m 

 0.783(Wang et al.2009)  

ֲҹ ( max)  120W/ m
2
(Miao and Chen 2014) 

ֲҹ ( max)  42W/ m
2
(Miao and Chen 2014) 

 

2. 3  

ҹ ԍ ֤ 2̆17ҩ

ԅ ֤ Ȃ Ҋ Ҍ ̆

⅞№ҹ ̂ 1bҬ Ҋ ̃ Ӡ ̂ 1bҬ Ҋ ̃ң Ȃ ԍ 217

ҩ 2010 7 4- 7 ̆ ҍӠ 22ȁ36ҩ ̆

⌠ Ȃ҉ץ90% ̆ ≠ 50ҩ 108ҩӠ

ᵀȂ 

3 ᵀ 

≠ 2010 7 4- 7 ֤ Ӡ 158ҩ ̂ ȁӠ ̃

̆ҍ └ ᶛ̂case1̃ 2m ̂T2 ȁ̃2m ̂RH̃ 10m
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̂UV10̃ № ̆ Ȃ 2 , №≢ ȁӠ

ᵣ ( )ṿҍ case1 ̆ 4:00

⌠ ᵞṿȁ17:00 ⌠ ṿ̆ ҍӠ ҍ ṿҬ̆ ҍל

( )ṿ₮ ѿ Ȃcase1ҍ ȁӠ ṿ ῏ ( R)ҹ 0. 85ȁ0.90̆

Ẓ ( MB)ҹ- 0.28
o
Cȁ- 1.56

o
CȂ 2(c)ȁ( d) ῏ R№≢ҹ 0.74ȁ0.91̆ᵖ

case1Ҭ ҍӠ ҈ ᵣ ᵞԍ ṿȂ 2(c)Ҭ̆ 7 4 12:00

5 6:00 ┴̆ ṿ ҍ case1Ẓ 25% Ȃ ԍ

̆ ᵣ ᵬ ̆ ῤ ẒᵞȂ 

2(e)ȁ( f )Ҭ̆ 10m ṿ ᵣẒ ῒ̆ ῏ R№≢ҹ0.32ȁ0.28Ȃ

ῒѿ ԍ № └̆   ῤ ῒ̕ԋ

  ῤ 10m ѿ ṿ ₮ ̆ ѿ

ӊ҉ ῒ̕҈   Ẋ ṿ̆

ᵬ ꜚ ׆̆ 10m ṿ ṿẒ ̂ᴝ ´ ̆2013̃Ȃ 
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2  2010 7 4- 7 ( Urban)ҍӠ ( Rural)Ҭ 2m T2̂ Ņ ȁ̃2m RĤ%̃

10m UV10̂ m/ s̃ ṿ̂case1̃ ṿ̂observation ̃҈ Ȃ 

̂ ҹ case1 ṿ̆ ҹ ṿ̆ ̂ ̃ ҹ҈ ȁ

ṿ ꜚ ̃ 

Fig. 2 The three - day hour- by- hour comparison of  simulated  (case 1)  and observed the 

2- m temperature T2 (Ņ), 2- m relative humidity RH (%), and wind speed UV 10 (m/ s) in 

Urban and Rural areas from July 4 - 7, 2010.  

(The red solid line is the aver age of case1, the blue solid line is the average of the observation, 

and the light red (light blue) shadow is the smallest three - day hour, large - area range fluctuation 

range)  

4 №  

4. 1‡  

ң ‛ ( ȁ ) ᵬ Ȃ

№ ԅ ҹ 0. 85(case4) 100% ( case8)ҍ └ ᶛ

( case1)҈ ṿȂ 3 ̆‛ ֤ ҹ ᵬ ,

ῒ case4ҍ case8 ҹ 0.90
o
Cȁ0.46

o
CȂGeorgescu ( 2014)

ᶏ ‛ ̆ ԍ ҍ̆

ѿ Ȃ ̆ ң Ҭ Q2 ⱴ c̆ase4ҍ case8 ᵣ ῤ

ṿ№≢ ⱴԅ 0.26g/ kgȁ0.39g/ kgȂῒҬ ⱴ ҹ ̆

Һ ⱴԅ ᵬ ̆ Ҭ Ȃ 
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3  2010 7 4- 7 ‛ ̂case4ȁcase8̃ ҍ └ ᶛ̂ case1 Ҭ̃ 2m T2̂ Ņ ȁ̃

Q2̂g/ kg̃҈ ṿ 

̂a. T2( case4- case1), b. T2( case8- case1), c. Q2( case4- case1), d. Q2( case8- case1)̃ 

Fig. 3 The difference value between the three - day average temperature T 2 (Ņ) and 

specific humidity Q 2 (g/ kg) in the cooling roof (case4, case8) and the con trol (case1) 

on July 4 - 7, 2010  

(a. T2 ( case4- case1), b.  T2 ( case8- case1), c.  Q2 ( case4- case1), d.  Q2 ( case8- case1) )  

 

7 Ҍ ᶛ ‛ ֟ ԅ ̕ 4̂a ȁ̃̂ b̃ ₮

ԅ case1- 8 ̂SH̃ ̂LH̃ ҈ Ȃ

( case2- 4)ᶏ ₮ ׆̆ ⌠ ⁞ ̆

№ ⁞ Ȃ 4̂ ã ̆ ̆

└ ᶛ̂case1̃ case2- 8Ҍ ᶛ ֟ ̆case2- 8 ṿ

₮ 14:00 ┴ȂῒҬ̆ ҹ 0.85̂ case4̃ ⁞ 145.20W/m
2
̕

̆case4 Ӟ ⁞ ̆ 14:00 ┴̆ ṿ⁞ 23.2 2W/m
2
Ȃ

Ҍ ( case5- 8)̆ῒ ҍ Ҍ Ȃ ҉

ⱴ ̆ ᵞȂ 14:00 ┴̆ 100%
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( case8) ⱴԅ 66.3 4W/m
2
̆ ᵞԅ 113.58W/m

2
Ȃ

case5- 8 ̆ ̆ ⱴ ̆ ᵞȂ 

 

 

4 Ҍ ‛ ( case2- 8)ҍ └ ᶛ̂case1̃   

(a. SH(W/m
2
)̆b. LH(W/m

2
) )  

Fig. 4 Average diurnal variation of urban energy balances for different cooling roo fs 

(case2- 8) and control case  (case 1)  

(a . Sensible heat flux SH (W/m
2
), b. Latent heat flux LH (W/m

2
) )  

 

4.2 Ғ ᶡ‡  

5̂ a ȁ̃̂ b̃№≢ҹ ( case2- 4) Ҍ ( case5- 8)ҍ └

ᶛ( case1)Ҭ҈ ( mean)ҍ ( max) ṿȂ ᵣ ң̆ ‛ ᴪ

ⱴȁ 2m ̂T2̃ Ȃ ԍ

̆ ( case2- 4) ⱴ0.1 ῒ̆ ҹ0.27
o
Cȁ ҹ0.10

o
C̕

( case5- 8) ⱴ 10% 0.16
o
Cȁ 0.04

o
CȂ

( case2- 4) ( case5- 8) ̂ ̃ Ȃ 

 

 


