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Abstract The study of two types of cooling roofs C(high reflectivity roofs and green roofs) has important implications for the
mitigation of high temperature in the summer in Beijing. This paper has implemented the Weather Research and Forecasting
Model (WRF3. 8) coupled with the Single-Layer City Canopy Model (SLUCM) to evaluate the simulation performance of the
control case (casel) by this coupled model using meteorological data collected at 158 stations in Beijing. Seven cases with roofs
of different albedos (cases2 —4) and green roofs with different cover ratios (casesb — 8) are conducted for sensitivity studies.
The results of the study show that: (1) in the urban area of Beijing, the roof whose albedo is 0. 85 (case4) has a better cooling
effect than the 100% (case8) green roof, the average temperature in case4 drops by 0. 90 C and the cooling in case 8 is 0. 46 C ;
(2) with the albedo increase of 0.1 in the roof, the maximum temperature in Beijing will decrease by 0.27 C. And the increase
in the proportion of green roofs will also result in a decrease in temperature. With every 10% increase in the green roof, the
maximum temperature will decrease by 0. 16°C ; (3) the two types of cooling roofs have significant impacts on the urban heat is-
land (UHI). Compared with casel, the maximum UHI in case4 drops by 1. 47C during the daytime from 13.00 BT to
14.00 BT, which is higher than the cooling effect shown in case8; (4) the cooling effect of the cooling roofs can reach 1.2 km
height above the city, and the turbulence is also significantly reduced. During 12:00 — 18.00 BT of the three days, compared
with casel, the height of the planetary boundary layer in case4 and case8 on average are reduced by 669 and 430 m, respectively.

Key words High reflective roof, Green roof, Urban heat island mitigation, WRF model
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Fig.1 Triplenested WRF domain and land use type in the innermost domain (D03)

(a. Model domains denoted by black rectangles as D01, D02, D03 and terrain height (unit: m),

b. Land use type in D03. Black circles indicate 158 observation stations; AB is the position

along which the vertical cross section is displayed, and the area inside the black circle

(radius: 35 km) denotes the area where the urban heat island intensity is calculated)
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Table 1  Configurations of the numerical study cases and parameterization schemes

Xof 1 22 451 o R R T AT H a2 T
""" casel  caseZ  case3  cased  caseb  caseb  case?  case8

21 % 0.2 0.4 0.6 0.85 0.2 0.2 0.2 0.2
SR T (0 — — — — 20 50 80 100
WREF A WRE3. 8
bl 2 i 40. 405°N,116. 326°E
—EiRE 100 % 95,136 % 121,151 X 136
K5 a3 E] B (k) H1J2:9.58 2 23,5 3)2:1
EHIE 53 )z
BB & Noah [ifi i id #2 (Chen, et al, 2001) , 82 3§ 115 768 )2 (SLUCM) , WSM3 {4 # J5 %€ (Hong., et al, 2004) ,

RRTM K i 4@ 5177 % (Mlawer, et al, 1997) , Dudhia J7 %& (Dudhia,1989) , MY] 41 %t |2 77 % (Janjic, 1996)
S 18.3 m(E IE X%, 2009)
& T0L9E B 10 m
5 3H 98 B2 10 m
Wi A S L 0. 783 T IE %%, 2009)
A H# (max) 120 W/m? (Miao, et al, 2014)

N A (max)

42 W/m?(Miao, et al, 2014)

2.3 MMBE

I TIE A ADL 25 L P %) SO0 45 4 ok VR Ik s ek
RGBT 217 AW s S T A s R
T X B R R B R . AR O sl 5 Ak 1
T E T AN]SR 3 AR 43 Sy 3T L 1h T
TEIED A S AT B b AR R SR ED PR SR,
i 2010 4F 7 H 4—7 HAE 217 AW 35 &5 P, 3%
5 2 R4 22,36 Al s 5 W08 0 Al Sk, st
HIRE] 9020 LA k. Bk, A 50 AT A5 &% 108
A2 Bl R G BB AT R U A0 25 R 1 O
fli o

3 BLALEE R IEAG

A 2010 42 7 H 47 HALEUHT & £ A X
158 AL ot i BT L & R I o) 1 AR B0k 5
SCHR BRZE ] Ccase D BRALL AT 2 m 30T 3 1R CT)
2 m ARHREE (RHD A1 10 m KUHE (Vi) BEFT X B 73
B AR B UE AL AR 2R . 20 SR IR | 2 A UL 3l
(B AR 2 AR A R /N (RO MBS casel A X I Y

& S EAT X B (I 2) AT 00 b T A 04 B 35 B i
MG 17 B 35 3 dge e L TE ST 5 & B 0l i A B AL
SRR I AR b 1 A 0 (2O (A HE B B
) 3 A8 — 2, casel 53R . & A I (1 AH 56 R 5L
(R)43 51 & 0. 85,0. 90, F- ¥ 1l 22 43 5 2k — 0. 28,
—1.56 C . KTl & B AH XTI B A 4 5 00 I 17 AH
KR M 0.74.0. 91, 1H casel i 5 £ FH Y
3 d B MAOR XV EE B AR T S BRI AR . & 2¢
TE7H 4 H 12 85 H 06 B, 0800 {4 A8 %8 B
5 casel 22 25% A4y . T I X 48038 i3 1 2
(9 H7 E A /b o A T R B 25 BT T s s S O T X
BN AR B R AG . 3RTT L £ R BLL L O 10 m
JRUEE ST 20 8 R e R AR DG & 043 i o 0. 32,
0. 28, HHC R BUwAR M JE B AT B (D i TS
SRR A TR A TR )2 PN R S 1 Ah
AR s (2) 52 N 10 m KU g2 th RS 12
149 RSB IO 25075 7 i R AR I B 1 )2 e B
TEFESY) = 2 b (3) B2 3Tl 7 J2 M 2 S 1
o R AT e A )L L O YA 20 S50 2 B8 A SR 1



Jo 5 = 45+ ¥ 002 TG b 5 S TIT PR FR 55 5 i) Py B HELF 5

60

—— observation —— casel Urban (a)

50

40
= 30+,
&

20

T T T
00:00 12:00 00:00 12:00
4 5 6 7 Jul
140

— observation —— casel Urban (c)

120+
100 —
80+

RH (%)

601
40
20

T T T
00:00  12:00  00:00  12:00
4 5 6 7 Jul

—— observation —— casel Urban (e)

V,, (m/s)
=)
]

0 T T T
00:00 12:00 00:00 12:00
4 5

T T
00:00 12:00
6 7 Jul

T T
00:00 12:00  00:00 BT

T T
00:00 12:00  00:00 BT

00:00 BT

133

60

—— observation —— casel Rural (b)
50 —

40
=, 30 -

20 +

10

T T T T T
00:00 12:00 00:00 12:00 00:00 12:00 00:00 BT
4 5 6 7 Jul
140

—— observation —— casel Rural (d)
120

100 |
80

RH (%)

60 |
40 H
20

T T T T T

00:00 12:00  00:00  12:00  00:00 12:00  00:00 BT
4 5 6 7 Jul

18

— observation —— casel Rural (f)
15 4

12 4

V,, (m/s)
A=}
!

“WM

0 T T T I T
00:00 12:00 00:00 12:00 00:00 12:00
4 5 6

00:00 BT
7 Jul

B2 201047 H 4—7 A¥H (avcoe) 55 A (b.d.DHF 2 m JE To(ab) .2 m X B RH(c.d)
110 m XGE Vi Ce D BELE (casel) AU {E (observation)3 d I AY X} L
(LA 5228 casel B34 MR 15 €0 5228 Sy LI f) T2 B4 (00 L R 20 00 (R W €0 BRSO 3 d I dse /N RO 0 IX 088 9t 30 98 D

Fig.2 Comparison of simulated (casel) and observed hourly 2 m temperature T, (a, b),

2 m relative humidity (¢, d), and 10 m wind speed Vi, (e, {) in urban (a, c, e)

and rural (b, d, f) areas during the 3 day period 4 —7 July, 2010

(The red solid line is the average of casel, the blue solid line is the average of the observations,

and the light red (light blue) shading shows the fluctuation range of

the hourly minimum (maximum) values during the 3 day period)
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Fig.3 Differences in the 3 day average temperature T, ('C) and specific humidity Q. (g/kg)
between results of sensitivity experiments with cooling roof (case 4, case 8) and
the control experiment (casel) on 4 —7 July 2010
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Fig. 4 Average diurnal variations of urban energy balance for sensitivity experiments

with different cooling roofs (case2 —8) and the control case (casel)
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Fig.5 Differences in mean and maximum 2 m air temperatures between results of sensitivity

experiments with different ratios of cooling roof (case2—8) and the control case (casel)

(The purple (black) dots show the mean (max) temperature differences, the purple (black) solid lines are for

the linear fits of mean (max) temperature, and R? in each panel shows the determination coefficient)
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Table 2 Meteorological elements averaged over the entire day, over the daytime and

over the nighttime for casesl — 4

ES] Q:(g/kg) T, (C) Vio(m/s) WH(W/m?) (W /m?) Ts(C)
PN casel 8.74 32.82 2.15 54. 40 103. 60 35.78
case2 8. 80 32.60 2.09 52. 26 86. 20 35.19
case3 8. 85 32.33 2.03 49. 65 67. 88 34.50
cased 9.01 31.95 1.99 46. 12 50. 56 33.67
""""" B%  casel 827  35.74 211 92,47  189.84  40.99
case2 8. 36 35.35 1.99 87. 80 156.73 39. 88
case3 8.48 34. 89 1. 88 82. 67 122. 80 38. 65
cased 8.62 34. 38 1.81 76.14 92.13 37. 40
"""" % casel  9.24 2994 218 1841 2100  30.71
case2 9.27 29. 85 2.16 18.19 17.35 30. 53
case3 9.29 29.77 2.17 17.99 13.91 30. 36
cased 9.43 29.53 2.13 17.71 9. 85 29.98
%3 cases 83 d TH IR B FEI IR S B E
Table 3 Meteorological elements averaged over the entire day, over the daytime
and over the nighttime for casesb — 8
3] Q: (g/kg) T2 (C) Vig(m/s) M (W/m?) (W /m?) Ts(C)
EEPN cased 8.82 32.76 2.13 60. 59 97.73 35. 61
caseb 8. 84 32. 67 2.10 69. 53 86. 00 35.27
case? 9.01 32.51 2.07 78.02 74.53 34. 86
case8 9.14 32.38 2.05 83. 46 66. 83 34.55
""""" (% cases 838 2561 207  103.80  177.61 40.59
caseb 8.58 35.43 2.01 120. 22 154.93 39. 82
case? 8. 81 35.05 1.94 135. 63 132.12 39.01
case8 8.99 34. 81 1.91 145. 41 117.00 38.41
"""" %l cases  9.28 29,95 217  19.61 2092  30.75
caseb 9.12 30. 04 2.18 21.47 19. 39 30. 82
case? 9.24 30. 00 2.18 23. 30 18. 47 30. 79
case8 9.33 29.97 2.17 24.54 17.77 30.76
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Fig. 6 Diurnal variations of 2 m temperature T, (' C) change induced by the urban heat island (UHD

for cases with different cooling roofs (cases2 —8) and the control case (casel)

(a. T changes induced by UHI (casel —8); b. differences in T changes induced by UHI between case2 — 8 and casel)
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Fig. 7 Time-height cross sections of hourly air temperature differences ('C) between the cases

with two types of cooling roof (a. case4, b. case8) and the control case (casel)

in the urban area of Beijing during 4 —7 July 2010

(The black solid line shows the boundary layer height for casel, and the blue solid line

shows the boundary layer height for case8 (case4))
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