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Abstract With the process of rapid urbanization, the climatic effect of Urban Heat Island (UHD on the urban boundary layer
is becoming more notable, especially with the energy consumption in buildings and the heat exchange between indoors and out-
doors as parts of the anthropogenic heat. We use the Weather Research and Forecasting Model (WRF) with the Multilayer Ur-
ban Canopy Scheme (Building Effect Parameterization, BEP) and Building Energy Model (BEM) to study the effect of heat
created by air conditioners and energy diffused through roofs, walls and grounds on the outdoor atmospheric environment. Sev-
eral numerical experiments are conducted from 2 Aug to 3 Aug 2010 under the typical weather background in Nanjing, aiming
to better understand the new urban canopy scheme and compare its simulated results with observations. The main purpose is to
discuss the effect of air conditioners and heat and energy exchanges between indoors and outdoors on the urban atmospheric
temperature, Results show that with the assumption that air conditioners are turned on throughout the day, the simulated tem-
perature in the daytime is in good agreement with the observed. In the nighttime, the simulated temperature is higher than the
observed with a deviation of about 1°C during 22:00 to 00:00 BT. Air conditioners have tiny effects on daytime urban near-sur-
face temperature, but they can lead to temperature increase by 0. 6°C in the nighttime, especially in densely populated areas,
where a temperature increase of about 2°C can be found from 22:00 to 23:00 BT. When the indoor target air temperature is ad-
justed from 25 to 27°C, total energy released from the air conditioning system is reduced by 12. 66 %, and the temperature de-
crease is the largest between 13:00 and 16:00 BT with an average of about 1°C. The denser the buildings are, the larger the
temperature decreases.

Key words Urban canopy scheme, Air condition, Indoor-outdoor heat exchange, Urban atmospheric temperature

N . s . WRF (Weather Research and Forecasting Mod-
eD , BEP+BEM , BEP(Building Effect Parameterization)
BEM(Building Energy Model) y 2010 8 2—3
* : (41675016) ,

s s . E-mail: wyw@nuist. edu. cn



650

s WRF

, 22 — 00 ( ), 1°C o

0.6C, ,22—23
27°C 12.66%, 13—16
P435
1

(Voogt, et al, 2003), ,

, (Chemel, et al, 2012).

(Ohashi, et al, 2007), (Pigeon, et al,
2007) . ( , 2017; , 2008;

, 2004) . ( , 2011) . ( ,
2007) . ( , 2007), ( ,
2011) . N
2 W/(m? »s) ( , 2015),

70 W/m?( , 2014),
100 W/m? (Allen, et al, 2011),
. (Allen, et al,
2011; Sailor, 2011).,
N (Kimura, et al,

1991; Taha, 1999; Brown, et al, 1998; Ashie, et
al, 1999), Masson (2000) TEB(Town En-
ergy Budget)

. TEB ,

2018,76(4)

Acta Meteorologica Sinica

BEP-+BEM s

. ,» Kikegawa
(2003) . BEM
(Building Energy Model) ,

» Salamanca (2010)

BEP (Martilli, et al. ,
2002) BEM (multilayer
urban canopy model and building energy model,

BEP+BEM), ,

(Salamanca, et al, 2011, 2012)
(Krpo, et al, 2010),
(2015, 2017)

o 2010 8 1—3 .
) WRF /BEP
+BEM ,
: (1) BEP+ BEM

(2
3



2
2.1 WRF
WRFv3
, Arakawa C )
, WRF
: (1) 2002 WREFv2. 2
Kusaka (2001) . WRF
., (2)2009 ,WRFv3.1
Martilli  (2002) (BEP),
. (3)
2010 ,WRFv3. 2 Salamanca  (2010)
BEP + BEM o N

o

BEM (Salamanca, et al, 2010)
T g = AT ,
T targen AT
o n+1
T, )

7 = 2l hy 41 (D
Q

Qg s HY, n
s IT"  m
o " T iarget ,
3 T+t
H;,,
0 | T — T | << AT

] o
Hm At(Tuxrgﬂ + AT T )

H;, = T > Tuwe + AT (2)
H;ln o &(T\argct —AT—T")
At i
T* < Tmrgm - AT
s AL 0
BEM
aTg a aT§
= = 2 (K«
ot 81( ® ox > (3
K » Ts
Ax,
oTs _ 1 ¢/ 4 . oTs
7at = A.T(Cb Ey — Ks o |n—1) 4
Eyn = U —Rs+eR, —eT{+ H (5)
oTs
’TS ’ ax |11*l
s Cs 9R1 RS
N ' €
" H
2.2
WRF , 3 (50
X50,61X61,82X82), 9.3 1 km,
(32. 06°N,118. 8°E),
MODIS , 1 .
NCEP (National Centre for Envi-
ronmental Prediction) 1°X1° R
6 h . o
52, 50 hPa,
1 km 17



652 Acta Meteorologica Sinica 2018,76(4)
Dudhia , RRTM , R
SWM5, 2010 8 1—3 s
1 ’ o
N 1
36°N
32°20'N
34
32°107
32
32°00"
30
31°507
28
118°30’ 118°40’ 118°50" 119°00" 119°10'E
1 (a) (b)
Fig. 1 Model simulation area (a) and land use index in the 3rd domain (b)
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Table 1 Information of observation stations
1 M3542 32.08°N,118. 75°E 5 M3546 32.03°N,118. 80°E
2 M3541 32.06°N,118. 78°E 6 M3548 32.03°N,118. 81°E
3 M3559 32.05°N,118. 79°E 7 M6800 32.00°N,118. 81°E
4 M3544 32.03°N,118. 78°E 8 M3550 31.95°N,118. 70°E
(1)BEP, (2) BEM (BEP + 2) 3 (3)
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Table 2 Configurations for various cases
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Table 3 Average indoor-outdoor energy exchanges simulated by BEM and BEM (noAH)
(M3546) (M3548) (M6800) (M3544)  (M3559) (M3541) (M3542) (M3550)
BEM 58. 39 57.65 56. 46 56.91 58.43 46.01 54,89 52.78
(W/m?) BEM(noAH) 0.00 0.00 0.00 0. 00 0. 00 0. 00 0.00 0. 00
BEM 0.12 0.12 0.12 0.12 0.12 0.10 0.12 0.12
(W/m?) BEM(noAH) 0.08 0.07 0.09 0.08 0.08 0.06 0.08 0.09
BEM 14.12 13.95 13.67 13.81 14.16 11.18 13.40 12.87
(W/m?) BEM(noAH) 0.00 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
BEM 2.09 2.04 2.00 1.98 2.09 1.59 1.82 1.71
(W/m?) BEM(noAH) —1.07 —1.07 —1.06 —1.06 —1.07 —0.89 —1.11 —1.08
BEM 5.01 5.01 4.93 5.11 5. 14 4.18 5.30 5.03
(W/m?) BEM(noAH) —0.08 —0.07 —0.09 —0.08 —0.08 —0.06 —0.08 —0.09
BEM 79.74 78.77 77.18 77.94 79. 94 63.06 75.54 72.52
(W/m?) BEM(noAH) —1.07 —1.07 —1.06 —1.06 —1.07 —0.89 —1.11 —1.08
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4 M3541 4 ( :W/m?) N
Table 4 Energy released by air conditioner and ventilator and radiation components (unit; W/m?)
at M3541 during the daytime and nighttime
SH ac LH ac CE ac SH vent LH vent SWy LWy SW 4 LW4
68. 6 0.12 16. 38 2.14 4,94 516. 31 460. 09 77.41 469. 73
38.10 0.12 9.65 1.55 5.23 6.16 450. 14 0. 86 397.50
3.3 , s
BEP + BEM , 11%—14%., 8
o N 0, ,
s s
, 22.7W(C 2), , (
. BEM BEM((target T) 1 /(100 m?),
s BEM s 0, 5
25°C, BEM/ (target T) (
27°C, ) ) .
N o s s
5 8 ( o N
25°C 27°C) . . »8
12.66%.,
5 BEM ,BEM(target T)
Table 5 Percentage decrease of energy released by air conditioner simulated
by BEM (target T) compared to that in the BEM case
%0 %) ) %)
(M3546) 13. 60 0. 00 12.57 12.91
(M3548) 12.12 0. 00 11.19 11.49
(M6800) 13.52 0. 00 12.41 12.67
(M3544) 11.75 0. 00 10. 83 11.13
(M3559) 14. 29 0. 00 13.23 13.56
(M3541) 13. 40 0. 00 12. 36 12.63
(M3542) 14. 31 0. 00 12.98 13.29
(M3550) 14. 68 0. 00 13.27 13.58
13. 46 0. 00 12. 36 12.66
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