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Abstract Urbanization has an important influence on the frequency and intensity of heat waves, but the mechanism of urbanization
affecting the process of high temperature is not fully understood. The Weather Research and Forecasting (WRF) model is used to
simulate a summer high-temperature process in Beijing from 2 to 6 July 2010. This paper reports the main results of urbanization
effect on surface air temperature of urban areas in the heat wave process. It is found that the optimized WRF model is able to simulate
the temporal characteristics of the 5 consecutive days of high temperature and the variation of Iy (urban heat island intensity) in
Beijing. The impermeability of urban underlying surface determines that the 2m relative humidity of urban area is lower than that of
rural area, which weakens the ability of urban area to regulate surface air temperature through latent heat. After sunset, the urban
sensible heat flux decreases slowly, and cooling rate of urban area is less than that of rural area. At night, the structure of boundary
layer is stable and the height of it is low, and the wind speed is small. In this case, the energy transmission between urban and rural
areas is restrained, forming a strong urban heat island at night. After sunrise, sensible heat flux and latent heat flux of urban and rural
land surface rise rapidly, and the stability of boundary layer decreases. In the afternoon, the urban underlying surface is in favor of the
high and low value centers of sensible heat flux and latent heat flux respectively, with the ability to regulate temperature through latent
heat weakened. It’s conducive to the energy vertical transfer that the stability of the boundary layer decrease. The Iy, in the afternoon
is smaller than that in evening. Therefore, the obvious urban heat island effect created by the urban underlying surface in Beijing has
increased the strength of the extreme high temperature event. In addition, in this process of heat wave, most of the eastern part of
China is controlled by the continental warm high pressure with clear skies and few clouds, and the northwesterly flowing over the
mountains forms Fohn effect, which is the circulation background of heat wave formation in Beijing.

Keywords: Extreme high temperature, Urban heat island, Numerical simulation, WRF, Beijing
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Fig.1 Hourly temperature at Beijing Weather Station during 2-6 Jul 2010
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Fig.2 (a) Model simulation area and (b) land use category in innermost domain
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Fig.3 Sketch of 6 simulations in July 2010 (UTC), the dotted line and solid line of the arrow are spin-up time and 13-36h forecast
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Table.1 Major parameters for model

5 wHE
XA 116.25€ 40.25N
B Y= 38
AT 50hpa
1km BAF R4 13 2
mEERH 3&E
KP4 BE 27km 9km 3km
ACERRS (xy) 97>94 7979 6470
T % WSM6 WSM6 WSM6
LSTERE IR S RRTM RRTM RRTM
IR T % Dudhia Dudhia Dudhia
KIMZETT% Monin-Obukhov Monin-Obukhov Monin-Obukhov
i TH1 77 % Noah Noah Noah
W R T % Uc™m UcMm ucMm
HRIETT % Boulac Boulac Boulac
RS TT R Kain-Fritch X ¥

READURS 50 e A A T % S5 AL T 2010 4 7 H 2-6 H 171 AN H 3l S REEIE R TR (3% 55, 2011).
TH5E o B4 Yang etal. (2013) JEIRIIZ ki, HIIERONASN 8 oM B R (B 4), AARGERAEK
2. ZH%ukikuliJii527% 1 Renand Ren (2011) R JEMEKFEEIRETi%, KM MODIS Filith & i 5% i 4
AL, KR INE G AL DS G E A S5l . I A T A 2 M Gr et & —Fi
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M N BRI o 51 AR ARSI AL/ LA, DXk 55 225wl P ik = 5 P 2 22 00N

8.9m, Joififilim BT IE .

BT R 5 AR T3 I B RN S AR SR I 2 2 e IR 25, M o & (5KRESE, 2015).
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Fig. 4 The distribution of reference stations (black) and urban stations (red) in Beijing, *location of Beijing Observatory Station
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Table. 2 Information about reference weather stations in Beijing

k4 45 G HifE 530 X 4k 2 Im
GE AD 116.51E 39.62N —245
[2RES NZ 116.11E 39.61N —145
JRJEL U FHL 116.10E 40.11N 245
K ARG YLD 116.78E 39.68N —315
PE% PGZ 116.34€ 39.62N —145
IR DXC 116.45F 40.22N —0.7
YRR LWT 116.85E 40.23N 35
RINGIE DSGZ 116.92E 40.09N —135
15 116.51€ 39.90N —8.9
4 BEHNER
4.1 SRR
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(LST, Local Standard Time) P34 <t 37°C B AR . B REIHE W 2 30 A6 5 =0 H A2,
PAK L 1 5:00 Alig I 21:00 7638 X HBLE R S A O o X T R s (B 50, B AR BEARILH 3 X /D
EOIE T 40°CHII S, T2 2 BRI TR O Il T SRS 4R B R R R S A 78 7)o AL S RO AR P
A X BT E I R~ 5, PRI L X, 7R S A P b 5 v A G R i B T AR R 2
SIE, BRALETIL X 2 A %

& 5. 201047 A 2 B-6 Bdt=#tX 5 BEHR 2m IR (BL:°C) CHEBRENEIN, ESIEEAYMN; a.5:00, b.10:00,
c.16:00, d.21:00(LST))
Fig.5 The 5 day average 2m temperature in Beijing from 2 Jul to 6 Jul 2010 (unit:°C) (shading is numerical results, shaded circles are

observations; a.5:00, b.10:00, ¢.16:00, d.21:00 (LST))
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6. 2010 7 B 2 H-6 Bt iX 5 BRI MR ERE (BL:'C) (R#: a.5:00, b.10:00, c.16:00, d.21:00;
W e 5:00, f.10:00, g.16:00, h.21:00 (LST))
Fig.6 The 5 day average lyy, in Beijing from 2 Jul to 6 Jul 2010 (unit:°C) (simulated: a.5:00, b.10:00, ¢.16:00, d.21:00; observed:
€.5:00, f.10:00, g.16:00, h.21:00 (LST))
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B, 1M 18:00 % 21:00 A& lywy P ETFEBLe ARSI 5 B BAR AL, I RBEI lop i3S BUIRTE)
HREALAEL A 55 o

7. 201057 A2 -6 BAtR @ EBHRIE. (b) ZFKIEM (o) WHASEEFHETL

Fig.7 Average diurnal variation of (a) urban temperature, (b) rural temperature and (c) lyy, in Beijing from 2 Jul to 6 Jul, 2010

2010 4= 7 H 2-6 HAHLA) 2m SR BRI <0R. (R 3), AL AR AE 3 T b A1 S 5wl A5
WAE 55 1.18°C A1 0.85°C, 4 Ti7 #4455 P AR 4EMB WA /5y 0.34°C o FEAULT 51 NI 3l Al 8 NS5k
2m SR RMSE 435114 2.60°CHl1 2.57°C, A& %3455 0.90.

3. 20104 7 B 2-6 Bt = 2m SiEERSR L

Table.3 Comparison of observed and simulated 2m temperatures in Beijing from 2 Jul to 6 Jul 2010

LA Ul BIAS("C) RMSE('C) R
T 3k 33.25 32.07 1.18 2.60 0.90
ik 31.28 30.43 0.85 2.57 0.90
lup 1.97 1.64 0.34 1.99 0.45

vE: BIAS: S5MIKWZ; RMSE: ¥R, R: XA

2010 £ 7 4 5 H 17 I L0 Gt U 21 b i Jd R AR s 1 5 e Ul o SR BF RO 7 H S5 H
17:00 I ALHTP EECHR 7 XA L 1 38.5°C LA A i, EURFOGS 908 X 3 et 40°C XU I il A BE AR 1K
BRAULT 5:00 I A6 5Tk X D IR vt B A0 RURFAE RE S AR AR S (2 B o B DX AN S WM 32k 573 2+ el K
PP, 23Rt N R ], BME R S I, BT AR AL AL X R 2%, 4 X
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8.2010 £ 7 A 5 Bdtmi#tX 2m SiE (Bfi:°C) (HBRENEM, ESEEAYM; a 5:00, b.17:00 (LST))
Fig.8 The 2m temperature in Beijing on 5 July 2010 (unit:'C) (shading is numerical results, shaded circles are observations; a.5:00,
b.17:00 (LST))
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Fig.9 The Iy, in Beijing on 5 July 2010 (unit:"C) (simulated: a.5:00, b.17:00; observed: ¢.5:00, d.17:00 (LST))
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Fig.10 The simulated and observed hourly (a) urban temperature, (b) rural temperature and (c) lyy, in Beijing from 2 Jul to 6 Jul 2010
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Fig.11 The daily bias (unit: C) of simulated urban stations, reference stations temperature and Iy, in Beijing from 2 Jul to 6 Jul, 2010
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12 2010 £ 7 A 5 ARt RibX R E LR EHRESMEREBE (BAL: WemD) (BE&#: a.5:00, b.17:00(LST); #&
#: c.5:00, d.17:00(LST))
Fig. 12 The simulated upward sensible heat flux and latent heat flux in Beijing on 5 July 2010 (unit: Wem-2) (sensible heat: a.5:00,
b.17:00 (LST); latent heat: ¢.5:00, d.17:00 (LST))
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#2m 5B (BA:°C) (c.5:00, d.17:00 (LST))
Fig. 13 The simulated 2m relative humidity(unit:%) (a.5:00, b.10:00 (LST)), 10m wind field (vector, unit: m/s) and 2m temperature
(unit:C) (c.5:00, d.17:00 (LST)) in Beijing on 5 July 2010
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14. 2010 £ 7 A 5 BRI MK FESE (8fi:m) (a.5:00, b.17:00(LST))
Fig. 14 The simulated boundary layer height in Beijing on 5 July 2010 (unit: m) (a.5:00, b.17:00 (LST))
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(LST))
Fig.15 The vertical profile of simulated potential temperature (unit:"C) on 5 July 2010 at urban grid (116.5E, 40.0N) and rural grid
(116.7<E, 40.0N) (a.5:00, b.17:00 (LST))
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Fig. 16 The cross section of (a) vertical speed (unit:m/s), (b) relative humidity (unit:%) and temperature (unit: C) along 40N at 17:00
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Fig. 14 The simulated boundary layer height in Beijing on 5 July 2010 (unit: m) (a.5:00, b.17:00 (LST))
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Fig.15 The vertical profile of simulated potential temperature (unit:’C) on 5 July 2010 at urban grid (116.5, 40.0N) and rural grid
(116.7<E, 40.0N) (a.5:00, b.17:00 (LST))
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Fig. 16 The cross section of (a) vertical speed ( unit:m/s), (b) relative humidity (unit:%) and temperature (unit:’C) along 40N at 17:00
(LST) on 5 July 2010, A the location of Beijing



