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Abstract Urbanization has a significant influence on the frequency and intensity of heat waves, but the mechanism of
the effect of urbanization on the high-temperature process is not fully understood. In this study, the authors used the
Weather Research and Forecasting (WRF) model to simulate a summer high-temperature process on 2—6 July 2010 in
Beijing. This paper reports the main results obtained regarding the urbanization effect on the surface air temperature of
urban areas during the heat-wave process. The optimized WRF model was able to simulate the temporal characteristics of
the five consecutive days of high temperature and the variation in the urban-heat-island intensity (/uyi) in Beijing. The
impermeability of the underlying urban surface lowers the 2-m relative humidity of urban areas with respect to that of
rural areas, which weakens the ability of urban areas to regulate the surface air temperature via latent heat. After sunset,
the urban-sensible-heat flux decreases slowly, and the cooling rate in urban areas is slower than that in rural areas. At
night, the structure of the boundary layer is stable, and its height is low, as is the wind speed. In this case, the energy
transmitted between urban and rural areas is constrained, and the strong urban heat island is formed, resulting in the
temperature in urban area is significantly higher than that in rural area at night. After sunrise, both the sensible and latent
heat fluxes of urban and rural land surfaces increase rapidly, and the stability of the boundary layer decreases. In the
afternoon, the underlying urban surface favors high and low value centers in the sensible and latent heat fluxes,
respectively, with a weakened ability to regulate temperature via latent heat. This is conducive to vertical exchange of
energy, which decreases the stability of the boundary layer. The Iyy; is lower in the afternoon than in the evening.
Therefore, the obvious urban-heat-island effect created by the underlying urban surface in Beijing increases the strength
of extreme-high-temperature events. Furthermore, in this heat-wave process, most of the eastern part of China is
controlled by continental warm high pressure with clear skies and few clouds, and the northwesterly winds flowing over
the Taihang Mountains generate a Fohn effect, which is the synoptic situations of the heat-wave formation in Beijing.

Keywords Extreme high temperature, Urban heat island, Numerical simulation, WRF (Weather Research and

Forecasting), Beijing
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Fig. 1 Hourly temperatures at the Beijing Weather Station during 2—6 July 2010, BJT indicates Beijing time
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Fig. 3 Diagram of six simulations in July 2010, the dashed and solid lines on arrows are the spin-up time and 13-36-h forecasts, respectively
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Fig. 6 Simulated (upper) and observed (lower) Zyn; (units: °C, urban-heat-island intensity) averaged for 2—6 July 2010 in Beijing: (a, d) 0500 BJT; (b,

f) 1000 BJT; (c, g) 1600 BJT; (d, h) 2100 BJT

FHIR 2 H35°5 0.90.,

2010 4E 7 5 H 17:00 Jb 50 Gt il 21 b vk
e it T R T A ) v R o AR AR I B AR
7 H'5 H 17:00 BHHEEEERES 7 XIS L T 38.5°C
DL E s CE8), (HAH XTIk X 38 ik 8 1 40°C
AR 0 A AR ARG, 05:00 B b 3 X R {8
PR PR AR 25 1A 3 AT R A BE % 58 20 AR 2 b S B
FE I XA LI 457 - A [ 5K A B, 32 315
/NG RZE B R, ABAOE B T, SRR
AL ER L X R 2%, 4 X I RS W A4
R T IR

K9 ARSI 7 A 5 HAb 5t [X 05:00
AT 17:00 38T #4556 5 25 ) 43 A (R b AR 4
AL 7 H 5 H 05:00 ( 9a) Jbmtil X #4858
FERT R Gy, 5 00 PR X A 5 8 B 1% 2 () 4 AT
(B 9c) BEWIA . 17:00 FEH00F0 38 T 44 1 9
(E9b) 5 (& od) —Fi LB H b 5irh g
T D5 DX I T A B 5 P v T AR IR e AR
el F A 1] 4 B 5 P AL, R REAE AEASEFUL %) 482 )
Iy 23 1D LT 00 i ) AR S0 Py A % 5 5 2 [
Y AT AN RE G (1 )

W iR AR TR 2 m AR S R S
LI B <R (B 100 #E4T 0t Ee, 7 H 2~6 H
LI 50 2 lm R IR T 35°C, MR

A B HH T 8 e P R SRR o ASEADUATDUL I = P
B/MEZ HBERE R 05:00 724, fee e HBLE
T4F 15:00 A1 16:00 Bti. 7 A 5 HiE <R BB
1 17:00 A A7, S5 il H UAT 1) 19 f 8 /2 24 H oK
SIS FRR M R . SRR R R 7 A S
H 2 SR H A4, B30T 4 B 5 FE -5 00
BB R R, EXT 17:00 BB 2 m
i AN SR BGEEIT 40°C AR IIE RIR . TCit
RWTATIEZ 2 A, BHME S W IE RS H AR
Weah E BRSSP, B RIE AR
) — 21

7 H 2~6 HiZE H KA W 2 Bias (& 11) A
H—E MR BNE . BRI T s SR 1K Bias 14
B, fEfcHEEBIM 7 A S HRBEER 6 H,
ZH SR BIAS HELT S, BT A5
R ¥ Bias fE+1°C Z [d],

WRF #5 A AR 40 2010 4F 7 H 2~6 H
ek R A 7 B 5 H AR iR H AR A 8
Ay BERE T AT Hb S A R) 22 0 H B2 /= LA T3 X R
B O IR AT RRAE , AL R AR A
WG, AR RS R AL H AR R B
BAFHIR I
4.2 TR R SRS R LS

B 12 EoR T 2010 % 7 A 5 HIE Rt IX 05:00



xR M 44

1100 Chinese Journal of Atmospheric Sciences

Vol. 44

AT 17:00 f B HGE EAFEHOEE . BR 05:00, I
X RO R GE B RE I, Jb R Im Bk
NE, WX SRBIXERGE RN, JAEKMA G
BB 17:00 FEAAE f R 0@ S35 H 00 e 1
{ELE R 3 XS GE B A AR B R, EHGE
B ONEEX, BHRIEEERXOVREX .
W 2 R AN R S I 2 B GE =
BHREENERZER S BRENEERFZ —.
H 9% J5 2 A GG AR BE AR, I B BRI
M W EAIE R R, U ORI R

40 (@)

35

30 F

Temperature/°C

25

Temperature/°C
w
o
T

25 1

lywl°C

—— Observed

— Observed

—— Observed

RIE/NTRRX, &Ik 2 AR ZE B &, e
PTG I TT #A B R8s H H JE K BHAR S 1 # e
F 51 £ M R AGE . ERGE RN, 4
JE X B M e T R ARG R AN s R AR
WX 53 A A RO A AE L, 3T S8 FR
IR RE SR B 55

7 H 5 HAEEIRIX 2 m 5 FE Ak BRI B 5
B2 R EmRIE (B 13a. b), 2 LAE X MK
ORI 3 A o IR U K YE S T
WA S o, AIEKHITHNZE K TRE X, 38 Rk X i

— Simulated

—— Simulated

—— Simulated

—1 1 1 1
0000 0300 0600 0900

1 1 1 1
1200 1500 1800 2100

Time (BJT)

K7 201047 H2~6 HFRIIEED (a) iR, (b) SAPRMEM (o BB 5REER HA L

Fig. 7 Diurnal variations of (a) urban temperature, (b) rural temperature, and (c) fym; averaged for 2—6 July 2010 in Beijing



58
No. 5

TR YT I R AN i e U R ) ) A AL
ZHANG Lei et al. Numerical Simulation of the Effect of Urbanization on a Single Extreme-High- ...

1101

AEX IR AR, AT 555 17 3971 300 3o s i 1 <l
HIBEST .

T 17:00 B, AEETHEIX 10 mofm AR AU A
—FERPEIE R (B 13d), BRI R RGE KT R
05:00 (P 13c), K37 IRk M e & 1 KP4 -
TEUH, 7H S HARMKGER K, HEZET
R SR o

%R 05:00 (] 14a) 1452w B R AR IR,

116E 116.4E 116.8E 117.2E 117.6E

17 18.5 20 21.5 23 24.5 26 27.5 29 30.5 32

WX T2 = R T AR, TR T BAIRIX g
O EAE X o R, 3T T A7 ek il e P 8 o i T v
(K 150), WA EARRELSE. HHE, KBAE
SRS SR AR 1) U b TR Al b T, 1 T
w rhEERE N . T4 17:00 B, JbEtis
XA ZmE B EE (E 14b), Ko X8l
B2 = E R 3000 m, O ZE LR SRS N E.

T BT I A 5 3 S 2 5 R TR B R e 3k T

41N
40.8N
40.6N
40.4N
40.2N

40N
39.8N
39.6N

39.4N

115.6E 116E 116.4E 116.8E 117.2E 117.6E

25 26.5 28 29.5 31 32.5 34 35.5 37 38.5 40

K8 201047 A5 H (ad 05:00. (b) 17:00 JLHtHX 2 m @ ALl (Bpfz: °C), REOPIAMMIE, ORIy IH
Fig. 8 Temperature (units: °C) at 2-m height in Beijing at (a) 0500 BJT, (b) 1700 BJT on 5 July 2010, the shadings indicate the numerical results,

shaded circles indicate observations

40.4N
40.3N
40.2N

40.1N

116.6E 116.8E 117E

40.4N

40.3N

40.2N

40.1N

39.9N

39.8N

39.7N

39.6N

116E
40.4N

116.2E 116.4E 116.6E 116.8E 117E

40.3N

40.2N

40.1N

40N

39.9N

116.2E

116.4E 116.6E 116.8E

9 201047 5 HALHHIX Cay b) BHLET. (e d MMAPRAREIE AL °C): (av ¢ 05:005 (by d) 17:00
Fig. 9 (a, b) Simulated, (c, d) observed Iyy; (units: “C) in Beijing on 5 July 2010: (a, ¢) 0500 BJT; (b, d) 1700 BJT



xR M 44

1102 Chinese Journal of Atmospheric Sciences

Vol. 44

PR, HI%EEH MR R SR, KARE
BEREHE, T BRI B YA S R
IR, RS GGE SR, AR .
AR E RIS, AT AR B

5 itig

A SCR) AR 4 A6 I T R AT R
WRF/Noah/UCM # XS 84k 77 &, FFE T mikid

451 (a)

40
35

30

Temperature/°C

25
20

15t
451 (b)

40
35

30

Temperature/°C

25

20

Iunl°C

—— Observed

—— Observed

(c) —— Observed

FERI BRI BB 2 m = AR )RR S S
Gt LI R R BERREAT XL, AR RE R
B B RS SE 5 H SRR . iR X
A, AAUUE S I (AR R H AR )2 |
HA R, BatiRiE LA B m—st. &
R L SRS SR RN B BN AL 5T X 2 m
v L ALl AR S R T A B AR AR

7 H 5 HAR B AE R0 ALK I X

—— Simulated

—— Simulated

—— Simulated

—2 s 1 s I L I L 1 s I L L s 1 L I L 1 s J
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
2 3 4 5 6
July
Time (BJT)

10 2010 4E 7 A 2~6 HAMA RIS AL 5 GER (20 3RATRE. (b)) SRR, (o MiTH SR
Fig. 10 Simulated and observed hourly (a) urban temperatures, (b) rural temperatures, and (c) /yn; in Beijing during 2—6 July 2010



5 341 R A T L R

No. 5

Sy e i o R B W ) B (BB AULIT 9
ZHANG Lei et al. Numerical Simulation of the Effect of Urbanization on a Single Extreme-High- ... 1103

Ui (B 16a), TERCT4aFAIGIE, RIFE RN (F
SRR, 2012) . dbER LR E T RESN Filia
&) (B 16a), 5 IR X i 5 i o 52 S B PR ok
AN, FTEAC R MHE T BARAEX, IR 2R AT R

3.5 1
3.0
2.5
2.0
1.5 4
1.0

Bias/°C

0.5 4
0 -
—0.5

—1.0 H

iR, bt B URME A TR R (8 16b).
S W et A A R G B AL L T B B A RNE 5
i, R L RAR ST B X A i i A 2B R R U 53t
IR T A By 2R8I U T S X A DX vl R

Urban M Reference

| IUHI

—15
2 Jul 3 Jul

4 Jul 5 Jul 6 Jul

Date (BJT)

B 11 2010 4 7 3 2~6 ABEUEIAERURATSG . S50l RAR HT A B0 IE A% (7. °C)

Fig. 11

41N
40.8N
40.6N

40.4N

115.6E 116E 116.4E 116.8E 117.2E

—-90 —-80 —-70 —-60 —50 —40 —-30 —-20 —10 [o] 10 20

40.8N
40.6N
40.4N
40.2N

40N
39.8N
39.6N

39.4N

116.4E

116.8E

117.2E

117.6E

117.6E

Daily biases (units: °C) of simulated temperatures at urban stations, reference stations, and /yy; in Beijing during 2—6 July 2010

40.8N

40.6N

40.4N

40.2N

40N

39.8N

39.6N

39.4N

116.4E 116.8E 117.2E 117.6E

40.8N

40.6N

40.4N g

40.2N {2

115.6E 116E

116.4E 116.8E 117.2E 117.6E

30 60 90 120 150 180 210 240 270 300 330

K12 201048 7 A 5 ARMAL SO X R 16 B9 (a. b) BHGEER (co &) EBHEE (BA: WmD: (a. ) 05:00; (b, d)

17:00

Fig. 12 Simulated upward (a, b) sensible and (c, d) latent heat fluxes (units: W mﬁz) for surface of Beijing area on 5 July 2010: (a, ¢) 0500 BJT; (b, d)

1700 BJT



PN - N
1104 Chinese Journal of Atmospheric Sciences

44 4
Vol. 44

WRE AR LW ST RIE T, NT
RCIR) R e, T A s vl A B IR A —
FROZERE, AL 308 T A 5 9 PR A B b P R
RIS o A ELIXR f 22 00 T 2 i S R i —
DA, AR R T 8 Z ke E AR, B

40.6N A
40.4N 4

40.2N A

117.2E

115.6E 116E 116.4E 116.8E

10% 20% 30% 40% 50% 60%

40.8N
40.6N
40.4N

40.2N

115.6E 116E 116.4E 116.8E 117.2E

8

17 185 20 215 23 245 26 275 29 305 32

117.6E

117.6E

UGB AT AR T e J2 h 1 ZE B AR, (EOR T e
AR S A T AR ELIRATT RS AL
WIAE, /MR ZE, SO .

BT AGIE R T N R AR, BRI R e
PR, RSO I . T ST R

41N
40.8N
40.6N
40.4N
40.2N

40N
39.8N
39.6N

39.4N

115.6E 116E

116.4E 116.8E 117.2E 117.6E

10% 20% 30% 40% 50% 60%

41N

40.8N

40.6N

40.4N

40.2N

40N

39.8N 1%

39.6N

39.4N

116E 116.4E

116.8E 117.2E 117.6E

8

25 265 28 295 31 325 34 355 37 385 40

K13 2010 4F 7 A 5 HEIE X (ay b) 2 m @ EALMIAIRHEE, (cv d) 10 m BEARI (Fk, BA6: ms'). 2m LR

B CBEaME, B4 °C): (av ¢ 05:00; (b d) 17:00

Fig. 13 Simulated (a, b) relative humidity at 2-m height, (c, d) wind (arrows, units: m sy at 10-m height and temperature (color shadings, units: °C)

at 2-m height in Beijing on 5 July 2010: (a, ¢) 0500 BJT; (b, d) 1700 BJT

40.8N
40.6N
40.4N

40.2N

39.8N
39.6N

39.4N

115.6E 116E

116.4E 116.8E 117.26

50 100 150 200 250 300 350

117.6E

40.8N

40.6N

40.4N

40.2N

40N

39.8N

39.6N

39.4N

115.6E 116E

116.4E 116.8E 117.2E 117.6E

300 600 900 1200 1500 1800 2100 2400 2700 3000 3300

14 2010 487 A 5 HEBE (2> 05:00, (b) 17:00 LA A2 @ A m)
Fig. 14 Simulated boundary layer heights (units: m) in Beijing at (a) 0500 BJT, (b) 1700 BJT on 5 July 2010



Ll Py

534 TR YT I R AN i e U R ) ) A AL
No. 5 ZHANG Lei et al. Numerical Simulation of the Effect of Urbanization on a Single Extreme-High- ... 1105

RFAE, BRI A R AR A A A M 5 P e A
F o AWTFUA BT IR BRI R B S v i S T

4.5 4

3.5 1

Height/km

0.5 1

2.5 A

(a)

e—o Urban
e—= Rural

300 302 304 306 308 310 312 314 316 318 320 322

Potential temperature/K

HRPSIEE P o o | O A R 0 A B N e N A
KIEIRHERRIEA — NS B Lo

Height/km

4.5 A

3.5 1

2.5 A

0.5 1

(b)

]

e—o Urban
e—= Rural

300 302 304 306 308 310 312 314 316 318 320 322

Potential temperature/K

15 2010 4F 7 A 5 HEE (a) 05:00. (b) 17:00 KX (40.0°N, 116.5°E). £ 4 (40.0°N, 116.7°E) fRFEH AR (Bhi: K) Bk
Fig. 15 Profiles of simulated potential temperature (units: K) at urban grid point (40.0°N, 116.5°E) and rural grid (40.0°N, 116.7°E) at (a) 0500 BJT,

(b) 1700 BIT on 5 July 2010

Height/km

mmwmﬂ!ﬂ.ﬂﬂ'.n‘.“.
MIRERERE >

|
I
|
1
¥
[}
|
!:
]

[‘Z

114E 114.5E 115E 115.5E 116E 116.5E 117E 117.5E 118E

—0.2 —0.15 —0.1 —0.05 0 005 0.1 015 02

Height/km

114E 114.5E 115 115.5E 116E 116.5€ 117E 117.5E 118E
e I i — —— —

10%

30% 40% 50% 60%

Bl 16 2010487 H 5 H 17 I3 40°N ) () FEGHE CEEFIE, A ms D W& GEFLI%EL): (b) MMRE CEEaPIK,
AL %) AR (SEZk, BBAL: °C) EEHIH. BEZMB AR E

Fig. 16 Vertical cross sections of (a) vertical speed (color shadings, units: m sfl), streamlines (the solid lines with arrows); (b) relative humidity (color

shadings, units:%), and temperature (solid lines, units: °C) along 40°N at 1700 BJT on 5 July 2010. The black triangles indicate the location of Beijing



xR M 44

1106 Chinese Journal of Atmospheric Sciences

Vol. 44

6 it

It S T AR B iy v R R R, AR SR
WREF #5250 b 5T B0 b o g e AR AT T B A
TE, REILL T 4R

(D) AR A I T 82 5 H s
R, BRI E R 2 m A S I S v &
B, R ASIRABME A & T IIE, 7 H S Bk
i e L PSS SO T WM . BERME 5 WA 7E S
i RS ) W = & S =) i o O v o )
A B — B . RIS SR AR A8 T A I
) 28 v H 2 /= LAAE S X g e (B X A0 B3k T+ i
588 B P 22 1) 23 A RFAE o ASEHDL AR T A 5 9 55 5 0
fHAEH B 2 E ARG —8t, EE L,
HRmEE A 5 -

(2) WRF =060 7 H 5 HIOBERE, W2
TNEHPER I Z R 0E T BR MR ) Y EAGE =
G AGEELEINX 200 8 s O AR E L, &
kA 3 T 30 3 AR U b T ST R i e S )
590 [FIEF, 30T FEEPAE KM, ERIMNX 2 m
o FE AL AR IR B 3 £ A B B A, 2 RABR X
ARAE P O 1 2 B 40 AT

(3) HEEEHE AR ESWRE. &)E
i, KUEEN, M T2 2 mae ey, R
JRPGE BRSNS, XA PR RN TRBIX,
TE BRAR ) 58 (3 T # B 5 . ) H 5 9 2 i T A
MR, BHRERERE LT, 2m mELSEALR
TR, URERENE TR TE, dbathX
WA EEEATEE, DREREES, AR T4
R EE, PO T A S RN . TR,
7 H 5 HERMRGEE KIS Z 3] T I S,

IR RRA, R S AR, deaT
WX B KRR FTE R T B R IR T A S N, R
T DX U ity e e A ) B

Bos b sOR T SR A IR IR T E S R A
SRR I A P SRR AR I 2 B AT AL Bonk A SR it
RS

S ok ( References )

Alexander L V, Zhang X, Peterson T C, et al. 2006. Global observed
changes in daily climate extremes of temperature and precipitation
[J]. J. Geophys. Res., 111(D5): D05109. doi:10.1029/2005JD006290

Chen F, Kusaka H, Bornstein R, et al. 2011. The integrated WRF/urban

modelling system: Development, evaluation, and applications to
urban environmental problems [J]. Int. J. Climatol., 31(2): 273—-288.
doi:10.1002/joc.2158

H/NB, KA, AR, 5. 2005, Jb 5T X UL Hhid 52 R AE (i %
L7, AETUR AR (B ARFIZEAR), 41(4): 514-522.  Hu Xiaoming,
Liu Shuhua, Liang Fuming, et al. 2005. Numerical simulation of
features of surface boundary layer over Beijing area [J]. Acta
Scientiarum Naturalium Universitatis Pekinensis (in Chinese), 41(4):
514-522. doi:10.3321/j.issn:0479-8023.2005.04.003

T, KR ZR, FFFG. 2006. b 503 T Ak 30 R o 4ok 17 A 5 1 5
WEFT [7]. HUERYIBE 224, 49(1): 69—77.  Ti Chongping, Liu Weidong,
Xuan Chunyi. 2006. Impact of urban growth on the heat island in
Beijing [J]. Chinese J. Geophys. (in Chinese), 49(1): 69—77. doi:10.
3321/j.issn:0001-5733.2006.01.010

FEdEHE, w ok, sk, 552010, BT AR S0 AR BUE AT TT
[7]. thERRF23E R, 25(5): 463—473.  Jiang Weimei, Miao Shiguang,
Zhang Ning, et al. 2010. Numerical simulation on urban meteorology
and urban boundary layer [J]. Advances in Earth Science (in
Chinese), 25(5): 463—473. doi:10.11867/j.issn.1001-8166.2010.05.
0463

Kusaka H, Kimura F. 2004. Coupling a single-layer urban canopy
model with a simple atmospheric model: Impact on urban heat island
simulation for an idealized case [J]. J. Meteor. Soc. Japan, 82(1):
67-80. doi:10.2151/jms;.82.67

Kusaka H, Kondo H, Kikegawa Y, et al. 2001. A simple single-layer
urban canopy model for atmospheric models: Comparison with multi-
layer and slab models [J]. Bound.-Layer Meteor., 101(3): 329-358.
doi:10.1023/A:1019207923078

TR, AR, 7 3CE. 2007, bR Z= A 8 oA L BUE B 5
[J]. L%, 33(6): 25-31.  Li Xingrong, Hu Fei, Shu Wenjun. 2007.
Analysis and numerical simulation of summer strong urban heat
island in Beijing [J]. Meteorological Monthly (in Chinese), 33(6):
25-31. doi:10.7519/j.issn.1000-0526.2007.06.004

X B, BLAEAR . 2014, L3I0 T iR R AR BRHIHR 5 N 23 4 = 40
[3]. AAFESIREIF AT, 19(3): 332—-342.  Liu Yonghong, Quan Weijun.
2014. Research on high temperature indices of Beijing city and its
spatiotemporal pattern based on satellite data [J]. Climatic and
Environmental Research (in Chinese), 19(3): 332—342. doi:10.3878/
j.1ssn.1006-9585.2013.12190

KR, PR, MM, 55, 2013, £ REERRIL I E SR Bl 2
AR RE R (1], E R A Ty 5 RO, 43(10):
1332-1355.  Liu Shuhua, Liu Zhenxin, Zheng Hui, et al. 2013.
Multi-scale atmospheric boundary layer and land surface physics
process models [J]. Scientia Sinica Physica, Mechanica &
Astronomica (in Chinese), 43(10): 1332—1355. doi:10.1360/132013-
247

XA, JEHZE, FM . 2016. 1971~2010 42 5L 3 I 11T 4 B 20
Z BT[], AR, 42(5): 598-606.

Huanling, Sun Dan. 2016. Multi-time scale analysis of megacities

Liu Weidong, You

heat island effect in Beijing-Tianjin-Hebei region from 1971 to 2010
[J]. Meteorological Monthly (in Chinese), 42(5): 598—606. doi:10.
7519/j.issn.1000-0526.2016.05.009


https://doi.org/10.1029/2005JD006290
https://doi.org/10.1002/joc.2158
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0001-5733.2006.01.010
https://doi.org/10.3321/j.issn:0001-5733.2006.01.010
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.2151/jmsj.82.67
https://doi.org/10.1023/A:1019207923078
https://doi.org/10.7519/j.issn.1000-0526.2007.06.004
https://doi.org/10.7519/j.issn.1000-0526.2007.06.004
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.7519/j.issn.1000-0526.2016.05.009
https://doi.org/10.7519/j.issn.1000-0526.2016.05.009
https://doi.org/10.1029/2005JD006290
https://doi.org/10.1002/joc.2158
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0479-8023.2005.04.003
https://doi.org/10.3321/j.issn:0001-5733.2006.01.010
https://doi.org/10.3321/j.issn:0001-5733.2006.01.010
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.11867/j.issn.1001-8166.2010.05.0463
https://doi.org/10.2151/jmsj.82.67
https://doi.org/10.1023/A:1019207923078
https://doi.org/10.7519/j.issn.1000-0526.2007.06.004
https://doi.org/10.7519/j.issn.1000-0526.2007.06.004
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.3878/j.issn.1006-9585.2013.12190
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.1360/132013-247
https://doi.org/10.7519/j.issn.1000-0526.2016.05.009
https://doi.org/10.7519/j.issn.1000-0526.2016.05.009

5 3] G A TP X B A i vl o R S R ) BB T
No. 5 ZHANG Lei et al. Numerical Simulation of the Effect of Urbanization on a Single Extreme-High- ... 1107
Loridan T, Grimmond C S B, Grossman-Clarke S, et al. 2010. Trade- ESE, T, TR, 45 2012, RAT I ARER KRR UG 1E

offs and responsiveness of the single-layer urban canopy
parametrization in WRF: An offline evaluation using the MOSCEM
optimization algorithm and field observations [J]. Quart. J. Roy.
Meteor. Soc., 136(649): 997-1019. doi:10.1002/qj.614

Martilli A, Clappier A, Rotach M W. 2002. An urban surface exchange
parameterisation for mesoscale models [J]. Bound.-Layer Meteor.,
104(2): 261-304. doi:10.1023/A:1016099921195

ZAHO, SRHIES, 270, 5. 2010. WRF/UCM £ M IR R < &R
AU P IR [7]. ST 574k, 26(3): 273-282. Meng
Weiguang, Zhang Yanxia, Li Jiangnan, et al. 2010. Application of
WRF/UCM in the simulation of a heat wave event and urban heat
island around Guangzhou [J]. Journal of Tropical Meteorology (in
Chinese), 26(3): 273-282. doi:10.3969/j.issn.1004-4965.2010.03.003

Wi, Chen F, 2%, %5, 2010. Jb ittt B KSR Z 45
g 2 B K (R SR80 [ 7). M ERPIBE 4R, 53(7): 1580—1593.  Miao
Shiguang, Chen F, Li Qingchun, et al. 2010. Month-averaged impacts
of urbanization on atmospheric boundary layer structure and
precipitation in summer in Beijing area [J]. Chinese J. Geophys. (in
Chinese), 53(7): 1580—1593. doi:10.3969/J.ISSN.0001-5733.2010.07.
009

Ren Y Y, Ren G Y. 2011. A remote-sensing method of selecting
reference stations for evaluating urbanization effect on surface air
temperature trends [J]. J. Climate, 24(13): 3179-3189. doi:10.1175/
2010jcli3658.1

Ren G Y, Chu Z Y, Chen Z H, et al. 2007. Implications of temporal
change in urban heat island intensity observed at Beijing and Wuhan
stations [J]. Geophys. Res. Lett.,, 34(5): LO5711. doi:10.1029/
2006GL027927

Salamanca F, Martilli A. 2010. A new building energy model coupled
with an urban canopy parameterization for wurban climate
simulations— Part II. Validation with one dimension off-line
simulations [J]. Theor. Appl. Climatol., 99(3): 345-356. doi:10.
1007/s00704-009-0143-8

TG, BRAT, BB, 45 1999, AR LA 5 i 2 R A T B SR
BT [J]. SRS BT, 4(4): 334-345.
Chen Hong, Zhao Sixiong, et al. 1999. A study on the severe hot

Sun Jianhua,

weather in Beijing and North China. Part II. Simulation and analysis
[J]. Climatic and Environmental Research (in Chinese), 4(4): 334—
345. doi:10.3878/j.issn.1006-9585.1999.04.02

A% AE. 2018. 3ok T T PR e R PR R TR B v R = T ) 2 M 28
R A [D]. 7 55 B LR KW L2418 L. Wang Kefei.
2018. Numerical study of contribution of Chongqing City to high

temperature heat wave and mitigation effects of cool roof [D]. M. S.
thesis (in Chinese), Nanjing University of Information Science &
Technology.

FIWAR, B R, MIAHLER. 2003, b5t H F m i i R S AR AE
A1 2008 B ZBis 4 [1]. A4, 29(9): 23-27, 33.
Ge Guoqing, Tao Zuyu. 2003. Climatic characteristics of estival

Wang Yingchun,

muggy weather in Beijing related to 2008 Olympics [J].
Meteorological Monthly (in Chinese), 29(9): 23-27, 33. doi:10.
3969/j.issn.1000-0526.2003.09.005

FIHLEL S HT. 11 ﬁmﬁzxﬁxmfﬂifrﬂ%%%ﬂ@E@/Mﬁﬂéj\ffﬁ (. &
JH S %, 31(2): 555-561.

Yingxin, et al. 2012. Feature and mechanism of the foehn weather on

Wang Zongmin, Ding Yihui, Zhang

east slope Taihang Mountains. II: Case analysis of the effects of lee
wave on foehn occurring and moving [J]. Plateau Meteorology (in
Chinese), 31(2): 555-561.

T0kAE, TA%AE, B, 5. 2018, 21 RGO KR
T FE [J]. LR, 76(4): 649-662.
Kefei, Chen Lei, et al. 2018. Numerical study of effect of indoor-

JRE 5 P A
Wang Yongwei, Wang

outdoor heat exchange on urban atmospheric temperature [J]. Acta
Meteor. Sinica (in Chinese), 76(4): 649-662. doi:10.11676/qxxb
2018.020

W, B4R R, X, 45, 1999, HRAbAIAL 5t s 2 KL L D7 SR
B 38 (0], A 5 3 BEHTE 5L, 4(4): 323-333,

Cui Jiliang, Liu Haitao, et al. 1999. A study on the severe hot weather

Xie Zhuang,

in Beijing and North China. Part I. Statistics and synoptic case study
[J]. Climatic and Environmental Research (in Chinese), 4(4):
323-333. doi:10.3878/j.issn.1006-9585.1999.04.01

IRAEAE, 2, 1RO, 2002, T AR R 275118 M]. B R4
HikikE, 284pp.  Xu Xiangde, Tang Xu, Xu Dahai. 2002. Introduction
of Urbanization Environmental Meteorology (in Chinese) [M].
Beijing: China Meteorological Press, 284pp.

i, XUHRZR, ABE /7, 45, 2011, L gt X E 2 Gl IR Bk}
B BURL P AG [J]. BB, 22(6): 706-715.
Weidong, Zhong Jiqin, et al. 2011. Evaluating the quality of

Yang Ping, Liu

temperature measured at automatic weather stations in Beijing [J].
Journal of Applied Meteorological Science (in Chinese), 22(6):
706—715. doi:10.3969/j.issn.1001-7313.2011.06.008

Yang P, Ren G Y, Liu W D. 2013. Spatial and temporal characteristics
of Beijing urban heat island intensity [J]. Journal of Applied
Meteorology and Climatology, 52(8): 1803—1816. doi:10.1175/JAMC-
D-12-0125.1

S, VR, AR, 45, 2016, = 2r HEF WRF B 3R B
By oF R 30 e iR R SR W B AN BRI AT (7], KRR, 4003):
604-616.  Yi Xiang, Zeng Xinmin, Zheng Yiqun, et al. 2016.
Impact of soil moisture perturbation on high resolution simulation of
short-range high temperature weather: A WRF case study [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 40(3):
604-616. doi:10.3878/j.issn.1006-9895.1602.15281
G ER, AR T, XUTT, A5 2011, 3T AR X bR i iR R TR O
PAFALIFENR [T]. ShERPIPE 244, 54(5): 1150-1159.  Zhang Lei,
Ren Guoyu, Liu Jiang, et al. 2011. Urban effect on trends of extreme
temperature indices at Beijing Meteorological Station [J]. Chinese J.
Geophys. (in Chinese), 54(5): 1150—1159. doi:10.3969/j.issn.0001-
5733.2011.05.002

K, 1IE£ AR T 2015, B VR v el 1 R T A O 2R Y
A [J]. A5 3 50 9T, 20(2): 167-176. Zhang Lei, Ren
Guoyu, Ren Yuyu. 2015. Identification of urban effect on a single
extreme high temperature event [J]. Climatic and Environmental
Research (in Chinese), 20(2): 167—-176. doi:10.3878/j.issn.1006-
9585.2014.13175


https://doi.org/10.1002/qj.614
https://doi.org/10.1002/qj.614
https://doi.org/10.1023/A:1016099921195
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.1175/2010jcli3658.1
https://doi.org/10.1029/2006GL027927
https://doi.org/10.1007/s00704-009-0143-8
https://doi.org/10.3878/j.issn.1006-9585.1999.04.02
https://doi.org/10.3878/j.issn.1006-9585.1999.04.02
https://doi.org/10.3969/j.issn.1000-0526.2003.09.005
https://doi.org/10.3969/j.issn.1000-0526.2003.09.005
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.3878/j.issn.1006-9585.1999.04.01
https://doi.org/10.3878/j.issn.1006-9585.1999.04.01
https://doi.org/10.3969/j.issn.1001-7313.2011.06.008
https://doi.org/10.3969/j.issn.1001-7313.2011.06.008
https://doi.org/10.1175/JAMC-D-12-0125.1
https://doi.org/10.1175/JAMC-D-12-0125.1
https://doi.org/10.3878/j.issn.1006-9895.1602.15281
https://doi.org/10.3878/j.issn.1006-9895.1602.15281
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3878/j.issn.1006-9585.2014.13175
https://doi.org/10.3878/j.issn.1006-9585.2014.13175
https://doi.org/10.3878/j.issn.1006-9585.2014.13175
https://doi.org/10.1002/qj.614
https://doi.org/10.1002/qj.614
https://doi.org/10.1023/A:1016099921195
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/j.issn.1004-4965.2010.03.003
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.3969/J.ISSN.0001-5733.2010.07.009
https://doi.org/10.1175/2010jcli3658.1
https://doi.org/10.1029/2006GL027927
https://doi.org/10.1007/s00704-009-0143-8
https://doi.org/10.3878/j.issn.1006-9585.1999.04.02
https://doi.org/10.3878/j.issn.1006-9585.1999.04.02
https://doi.org/10.3969/j.issn.1000-0526.2003.09.005
https://doi.org/10.3969/j.issn.1000-0526.2003.09.005
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.11676/qxxb2018.020
https://doi.org/10.3878/j.issn.1006-9585.1999.04.01
https://doi.org/10.3878/j.issn.1006-9585.1999.04.01
https://doi.org/10.3969/j.issn.1001-7313.2011.06.008
https://doi.org/10.3969/j.issn.1001-7313.2011.06.008
https://doi.org/10.1175/JAMC-D-12-0125.1
https://doi.org/10.1175/JAMC-D-12-0125.1
https://doi.org/10.3878/j.issn.1006-9895.1602.15281
https://doi.org/10.3878/j.issn.1006-9895.1602.15281
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3969/j.issn.0001-5733.2011.05.002
https://doi.org/10.3878/j.issn.1006-9585.2014.13175
https://doi.org/10.3878/j.issn.1006-9585.2014.13175
https://doi.org/10.3878/j.issn.1006-9585.2014.13175

x A #

2 44 %

1108 Chinese Journal of Atmospheric Sciences Vol. 44

TR, B, Bk A, &5, 2013, b5 ZRIE K I R RHE K3 i
T BT R I 1 BB A, [T]. MR B A5, 56(8): 2558~
2573.  Zhang Yizhou, Miao Shiguang, Dai Yongjiu, et al. 2013.
Numerical simulation of characteristics of summer clear day
boundary layer in Beijing and the impact of urban underlying surface
on sea breeze [J]. Chinese J. Geophys. (in Chinese), 56(8): 2558—
2573. doi:10.6038/cjg20130806

FAETT, YK 5, EIWFF. 2006. Ik 17 A 8080 b w0 B 2= il ) 5
W[J]. NS % 2E 3R, 17(S1): 48-53.  Zheng Zuofang, Fan
Shuiyong, Wang Yingchun. 2006. Effects of urban heat island on
summer high temperatures in Beijing [J]. Journal of Applied
Meteorological Science (in Chinese), 17(S1): 48-53. doi:10.
3969/j.issn.1001-7313.2006.z1.007

HAETT, e, AR, 55, 2012, 3T Hoxd b 5 5 2 i vl 2 )

BOE W (7). SO R, 21(10): 1689-1694.  Zheng
Zuofang, Gao Hua, Wang Zaiwen, et al. 2012. Numerical simulation
for the urbanization effects on a heat wave event around Beijing City
[J]. Ecology and Environmental Sciences (in Chinese), 21(10):
1689—-1694. doi:10.3969/j.issn.1674-5906.2012.10.010

22, WL, Tkier, 4. 2015, EEHTYAE R A SOl K A R 5t

NARHETE T [I]. %0 53R, 34(3): 786—796.  Zheng Yulan,
Miao Shiguang, Zhang Qi, et al. 2015. Improvements of building
energy model and anthropogenic heat release from cooling system
[J]. Plateau Meteorology (in Chinese), 34(3): 786—796. doi:10.
7522/j.issn.1000-0534.2014.00035


https://doi.org/10.6038/cjg20130806
https://doi.org/10.6038/cjg20130806
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.6038/cjg20130806
https://doi.org/10.6038/cjg20130806
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.6038/cjg20130806
https://doi.org/10.6038/cjg20130806
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.6038/cjg20130806
https://doi.org/10.6038/cjg20130806
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1001-7313.2006.z1.007
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.3969/j.issn.1674-5906.2012.10.010
https://doi.org/10.7522/j.issn.1000-0534.2014.00035
https://doi.org/10.7522/j.issn.1000-0534.2014.00035

	19229Azhanglei

