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Abstract This paper simulates the effect of urban hydrological processes such as green irrigation,
oasis effect and artificial latent heat in Beijing on the urban meteorological environment, using the WRF/
SLUCM scheme during a lasting heat wave on July 4-6, 2010. The results are shown as follows. (1) The
model can improve the latent heat flux up to 100W m™ at 13:00, and 15W m™ at 02 :00, and the
sensible heat flux decreases up to 80W m™ at 13:00, and 5 W m™> at 02:00. (2) The model can
improve the relative humidity up to 4% at 13:00, and 6% at 02:00, and the surface temperature drops
1.2°C at most at 13:00, and 0.4°C at 02:00. (3) The weakening effect of urban hydrological process on
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the urban heat island in Beijing is significantly weaker during the day than at night, and a cold island

effect with an intensity value of 0. 8°C occurred at 10:00—14: 00. (4) The urban hydrological processes

cause the air temperature decreases by 0.5 “C at most and the relative humidity increases by 3% below

500m during the day in urban areas. Due to poor thermal convective motion, the boundary layer height

decreases at about 200m; the wind speed increases above 1 km, while the wind speed reduces in the

lower layer.
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Fig.1 The diurnal variation of the anthropogenic latent heat flux
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Table 1  Example design and numerical experiment parametric scheme
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Fig.3 The comparision between simulations and obserbations during 4—=6 of July: (a)2 m temperature; (b) 2 m relative humidity;
(c¢) 10 m wind speed; (d) latent heat flux; (e) sensible heat flux
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Fig.7 Diurnal variation of the 3-day average UHI intensity

7 MR I A P o T Ak b T S YN R R
FIN R A A5 7K SO T 2 5 B3O Xl 2 3 1) e
AR X EE B34, AT 15 :00—17 :00 S 742 =
FERFARZ) 200 m, M 8¢ W AT LAE Y, [A)#E i T30k
DR B AT R 1 km 385 B DAY, 3 B A0
WA Bl 5 R AKCE KGN, 1 km & B DL oK
SERGHERE I, Hk X 7 B 3R G & 2 RS
B A BT /N WG AR 2 R, T (A5G 2

C % mes!
@) 0.5 (b) 3.0 ()
2.50 0.4 . 2.4 . 812
0.3 1.8 0.3
2.004 0.2 E 1.2 B 0.2
0.1 0.6 0.1
1.50- 0 i 0 4 0
-0.1 ~0.6 -0.1
1.00- -0.2 . 12 . -02
-0.3 18 -0.3
0.50- 0.4 i V! i -0.4
-0.5 730 -05
T T T T T T T T
00 06 12 18 00 00 12 18 00 00 06 12 18 00
Jbat bt B |4

K18 7H 4—6 H ALHIR 5 NO 5B X T H 228 H B4k - (a) il ; (b) FXFREEE 5 () AKX

Fig.8 Diurnal variation of the vertical difference of 3-day average between the case of ALHIR and the case of NO.

(a) temperature; (b)relative humidity; (c) horizontal wind speed



&
N
AT
bl

39 &

4 it

(1) LS AT I IE AR B 2 m AR 2 m A
MEEE 10 m XU P HAGE B HRGE LI (B 55 A4
{ELZ [H] B AR G R 5043 3118 0. 87 .,0. 89 ,0. 24.0. 79 Al
0.85, ¥ 75 M 22 43 %~ 0.003 °C.5.41%.0.91
m-s' 53.19W - m?HM51.49 W - m™,2 m I,
2 m ATV RS T BRGSO A
I, 10 m KUGHEBHIR 22 EK

(2) 3l T 7K S R 2 X 3t 3 R e e A W
SO AN [R) 308 T 7K SCask 2 1) DU AN 53491 i 47
ORI, W HGE G B BCUSOR DL ALHIR 7
5] ( 2 by VR R % U 25507 RN Ry v A — A 5 ) d
U s S HLE I | 5 D R0 RN N Ry v A S K S A T
FEOR X I HGE 2T B, 13:00(7 H 4-6 H
ANBPER TR R 3k DX ARG S A 2 T IR 100
W e m™, EEE A7 3 4 Hb I Y 520 5 02 100 T A
ZH 15 W - m™, EEIE RN AR T3,
X R TG e 5 R W AT E e, 13 :00 Bk X
G RS 222 80 W - m ™25 1 02:00 A% i
225 W - m™ JERHGE IR S O

(3) Wi AKSGE RS R AR B R A
SO, SR THEIE | Y A5 AT A T A A K S R
AT B0 XA T S B I 3, 13 100 3k X A
SR AN K AT 3k 4% ,02:00 7] 3k 6% , AH R B
HOmEZ S 1R W HGE & TR R R ERA
O 5 3 DX H R IR S PR 94,13 :00 3 IX 2 m <
TRFRAR AR IR 1.2 °C,02:00 24 0.4 °C, 5 5 3k
R O,

(4) LR FEWE | 2% DAL AN by 8 #0045 Ik 7T 7K
SCIE R XTI T A S R U AR R B A
W], HLAE 10:00—14:00 HEL THREL 0.8 CHIW
L T

(5) b HEE | 25 PN AN T B A 7K St
T2 T SO DX 2 T 38 19 o I AR X B ) 34
FIRTE 500 m = B DL M X SR 2 B8 0.5 °C,
AT fie Z2 38 0 3% , (AR (R sE a8/, bl T 34
XTI Is B IS , 8K 30 B2 e BE R AR ZY 200 m; 3
X1 km 5 BE DA 7K XUEG R A2 KU 80N

AR TG B B [B) 6, 915 61 /)N | oA ok 7 2 X B
A [ A a] | B 2 KA SR VAR I AR T
IKSGEREBAURCR . IF BRI SLUCM 7% R
S TR FLHIRE < N SR VR A Ry 50 20 1 1 RO A B

A AT DU A < A R 59 H AR ACRRIE , A
A I < A WA 5 10 5= e V- A 2 1] A S 5t
YER , SR as Ry kiR 22

Bt 20 L SO RS B/ B B
KA HBIE T T S L A Rl 3285

& £ X #

[1] Fernando H J S. Fluid dynamics of urban atmospheres in complex
terrain. Ann Rev Fluid Mechan, 2010, 42(1) : 365-389.

[2] EBKEk, B8, BEE, 5 M E R TR T B =40
TTAFREERLL. IR, 2016, 39(4) : 525-535.
WANG Yongwei, REN Xia, ZHAI Xuefei, et al. Numerical study
of the three-dimensional thermal environment over a complex
underlying surface in Nanjing. Transactions of Atmospheric Sciencs
(in Chinese) , 2016, 39(4) . 525-535.

[3] ZHANG Chaolin, CHEN Fei, MIAO Shiguang, et al. Impacts of
urban expansion and future green planting on summer precipitation
in the Beijing metropolitan area. J. Geophys. Res. Atmos., 2009,
114(D2) : D02116.

(4]  TWkai, FEAbE, S03CR, 25 i s U S R R e

W EETFSY. HERY AR, 2008, 51(1) : 88-100.
WANG Yongwei, JIANG Weimei, GUO Wenli, et al. Numerical
study of the urban scale and layout effect on atmospheric
environment. Chinese Journal of Geophysics (in Chinese) , 2008,
51(1) . 88-100.

[5] JAZRIL, ¥4ebi, ATmeR. 3ok el 2 A O 3ok i LR A0 ey ke
B B (HAFMR) (in Chinese) , 2008, 44(3) :
250-257.

ZHOU Rongwei, JIANG Weimei, HE Xiaofeng. Improvement of
urban canopy model on urban air temperature simulation. Journal of
Nanjing University ( Natural Sciences) , 2008, 44(3) . 250-257.

[6] Hagishima A, Narita K I, Tanimoto J. Field experiment on
transpiration from isolated urban plants. Hydrological Processes,
2007, 21(9) . 1217-1222.

(7] b, Tokak, skT. TRl e 50 SRS T,
BRELEHEE, 2000, 24(4) ; 411-419.

JIANG Weimei, WANG Yongwei, ZHANG Ning. Research on
urban land-surface process and boundary layer structure. Advances
in Earth Science(in Chinese) , 2009, 24(4) . 411-419.

(8] TEHMy, WRie, WAEbE, 55, TR =AM R K=

PREEHRZ W BN T Ll R 2 Al (B AR BRSA ), 2009, 48
(6): 115-120.
WANG Xuemei, CHEN Yan, JIANG Weimei, et al. Impacts of
urban planning on atmospheric environment over the pearl river
delta region. Acta Scientiarum Naturalium Universitatis Sunyatseni
(in Chinese) , 2009, 48(6) : 115-120.

[9] F&dedr, witis, T, 5. WAL SRR 2 EEBII.
HiBRELEHE R, 2010, 25(5) ; 463-473.

JIANG Weimei, MIAO Shiguang, ZHANG Ning, et al. Numerical
simulation on urban meteorology and urban boundary layer.

Advances in Earth Science ( in Chinese ), 2010, 25 (5):



2 3]

AL, A IR R SO R R IR B BAU A

255

[10]

(11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

463-473.

Grimmond C S B, Blackett M, Best M J, et al. The international
urban energy balance models comparison project: first results from
phase 1. J. Appl. Meteor. Climatol., 2010, 49(6) ;. 1268-1292.
Grimmond C S B, Blackett M, Best M J, et al. Initial results from
Phase 2 of the international urban energy balance model
comparison. Int. J. Climatol., 2011, 31(2) . 244-272.
Hitlt s, CHEN Fei. JTT M3 #A8 - BUE BT i 0F .
FAHE hERELE) | 2014, 44(5) : 1017-1025.

MIAO Shiguang, CHEN Fei. Enhanced modeling of latent heat
flux from urban surfaces in the Noah/single-layer urban canopy
coupled model. Science China: Earth Sciences, 2014,57(10):
2408-2416.

Hamdi R, Termonia P, Baguis P. Effects of urbanization and
climate change on surface runoff of the Brussels Capital Region: a
case study using an urban soil-vegetation-atmosphere-transfer
model. Int. J. Climatol., 2011, 31(13) . 1959-1974.

Flagg D D, Taylor P A. Sensitivity of mesoscale model urban
boundary layer meteorology to the scale of urban representation.
Atmos. Chem. Phys., 2011, 11(6) . 2951-2972.

LI Dan, BouZeid E, Oppenheimer M. The effectiveness of cool
and green roofs as urban heat island mitigation strategies. Environ.
Res. Lett, 2014, 9(5) : 055002.

SUN Ting, Grimmond CSB, NI Guangheng. How do green roofs
mitigate urban thermal stress under heat waves?. J. Geophys. Res.
Atmos., 2016, 121(10) : 5320-5335.

YANG Jiahua, WANG Zhihua, CHEN Fei, et al. Erratum to:
Enhancing hydrologic modelling in the coupled weather research
and forecasting-urban modelling system. Boundary-Layer Meteor,
2015, 155(2) : 369-369.

WOME, BRI, RES . JRBIK S A Rl T
B BB BT, RRE ], 2015, 38(6) : 827-835.
ZHANG Xiaohua, GAO Zhiqiu, SONG Yuzhi, et al. Numerical
simulation of surface energy budget balance over grassland in
Beijing suburban area in summer. Transactions of Atmospheric
Scienes(in Chinese) , 2015, 38(6) : 827-835.

ZIWIE, EEE, R, . bt BIHE 20 o STk R
TR AR LSRR AT, AR B, 2011, 31(4) : 398-404.
MIAOLijuan, CUI Xuefeng, LUAN Yibo, et al. Similarities and
differences of Beijing and Shanghai’s land use changes induced by
urbanization. Scientia Meteorologica (in Chinese) , 2011, 31(4):
398-404.

CHEN Fei, Dudhia J. Coupling an advanced land surfacehydrology
model with the Penn stateNCAR MM5 modeling system. Part I:
Model implementation and sensitivity. Mon. Wea. Rev., 2001,
129(4) : 569-585.

Kusaka H, Kondo H, Kikegawa Y, et al. A simple single-layer
urban canopy model for atmospheric models: Comparison with
multi-layer and slab models. Boundary-Layer Meteor., 2001, 101
(3): 329-358.

FRARPH, WY, UK, S JURUE ZERE K R RE K
T H X XU W B AR, IR A, 2013, 56

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(8): 2558-2573.

ZHANGYizhou, MIAO Shiguang, DAI Yongjiu, et al. Numerical
simulation of characteristics of clear day boundary layer in Beijing
and the impact of urban underlying surface the sea breeze. Chinese
Journal Geophysics(in Chinese) , 2013, 56(8) : 2558-2573.
HILEE, Fukik, S, 25 WRF B0k gZE S50 %
TETE PRI AL, i () P B8 LA IR UL IR B8 R 45 3R 35
2013, 22(12) : 1627-1634.

WU Jianjun, WANG Yongwei, ZHU Bin, et al. Performance
comparison of different urban canopy schemes in WRF model
under simulation. Resources and
Environment in the Yangtze Basin(in Chinese), 2013, 22(12):
1627-1634.

AL, VLAELL, Ar T, &5 XU OB TR 9 152 22 43 A
ITIE. K484, 2015, 35(5) ; 587-592.

YU Jiang, JIANG Zhihong, YU Wei, et al. Error analysis and

Chongqing meteorological

correction of wind speed humerical forecast at wind farm. Journal of
the Meteorological Sciences ( in Chinese ), 2015, 35 (5):
587-592.

Kk, MBI, RETT, & TR ST S A
KEBTE. AEPbE, 2012, 32(3) : 317-324.

ZHU Yan, YANG Jinbiao, ZHU Lianfang, et al. The investigation
of the relationship between urbanization process and climate change
in Suzhou. Journal of the Meteorological Sciences (in Chinese ) ,
2012, 32(3): 317-324.

XA, 2218, N, 5. m a2y B 8 I 2 43 A REAE
OIS . AR, 2014, 37(1) ¢ 19-27.
LIUShoudong, JIANG Run, WANG Chenggang, et al. Observation
analysis on spatial and temporal distribution characteristics of
summer urban heat island in Nanjing. Transactions of Amospheric
Sciemes(in Chinese) , 2014, 37(1);: 19-27.

BAMETT , KT, BRI, . DB DR L 5 K (R DLATT
FT. KGR, 2016, 36(1) : 80-87.

ZHAOYafang, ZHANG Ning, CHEN Yan, et al. Observation of
urban heat islands over Su-Xi-Change Region and its numerical
simulation. Journal of the Meteorological Sciences (in Chinese) ,
2016, 36(1): 80-87.

Miralles D G, Teuling A J van Heerwaarden cc, et al. Mega-
heatwave temperatures due to combined soil desiccation and
atmospheric heat accumulation. Nature Geosc., 2014, 7 (5):
345-349.

Pal S, Xueref-Remy I, Ammoura L, et al. Spatio-temporal
variability of the atmospheric boundary layer depth over the Paris
agglomeration; An assessment of the impact of the urban heat
island intensity. Atmos. Environ., 2012, 63; 261-275.

Pal S, Lopez M, Schmidt M, et al. Investigation of the
atmospheric boundary layer depth variability and its impact on the
22Rn concentration at a rural site in France. J. Geophys. Res.
Atmo., 2015, 120(2) : 623-643.

Lac C, Donnelly R P, Masson V, et al. CO, dispersion modelling
over Paris region within the CO,-MEGAPARIS project. Atmos.
Chem. Phys. Discuss., 2013, 13(9) : 4941-4961.



