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Abstract To investigate the structure and evolution characteristics of urban breeze circulation in the
mountain city, WRF (V3.9) is used to simulate a typical urban breeze circulation case from August
17 to 18, 2016 in Chongging. In addition, the characteristics of turbulent kinetic energy and turbulent
fluxes during this period are also analyzed. The results show that the rural wind begins to appear at
15:00 and increases as the heat island strengthen. The circulation reaches its maximum at 18:00,
and is destroyed at 02:00 in the next day. At 18:00, the horizontal scale of the circulation is about
1.5~2 times that of the urban scale, and the vertical scale is about 1.3 km, the horizontal wind speed
is about 2~4 m s1, the maximum rising speed is about 0.5 m s, Under the influence of topography,
rivers and background wind, the circulation is asymmetrical in structure and weak in intensity.
Besides, it is found that the turbulent kinetic energy in the urban area is obviously larger than that
in the nonurban area, which results in the stronger transport of heat and water vapor by turbulence
in the urban area. When it comes to the relationship between turbulent fluxes and urban breeze
circulation, it shows that urban breeze circulation transports water vapor from the suburbs to the
city through turbulent motion, turbulent supply momentum for the dissipation caused by urban
breeze circulation.

Keywords Complex terrain; Urban heat island circulation; Mountain-valley breeze; River-land

breeze; Turbulent kinetic energy; Turbulent flux
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T A AR IR T IR A v TR B 2 MHR B IS ()3 RESE, 2008; BEAFIAE, 2012; i
FARTEE, 2018) o I TIT AR UK H IR M IRPRAES T B P00, ST P IR AR = 36
PN BB X R 3T S0, FRO 2 A X (Hidalgo et al. , 2010; IR, 2014; SR NNAI T IR
W, 2019) o HFTE N AT A S ERR A A SR L S5 R O AR, BREER
BF I T 24 S PR IR 7 A A T3 2 3R T P AR AE 22 e o 1 R 2 S I T A s T 5%
[X (Hidalgoetal., 2008a) ; & [H] 3= E &4 7 i S I BAFAE BN AT N I HIHRI (Luetal.
1997) o # I FRIAL A i 5 R R 0 52 I B B KSR JEE L I T B AE IR 7 (1) 2 ( Delage
and Taylor, 1970; Vukovich, 1971; &% [E4%, 2000; Hidalgo et al. , 2010) . — A& il NS IE
TR RN KT L 5~Tm s, FEEHEEL 1ms?t, KPR L REMPRG, EE
JE AL 1500 m (Lemonsu and Masson, 2002; Hidalgo et al. , 2008b) . XS8R 5T 45 M (i [X
HWIBBONF 22, G E RIS 2R BT, O H RO B IR S R e At AT
PR BUERIBT AT (PVKEE, 2019) , BRLEAIRABT I .

TS EN I T KSR R A, MERICH CERNISE, 20172) , AR TR
TH] PR R AL A i i i i R 7 B S — B IR . — S REe 7 M R ], AN R # i kb
TR B AR AERHEAR, HE RS EBWA R Caaess, 2009; XiIfg 4%,
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2010) . Barlowetal. (2014) 73 H7— IR SRS FE R 38T Ab i S5 F4 (P T AR R AE R I, it
RHESZ AR BERC I, 7E “IRTATI S 7 BB, W5 & SO ERHEAAL, (A2
EIYIRR . XIFHEE (2017) JEF 2018 & 2012 4FAbit 325 S REE MM — 2 T i 2L
A, R R AR ABAER AR 438 T Al ST T E T i A i 1) T L ARARRAE, B AR H R R
25T R AL R A BN & L CO FIZKIAVIN, TTE AR E FIAR E 25 A T A 1A R B K,
YT R AT A b AR A AR, DRI AE I T T B A RN A A T S ) 3
CO2 FIZKIK. TkEHEZE (2018) ARHE KUER LR SO SR /My FLZ T SR AE R I, %2
NRBE SR MR RSB, i I R A, 2 A R, B (R A B B o AR T A
A2 SR )3 SRR 2 —, AW HAlE AR i R o B AUREAE . A R T B A T e A YRR T
IR

ST A IR T A SR IR IR, H AT E DR X A DS A 3R B T A S T A R
FESEAFAE, T IS IR D o AT R AR (1992) I EF AN B KL M T 25 PRI T #A
5 P 2 L G5 R B AR RFAE o LI S 7 # PR T AT A 3 L B e BB PP E 100~300 m, 24 XUk
M 5 mst MEBIIRIH K. WG RERT AR, BORANA 2.2 Co SKEF AN
TR, WL EZEL) 1.8°C, MG RIKHIERWTTRE . FFP4E% (1993) 47
B EIRE RN kR B PRACTE IR M T R34 52 LR RSB FRIA . YLR KU S [ s, i
MBEA RIS RIS, &E BT, EFARERA 300 m A4, HREF|HEE
M S 2%, (HMH5E (2009) FIH TREEEEGE, 4 EKHGK 300 m @A, Bt T
PRI T R MK A AT RN ZE T AR ARRAE , 4 3 DRI TT A S E B KR T 38 58 P 5
#No ATERESE (2017) 43 #iT 56 AFINER AR BURE,  RILHE PRI T A R IE AR R A
BRAh, B2 TR T G (R FHE H (Lu etal. , 2012; Liu and Li, 2018) , iy ik
FOGRTT N 125 B2 38 K3 23 I T A0 B 0 YE L A5 2 . Liu et al. (2018) A WRF £
BFE HTESR T AL S 50N, & 2030 4F sl EE PRI i #4 S 38 m 1.5 °C. Pk % (2019) A
HYWRE 00 P — O 2 i TR R AT B RAR AT T 1 SR R AT s e 2
PRIK T S o AR R, 3 iR R <

ST A AR R 1 BB R R B, A RS IR AR (EHEE, 2015; RARAE,
2016; Wang et al. , 2017) , filkBhnsmIk i 7K (Han and Baik, 2008; #%%¢%%, 2013; Han et
al.,2014) , SR A B PR HAE S BUR R T e T iR RO IKRBESE, 2011) .
8 F PRIXFER LI T, 3T B S R (R kA%, 2013, L LZE 2, 2013) , SIS 3,
I T AR B PR IR — B FEFE BN T K e iR AR BRI (T RESE, 2013; Fhak 4R,
2019) o UkAb, FEPRRFER IR A ORI E R, A H BRI X AR AE FE BT S KL A
b, HE ON 32 R S Y 7 B [X 35, (Sunand Fang, 2013) o DA, S PRI T AR S BRI 4
M RIE— B 2R B AR TR ERA R R ERGIE, 1Rl & R ARG

ASCIA A 2 W B AR S WRE (V3.9) Pk LR ARk 17 i i PR A 51 0t A 46
P, DAH 7S 5 DR T A SR R 1 5 M ATV ASRAE o b4, S 0 100 572 A T TURFALE B 25 49 A



106
107
108

109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

126
127

128
129
130

IR, IS S T A B AT AR o IXEEANUAT A T3 R MR S A 3t X 3k 32 7
JRAERIRSAL, 10 HLRE D SGE RO R s PR AU BE D3R B AR o T 745 SR AT S T3 R
R RGN HEET T (£ PES, 1997a; fPERESE, 20100 .

2 FZR SR

AR SCR B BERE S G < I /N 1 E D T B T RSk (4 ANt SN kL, AR
JEo B RERREER, B 12 /NN RO PEHUE R BERE, ARl R 2 A8 27 5t I il £ 4t
(3% /NI ) T = B %k, NCEP (National Centers for Environmental Prediction) $#2{£) 1x1©
B 6h ) FNL AER TR

WFFAMEI Y 2016 4F 8 H 17~18 HRAAEE K — IR BRI . WNAAh =B B,
17 H 08: 00 C(Jbxtit, FFED BANEPIBXIER #5200 (B 1a) . 500 hPa RAEHE (1A
1b) Bor, HPRFHE 2 EEh], FELMmE, BRI, ROUEBRE. IR
a7, 500hPa DL R RUEILT 8mst (EBE) , XUz R KREE ARG, XL
ARFAA R T R AR R I 2, AT DL G0l P45 1 X2 R B S AP IR0 AR 30 A
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Fig. 1 (a) Infrared cloud image taken by satellite Himawari 8; (b) NCEP FNL 1<<1<analysis data for wind field

(vector, unit: m 1) and geopotential height field (contour, unit: dagpm) on 500 hPa at 08:00 on August 17, 2016
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CONTOUR FROM 400 TO 800 BY 100
T

106.2°E  106.4°E 106.6°E 106.8°E ;7001
—

22016 4 8 JJ 17 H 18: 00 KT HAhus MMM 2 m 0 (AR, #f: C) . 10m M CRE, 3
fir: mst) , B Lk R R DCOEOIR T X, B ELRRIR T R, s AR RN KL AN R UL
FRIAG FREEAMMEE 4%, BS: Bl YB: yidk, SPB: YIFHI, BN: ER§ (R

Fig. 2 2 m temperature (shaded, unit: ‘C), 10 m wind field (vector, m s) observed by Chongging automatic station
at 18:00 on August 17, 2016, the area surrounded by gray lines indicate urban area, black lines indicate the terrain
height, blue lines indicate the Yangtze River and Jialing River respectively. The initials denote the names of the basic

observation stations, BS: Bishan, YB: Yubei, SPB: Shapingba, BN: Banan. (the same below)

3 RN GHIFNRIUNTG &

ASCR A REERE WRF (V3.9) X s M EAT B e A . BB E24R S 18] 2016
£ 8 H 16 H 08: 00, F4» 72h, fif24h M “ffs”  (spinup) WfIE], ZJ& 48h I
AR Tt BARRIaGA ML A 5%F H 1 4 9 NCEP FNL 7r#fr Bt kHg fit, Jrhil

FokAE 6h BRIk BECRHIDUEXURRE TSR (Bl 3a) , AP bsb 2N 75
27km, 9km, 3km F1 1 km, B 75 [ % E 35 )2 AR o 2, B2 A% 100 hPa,
HrA2km (AGL, Above Ground Level, F[E)D LA FEE 24 2.

E G HRHIE FIRFRTE (Maetal.,2017) , FRkEE 75065 (2017) , %% (2019) ,
Mtk ESE (2019) 1 TAE, BUEAMYHEE RS T ZmR 1 Fiox, HP BouLac
(Bougeault-Lacarrére) i1 712 75 & — MR TKE & TR, %7 R5 MY J7 AL,
REWS Tk sl B « (EAETHE AR ERY T HY HRN, FrR ARG KESLKH B E
M5 MY TTRARAR (ERRRIZE, 2017b; #RKESE, 2019) .« BFFER Y BouLac 77 RFTR
FH 0 22 56 5 B0 5 5 F T S 2% TR 31X, 50 3 G U 4 T2 1 I 22 i I 5 B8 AP S B A 5 4
(Bougeaultand Lacarrére, 1989) . UCM I iT 76 /2 77 25 F8 1T 3817 J LRI R AE 6T 30 77 1 36 R o
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SRR IAR B, LR RSB RE 45 DX 5 T 7 2 i E AR Ak S e A AT I S S
JbJ2 B LR . NI h B I N AL R B T0 . BERE RN T4 22 )2 AR08, AR MBI,
NS 12 HIE (Kusaka and Kimura, 2004) o ZS RBEEHUE A s & 9 50 W mr
2, DU B A B A A0 I T A o R I b T B4 ANk b R S5OHE A i
TOPO_GMTED2010_30s 1 MODIS_30s #i#fs, 1%%# 75 e 45 it s Bk 2 PR T (R b 72 A0 1 3
FIFRAURHE . D4 X3 E UL AR AL Fa ra iE M e 32, e fe3R i wiiml (& 3b) , 4kl
AFZE AT RSS2 IR, % A Boulac 115342 J7 S A6 5 G HBCHUL HE B s b AL X )3
TSR . PRI AR VG AR AL SE AR (B 3c) , £y 18 km KA, SR#RAH
ERUASENE /N o T O SR IE 3 BT L S KV ITE A AL, 3734 S 2 75 T RS2 BIVLRE KU 20 .

# 1 BEEYESHA T RiE

Table 1 Settings of the main physical parameterizations

/EESeN ZHRATT R

R RS RRTMG (lacono et al. , 2008)

ST 2R RRTMG (lacono et al. , 2008)

A Lin (Linetal., 1983)
a8 (L DD Kain-Fritsch (Kain, 2004)

Ik ek = UCM (Chenetal., 2011)

W2 BoulLac (Bougeault and Lacarrére, 1989)

TR Noah (Chen and Dudhia, 2001)
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Fig. 3 Model domains: (a) Coverage and terrain height (shaded, unit: m) of model domains 1, 2, 3 and 4 (denoted by
D1, D2, D3 and D4 respectively); (b) terrain height in D4 (shaded, unit: m, blue lines indicate the Yangtze River and

Jialing River respectively, line AB represents 29.6 ° N, line CD represents 106.37 °E); (c) land use categories in D4
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4 GRS
4.1 R RIEIE

N T BRI S R FENE, ASCHE T — it fiabr (Pielke 2002; Miao et al.
2008) , WIWLINAEET 7 (0 o) « BAUARRTTZE (0 mea) « FIIMRZE (MB) | IR
% (RMSE) ML T Z R 712 (RMSEus) « BERURINLINAIAHC R 5L (1) o it
HANXIT:

XL, (obs; — obs)?
Oobs= N

B (sim; — sim)>
Omod= N

MB = %2?’:1( sim; — obs;)

RMSE — JZ?’zl(simi — obs;)?

N

RMSE,, = \/ N [(sim; — Eimj] — (obs; — o0bs)]?
__ ZiLal(simi — sim)(obs; ~ obs)]

Jmﬂmm—ﬁmﬂﬁg@m—aMy
Hrr, sim Al obs 4 BRI SELAI KSR IR, N AL

Pielke (2002) fizti, i 2 LL FARAER : 0 mod™ 0 obss RMSE< 0 o Al RMSEug< 0 obs»
BN FIEER) . 27 Pielke (2002) (bR, BEURBINGE R FTEER) . A A SO HTZ IR
(I TEDOLI Bt VD PRILRE AR R SR SR, ST XL . 0T D4 X3 K 1) 4 S JEA
MG (£ 2) BRSO 2 m EER 10m K7 (B 4) af i, e DEd 2m &
FER) EARAGRHE, W98 PAR DG AR, BAE SO IIME RS /N, P33 7 AR Z1E 1.8°C LAWY,
ot YD B 38  E R StARADL ROR Bei o E 10 m KU IR — i fi 22, R ) P 24145 07
MHRZETE 15 m st idy, AP RIRRZTE 70 @45, A BBt SO 10 m X,
WA AR W] I, SR T PN A BE 336 17 H 15: 00 FFAW e A< X B AL 58 HO 7 XL, BB &
R RFFUE B, X — I RFFLLE] 18 H 00: 00, Az D H KUGEAS /N, K] 028 (R RFAE
LT3R AR A6 D7 b, 15: 00 JF4R KUA] H AR B VA AR AB R, FRREEZRIXH 08: 00
AT IRBRAN) MU AL T R (4% A8 o 6 3T ra R X mig s, XU R
PUEAR, X AT fgfe UAZ R B2 RS R XEE I, A0, S AR B AT — € iR 22 o IR
ZERI AT RE SRR A2, — 77 TH] E2 g ol A A St v B2 L O g O 000 s P T 1 FEAIC 200 m,  Hl i
MO TH S S BE AL R, 38 plRGE 25 50K (Wang et al. |, 2013); 53— 7 T B g it A 5 1=
HO R FH SRR H SR B AR, RRE BEBOR, RS BR bz Aty s PR BRI 9 B F, LR ST R~
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R, S RBI RERRR N BAh, TR 18: 00 HUTH £ AR
B (2) RO, S AU TR R R . USRI
CF 6c, 8) , KL EFHIPTOUR €, SR8 41 5 = IR, DA XS AR H A IR BE R
X ECALIRIL 0L T I, LT L 5 FLH MU % R AR 1 4 5 RO

RPOR LI 8 5 5% 5, (LT LI 4 2 MR 05 A
TR R A B ERR ARG, (AR08 T M MO IR L 5
Wt MR (R 5B, 6T B TR 4

R 2 MMk 5 R

Table 2 Station Site Information

il 4 i G “iE Wk EE (m)
IO 57516 106.46 29.58 259
el 57513 106.62 29.73 465
B2l 57514 106.22 29.58 332
Y] 57518 106.5 29.33 506

# 3 KT 2019 4 8 fJ 17 H 08:00 £ 8 /I 19 H 08:00 BAUFILM K 2 m i i) — L6 57t A &

Table 3 Statistics for simulated and observed 2 m temperature from August 17 08:00 to 19 08:00

) Ty (°C)
vk 4
Gobs Omod MB RMSE RMSEur r
VORI 3.37 2.56 -0.54 1.13 1.02 0.98
BE ] 3.52 2.86 -1.92 2.2 1.07 0.96
Hing|s 3.07 2.63 -2.28 2.4 0.76 0.98
AE7] 2.99 2.7 -0.81 1.43 1.2 0.92

10
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213 Table 4 Statistics for simulated and observed 10 m wind speed and wind direction from August 17 08:00 to 19 08:00

Uk WS10 (ms?1) WwD10 (9
4 oobs  Omd MB  RMSE RMSEwr r Gobs Omod MB RMSE RMSEw r
¥
B 075 082 114 154 1.04 012 1106 11643 -585 81.83 130.96 0.32
s}
BE

1.45 1 023 141 1.4 0.38 11868 7943 -41.33 8748 12817 0.2
il
e

133 082 -037 1.36 131 032 4473 3561 -11.16 5311 5193 0.16
it
®
" 137 076 -1.41 204 1.48 0.1 7036 8248 1898 7497 8833 0.33
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