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Abstract The Weather Research Forecasting ( WRF) numerical model and its coupled single-layer Urban Canopy Model
(UCM) are used to simulate the Urban Heat Island (UHD effect over Lanzhou during 25 — 28 January 2005. In order to evalu-
ate the impacts of urbanization over Lanzhou, the land use data that inversed from the MODIS 1 km resolution data is applied.
A sensitivity experiment without urban underlying surface is designed to investigate the effects of urban underlying surface on
urban boundary layer structures. The main results are as follows: The urban underlying surface increases the surface air tem-
perature and decreases the wind speed, especially in the night. The contribution rate of the urban underlying surface to Lanzhou
UHI intensity is 44%. The urban surface air keeps the characteristic of neutral stratification at nighttime. The upward move-
ment of UHI circulation promots the mountain breeze circulation, and reaches the height of 600 m. Due to the heating effects of
mountain peak, there is an inversion layer existing at the height of 400 — 600 m above the city at daytime. The UHI circulation
restrain the formation and development of the valley breeze during 11:00 — 15:00 BT. The low albedo characteristics of urban
underlying surface and the multiple reflection of buildings lead the net radiation in urban areas to being more than that in non-
urban areas. Because of materials waterproofness of buildings, the latent heat flux is far less than sensible heat flux with the
heat storage capacity enhanced obviously.

Key words Valley city, Urban heat island effect, WRF model, Urban boundary layer
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Fig. 1 Variation of the observed temperature from 00:00 BT 25 to 00:00 BT 28 January

(a. comparison of temperature between urban and suburb areas, b. urban heat island intensity)
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Table 2 The parameters of nested grid in the three domains
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Fig. 2 Model domains coverage (the shadow indicates terrain heights)
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Fig.3 Terrain heights (contour, unit: m) and landuse types (shadow) in the D03 domain
(a. Urban,b. Nature)

VAR E WS SUR IR S 371 i0E AT

4 SR
4.1 #&WIE

J T HUE WRF-UCM X 2% JH 3R 71 #4555 B0 42 (1)
REALLRE 1 % 22 0 L 78 [ R b 3 36 1 2 m s R
R iR BB ADLME 5 00 DU I 14T 6T b (L 4D ap L
P 2 m AR H AR S S B A B s
i 1 AL 16 B, e AR D S B AE 06 B, (B2 417
FE A RARAG 7 0] = A B X T RE e i T4 5
T RS, R LR N TR R e . 5 U
PR H AR A S bR 22 . SRR ST A
26 H 18 s L) J5 B 51 Ay T 3L 3 158 25 1 KL 3 A] R
J2 T Y Je A0 A 3 CRIE DO i BBl 85 /D 6
. [l 4d v B 5 B (E = R AT =X (O 11375 3 1
AT LB I SR B AR R 5 L EE A W) G
PR SR T 18 I IR AR R G KL 20 B A B AR D
Ja W ka2 - B H 3 R 08 I BRARFEAR . T 10 A 3k
e s 2 18 uf . [A) if, BEAU W Bl T 25
27 BRI B AL .

F AL T M TG E A 3 55 2 m &R
T R A5 R B AUL(E S ORI 22 M G vt o b . SR
FEH R E CEINATPE ED 2 mey AR B 5 0
DA PRS- e Xf R 258 1. 84 C - S ¥y T d iR 22
2.21Cs oM PO 4 i 22 4 1. 94 C L ¥ 7
MR 25 2,40 C 3 38 2 I BEBADUE 5 5200 1 AH 5%
FECERAE 0.9 DA b o 35T 4015 iR 38 10 246 %o 05 2 Ry

TR 24 B R 1.26C F1 1. 58CL ML RB N
0.65, Sarkar 4 (2011) Al ARPS X 3 F5i 4 #5 =
HEEADL 5 2 T R 09%) S0 T A B 2807 AT A B i R A A
{55 52 B A AH 5& R BCH 0. 62, 5 A WF 58 85 2 56 IE
iR, B, WRF-UCM #5258 4% %o 0] 45 3 i
2N B G AT B R
4.2 HREMRE ST

=2 PN T A SRy Al IR T A T 1 A R R T R
AT [F) B 5 0 L I i 2 G 5 8 5
Urban I Nature 12055 19 25 5 . AR BT 28 1m xf 22
MR ERGEE F5 48 IR 12 48 57 i
S b 3R i - 1 5 e R RE
4.2.1 G )ZE KR K 43 A REAE

K 5a—d %5 H 7 Urban il Nature iz 56 55 # 1%
1 H 27 H 02 F0 14 B W58 X 60 H 1< i 3 A X
Yy as 18] 404 . AN IE Sa Al 1. 8 [ B 58 X0 30T 3 )2
S5 MY 4 A DL T #8812 R A A 6 O &R
o U DX AT AE M SRR 8 Ll A s 22 T KR R
HLD SR AE 0°C DL b B B Y 3RS AR AE 5
rh O U 4 rb A b S R R B SR M RS R L
X o 22 T DX il T8 B B R R S T S TE AR
[ e R S TR s NS 2 O s SIS RO DA 3
SRR LN 23Ry 1 m/ s s AR R4S AL S AR XL P
FAF 1AL Ay O PG IR s H T 0 A A0 33X 7 A IR 2 K
(298 3 m/s), JE R bR s 4R 5 i 5 1 32 25
g+ QO] LT BT 4 S5 48 2005 3 3 T 25 A< o
ARV U LB W B B Ll X5 (2) 38T #0520 5 1 R



Air temperature ('C)

710 L L L L L L L L L L L L
00:00 12:00  00:00 12:00 00:00 12:00 00.00 BT
25 26 27 28
Jan

Air temperature (‘C)

—10 I I I I I I I I I 1
00:00 12:00  00:00 12:00  00:00 12:00 00:00 BT
25 26 27 28

Air temperature (C)

Urban heat island intensity (C)

K2 2013,71(6)

Acta Meteorologica Sinica

15 —— —

—10 L I I I I I I I I I I I

00:00 12:00 00:00 12:00 00:00 12:00 00:00 BT
25 26 27 28
Jan
15 — —
L@ —Obs
8 — - Urban
10 |- 5

_10 L 1 L L L L L L L L L L
00:00 12:00  00:00 12:00  00:00 12:00 00:00 BT
25 26 27 28
Jan

I 4 20054 1 A 25—28 H Urban B BEIAY 2 m & U5 WL D LE
Ca. 220, b PR o P, d BB

Fig. 4 Comparisons of observed and simulated values of 2 m temperature ((a) Lanzhou; (b) Xigu;

and (¢) Yuzhong) and (d) Urban heat island intensity, from the urban experiments during 25 — 28 January 2005
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