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(V3.9.1) model is used as a control case to investiage the effects of land use type (Md04 scheme),
land surface process (NoUCM scheme) and lake (Nolake scheme) on the intensity of urban heat island
and the horizontal and vertical spatial distribution characteristics of urban meteorological
elements in Kunming. The main results we obtained are as in the followings: (1) In the four cases,
the average daily variation trend of the urban heat island intensity is almost similar. The UHI
intensity is weak in the daytime and strong at night, and reaches the maximum at about 2000 BT
(Beijing Time). In the case of Control-NoUCM (Nolake), the average daily maximum difference is
-0.79c (+1.07°c). (2) From the energy balance equation analysis of Control-Md04 case, the
difference of the sensible heat (latent heat) flux is +46.18 (-79.71) w/m’, and the release of
latent heat flux is larger than the absolute value of the sensible heat flux. In the case of
Control-NoUCM, the difference of the sensible heat (latent heat) flux is —40.88 (+29.60) w/m’.
NoUCM scheme does not consider the heat storage and shielding of geometric buildings, and most
of the solar radiation are absorbed by the land surface, resulting in a large absolute value of
the sensible heat flux. (3) In the four cases, the boundary layer height reaches the maximum
(minimum) value at 1500(0700) BT. The height of urban boundary layer in NoUCM (Nolake) decreased
by about 103m (32m), while that in Md04 case increased by about 102m. (4) The numberical simulation
results of the influence of lake (Dianchi lake) on the circulation of urban heat island show that
the vertical movement over the lake is weak, while the horizontal lake-land breeze is strong.
The breeze circulation is to the benefit of the transportation of water vapor to the city center,
and to increase the humidity of dry air and enlarge the water vapor content. Then it increases

the release of latent heat flux, and reduce the sensible heat flux and the temperature gradient.

Key words Urban Heat Island, WRF model, Urban canopy, Land use type, Lake land breeze
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SRRERINFM . Feng et al. (2014) 7E WRF B8 7 AN (1) LULC XL 117 34 & 58 B 1)
M. PhKEE (2019 @ PR FREHIEGE RS (GIS) HE4E, FIH WRF#HE5Z
JZet )= (BEP+BEM) 7 % 8 R B 2% ey i R HAOASS A0V FE 4 th, A TRI A T b SR it A 5 2 TR IR
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Fig 1 WRF Noah/SLUCM and NoUCM space diagram (LH (SH) is the latent (sensible) heat flux with subscript
(veg) the vegetated fraction, (g) denoting the ground flux, (w) the wall, (roof) the roof; T with other subscripts
denotes air temperature for street canyon (c¢) and first level of atmospheric model (a); Levels at left depict street

canyon height (), rooftop height (), and the first level of atmospheric model (  ))
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Fig 2 (a) The temperature field (shaded; unit: °C), geopotential height field (contours; units: dagpm) at 500 hPa
and wind field (vectors, units: m/s) from NCEP FNL 1°x1° analysis data at 1400 BT (Beijing time) 18 July,
2018; (b) Coverage and terrain height (shaded, units: m) of model domains 1, 2, 3 and 4 (denoted by dol, do2,

do3, and do4,respectively)

2.3 BHXE SR

AR A 9 WREV3. 9. 1 X 0FFEA B A7 40, . S AR RSEHDUIN [R] 0 2018 4 7 H 16
H 08:00, SA7HSKy 88h; | 16h JyAs spin-up I [H], 2ZJ5 72h HITHLLL4EE R #r;
V&% 530 546449 NCEP (National Centers for Environmental Prediction) FNL F43
ekl 1°X 1738 6h i AN . AL DX b0 oy BB EIRIX (25. 03N, 102. 7T1°E)
BEAMEH T IUERE TR (B 2b) , AR &2 2053039 110X 110, 154X 157, 160
X166, 214X232, 2#H A 13.5. 4.5, 1.5, 0. 5km. B B E N 53 2, HATIES
JEWE N 100hpa, #Ti1Z 2km AN FEEE 21 2

3a. b A EIRE (dod KR, IR X4 2004, 2018 4F T #4 i - 2K8AY,
Hi RS T 20 HE %A 0. 5km [ Modis (15s) $t#. [ 3a w1, 2004 4Ef8 Modis (15s)

Kol oy WRE B A BT AR 2T, I LA Hh 30T R R 5 A R A AR S AR A, A5
5



138
139
140
141
142

143
144
145
146
147
148
149
150
151
152

FADK 3l #1225 5 o DR T £ 5 o0 v 3 R M BUE B SOy . R
SO S AU ] — B 2018 4E Modis (15s) T, %50 AE L9210 S B - 3 SR RUAFAE
el 3b B, AT JUAE B B SR X 3 DY S R DT IR, TR A A R U I T
P LD o AR A TR BRI 4R AR 1) Modis -7 35 2878 (MCD12Q1) 7= (Dong et al. 2015),
I TR A K S, dod I #R T R RV A PR R0 2 B 8 S AR S

004

25°30'N | 25°30'N
25°15'N A A Tl g | 501N

25°N e
24°45'N 24°45'N

102°30'E  102°45'E 103°E 103°15'E 102°30'E  102°45'E 103°E 103°15'E

- Evergreen Needleleaf Forest - Deciduous Broadleaf Forest :[ Open Shrublands l:] Grasslands - Urban and Built-Up ® Urban
I Everoreen Broadeat Forest [ Mixed Forests [ woody Savannas [ Permanent Wetlands [ Natural Vegetation Mosaic Suburban
I Deciduous Needieieat Forest [l Closed Shrubtands [ savannas [ ] cropiands B weter @®  Outer Suburb

B3 (a) do4 XK Modis2004 ) LA 432K (b) dod XIH Modis2018 [ LA 432 (B, 3.
SRR S AR« JTAR . R s IFARVE %l AL FR, AB BN 8 R HEITHD
Fig 3 (a) The land use type of Modis 2004 in the do4 area; (b) The land use type of Modis 2018 in the Do4 area
(the black, yellow, green dots indicate urban, suburban, outer suburban sites respectively and mark the locations
of each site, the line AB is the vertical cross sections in Figure 8)
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Table 1 Numerical simulation cases and settings of the parameterization scheme
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blue (red) colors respectively represent the distribution of the observed (simulated) average value

R B RN, A XS F Miao et al. (2008) HHERIG TSR (8 2),

ﬁDXJ‘E?ﬂMﬁf% ( obs) ~ *ﬁ?ﬂ'fﬁjﬁ% (Gsim) N

BAD 5 MM FrEZ 2 e (Ratio) « BJJ7HR

w2 (RUSE)  MHRARH (R) o WHEAXWT: Hr, sim Ml obs 7353 B AL

RRERME, NAFEAREL

= @
= J = ( - )2/
_ 2
_ - ( ) @
- [( - ) = ) @)

o 2 a0 >

e 2 Flo, A vl R S AR B A AR G R 0 (RD B{ELAE 0. 85~0. 98 2 (8], XU [

MR EZEAE 0.36~0. 61. #RHE Pielke (1984)

feih, M Ratio~1 5 RMSE< B, Bz

SERR R, SRR HEZE 2 . (Ratio) MIBUEIEIL T 1. SUASKRUL, R RGE R /NS

8



170 WEMIAAAE—E ZR7A, B A GBI I S R R AR .
171 2 10 MG SAE RS 2m SR AHXHEEZ . 10m KGR ST R bR EUE
172 Table 2 Information of 10 meteorological observation stations and statistical index values of 2m
173 temperatures, relative humidity and 10m wind speeds
i % By  wy Eu EFR O OsY &7 HR I8 Ak Y
B EE (m) 1888 1848 1976.6 1692.7 1919.7 1893.1 15325 1873.2 1695.8 17509
Z R (°N) 25.00 24.92 24.90 25.23 25.35 24.68 24.92 25.52 24.75 25.55
R (°E) 102.65 102.50 102.82 102.50 103.08 10257 103.17 103.27 103.27 102.45
. Ratio 1.33 1.07 1.21 0.81 0.91 1.05 0.97 0.89 1.00 0.90
2m il
RMSE 1.45 0.80 1.29 1.54 1.05 1.32 1.20 1.45 1.48 1.44
QoY)
R 0.92 0.98 0.95 0.97 0.96 0.95 0.94 0.94 0.93 0.94
. Ratio 1.35 1.05 1.26 0.66 0.81 1.09 0.83 0.77 1.03 0.69
iERORLT:
RMSE 15.88 7.63 6.37 12.08 9.48 6.62 7.66 8.96 6.47 13.30
FE o)
R 0.85 0.95 0.92 0.94 0.87 0.93 0.85 0.87 0.91 0.93
Ratio 1.42 1.20 1.28 1.59 1.58 1.01 1.22 1.05 0.97 1.63
10m JX{
. RMSE 1.59 1.25 1.49 1.59 1.50 1.81 1.56 1.19 1.14 1.62
H(m/s)
R 0.41 0.60 0.56 0.60 0.36 0.49 0.29 0.56 0.61 0.31

174
175 4 REUBES R

176 4.1 EEATR IR AR S HHE

177 BT SR A R R = R — B E R, RAXSH RIS (2011 WA TR T
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180  (UHD) 2B, WHINESIGHES (2015) CE—.

181 < Ba g H T B ISR TIT A 5 B I /NP X I H AR A REAE, DU 450 () UHT 58 52 AR Ak
182 AL, FEFIK 08:0016:00 BFFITEL, IRT AR SAEERMR. XM T: 1 FARMmTENA
183 HEURIEAES), RN IR R B T KR ARG . R0, RS, A By iR
184  JRFY: 2) WA PR ER . £ 16:00~20:00 I, BEE KFIAEST SRS, @5
185  REAFHIIETFAARER, IR TT #4550 5 AR K AB s 20: 00 I 2 JE B S, T+ S I 4
186 J55: 04:00~08:00 M, A LI T AKVTARAFTEAL , 28 sB oty s T A e BB TR AIG 1 I 3R
187 RE, WA SRR K. MdO4 FG] s T DI A /D, ST R SRR SE, 7E 10:30
188 B ZEAG I “W 7 PG MR AR 2 B H0E T R R /ER, BRI “RR7 RHE
189 (PRfas, 2012) o NoUCM ZIrp RSN T /277 5, T i s R A fh e H1 T3
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