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Abstract The default land use data used in the Weather Research and Forecasting Model (WRF) differ significantly

1

from the actual land use situation, which affects the simulation results. For this reason, many researchers have proposed
schemes for updating land use data prior to running the model. The simplest method involved correcting the size of the
urban area. Due to the heterogeneity of the urban surface, it has been suggested that the urban landscape be subdivided
into refined classification areas. However, in the literature on the impact of land use data on the WRF model, most studies
have only compared the simulation results before and after data updating, and have not distinguished the two factors of
changes in the urban areas and urban heterogeneity. In this paper, the authors consider the use of urban area correction and
refined classification synthetically. In the area correction scheme and the two refined classification schemes, three kinds
of optimized land use data are generated. Combined with default land use data, the authors established four cases to
simulate two high temperature weather processes that occurred in August 2018 and August 2019 in Shanghai. The results
of these two simulations are: 1) The simulation results for temperature, relative humidity, and wind speed were improved
after the land use data in the WRF model had been updated. 2) The size of an urban area is the most critical factor
affecting the temperature. The area correction reduces reduced the average root mean square error (RMSE) by 0.86°C, but
the refined classification reduced the average RMSE by just 0.04°C at most. 3) The refined classification method
primarily affected the wind speed and relative humidity. Although area correction reduced the average RMSE of wind
speed by just 0.04 m/s, the refined classification method further reduced the RMSE by up to 0.19 m/s. The mean RMSE of
relative humidity was reduced by just 0.23% by area correction, while the maximum RMSE was reduced by 2.25% by
refined classification. 4) Generally speaking, to some extent, the heterogeneity of a city is considered in refined
classification schemes, so the simulation results for temperature, relative humidity, and wind speed are improved to a
greater extent, and the more detailed is the classification, the better is the effect.

Keywords Land use, WRF-UCM model, Urban refined classification, Shanghai
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Landsat8 OLI_TIRS LC81180382017092LGNO1 2017-04-02 0.02%
LC81180392017092LGN0O0 2017-04-02 2.49%

LC81180382017236LGN0O0 2017-08-24 0.4%
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Table 3 Confusion matrix of LCZ map of Shanghai in 2017

PR RS E LT
1 3 4 5 6 7 8 10 B D E F G Mt HE/oRE
T 73 25 1 2 E AR e B 1 28 3 0 0 0 0 0 0 0 0 0 0 4 35 0.80
3 229 1 1 0 0 0 0 1 0 0 0 0 34 0.85
4 1 0 359 6 2 0 0 0 0 0 1 0 1 70 0.84
5 7 8 24 92 6 0 3 2 1 0 1 0 1 145 0.63
6 0 0 3 1 39 o0 1 0 1 3 0 0 0 48 0.81
7 0 1 1 2 0 47 3 0 0 0 1 0 0 55 0.85
8 0 0 0 0 0 0 2 0 0 0 1 0 0 3 0.67
10 0 0 1 0 0 1 1 8 0 1 3 0 0 15 0.53
B 0 0 0 0 0 0 0 0 15 3 0 0 0 18 0.83
D 0 0 1 0 0 0 0 0 6 165 0 0 2 174 0.95
E 0 0 3 0 0 0 0 0 0 1 4 0 0 8 0.50
F 0 0 0 0 0 0 0 0 1 2 5 0 8 0.63
G 0 0 0 0 0 0 0 0 0 0 0 0 106 106 1.00
Bik 38 41 93 102 47 48 10 10 24 174 13 5 114 719 -
1l ek 2 0.74 0.71 0.63 090 083 098 020 080 063 095 031 100 093 — -
JSYLN i 0.83
Kappa R % 0.81
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Table 4 Proportions of LCZs of Shanghai in 2017

I

EECS:IES

1 3 4 5 6 7

8 10 B D E F G

s 3314 12079 43479 96454 63248 57458
13.98%  9.17%  8.33%

Btk 048% 1.75%  6.30%

0.23%  2.40% 2.82%

1578 16587 19418 335279 15422 4275 21184

48.61%  224%  0.62%  3.07%

St 42.64%

57.36%

BB R, 1 m BB S A I
WP Rk, HATCA EE IR T R
FYEAL S (Zhao et al., 2019; Zhao et al., 2019),
XN DA T ARSI RIEE, SEA
Wit .

222 W @AREE

W5 RAEAN T FEI T RS AL 23 B L T
PR R X AT TAEIE. fE— it Fid,
U ] R I R B e O R A, iR
5 WRF iR H 2408 o Rbn ik gk AT o0 2R D
IESHT A . MEASCH, SN T REE 3 ML TT &
TR — 2 K LCZ 432 i T 3T 2 )
(LCZ 1-10) #4759, 193 7 Lk ik
BUEIEE s (B 5.

223 & P HEBEAERSE

P AN 328 7K T ) PR S R T A ) — S EE
Rk, HOEAFAWFEFH Landsat TE R HRIE
ANIFE K E 72 R AT IR RS A A 32 (IR IR NS,
2013), WA AT 7 A ZE KRS BT X
WOAT RS, DUR R 2R R EOD .

B, AT 2017 4E 4 AW 5 LR R,
FRAE R0 FK (2008) $2 tH ) NDISI J7i, #2HLT
TR X ANEKTEE S, R EHRH ArcGIS
RIARIR A T TS AN B K ZR, I B E A RS
FKEBME, B @ X 4ok . R
X 3 RKXHk. BEMKESH WRF BT 2
SHERP T B, UL NCAR XK. Hs
% B X IR Chttps://www2.mmm.ucar.edu/wrf/
users/docs/user_guide V3.9/users_guide chap3.html#
_ Writing_Static Data.[2019-08-01]) » #{ 4% 3 % &
BRI E AR ZFERT 095 WX, hE g
X5 XCNARIBEKE KT 0.7 /M T 0.95 (XK, 1K
R X E SUNANIEKZRNT 0.7 X3, N Eifgth
AT LB RS )4r2E, AR WA 6 Fis.

224 ERAFLEF N WRF
7E WRF 1, A&+ A B ot — a8 W Rl o7

N

A

,"

T X
] BR#MR

0510 20 30 40km

K5 2017 G el v g pl X 7 A
Fig. 5 Distribution of urban built-up area in Shanghai in 2017
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Table 6 Simulation performance statistical indicators of temperature, wind speed, and relative humidity in Shanghai from
2000 LST 7 Aug to 2000 LST 9 Aug 2018 and from 2000 LST 19 Aug to 2000 LST 21 Aug 2019

20184E8 H7~9H 20194E8 H19~21H PR R A SR M
RErC  Kd/ms'  MEXHEE EE/C WdE/ms' MXHBE REPC Kd/ms' AR
PRI IRE  Case 1 1.61 1.86 7.56% 1.64 1.60 7.85% 1.63 1.73 7.71%
Case 2 0.66 1.86 7.02% 0.87 1.58 8.26% 0.77 1.72 7.64%
Case 3 0.82 1.77 5.22% 0.79 1.52 6.07% 0.81 1.65 5.65%
Case4 074 1.65 6.31% 0.79 1.47 6.69% 0.77 1.56 6.50%
BIJTRRZE  Casel 1.84 2.18 9.25% 1.91 1.89 9.75% 1.88 2.04 9.50%
Case 2 0.88 2.15 8.49% 1.14 1.84 10.05% 1.01 2.00 9.27%
Case 3 1.05 2.04 6.46% 1.00 1.77 7.57% 1.03 1.91 7.02%
Case4 093 1.92 7.80% 1.00 1.70 8.27% 0.97 1.81 8.04%
iy Case 1 63% 60% 65% 64% 70% 66% 64% 65% 66%
Case2  97% 58% 1% 90% 65% 65% 94% 62% 68%
Case 3 94% 61% 86% 94% 68% 79% 94% 65% 83%
Case4  97% 68% 79% 95% 72% 74% 96% 70% 77%

*£7 20184 8 A 7 H 20:00 = 9 H 20:00 1 2019 5£ 8 A 19 H 20:00 = 21 B 20:00 _L 5 i S & ik 8 B #1 X i#E A RMSE

HEARFHE

Table 7 Arithmetic average RMSEs of temperature and wind speed from 2000 LST 7 Aug to 2000 LST 9 Aug 2018 and from
2000 LST 19 Aug to 2000 LST 21 Aug 2019 at each ground AWS of Shanghai

RERMSE P /m s IR ERMSET-#1i/°C
Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4
AT 2.30 2.01 1.99 1.61 1.93 0.75 0.71 0.86
Fil 1.85 1.45 1.30 1.58 1.48 0.64 0.61 0.82
FE 1.60 1.51 1.50 1.36 2.26 0.94 0.98 0.58
S 1.97 2.19 2.07 2.11 1.42 1.30 1.32 1.31
(RIm 2.82 2.98 2.77 2.49 1.76 0.63 0.68 0.69
i 1.81 1.70 1.73 1.49 1.59 0.88 1.14 0.94
AR 2.54 2.44 221 1.94 1.48 1.01 0.87 1.08
&l 1.80 1.95 1.89 1.99 1.91 1.41 1.47 1.32
il 2.03 1.78 1.72 1.61 2.16 1.37 1.02 0.98
FATT 1.44 1.54 1.55 1.36 2.57 0.78 1.26 0.79
By 1.79 1.81 1.80 1.94 1.65 0.92 0.80 0.93
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