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Abstract: Ji'nan, the capital of Shandong Province, has a mountainous area in the South and a plain in the
north, with significant north-to-south altitudes and complex topographic conditions. To explore the sensitivity
of the simulation results of the WRF model to different land surface data, we used MODIS land use and vege-
tation fraction to replace the default land surface data in the model. We conducted 4 sensitivity experiments to
simulate the temperature and precipitation in July 2020 in the Ji'nan area. The simulated temperature and pre-
cipitation errors are generally larger in the southern mountainous areas and smaller in the northern plains. On-
ly changing the land use data can significantly reduce the temperature simulation error in the northern plain
area (root mean square error, mean bias decreases by 0.2—1.0 °C and 0. 2—0.8 °C). Only changing the
vegetation fraction data can significantly reduce the simulation error of temperature and precipitation in the
southern mountainous area. The simulated temperature root mean square error is reduced by 0. 2—1.2 °C,
and the simulated daily precipitation root mean square error is reduced by 0. 2—1. 2 mm/d. The simulation
effect of changing the temperature and precipitation in Ji'nan using both land use and vegetation fraction
data is the best. The simulation errors of most stations in the city have been significantly reduced. Com-
pared with temperature, precipitation is more sensitive to vegetation fraction data.
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Mo T R G B R T WK (R, 2 7= A e R I R i L 0 9 ol 1 R o e A o A L 45 SRR LA
FEAE SC, AR e i 1 P R R e R A P

YE R /N RBEBER L, 2 KA S WA # (Weather Research and Forecasting, WREF) 5 2045
LRI N R AR L, Horp & 2 o S 5 i BE P45 SR (0 B2 0 30 WRE B 5 F5 2 1 i 1 96 Rk A 455 +
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B f i 4r R R 30 s, AT I % FH A BROA i 18 0B MODIS = b ) B8k, A5 2 BR A A A7 9k 7 55 8 0%
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FERR TAE 2001 —2010 4F MODIS i BE Al EAG R 30 s 2 BRiZ A A B a5 18], (EH R A i () 5 5L PRt
FIF 2020 /) MODIS -+ #b ) F FNAE #% % 35 208 (https: //search. earthdata. nasa. gov) 5 #u & 20 2R A 19 il
T 7Rk, MODIS A o) FH £l (MCD12Q1_v006) J& & F [ [ M 18l A= 9 J8l 11 %] (International Geosphere Bi-
osphere Programme, IGBP)Jr 28R ab B4 2], HAS (8] 730 B3N 500 m, AHAAE BRI 4 fali T £ 40 G 2 5
T PR AR T RIS i XA 20 2K B AR AR R R 22 S L R i e bk B 5 B R R 2020 4F 7 H MO-
DIS 8 0 — 138 L (NDVI, Normalized Difference Vegetation Index) (MODI13A3_v006), {#i F % F a01%
TG AR B 5 AR Y. B 9 A LAY HER O 1 ko, B AR BEER R L AR R DA e e 7
B, ZEE I ROE EAE
1.2 Rt

1 2 ) 16 3 B0 Sl 35 T [ K 3R 4% TR P 0 (National Centers for Environmental Prediction, NCEP)
RO AT HORE, A5 Rl Ar B 17X 17, BRI E B 6 h. BCIEF B 2020 48 7 H, % H 5 m SO R K 3% 58
AR, BRI SR E (25 km X5 km X1 km), HOLZEER 117. 0°E, 36. 7°NCEImW). 24 B
ZHACTTZWT : SRR T E R YSU, Bl 207 %8 9 WSM6, K 4R 55 Jr 28 RRTM., 5 B4R 5 75
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RS , I A AR 1 Fran. 35 o 0 R R 1 24 R A [ 1 2 Bk O SR AT R AL
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ORI SEN2 JH 2020 4F 7 1 iR B e BRI B BRI 1 A R
HUBPEIL B SENS i e JH MODIS - i FH U B 1 AR 455 R OA 0 s T 6

1.3 EEHE

WFFEH 4 A1 AT 43 ) 5 LI (B R AT S PL A . e B34 7 MR 1% 25 (RMSE) | ~F- 344k 25 (MB) AT AH X
R ZE G H AR AT FEATAG . R B SR T 2020 4F 7 3 W5 R L IX 3t 25 AN [ 525 52 00 00 3 114 328 /) B Vi
A2 H R K 0 I B . o A AR AT BRI b R WA DX R R B RS L. anfEl 1 RAR . SR T A HB IR
S E AR AR A dEEHE X O SE JRHL IX, MR /N T 50 m, REFPHBIX I X, WA 50~600 m.
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NI A/ C H 7K &t/ (mm = d™") M/ (e s™h) FAX R/ 7
RMSE L9 11.6 2.5 18
MB 0.9 —3.46 1.7 —9.9
R 0.81 0.61 0.39 0.37

s A R B 0. 05 [ B E AT K.
2.2 SEERRE

IR B ALY 2020 4F 7 F W e Hb XA I B OR 22 43 A5 B vhoe] (IR 3D R EE ) RMISE 38 83 L o
0.5~3.0 C (& 3a), Hrpdt#fih X ) RMSE fHXTE /N, #£ 0. 8~2.0 CZ[H], B X ) RMSE X}
Ko BRTF 2.0 C. WEHE A MB AT o0& 3b), 15 BB IR BB 0n &, JbEBHIx MB JEATE 1. 2
CLRAW, MimFBib X A MB £ 1. 2~2.0 ‘CZ I sh. Fit, XFF WRE #2318 50 AR 800 5 g i X 5
18 223 [R5 100 5 A0 008 R 15 2 i 38 1L DX R T b 3 Ji.
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24
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¥ ? 1.6
1.2
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a b
HES . & SG(2021)026 &
3 EAEKRERAIEE RMSE(a)5 MB(b) 5 E ($£4: C)

T L R R g 2 AR X R v i 1 2 ) B X At R R 2R (L R R Y 8 2
AR CHE2ZEH 6 Fon, TRED . HAAMmUE 4 Frs. = AR5 3 G0k 1 506 10 4852 0115 22 48 5 o 35 56
N0, BB R R R (000 b T HB2s + s A B8R 050 1 5 (BT 4a, 4d), B &8 L DXRHER 43 b s Y
T B 34 7 AR 25 A R A R R AR Ak, TG BB M X Y 152 22 98/, RMSE /MR BETE 0. 2~1. 0 "CASE, MB 1Y
W/INIEFETE 0. 2~0. 8 °CZ ] 5 11 H ek 48 Al 4 7 5 i A 00 36 v i 948 LU DX R 38 43 3 0 19 RMISE A B {2 11 Dk
AN R ZEAEGE /N T 0. 2~1.2 °C, dbHEHLIX 193 07 MR 15 22 A8 AR K (& 4b) . MB 1434 HA AHAL A AR
L de) 5 DA TR A 532 4 Hin ) FH RS B 2 25 B0 RHaC 90 L 25 2R (8] e, 4D H ] LUF 3], WREF BB 4
TR A3 il 5 0 L R 45 25 A B 1A B B B9/ (RMISE 38/ 0. 7~2.1 °C, MB Ui/ 0. 3~1.3 “C). % 1,
X} WRE #5225 1w b DX 30 88 17 75 ) s el 2 = b 0 ) R e 7 5 1 00 P B LS80 SR e A o G P A A
Bl 55 GOREXT RS L DX 158 2 G T T b DX g s/

2.3 REAREHURZE

H K i AR 25 5 b S I B AP0 158 2 HL A ARRL %) 43 A FEAEE - g 8 10 o 15 28 A b 8 il DX K (JFE
rH AR R Y R 22 3 KO . WA Sa i . RMSE sl 0~15 mm/d. Ho b X i) RMSE 4
XFEE /N3 ~4 mm/d), 1 Fg AP X A RMSE X8 K, 8 6~14 mm/d(CR 3 A Hm KIS 14 mm/d); B
X F AU EB b X4 H R K SRR = (MB=>0) . X 5 1 X H B 7K (8B I (MB<<0, K] 5b).
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SEN1-Delta RMSE SEN2-Delta RMSE SEN3-Delta RMSE °C 0.8
37.41°N A 37.41°N 37.41°N A 0.6
0.4
0.2
36.91°N A 36.91°N 36.91°N A 0.0
-0.2
36.41°N A 36.41°N 36.41°N A -0.4
-0.8
-1.0
35.91°N T T T 35.91°N T T T 35.91°N T T T -12
116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E
a b c
SENI1-Delta MB SEN2-Delta MB SEN3-Delta MB °C 0.8
37.41°N 37.41°N 37.41°N 0.6
0.4
0.2
36.91°N A 36.91°N 36.91°N A 0.0
-0.2
36.41°N A 36.41°N 36.41°N A -0.4
-0.8
-1.0
35.91°N T T T 35.91°N T r T 35.91°N T T T -1.2
116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E
d e f
FHEES . £ SG(2021)026 &
B4 3AGHBHXNEMPNIEE SRMSE 5 SMB % E (B4L. C)
RMSE mm.dayl—sl
37.51°N 37.51°N A
10
37.11°N 37.11°N
5
on 4 o 0
36.71°N 36.71°N
-5
36.31°N A 36.31°N A
-10
35.91°N 35.91°N -15

11615 11655°E  11695°E  117.35°E  117.75°E “6.15°E  11655°E  11695°E  117.35°E  117.75°E

a b
FHES . & SG(2021)026 &
Es5 HEAXBEMNNEMEKE RMSE(a)5 MB(b) 4% (847 : mm/d)
K6 45T 3 BRI A B K R 22 5 3 E I AR 22 220 /0 A . OO - R R T H

R 7K B B AR DL 2 AL A R e O R B ., RMSE A1 MB 7E — 0. 4~0. 4 mm/d Z [ #F 3 (K 6a, 6d); HEH
A A i TR A DL (8] 6y 6e), (A5 9 AR M X H B K A9 RMSE J8i/h T 0. 2~1. 2 mm/d,
B 220/ T 0. 2~0. 6 mm/d; [R) B Rl A b ] R 8 o ORI AL A5 R (18] 6, 6D 5 H U AR 1
AL B B IG 45 2R (8] 6b, 6e) AH 22 AN K, BIVRE &8 M DX 22 /. Hofl i X 22 R ¥ g, B A
K. R KO R Bl 7 5 VR A R T, DR R R WRE 552X b A 7 55 TERE RS R X R K B B AT
FERGREE
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SEN1-Delta RMSE SEN2-Delta RMSE SEN3-Delta RMSE mm-day’1
37.41°N A 37.41°N 37.41°N - 0.8
0.4
36.91°N A 36.91°N 36.91°N A
0.0
-0.4
36.41°N A 36.41°N 36.41°N A
-1.0
35.91°N T T T 35.91°N T T T 35.91°N T T T -14
116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E
a b c
SEN1-Delta MB SEN2-Delta MB SEN3-Delta MB mm'day_1
37.41°N A 37.41°N 37.41°N A 0.8
0.4
36.91°N A 36.91°N 36.91°N A
0.0
-0.4
36.41°N A 36.41°N 36.41°N A
-1.0
35.91°N T T T 35.91°N T r r 35.91°N T T T -14
116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E 116.15°E  116.65°E  117.15°E  117.65°E
d e f

FE S & SG(2021)026 &
E6 3AFFHMERBEIA BAMEKE SRMSE 5 SMB 27 B (¥ {f: mm/d)

3 e

ABEFEEE T MODIS - 3 A1) H] AR Bl 1 55 P 28 il 11 55 8E . A WRE BEUBIEL T 5 pg L IX 2020 4 7 J]
R AR K S e PRS00 15 22 2 I — A DX B A3 A AR AR, 15 DL 258

1) WREF AU A T2 15 22 1 30 L DX R T AU 81 it [ ik b 72 =t 00 00 A 7 i 9 pH 4L 1) 5% 7
Hby DX RE AR B I - A TIT I 0 il 1 L B 1R 2 A W A /)y, RMISE B8/ 0. 7~2.1 °C, MB /s
0.3~1.3 C.

2) WREF B0 T il X H R 7K i B AU fi o 0 08 T B 78 L DX A8 1 R K e (A 400 B AR B
- H ) BEORMS LN H R 7K R 22 20 A B R ME IR I AR A AN TR, (H O R BB T TR RE % 45 1L DX H K
YR 22 B B8/ (RMSE B R I8 /N T 0. 2~1. 2 mm/d, MB & EMERI /N T 0. 2~0.6 mm/d).

3) BB WRE B rb 9 il 10 556 B T 2 e B UBEADL % Jay BR M, JHG v e 28 0 b ) P 95 A B T 0/ It
T T T R AR AL 158 22 o ELORF e K e A5 400358 22 AR 0/ P O DR 5 R K 0T A e B i R Y B0 L TR
o i v A 2 v R BT T RORG B X A K B RS AUL LA S R AR TR IS e A R 5 B R AL
{8 Y 32 R I K R8O B . AR RO 220 W% T b T A 22 S i A xCBE P25 SR 1 3 2 TRV, ISR 45 SR A8 il T
GORMS B AN TR, 1 Y R T BT 0GR B ORI  n i TR) B ) B Y, DA RE i —
A0 12 i X R AR UL 1 B 8 A T Dy i i TR AT B2 AR 2 A Al
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