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Fig. 1 The simulated and nested region
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Table 2 Information of automatic weather stations

Fre Wi Wi 4/m 75 Wi Wi 4/m
1 FABRTS CS214 2121.0 16 =105 B2239 1898. 5
2 =TT B3017 2098. 0 17 = T B3018 1825.0
3 =3y B1628 2075. 8 18 Bk & 1L T3 B3157 1794. 4
4 /b CS212 2068. 0 19 Bkis M B3216 1768.2
5 AR R CS215 2036. 0 20 Bk L B3215 1758.7
6 =75 B2236 2031.5 21 =LK B3019 1733.0
7 =45 B1629 2012. 1 22 Bk B3158 1729.2
8 F AN CS208 1999. 0 23 AW 55 B1647 1671. 6
9 =T8S B2237 1997.5 24 A4 B1646 1670. 3
10 [LiEAw(a CS213 1972.0 25 KR H CS203 1440. 0
11 ks B2231 1962. 0 26 AT B3189 1360. 0
12 PITRR B1630 1949. 9 27 LI B3200 1327.0
13 =95 B2238 1940. 6 28 BHES CS207 1268.0
14 =iy B1620 1923. 4 29 SHALE 54304 1239. 8
15 INK B CS217 1899. 0 30 LI Y B3139 1227.0
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Fig. 3 The soil water content change after the replacement of CLDAS in d04 area. Unit: m*+m™
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Table 4 Description of the five simulation experiments

REEAFE HIE/PER(03, d04) bR HER (03, d04) 1A HHERE (d01~d04) HIE Y FBH 5 (d02~d04)

CTL STRM1: 1s GLC2015: 0.9 CLDAS slope_rad=1; topo_shading=1

TOPO_30s gtopo2010: 30 s GLC2015: 0.9 CLDAS slope_rad=1; topo_shading=1

LU 30s STRML1: 1s MODIS: 30 s CLDAS slope_rad=1; topo_shading=1

ERAS5 sm STRM1: 1s GLC2015: 0.9 s ERAS slope rad=1; topo_shading=1

NO _shd STRM1: s GLC2015: 0.9 CLDAS slope rad=0; topo_shading=0
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Fig. 4 The 10-meter wind field (vector, unit: m+s™) with terrain map (the shaded, unit: m) at 16:00 on 7 (a)

and at 04:00 on 8 (b) March 2019. The blue vector denotes CTL simulation, red vector is observation



[N

202 = Ji

%

% 42 %

P ORAEAE KU LU A8 WG 1) 19 000 1L 38 1 3 4, 12 TR AH
B2, MO, AR RAR X, (R S B A b
PO 2 RO 5 PE AN B 23 A3, AR T DUk B b ik
/NEAEREE 2 24 A AR, RS RR A% 3T H R4
HH 3 2 Ry M IR AR AR ARAE

NSy b R e A ) B ok (TS ), o g s B R
] f PR T B A8 B AR AE 18:00—20:00, T A48 i)
DRI 5 A8 W) 5 1~2 b, b2 B B S 455 S 0 S b
LI F4) DL o) e A8 FE AR R AE 08:00—10:00, 78R AH
o A 1 ) 2 T DX, R 2 SR T Sz o SO0 14y XS
A — 7 HARRRAE,, KU 32 RGERGEmE R, 1l L
A 111, WRF-LES #3552 30 1 1 25 559 R 5 4t
WIE T R XS AR R AT, AT A AR ST 1 /R
JE BRI A A 35T B (TR )

A3 XL e IR (1 A 400 5 2R 5 UL % L R

(a) B3017

0_
T T | T 1 1 T 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
kY]
(c) B3018
Y ! by
s i : .
o b A ' wrilk
B N 1 e 1
< 200 ; ‘|
= H i -
K G | !
100 A b
¢
----- CTL
——O0BS
O_
T T 1 T T 1 T 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
k)
(e) CS207

Fig. 5

1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Elvaghy

K5 201943 A7 H 08:00 2 8 H 20:00 #5480 WM (5228 AR (LR ) B9 10 m XU m] 28 (LR
YA AR P v BV HE Y

10-meter wind direction of observations (solid lines) and CTL simulation (dotted lines) from 08:00

)

(&5, E16), A5 AT AR b b P B0 45 3k XL fia) X
HARCRAE . X T4 = 1) 2= T T0E 0 (B3017)
FCS217 ki, H ) F 252 RGENKGEM , LA 7E K
S PR K 32, RUGHAE TR A7 R ] B B B0 {1
A F = L R b ) 1L yA ) B3019 ), 22 HuJE 3
FIVERT, 7 H 08:00 2 8 1 08:00 A5 $8L 108 M it JXL ]
¥ AR, 8 H 08:00 LA 32 25 Gt K i B 4 i
B T =TI AE RS B3018 3, A2 HJE 51 7 Fit
A s b= A1 R =11 2K W 1 D i [ P R W e =
WG hy O A5 X B O e XL 7 T PSS — 2k 1l i vh
1) CS207 154304 3, HAZALFFAERT &, 11 2K AU
PLPG Rg XA 32 (38 R0, 2] L) DA AR 6 X 3
R, 54304 3 R IKHECR, 77 fa B, %

[EDRBE A N S R S ARV R VEZE ESPURIIE
PRARAT ARG ) — 2o

(b) CS217

0_
1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
El:0)
(d) B3019
300 4 1 4| i lE:
| |-
200 4 4 s P
i PRI [
i
100
----- CTL
——OBS
0_
1 1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
k0]
() 54304

1 - 1 1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Jenf

on 7 to 20:00 on 8 March 2019. The stations are resorted based on the elevation from high to low

45 3t AT S 35 40 68 DR 22 78 10°~60°, - H) iR 22
41.2° Ui XGRAXFIRZETE2 m-s7 LIR, P30

1.39m-s™", MU 2 H 284k [ & 7, Horh Bk
SRR AE 1900 m LA sk (FF 5 1~9) , KGR



13 5K A 2T WRE-LES IS4 ALA 24 MR Jay M XU AU 5 203
(a) B3017 (b) CS217
2 ]
K L K
§
0 1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00  08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Jemtt Jentnd
(c)B3018 (d) B3019
10 10
------ CTL -----CTL
g —oBs g4 —OBS
] ]
K =4
1 1 1 1 1 1 0 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00  08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Jerind Jesint
(e) CS207 (f) 54304
. CTL
g —oBs
B 2
4 =4
08:00 12:I00 16:I00 2O:I00 OO:IOO 04I:OO 08I:00 12I:00 16I:00 20I:00 08:00 12: 00 16: OO 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Jeant Jemnt
K6 20194F3 17 H 08:00 2 8 H 20:00 2L LI (5220) AL (EL) 1) 10 m XU AZ fRAFAE
TR R P R T B IR HE
Fig. 6 10-meter wind speed of observations (solid lines) and simulations (dotted lines) from 08:00
on 7 to 20:00 on 8 March 2019. The stations are resorted based on the elevation from high to low
~ o R TS BWERBN, R b Bk 28K, R 2 HAE
------- FHMRFIRE |
1004 A —3oira$iggﬁxﬁ;%m ] 12:00—16:00 1 02:00—04:00, & {H 7E 18:00—20:00
> = ! N S S N
& 50 o — ! F108:00—10:00 JAH 15 22 (P&l ) 5 -4 TG I 8 %
S . . . NN
z B, KRRy B AU 2 R S DR K, 1R
g ) B B ., W 7E 02:00—06:00
= 3.1.2 UEBZARE RITA
P 8 23 1 ALt AT BB B H ol SO F s UL
0 T T T T T T T T 3= Ny N —t =1 y A “."_‘
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 1;%%} ( CTL 1itg/\) B’Jﬂﬁ*@ﬂ@?éﬁ%ﬂj‘lﬁj E/J/x/ﬂ: ’ /H\:
ALes Sl PO B IR UL A B AR R 100 m, B

517  CTLIXIRAEILRY 10 m KU 48 X 158 22 Fifi s [R] A5 AL RFAIE
Fig. 7 Diurnal variation of mean absolute error (MAE )

from CTL simulations for10-meter wind direction

i L5 IR LE 1800 m LR 3% (5 18~30) | AT LA
U AR sty R R 2 KT A
o 3l e X)) R 25, TR AR Rl R R 22 2
PR RGN R, T W H AR RRRE . IR
R 7 Ll 2 RUEI b e XU e A Sy e B B AL )

%%%ﬁwmgK%ﬁHHMW%%ﬁ%Eﬁ
45 m, T HAPER30 me BRI, AT LIER
S B XURE e R A s ) Y AR A 3, R TR A
Lol O U P i) BTy AN = S A DO N 3
6] 400 m LT AR )23 XU B I /0 s 2 KU
Ko MRURIRT, AEALLRNUL I () 4G 2 XU ) e AR 0
mfwﬂmmmmmnm—mm)ﬁﬁMWﬁﬁw
X2 M (1) 55 FEE 7 200~300 m.,

A=A
/E’/



< 7 42 %
(b) AL CTLAL
1420 e g e T TS A
13004 V1
1180 7
1060 %
940 77
§ 20V
g 820—.\\\-—"'/‘—"/’“—"”/%/%/ /‘ f F /14
£ NSz S 2 22 22, / L /o
= 700 \WH//—V-//‘ //W// N/
fud R = //‘/'//////’/ A
580 pN~—ezmrre s =) [ 1S A
s~z ot (1177117 i
4604 s~z s f e st 111771/ 7 1T VY
eSSt VPN IS Tk
3404 AL S s N2 1ig
“'7////”)1\1/'.”//
220_4~|;////'/,.,'/,\.,...y.; //
100 e ’/7/;,"//:// Zh !
08:00  14:00  20:00  02:00  08:00  14:00__ 20:00
Bl#3ins 4m-s!
(d) {8 H 3 CTLAE
1365 = Z
1245 =
S
1125 3=
1005 § Z
885 o
= 765
ﬁ% 645 > 222 7
3 Z5 = ay,v
525§ s 7
2 5 /’5/
405 _::_wu//j/ TS
a2 =
2851 Imn =
1654 R
45 T T T — T s T 1
08:00  14:00  20:00  02:00  08:00  14:00  20:00
Bl y 4m-s!

204 =
5 (a) SALusE A
1300 - \{;{.\/ ]
N7 %
1180 4 N /‘ /%"
N/
1060 - \\\:\FZ/
940 - N&\Q\V% //
o 820 N N\
P NN N s
700 - »\E\ B e 92
1 S\ \%ﬂ
5804 SN\ Zxzners )
/NSNS 22 S ) /e
4601 NN\~ AL ST T
- N\ S 7
34041\~ PN T TS T !
[ e OV ZYPITIIRNE I X U X I R ;f
2001 o~ v vt S [ [k~ t
[ =SB R e f [t [ [ [ | P T
100 BB B it e
08:00  14:00 20:00 02:00 08:00  14:00 __ 20:00
JbE Rt 4m-s!
(ORI R b
1365 A
s 35 2 Z
= z
1125 4 - P
Bt
1005 = <<y
~ = xg
885 % =7
e >
£ 7651 == 5/;
= ==
5251 émf
w1
405 T2l
P e R
285 F et
BTN
s REESEEL
I~ o N S e o
i SE==sssRaS——— =2
08:00  14:00  20:00  02:00  08:00  14:00  20:00
Bl s 4ms!
[ 8

Sl (a, D) ARSI H 35 (e, d)XRIBL (FAAL: mes™)

Fig. 8 Diurnal variation of wind vector profiles for Chongli (a, b) and Feiniao (¢, d) station. Unit: m-s’

3.2 ARENAIEIELILE R3TEE

WA RIS 1) PR 22 Ok (3R 5) , T
o . MR L S A S8 B iR 7 fr AU 2 SR A —
FEFRENGE . HUR TR RN I 5 AU R 2 m AR
TR 22 1 A R de IR (CTL 5 ERAS smi L
B, o U 4 X 1% 25 /N 4. 260, 2 m A IR 48X

BRZEIH /N 0. 84 °C, WA — & R k% .
K 9(a) n] LIE ), S EHER WG 5 4 K K
S B XU ) 152 25 R TR0, JE R AE 7 H 14:00—
16:00, 02:00—06:00 4 & 8 H 08:00—12:00, EARS
smik ALY 2 m iR 10:00—17:00 Ff B4 52 5 A
i 2~5 °C, 22:00—06:00 %% 52 5 f =5 3~5 °C[ & 9

R5 ARREHEMA 10 m X E, XiE2 mSEFHIRE

Table 5 Mean errors of 30 stations for 10m wind direction, 10-meter

wind speed and 2-meter temperature, for different test

L/BLINY IRZEE IR CTL TOPO_30s LU 30s ERAS5 sm NO_shd
SRS X R 2 41.42 43.7 41.75 45.68 42.55
10 m JU)/(°) ‘
IR R 22 55.06 56. 08 55.68 59.55 56.3
S o R 2 1.39 1.51 1.71 1.48 1.41
10 m XG#/(m-s™)
TR R 22 1.72 1.84 2.09 1.81 1.75
S SRR 2.78 2.63 2.93 3.62 2.76
2 m IR JE/C
B ITAR IR 25 3.32 3.08 3.42 4.23 3.3




114 [iS

45 5L F WREF-LES (952408 24 b JE 5y sth XU B 9

205

(c) ], B H 3R 4R 37 f5 (CTL AR5 ) X 1 s Bt
PR2ZE /N 1~3 °C, ERAS5 smif B HLLL 1Y 10:00—

16:00 JX g 42 5 B0 W) Al /), ST 1 e JEE 1 B 1)
Jr O BERGEHE K, 2228 /IN A1 9(b) ]

(2) 10 mxIi) P4 0 28 (b) 10 m XU P it 3=
——CTL_YSU 404 —cTL YSU
80 4 ——NO_shd e ——NO_shd
~ ——ERAS5 sm g 301 ——ERA5 sm
= ——LU 30s = ——1LU 30s
?ﬂ‘ﬁ ———TOPO 30§ # 204 —ToOPO 30
K 60 i —CTL A\
® 2/ 104
§ B
=3
® g
ré 40 2 0
= E -1.0 1
20 1 1 1 1 1 1 1 1 '20 1 1 1 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Jexgnd Jextnd
- (c) 2 m<JR-PHIRE
’ ——CTL_YSU
| ——NO_shd
O 40 ——ERAS_sm
20 - ——LU30s
m e TOPO 30's
i A
g N 4 \—cm
/
-2.0
~ -4.0
-6.0 T T T T T T T T

08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00
Eloth)

K19 AR Y 30 P2 A TR 22 Bt ) 28 4k

Fig. 9 Diurnal variation of average errors from 30 stations in different experiments

I A R FEG XU 1 el 5 dee A BH B (CTL
5 LU 30s 50 LHR ), 465 12 2208 /N 0. 32 m-s™,
X IR 2 m AR ARAT — O, A X 1R 2 43 U
/N 0.33°F10. 15 °Co INEI9(b) ATLLA Y, BEF 4
Hi A FH 5 B 2 Bk B A XUk 4 B i #A Frai/)
BWREA /N AN, B R S KRB 2 m R
T A B HLOR— A A i i3

T b IR J IR ) R XU H S P8R A el
(CTL 5 TOPO_30s i 4 LuA% ) , 28 i3 22 43 il hd /s
2.28°H10. 12 m-s™, 1H 2 m I i 4 %15 25 4 F B
BTG IN0. 15 °C o H34b, JF 38 Hb I 35 B 9 52 %
FEHTAY R )5 (CTL 5 NO_shd 356 HL A ), KU Al
AU R 158 22 53 )8/ 1. 13°F10. 02 mes™
3.3 CLDAS TiEEEMIER

A o AN [ X A A0 5 SR ) %o e o Bir (32 5) T\l L
Fh, LA R R (BRI R . RIEE
JEE 38 3 A A T A B K R S e U b T JZE 7 B
WSz, M A i B2 A A % o T T3 3 %
PR A Uf I 220 - S8R R B LB (TR 3) , B BT 5% IX
BN CLDAS + 38 10 i 45 ERAS %) - 18 10 1 I I8
VAN 4 N k! S1T - il e SN S R i e A i 28
A, X R 5 4 CLDAS + 3608 5 Bl e
b IR B AE R B T AN AR D 1) o4 ek i 2 34
KIE 10(a), (b)], HIREZMMER KNG HIE S

ATAE G, LA R VA) B PR 348 Y0k s 8 R i) o Sk it
JE B /35 6~8 °Co TEF A3 1L T0L DX 3 by 35k B 11 R s
AR, B A TR, X ] BB AR I K 28 i
SIEM . IWE 11(a) T LUE H, ffi 1 CLDAS + 380
R i, e S R 7 P O 4 ek 0 R B T A e £
700~900 m, B5f[a] 7] M\ 10:00 545 23:00, 11 8 5%
W P 2 ] o 2 L 55 BV T 200 m AR, Rk
] >4 02:00—09:00,

Fi4h, f#i ] CLDAS + 368 B #dli Je . I RBR
LLETOE DX 3, H At RG34 s DX AER 2 XU R A T 48 R
[ 10Ce) |, oA L v 0l 23 A U 38 K o B
i, ATHE R 1~2 mes™ 7R (AT L T DX 35k B T R
T, WA AR L X A XU 25 AT B A
ATRAAE CETRE ) o IR R HR 43 B B XU R 25 1 T
600~900 m LA T AR )Z B W4 K LI 11(b) |, MR

RPN T AR T 1R (R R
SRR A 3
4 %t

K VU 7 £ ) WRF-LES, JF K5 1 2241
BAHIE T 5 oy P WIS, - HLIE T M
H B G2ul FEOE T R W RE, BT R — IR A
JE ZR ge il i EL AT B S R s XUER IR A 8 RS
AR 4D, 25 TR R AT R IS PR AL . I P sl AT



N, - N
206 1= i < % 42 %
(a) 20194E3 H 7 H 16:008 30 i 25 (b) 35 8 HO04:004 IR X

115°10'E 115°20'E 115°30'E 115°10E 115°20E 115°30'E
41°05'N 41°05'N 41°05'N ;.j 41°05'N
: ! 3
41°00'N 41°00'N  41°00'N - : 1,%;9_ 41°00'N
40°55'N 40°55'N 40°55'N+ ’ b3 e ~=‘l 40°55'N
40°50'N 40°50'N  40°50'N 40°50'N

115°10'E 115°20'E 115°30E 115°10'E 115°20'E 115°30'E
[— YN s 3 /& /°C
0 1 2 3 4 5 6 7 8 8 -7 6 -5-4-3-2-101 2
(c) 7H EI R I BE(10:00—18:00) 33410 m XH 2%
115°10E 115°20'E 115°30'E

41°05'N 41°05'N

41°00'N 41°00'N

40°55'N 40°55'N

40°50'N 40°50'N

115°10'E 115°20'E 115°30'E
C e T ) G /(m-s™)
24 -16 -08 0 08 16 24

K10 do4 [XJK CTL Fl ERAS_smik S Bl SR I 22 (a, b, B0z °C)A 10 m XUH 2% (¢, B mes™ ) K-F- 204
Fig. 10  Surface skin temperature differences (a, b, unit: °C) and 10-meter wind speed
difference (c, unit: m-s”) between CTL and ERAS5_sm test

(®)
1510 1510
1360 1360
1210 1210
1060 1060
910 910
£ £
760 w760
£ i
610 610
460 460
310 310
160 160
10 10 J L
08:00  14:00  20:00  02:00 08:00 14:00  20:00 08:00  14:00 20:00 02:00 08:00 14:00  20:00
El:gh) Elgh)
g/ °C T X% /(m-s )
27 -18 -09 0 09 18 27 2.7 -18 -09 0o 09 18 27

Bl 54Luh CTL MERAS smi BRIl <R 2% (a, F0L: °C)FIRGEZE (b, B mes™) {45 JE—IF ] 734
Fig. 11  Vertical-temporal changes of temperature difference (a, unit: °C) and wind speed
difference (b, unit: m-s") between CTL and ERAS sm test at Chongli station

STRM1 30 m HiJE B4 | glc2015 27 m Hab A IR 1k, IRt 7 S 400 ke, #R58ANR] 43 HE 40 b
P F1 CLDAS 5610 B 50 F DI S AL 2 SR e iy TR A0+ R 858 . CLDAS + 3808 B2 ) b 3 1



114 gk IEE . HT WRF-LES BY£ LA 22 IE o s XU A 0F 5 207

T35 B FBASE X S5 R e . EZL5 BT

(1) ALY IR 1] 0 XU 2 i) 43 A7 B[] 4% 4k
FRIE 5 00— BOrE g dy, 76 1A ALA X, A4
IR X374 5 B0 1 O S 0 H AR AR AE , VIR A
i DX, 3732 RGNS B R v ol i XL
T P 15 25 LV FARRE X B ARty U] iR 25 /08 o g
AR, SR L 48 Rk 3 X R e R B BEXL
IR ZER/IN, R LI B 25 50K o 4%l AL ) 48
X iR 25 7E 10°~60°, KU 48 XF 12 2276 0. 5~2 m-s™',
FAIPLE Y, WRF-LES B URE 8 2 9 1 A e s T
Jai M X B AR AR, TR A A5 1L M BRI 1445 2
FB.

(2) HHHIE . L HFIH M CLDAS 11810
43 R AR AU 45 SR A AT — e PR s . LRl
CLDAS 3818 B/ 0 i 5 )5 AUl Fl 2 m < A
Pl R A A I, KU e R 2208/ 4. 26°, 2 m
SR XTI /N 0. 84 °C T A Hb ) FH X XL
B el 8 RS A A IR A, A X R 2208/ 0. 32 mes
fifi F STRM 1 Mu B 5t , DA K 25 8 M I8 3% A B 52
Xof 651 U8 S %) 5 ) S AL ) R RS ) A AR A5 SR AR A
NG

(3) CLDAS + 3% i 55 ERAS 9 1 1 FE 1]
WA/, BUNG T 0R E Sff R IR R ek
R, XFRE S S 8RR A KM THE
R JE2 R R ] 1 o ok s 5 #3885k s B ) 1 R 1
VR T 7 B AT A 3 700~900 m, 505 e EE 4 7 ]
R T B A T 200 m BA R, SILEIR, /M
MR 2 1R 600~900 m LR AYAR 2 XU 1
K, BXECRFAEAE LA AL I8 H ok B

H Hif CLDAS $2 It (1) 3810 & 53 $E R 29 6 km,
XFFE KRB R 228 T W R LA A, 75 L
Jei 8 AR v 3 e A T B8 (0 vy 4 9 3R o T A
SR SO ) 75 210 5 kG 20 1) - 4908 8 ke ik — 2B
UGBS R . SN, TSR R, AT
HBEIT — R, AT BRI R R
A TRLAPEA

SE 3k

Banta R M, Gannon R T, 1995. Influence of soil moisture on simula-
tions of katabatic flow [J]. Theory and Applied Climatology, 52
(1): 85-94.

Chen F, Dudhia J, 2001. Coupling an advanced land surface-hydrolo-
gy model with the Penn State-NCAR MMS5 modeling system. Part
I: Model implementation and sensitivity [J]. Monthly Weather
Review, 129(4): 569-585.

Chow F K, Street R L, Rotach M W, et al, 2006. High-resolution

large-eddy simulations of flow in a steep Alpine valley, Part I:
Methodology, verification, and sensitivity studies[J]. Journal of
Applied Meteorology & Climatology, 45(1): 63-86.

Chow F K, Wekker S F J D, Snyder B J, 2013. Mountain weather re-
search and forecasting[ M |. Netherlands: Springer Netherlands.

Crosman E T, Horel J D, 2017. Large-eddy simulations of a Salt Lake
Valley cold-air pool[ J]. Atmospheric Research, 193(1): 10-25.

Deardorff, 1972. Numerical investigation of neutral and unstable plan-
etary boundary layers [J]. Journal of Atmospheric Sciences, 29
(1): 91-115.

Deardorff, 1980. Stratocumulus-capped mixed layers derived from a 3-
dimensional model[J]. Boundary Layer Meteorological, 18(4) :
495-527.

Gerber F, Besic N, Sharma V, et al, 2018. Spatial variability in snow
precipitation and accumulation in COSMO-WRF simulations and
radar estimations over complex terrain [J]. The Cryosphere, 12
(10): 3137-3160.

Goger B, Rotach M W, Gohm A, et al, 2018. The impact of three-di-
mensional effects on the simulation of turbulence kinetic energy
in a major alpine valley [J]. Boundary Layer Meteorology, 168
(4):1-27.

Tacono M J, Delamere J S, Mlawer E J, et al, 2008. Radiative forcing
by long-lived greenhouse gases: calculations with the AER radia-
tive transfer models [J]. Journal of Geophysical Research Atmo-
sphere, 113(D13): 1-8.

Jiménez P A, Gonzalezrouco J F, Garciabustamante E, 2010. Surface
wind regionalization over complex terrain: evaluation and analy-
sis of a high-resolution WRF simulation [J]. Journal of Applied
Meteorology & Climatology, 49(2): 268-287.

Kang S L, Lenschow D H, 2014. Temporal evolution of low-level
winds induced by two-dimensional mesoscale surface heat-flux
heterogeneity [J]. Boundary Layer Meteorology, 151 (3) .
501-529.

LiuY B, Warner T, Liu Y W, et al, 2011. Simultaneous nested mod-
eling from the synoptic scale to the LES scale for wind energy ap-
plications[ J . Journal of Wind Engineering and Industrial Aerody-
namics, 99(4): 308-319.

LiuYJ, LiuY B, HuF, etal, 2020. Simulation of flow fields in com-
plex terrain with WRF-LES: sensitivity assessment of different
PBL treatments| J |. Journal of Applied Meteorology and Climatol-
ogy, 59(9): 1481-1500.

Megan H D, 2010. Soil moisture in complex terrain: quantifying ef-
fects on atmosphere boundary layer flow and providing improved
surface boundary conditions for mesoscale models [D]. Califor-
nia: University of California.

Moeng C H, 1984. A large eddy simulation model for the study of
planetary boundary layer turbulence [J]. Journal of Atmospheric
Sciences, 41(13): 2052-2062.

Moeng C H, Sullivan P P, 1994. A comparison of shear and buoyancy
driven planetary boundary layer flows[J]. Journal of Atmosphere
Science, 51(7): 999-1022.

Noh Y, Cheon W G, Hong SY, et al, 2003. Improvement of the K-



208 RS

S 1 42 %

profile model for the planetary boundary layer based on large ed-
dy simulation data[J]. Boundary Layer Meteorology, 107 (2) :
401-427.

Noppel H, Fiedler F, 2002. Mesoscale heat transport over complex
terrain by slope winds—A conceptual model and numerical simula-
tions[ J . Boundary layer Meteorology, 104(1): 73-97.

Patton E G, Sullivan P P, Moeng C H, 2005. The influence of ideal-
ized heterogeneity on wet and dry planetary boundary layers cou-
pled to the land surface[J]. Journal of Atmospheric Science, 62
(7): 2078-2097.

Talbot C, Bouzeid E, Smith J, 2013. Nested mesoscale large-eddy
simulations with WRF: Performance in real test cases|J]. Journal
of Hydrometeor, 13(5): 1421-1441.

Zhang X, Bao J W, Chen B, 2018. A three-dimensional scale-adap-
tive turbulent kinetic energy scheme in the WRF-ARW model[ J].
Monthly Weather Review, 146 (7): 2023-2045.

Zhou B W, 2014. The convective boundary layer in the terra incognita
[J]. Journal of Atmospheric Sciences, 71(7): 2545-2563.

PR, WHE, W IRAE, 2015, & 2 HE XU 0 RS A0 B [T ]
AESEFGEISE, 20(1) 2 1-10.

BUARIE, SES A, TG, 28, 2019, FEFR-SK K MHLIX & 2x B &
B RAEFAE BT[] G2, 77(3): 475-488.

-, R, AW, 45, 2019. 52 22 R Ja b 1L 23 AR i 1Y) 2
FEBEARIT]. B A5, 38(6): 1272-1282. DOI: 10. 7522/
j-issn. 1000—0534. 2019. 00019.

2RI BB, 2244, 2021, FE T 0T A b I SR ) 4k Y R
ROEHAUBIIELT]. B4, 40(4): 919-931. DOI: 10. 7522/
j- issn. 1000—0534. 2020. 00068.

2Pk, REET, L, 4F, 2020, R BT IEE 4 5 S b X

X AR FRAELT]. m R4, 39(3) 2 523-531. DOI: 10.
7522/j. issn. 1000-0534. 2019. 00050.

Mz, ZEBIT, 2018, Rl Kt i A5 KSR B ST [T]. Ho AT
7%, 1985(1): 63-70.

XUARER, BOG, B9E, 25, 2018, KM AN ILTE X R E K
KIRBAURFFT[T]. B R4, 37(5) : 1388-1401. DOI: 10.
7522/j. issn. 1000-0534. 2018. 00034.

N4, R, IRTHENS, 45 2017, JET WRF-LES 89T 5 [X 3T i
T X A 40 5 R E A 9 [T ). B R4, 36(3) : 835-844.
DOI: 10. 7522/j. issn. 1000-0534. 2016. 00058.

W, i, 25, 4, 2001, 10X 5 A B 41T B9 XI5 40 B
[J]. Sf SHEERFIT, 6(4): 493-497.

T, WA, B4, 25, 2010, WRF AL 17830 17 21 2 64 e
14 G 36 K b T R AR AE A B [T ). W R4, 29(6) ¢ 1397—
1407.

A, 2015, FET WRF-LES £t/ RBERUE K SBHU[D]. K
e R E M.

TKFEE, RIS, 2020. HET CFD [ Y 5 24 I X7 B (E AR
WEoE (7], ®EA 4, 39(1) ¢ 172—-184. DOI: 10. 7522/j. issn.
1000-0534. 2019. 00005.

ik R E, 2014, WRF-3DVAR X 7 Hh J22 XU 9 41 200 04 %5 (i X 6
[D]. 220 2ZHRA.

ST, ARER, RS, 45, 2007, [ RUGHER RS IS L I
R [T, w4, 26(6): 1173-1186.

JEIZR T, ATIBE XL, 2018, i v 25 2 24 i T X370 114 450 (B A0 S AR
Sy, WA 4, 37(5) : 1413-1427. DOIL: 10. 7522/;.
issn. 1000-0534. 2018. 00021,

foh, HRPRET, 2016. KRBALAE ARl b X — K & ZR 4 I 25 5 Ft v
BYREHLT]. ALt R (A SRR = /D) L 52(5) : 819—828.



114 gk IEE . HT WRF-LES BY£ LA 22 IE o s XU A 0F 5 209

Local Wind Simulation over Complex Terrain of Chongli Using WRF-LES

ZHANG Shan'?, WANG Zongmin"*, HUANG Gang’, XUE Xuewu*
(1. Hebei Meteorological Observatory, Shijiazhuang 050000, Hebei, China;

2. Key Laboratory of Meteorology and Ecological Environment of Hebei Province, Shijiazhuang 050000, Hebei, China;
3. Key Laboratory of Numerical Modeling, For Atmospheric Sciences and Geophysical Fluid Dynamics,
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China;

4. Weather Modification Office of Hebei Province, Shijiazhuang 050000, Hebei, China)

Abstract: Utilizing four nested domains of large eddy simulation with Weather Research and Forecasting Model
(WREF-LES) , this paper carries out wind simulation test in Chongli area, where is one of the host locations of
2022 Beijing Winter Olympics. Based on surface and lidar data, a clear-sky case with high-pressure system is
chosen to evaluate the performance of the model. STRM1 30 m topographic data, glc2015 27 m land use data,
and China Meteorological Administration Land Data Assimilation (CLDAS) soil moisture data are introduced to
improve the simulated results. In addition, sensitive tests are conducted to evaluate effects of different input data.

Results show that: (1) Spatial and temporal changes of simulated winds reasonably agree with observations. The
mean absolute error (MAE) of wind direction is 10°~60° and the wind speed is 0. 8~2 m-s™. For wind direction,
errors of higher-elevation areas are less than that of lower-elevation areas. The errors are less during the devel-
oped period of valley-wind or slope-wind but grow higher when wind shifts. (2) Positive effects are concluded
after the update of terrain, land use and soil moisture data. The improvements are most obvious for both wind di-
rection and 2-meter temperature after using CLDAS soil moisture, with MAE values reduced by 4.26° and
0. 84 °C, respectively. The wind speed is more sensitive to land use, and the error is reduced by 0.32 m-s™.

(3) The CLDAS soil moisture is obviously lower than that of ERAS. Lower soil moisture can create lower con-
ductivity or lower heat capacity, this state can create stronger surface warming during daytime and cooling at
night, and the vertical height of the stronger daytime warming can reach 700~900 m, while the intense nighttime
cooling is below 200 m. An apparent wind increase is also noted in lower layers during daytime. These changes
are more obvious in valleys and ravines.
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