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Abstract By using the 1-km resolution digital elevation model dataset of China and the moderate-resolution imaging
spectroradiometer (MODIS) land use and vegetation fraction data recorded in 2006, this study assesses the impact of land
surface information on the performance of the Weather Research and Forecasting (WRF) model for the river valley city
of Lanzhou in winter. Results indicated that the near surface temperature was very sensitive to the land surface data
resolution, and the near surface wind field was not sensitive to the land surface data resolution. The WRF model
reproduced the near surface temperature better than the wind field, and its performance on near surface temperature was
clearly affected by land surface information. The hit rate of the WRF simulated near surface temperature to observations
increased by 15.8% when model default land surface data were replaced by MODIS derivations and the 1-km resolution
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digital elevation model dataset of China; the improvement measured in the night was more obvious than that measured in

the day. The impact of surface conditions on temperature extended throughout the boundary layer, which indicates that

accurate land surface information is vital for improving near surface and boundary layer simulation of the WRF model.

Moreover, the WRF model accurately simulated the evolution of the wind field. The error of WRF modeled wind speed

slightly decreased and the error of WRF modeled wind direction slightly increased with updated land surface information.

The impact of the initial values of soil moisture and initial integration time on the model’s performance is more obvious

noticed in winter in arid and semi-arid regions.

Keywords WREF, Complex terrain, Land use, Vegetation fraction, Soil moisture, Initial fields, Model assessment
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Fig. 1 Model simulation regions, land surface information, and automatic weather stations: (a) Four nested domains used in Weather Research and Forecasting
(WRF) model; (b) topography (color shaded) and the four automatic weather stations (dots) in the innermost domain; (¢) moderate-resolution imaging
spectroradiometer (MODIS) land use category in 2001 (model default); (d) MODIS land use category in 2006; (e) model default vegetation fraction; (f) MODIS
normalized difference vegetation index (NDVI) derived vegetation fraction in 2006. Land use category: 1 evergreen needleleaf forest, 2 evergreen broadleaf
forest, 3 deciduous needleleaf forest, 4 deciduous broadleaf forest, 5 mixed forests, 6 closed shrublands, 7 open shrublands, 8 woody savannas, 9 savannas,
10 grasslands, 11 permanent wetlands, 12 croplands, 13 urban and built-up, 14 cropland/natural vegetation mosaic, 15 snow and ice, 16 barren or sparsely

vegetated, 17 water, 18 wooded tundra, 19 mixed tundra, 20 barren tundra
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Table 2 Performance statistics of modeled 2-m temperature, 10-m wind speed and wind direction

[/igﬁ IA HR RMSE R STDF STDO MF MO MB ME NMB NME

2m S BASE  0.787 413% 38K  0.64 4K 48K 268.6K  268.5K 0.1K 3K 0% 1.1%

LULC 0872 52.7% 3K 085 37K 48K 2702K  268.5K 17K 23K 0.6%  0.9%

VEGF 0831 44.1% 35K 071 43K 48K 2679K  2685K  —0.6K 28K  —02% 1%

LUVE 0912 557% 26K 086 43K 48K 269.4K  268.5K 09K 2.1K 03%  0.8%

LAST 0918 57.1% 25K 086 43K 48K 2693K  268.5K 08K 2K 03%  0.7%
10m K@ BASE 0423 595% 15ms’ 02 l4ms' 07ms' 16ms' 13ms' 04ms' Llms' 283% 842%
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LUVE 039 579% 15ms' 015 13ms' 07ms' 18ms’ 13ms' 06ms' Llms' 442% 86.1%

LAST 0407 60.7% 15ms? 017 13ms’ 07ms' 18ms' 13ms’ 05ms’ 1Lims' 37.9% 83.4%
10m JAJil  BASE 292%  85.6° 69.1°

LULC 20.1%  86.4° 70°

VEGF 31.8%  84.6° 67.9°

LUVE 32% 85° 68°

LAST 28.7%  86.5° 70.1°
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BHE WRF B GRAR I M AT 2 M X AR AR A A IR 22 LT 20 R (12 H 1~20 HD K,
AR HHIIAIN 2 L AT IRGUAT 5, IR AE LR
Hor g RN U] o

NIRRTl 21 IR N, Ul B

%3 RIBFRRGITEE

Table 3 Statistical benchmarks for temperature and wind

speed TN b L S e e

WS E{Jﬁ* }%”@ﬂﬁﬁﬂiﬁ%%i%@}%mﬂo lsjlﬁﬁ{ﬁ(

I My My Ruse LI Ik 52 [ T 225, 1R R R 1 A A K

w208 <osK <K SRR AR AL (10) A1 (1D
R =0.6 <+05ms" <2ms" e
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Rn:QH+QL+G09 (10)

R, =(1-a)XR;+&XR —eXoXT' (11)
Kb, Ry AHRGRGIE R, Oy BBl E, O
PG, Gose TIEHGE R, Rs MR NS
BRSO, Ru MRS, T RHREE, o
Pk [ o e PN =l A

A VAN I RGE B AR (12) ~ (14)
A :

0, =pXe, XC, XuX(T,-T,) (12)
0, =pC, XuXlg,—q,), (13)
G, =K, X(T.—T)/(0.5Az), (14)

K, p R, cp 2B THEE, Cufll Ce 230l
S WA REL, w RKIHE, To N Ty oy 2
[N EE — 2 TSRS, gs F1 ga 3702 LA
ITHL TR LGN, Az 25— 2 TR AL,

Co Il Ce HAL (15) ~ (16) Hifiik (Jiménez et
al., 2012):

C, =k /{[In(z/z,) v, (/L) | In(2/2,) v, (/L) ]}
(15
C, =k {[In(z/z,)—w, (z/ L)In(pc,ku.z/ ¢, + z/z) —
v, (z/ D]},
(16)

A kR RITRE, 2 B, z) SRR, v,
My, o3t s AR AL R E, L s -
ATERKRE, w BRI, o A LA
Noah [EHI#AAFEE C. fl C, #H%E (Chen and
Zhang, 2009).

K4 gyt TN RO T PR 2
B KUy B BRI 2 4. 5 BASE 156 A1
EE LULC U6 3R F b TP 50RE AR F s, A fe
WA Z08 /), RREEIG . VEGF X80 fi b
B i B2 BASE 6 K, AR o B H AR R AR
e, B AR S H A0 (D) ~ (9) 1.
NS R D52 S AR\ S TR A T B S IR A
TR, 21 FUERE R, AR RAU 6 N G e i
WEFAEE N, TR K TRERNZSR, A
SO A IB R 2 S R R A 22 S K e T AN )1
Rt R I AT AR, BRI R 3 0 15
S SO, S AR AR A S R S AR )
PRI o JTIORE NS M, ) d K M P Ik 45.5
Wm (& 3a), MR AL 3 B2 A R R R
2 LR R A (12) ~ (14) ] &

bR FH 78 Ao A 1t SRS 8 R AR A Ak, T M AT 6 R
H B RRE AT G, Hh R BOR R , A2 3 REGE K (Chen
and Zhang, 2009). 32 5% 0 LAST 1 LUVE (%6 1
TR Z AL BASE IR 50 HL R AT ¥ RECK (] 4a).,
R 7 56 P R 3R 2 I %, LR, A
SR/ 230 (6) ], Kt VEGF Fil LAST X%
TR 2RI ST HARIKE: (B 4b). &L
e R EOR, RS 1) B 8 ) Xt P e
AR A (12) ] K2 BHEHE SRR,
MR e B A 5) AR B BVR S - 4E, HIEIA
WA (14) 1, HLFM BN FRAR . 52054
SUAKT W R H R E LIRS P RS LS
g, LAST WIS ERMANE Gl AR, HIEHGE
HE/N (K 3b-d). RIZTESHAE SR BT L1
MR R HGE R S A AR E RN
I, FIRRE TIRHE SRR, R BEBRIC,
ACIAIUAH Sz (P 4b RN Sb) . 432 T3l G
ZEFRAR/INIY S AT 4 FRAU R 5 e b A T A
T, ARZHAFEKR, HRE AL (W LAST
RIATH R B VEGF W5k, HREE), |
() A B o X158 B 520 4 REOH L, M SRR FEXT
2 L SR AR, U I AR ANV 2 M R fig
HOPATRN, 52 KRR /KRR IS R, A
IF) 3k 56 < L A8 b 5 Hb 2R AR b B A 5 4 A
] o LAST {56 A5 01 11 b 2 35 5 A A< H 1K L
BASE {46 (AL 5 72 10) Lk BASE AR5 (AU
fiG, AR CUHE AR BRZE RN .
F4 RZUBSHEEEMMEESE

Table 4 Land surface information and parameters at

Gaolan
i T 24

Wm MR A S HkE
W MR Em E JEHER RER ORHE E/m
BASE WA 1676 1% 0 0.3 0.93  0.01
LULC  #ijh 1676 1% 0 023 092 0.1
VEGF i 1676  273%  0.19 0.285 0.934 0.019
LUVE  #if 1675 273%  0.19 0.223  0.928 0.104
LAST il 1675 273%  0.19 0.223  0.928 0.104

3.2 BHEERX IR E XA 0

HHAREE, RGN SE A%, HHFCIX H
TEEA%, WA BN, H v RO /N K
(RIS AE LRI KRR 22 (Miao et al., 2009), 4HT
FUtRH WRF BLUBXGE SR LT MMS #8X (X)
PREFSE, 2012), (HABLU R K (TR EESE, 2012).,
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Fig. 3 (a) Net radiation, (b) sensible heat flux, (c) latent heat flux, and (d) surface soil heat flux at Gaolan on 21 December
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Fig.4 Same as Fig. 3, but for (a) surface exchange coefficient and (b) surface soil heat conductivity
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AN SJREE S 2 . B 6 /& LAST B AL ) 10
m KGR AR A I T LG H WRF A
FNIP) R K, BEARL 1) IR ) AR IXEE AT 23 A1 5
FEA—F, U WRF SRR B U 5 X
I AR AL o I L RS AR RO 5 A AE %
i RGN ZE S, IR AL RS B R
WPk, LAST REGTE S 22w BRI A W) Hy
IKE] 48.7%. ZEE T, ARG TR 51 I 4t
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2006; Jeong et al., 2012), i v & P9 LRI AL
FWEREX (K 1la) BRMKEFESI%Y
AR R4, T A e AR bR T R o
X TE I PSR R, AH KRB, 3]
ANFRAIG AR AL 25 SR 22 e W] & o &1 7 Sl FH AN [R] i
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Fig. 5 Same as Fig. 3, but for (a) 2-m temperature and (b) surface temperature
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Sty WMNIE T RIS 4y 5T 2 S
TR T e BRI E AR, X R EUR
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F5 HAWMSK LAST iX3 D03 #1 D04 2R S &
IEESEIEEE (m)

Table 5 Elevations of observation stations and the nearest
grids to observation stations in D03 and D04 of LAST test (m)

L R AR D03 H % £ D04 ik £t

FUNITPES 1% /m HuJE 5 B /m B B2 /m
=P 1518 1538 1502
M 1875 1854 1871
B2 1670 1688 1675
ki 1648 1764 1721
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£ 6 AREIKFESPEET (D03 F1D04) LAST X HEHRIE

HEIE S B Hy

Table 6

simulated in expt LAST at different horizontal resolutions
(D03 and D04)

Hy of near-surface meteorology elements

Hy
KPR WA 2m <R 10 m KUk 10 m K[
D03 =P 47.3% 64.2% 15.7%
Ay 59.0% 59.0% 24.8%
G2t 40.1% 41.8% 35.6%
K3 55.7% 61.4% 34.2%
D04 =P 61.1% 70.9% 15.7%
Ay 62.3% 60.4% 29.0%
G2t 44.4% 56.1% 48.7%
K3 60.6% 53.6% 19.7%
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