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Abstract NCEP-FNL datasets are used as the initial and boundary fields of the WRF model. Six planetary boundary
layer parameterization schemes (PBLPS) are applied in the model for Xinjiang region with 10-km horizontal resolution.
The spatial distribution and temporal evolution of the meteorological elements are analyzed. The analysis results show the
following aspects: 1) The WRF model with six PBLPS can simulate the seasonal circulation of monthly precipitation and

the spatial pattern of annual and rainy season precipitation. 2) For the Xinjiang region, the deviation of rainy season
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precipitation between the simulation conducted with the Grenier-Bretherton-McCaa (GBM) scheme and the observations

is within £30%. For the Tianshan area, the deviation of annual precipitation between the simulation conducted with the

Bougeault-Lacarrere (BouLac) scheme and the observations is —19.13%. The TS scores of moderate and heavy rains are

0.37 and 0.33, respectively, in the test results of daily precipitation simulated with the GBM scheme. For the different

types of underlying surfaces in the Tianshan area, the day and night precipitation can be well simulated by the model with

the GBM scheme with the deviation of precipitation within 5 mm during long precipitation days. 3) The WRF model with

the BouLac scheme can simulate the annual spatial and temporal distribution characteristics of annual precipitation in the

Tianshan area, and the rainy seasonal precipitation can be well simulated by the model with the GBM scheme in Xinjiang.
Therefore, PLBS with the WRF model in the Xinjiang region should be considered.

Keywords WRF model, Planetary boundary layer parameterization scheme, Precipitation, Xinjiang
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Fig. 1 (a) Spatial distributions of meteorological observation stations and topography in Xinjiang; (b) distribution of different subregions in Xinjiang;
(c) different types of underlying surfaces in Xinjiang (numbers denote plant types of MODIS model); (d) spatial distribution of the main types of

underlying surfaces in Xinjiang (10: Grasslands; 16: Bare lands)
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Fig. 2 Spatial distributions of (a) annual precipitation in 2007 from ITPCAS data and their bias between ITPCAS data and simulated annual

precipitation from schemes (b) YSU, (¢c) MYNN, (d) ACM, (e) BL, (f) BP, (g) GBM in Xinjiang region (Unit %)
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Table 3 Spatial correlation coefficients and root-mean-square errors (RMSEs) of precipitation in 2007 between ITPCAS data

and the model in different areas of the Xinjiang region

LB Y7 HRA% 2 /mm

YSU MYNN ACM BL BP GBM YSU MYNN ACM BL BP GBM
EE Rl 0.71 0.71 0.72 0.70 0.69 069 16528 167.84 15246 176.66 183.36  322.00
FragdLE 0.45 0.45 0.48 0.46 0.45 047 127.92 14126 129.63 126.19 12939  76.30
R R 0.43 0.30 0.34 0.24 035 —0.14 5072 5698 5378  47.31 48.74 4553
PR IR 0.27 0.34 0.34 0.35 0.33 029  61.62 6231 6294 6274 6416 5123
R Rl 0.67 0.66 0.68 0.66 0.65 0.68 14371 14560 12791 14991 15555 212.17
B AL 0.33 0.34 0.40 0.34 0.33 045 11147 121.68 112.17 110.13 111.24  76.04
TR 0.32 0.13 0.18 0.12 0.23 0.05 3376 3975  37.05 3257 3431  28.14
B 0.41 0.46 0.44 0.42 0.46 0.32 4445 4473 4439 4489 4619 3834

F 4 FEAERXIE 2007 £ ITPCAS FRRARITEARESHU A REXENNEKENRE

Table 4 Deviation percentages between ITPCAS data and observed precipitation in 2007 and those between simulations with

different planetary boundary layer parameterization schemes and observations in different areas of the Xinjiang region

SRR ER AR i 22
Exas 2

Kl BomdLE IR OBTIRRA Kl WSRALHS MR OBTEERE
ITPCASH —15.71% 6.39% 34.10% 155.78% —22.03% 6.53% 6.39% 104.72%
YSU —2381%  —4191%  —51.17%  —57.54% —29.07%  —5539% = —4845%  —76.18%
MYNN —3041%  —4722%  —63.09%  —62.76% —3697%  —6175%  —61.76%  —78.16%
ACM —2830%  —4244%  —5573% @ —64.20% —3575%  —5647%  —53.75%  —76.98%
BL —19.13%  —4L17%  —41.12%  —62.59% —2482%  —5436%  —3729%  —77.57%
BP —2001%  —4233%  —4296%  —67.62% —25.14%  —5482%  —39.49%  —83.06%
GBM 40.58% —2.82% 66.35% 27.11% 15.84%  —29.22% —6.18%  —11.57%
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PRV SR, Hp DI E Ay . HERG S
B R RAR G e S R, HFHRIL
B 7K A2 i S AR B /K 1) 32 RV, DRIEAE R S
LA BT IR B X7 5 T R R M R b T i 28
T, RHEARELFZ T A BRSO .

W R K B 2 1 7 B 4y A H AR AL RAE
B 3 ARIRF NG 7 H H FFKBE R [R)
. BAKKRE THILRBREKEBIAE 9 H .
14 H. 16 H. 17 H. 28 Ho XFHASE N #2678
R EAR b ) LR K H % 7K 3 B Ak B R vy T
J& o, 3 A B K 0 H BE K A 26.35 mm,
ITPCAS %R 5 [ AN Hi 4 /K 55 30000 1) AH 2% 22 50
3N 0.94 F110.89, Bt 99% BAFFEMRL, BT
AR 243 58 1.18 mmAl 3.26 mm. X T A [F 8 #
JZ 07 FRL, R A JE M X R A BL 5 Fe AR A
oL B K B e W, 5 0 R AE 5% RN 0.82,
it 99% BAS R, ¥R 2N 2.41 mm;
HiHhHh X R FH ACM 5 ZE A5 40, H Bée 7K B 42 3 L]
50 E A % R BN 0.63, B 99% B S FE K
i, WA ZEN 5.82mm (& 4),

®W7HOH. 14H. 16 H. 17H. 28 H
X 5 KA 32 S A B R B K AR Ak B R R
A1 20:0048 08:00 (JbmiAf (A, FED, AL
4 08:00 & 20:00. % 6 87 H 5 KB REK
B, O EEAS[E] R S 2R A R I AR R B U B K 34
B2 10 mm, HEJE B RO FE K 4 BN 518
mm A1 3.82 mm; A5 B A 7KC7E B JE R A s [X
BB IR 2, HAE SRR K 22 KT #iH, &
Jii b X B AR B 7K A 22 23 ) 9 1.40 mm A 0.60 mm.
P FE 7 ok, A7 5 X B
B BB AR /> 2 2 mm,  H R FAASEL R E
J7 BB B B K ZE TR A m K, AR
Fi GBM J5 AU [R] B K SE BRI I, P4 7K s 22
N-1.82 mm, FF MYNN J5 S B [ /K 5 4%
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RS5 2007 FHBEARXIE A BEAEEMGEER

Table 5 Daily precipitation simulation test results in different areas of the Xinjiang region in 2007

ITPCASH 4% YSU MYNN ACM BL BP GBM
ENI B IE A2 0.68 0.83 0.83 0.83 0.82 0.82 0.71
TS5 /RN 0.69 0.70 0.71 0.69 0.73 0.72 0.52
P 0.31 0.12 0.18 0.19 0.19 0.13 0.37
K 1.00 0.00 0.00 0.33 0.33 0.00 0.33
VEE(ES /NFR 0.05 0.13 0.15 0.17 0.10 0.11 0.12
R 0.69 0.85 0.77 0.77 0.77 0.85 0.46
K 0.00 1.00 1.00 0.50 0.50 1.00 0.00
THRE /N 0.28 0.21 0.19 0.21 0.21 0.21 0.44
P 0.00 0.67 0.57 0.50 0.50 0.60 0.46
K 0.00 1.00 1.00 0.50 0.50 1.00 0.67
HrEALE BN 0.60 0.82 0.81 0.81 0.83 0.84 0.80
TSVF4y /NE 0.73 0.56 0.53 0.55 0.57 0.55 0.61
I 1.00 0.20 0.17 0.33 0.20 0.20 0.25
VEE(FES /N 0.05 0.37 0.40 0.40 0.37 0.38 0.23
i 0.00 0.80 0.80 0.60 0.80 0.80 0.60
TR /N 0.23 0.16 0.17 0.15 0.16 0.16 0.26
i 0.00 0.00 0.50 0.33 0.00 0.00 0.60
HrEEEEE  BULERZE 0.42 0.83 0.84 0.83 0.85 0.84 0.69
TS5 /N 0.46 0.25 0.22 0.19 0.20 0.23 0.27
L]
KN
ok /INFR 0.26 0.70 0.74 0.78 0.74 0.72 0.44
L]
KN
TR /INFR 0.45 0.40 0.43 0.45 0.54 0.44 0.66
L]
KN
WEBARE  BUIERRE 0.48 0.90 0.88 0.89 0.91 0.90 0.85
TS5 /RN 0.23 0.25 0.24 0.27 0.23 0.24 0.23
P 1.00 0.00 0.00 0.00 0.00 0.00 0.00
K
VEE(ES /NFR 0.28 0.72 0.72 0.67 0.72 0.72 0.50
P 0.00 1.00 1.00 1.00 1.00 1.00 1.00
K
THRFE /N 0.75 0.29 0.38 0.40 0.44 0.38 0.71
R 0.00
K

PRI, B K A 22 9 —1.01 mm;  7E 4R AR A A () B K BBOUL I P A 22 K1 B, R8P i 22
B B K S B M 2D 2.12~8.25 mm, KA £)-7.12 mm, KM GBM J5 S HEIE R K E #21
AR ER A E R R E AR, B W, EREEKwZE 7 A 9-2.12 mm A1-4.99 mm.
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Fig.3 Time series of daily precipitation in Jul 2007 of the different types of underlying surfaces in the Tianshan area: (a) Grassland; (b) bare land

®6 RUARTHEEER2007E7H5X (9H.148.
16 H.17 BH.28 B ) £HEHEKE

Table 6 S-day (9 Jul, 14 Jul, 16 Jul, 17 Jul, and 28 Jul
2007) average day and night precipitation of the different
types of underlying surfaces in the Tianshan area mm
i P K & b K &

sl HE |8 HE
ORI 3.82 5.18 9.78 9.66
ITPCASHHE 4.42 6.58 9.77 10.32
YSU 1.28 2.58 3.11 6.08
MYNN 1.35 4.17 1.75 4.76
ACM 1.60 3.04 2.21 5.58
BL 1.25 3.73 1.53 5.66
BP 1.33 3.03 2.58 3.35
GBM 2.00 3.75 4.79 7.54

TR EERE (7D K FE AT
AT EFREBRRR R, HA L AR R

RS R AR, FNL SR # B 3% 30 57 )= = FE 4
N 535.59 m F1 351.36 m, HJEER LR )EEE
2399 663.27 m A1 408.64 m. A5 RAILL 1L FE
=¥ 5 FNL Wb b R . 76 AR R 328 |
FECFRK F BP A1 GBM 5 A UVB U L2 =
B FNL fwfS4h, 2% ENL {78 9.59~427.09 m.
HFR A BL A ACM J7 R LB WA T2 &
JEERERNEE, WRES ACM 7 £ E R )AE
HREA K BIRMX R YSU FREGEKE, i
PLE RN A E & B R BEE FNL %R, B ln 2 5
S04 83.40 m A1 9.59 m; TERRLHCKF BP H R4
KB ANE I T Z = BT FNL %R, B
243 5 N—16.82 m F1-61.44 m.

YT 10 m mERGE (R 7) SRkih: B F#
Hby (14 B R0 B THD X 22 5 N K, FNIL %R} 19 74 7]
R Hb X3 R T W OK TR R, KU 4 i) D 2.84
m/s Al 2.63 m/s; /8 5 XUE BE KT #i s, XU
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Fig. 4 Taylor diagram of the daily precipitation in Jul 2007 of the

different types of underlying surfaces in the Tianshan area

R7 RUARTREAXEMNTRASRIHERLRES
FE.10 m 5 B RUE

Table 7 As in Table 5, but for boundary layer height and
wind speed at 10-m height

8 RUARATEEEEMT A S KREMERBRKER
HE

Table 8 As in Table 5, but for sensible heat and latent heat
2

flux W/m
RAGE BHvEE

R I SP=S | HE

RIEF YSU 9.07 99.84 23.76 61.65
MYNN 731 97.60 22.30 59.81

ACM 5.92 88.06 21.90 61.22

BL 10.56  103.08 22.97 61.41

BP 1090  105.02 22.88 58.92

GBM 727 76.57 36.91 97.07

Kii#iH  YSU 8.15 98.97 7.27 22.65
MYNN 634  109.02 7.78 27.42

ACM 9.63 103.41 6.68 20.98

BL 1090  108.46 5.97 23.34

BP 10.21 103.40 7.69 24.60

GBM 6.14 65.25 23.69 58.97

D72 m 10 mAjdi/ms™

T[] SP= T[] SP=3

RINEJE FNLEE  408.64  663.27 2.63 2.68
YSU 41823 746.67 2.03 224

MYNN 67742 1003.66 2.29 221

ACM 42876 900.61 222 221

BL 464.61  922.49 2.38 1.97

BP 230.15  578.65 2.16 2.17

GBM 181.57  426.81 2.12 2.50

RIEREHE FNLEME 35136 535.59 2.84 251
YSU 40933 72227 2.82 2.75

MYNN 70228 962.68 2.72 3.39

ACM 464.60  879.66 3.00 2.91

BL 463.50  883.29 2.76 3.40

BP 289.92  518.77 2.73 2.74

GBM 181.63  343.18 3.47 4.08

43N 2.68 m/s Al 2.51 m/s. 75 JFEAE sURLUE 1
)2 HGE L FNL TEME /)N, W ZE7E-0.71~-0.18
m/s; FE BRI AASADLE R A GE k6 4 FNL 586
K, HAEBME TR £RH 2, fWZEE
—0.12~1.57 m/s, HH KA GBM J7 AL Hh B
TR TE 3 F A 7 80 DK DT I st i e 31 5 B304 K

Wiz, BRIIES AN 4.08 m/s 1 3.47 m/s.

XTI HGE R (£ 8) kil HaEE
B JF AL G B B HGE = B B R AR K, YN
EE, MRS, HAFERZE T 22 8 % 5
B FFEARH B ERGE R ZERAK, BRCT
%145 5129 97 W/m® A1 9 W/m®, Hth % Hl GBM 77
FER B R HAOE B A T e/ o R
AR )V OB R R A B m TR R, HEJE
BT ARG BB R e K, HR R T R
GBM 77 R AN AR J7 B R #0d = 2 7 1R
/Ny RF GBM 5 #HIE B #GE R A T %
K, Wt BA BT K VR 22 ) KSR i R A R OK
TE B JE B AL 4 %124 97.07 W/m® 1 36.91 W/m®, 1E
BT 43 514 58.97 W/m” Fl 23.69 W/m’.
42 RUWMXARTEEABHPERLR. BT

TREFNEEIRE B

K57 HSKREPHERMEHEERZ: X
EENEBUE Y E NI 3=y R AT i
FERIA A —5, AR TR, BRAER
1E 200~400 m NAFE B4, HamEY e
JZ45, 1400 m LA EEg5E T ok, RHAAE TR
BAUIC)ZE A B AR M 2 i e B &, HoA R A
BL J5 BB R AL IR B AT R, R
GBM 77 W BB H R ETT R W% XFHA
[) T ETH 2 T e IR AR b B A7 L 7R 1000~2000 m
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Fig. 5 Vertical profiles of the 5-d average day (left panel) and night (right panel) potential temperature in Jul 2007 of the different types of underlying

surfaces in the Tianshan area: (a, b) Grassland; (c, d) bare land
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