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Fig.2 The observed annual velocity of 10 m in meteorological stations(a) 10 m observed by wind tower(b)
and 70 m observed by wind tower(c)in Northeast China
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Fig.3 The annual velocity of 10 m(a)and 70 m(b)simulated by Models in Northeast China
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Table I The comparison of 10 m velocity simulated by Models and observed by wind tower

%5 BRI (ORI TR (m/s)  BEURGE (m/s)  HISEREL AR (m) 1T 1 SRR (m/s)
15 AR AL 148.4, V5 4.2 4.1 0.84 145.0 4.1
25 KGRI 40 138.0, *FJit 4.6 4.1 0.76 144.2 4.1
35 0.5, 15t 3.4 3.8 0.75 3.8 3.6
45 F AR, 65.0, FJit 4.0 43 0.78 59.5 4.4
5T T 237.3, FF% 5.6 3.9 0.57 95.4 4.6
6 TibaX 430.0, FF% 5.8 43 0.70 161.1 52
2 WXIE 10 m B RERNT IE )5 EUXGEARN R Z MBI (%)
Table 2 The frequency of error correction for the 10 m simulated velocity and corrected simulated velocity by wind tower(%)
B 0~100 m 100~200 m 200~400 m >400 m
xR BOUREE T 1F B RGd A 1T I AR B T IR B B RGE T IE e R A
<5% 18 36 30 33 0 20 9 27
5%~10% 18 9 30 30 20 20 27 36
10%~20% 36 36 18 18 27 20 27 18
20%~30% 9 9 15 16 13 0 18 0
>30% 9 9 7 3 40 40 9 18
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Fig.4 The revised velocity of 10 m(a)and 70 m(b)simulated by Models
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Table 3 The classification criterion of the wind power

density at height of 70 m(W/m?)
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Fig.5 The revised annual mean wind density of 10 m(a)and 70 m(b)simulated by Models

TP JRUAE 7 387 JX 3 25 55 B 4 300~500 W/m® 2 [f]
FRPE R 2 IO VPAS ARV S - RURE 08 5 mT 1 FH DX B
FE X o X LG Ty MY P R R DU T B A
Yok, 1A R B KL, OREARE i X Ha 7=
Mo 5L T 48 VT ) K8 40 DX 8 3 AR A b
ST AE T R R b Ay A7 A AT 3 R D 2R
FEAE 300 W/m® LA E ) XURE 55 40 = X, 1K L6
T3 0~ BRSPS S AR L B R R
HiAF ), A B LUARAEY) A =, o] LA e Pk 2
B TIRE AL EEP IR LR H, AR X
IR B A A AR BRI T X, AP K ) R
J£ T35 300 W/m?® LA F Rl 77 ml ik 500W/m?® BA
by A B A AR 5 AR A=V e 1
L X, 38 B g7 X R L3

3 diwhitie

AN SCAR AR JE i DA Y0 I 8k I XS e
WO BERLBEAT T2 (70 m LR ) KUBEBE YA
(8] ) AW REAE 3 BT 5 A 1 RO I i s 5 /0 M X 1)
JRCRE B Y550 AT R AL, R B A AU AR B XU RE
TR (AR W SE S5 R, AUt AT X B
F53 71 1R R A X 2 8] A1 R iy = KX DX 3
T B AT SR B ) g Sty o R RUBER
AUTIARAE K WRE BE 08 5 g A0 AR 8 3t XX
I3 AT YRR AL, 5750 b R AR UL 4 2R AT
B, 0L 45 SR Rl S T Ji R B (10 K AU X3,
HE S5 I Ly DX PR TS AR 3 s FR) DRI F) 2 ) 5 A 22
Fto JUHIRAE BRI X iy A3ty 1) X RE B8 3
P2 D IR 22 S Y BLAT R 5 sl N B o S A
ORI o ASTHIWEFEET R UL, K B AU
25 RN B BE TRV AR O W4T . g

o I L5 S Bt 1) 22 S, 6 XU E 58 U5 2 B
G5 RAEAT WA AT IE, Rt — D A
THE A R HERRTE R TSR o A b DX RE B8 U
P DT B A AR IR AT L DX vy e 4
T 38 A RO X L7y 5 51 J5UR e A e i
Y AT L M 22 3 v D R WL A2 AR -DE R
AE T T Ll K AR o g o XA A AR XURE DR IR
DX 3 F A SL N X L

5 B HARAR 2B AR KA BRI A A 2 5
W5 AR, A TR AL 2R 15 592 s WL &5 2R
MAFAE— € 22Tt o Thob, RGN SR BAT %
FEIR T AL A AT BE R AR o 3K 28 i JUAT i AE
A e IR A RIS Al ko

S 3R

[1]  ZERE AT 12 76 8 M. AL 5T b2 Tk H AR AL, 2005,
[2] Lan Birkby. Bk AEIIIED TR ] B8 54 1E, 2011,(10): 86~

87.
[3] &K, Mr. i BERBE X RI[I]. K BH A8 2% 4,1983,4(2):123~
132.

[4]  doat. v R AR BE s AL AR A5 MDA T 4 AR, 2006.

[51 M IR A0 S JXGRE DK BH R 98 95 Uik o X T 068 ) 7
FIPEAL[I].46E,2011(8): 26~30.

[6] #= Hi, & TSNV R RURE YR 2 AR AR AE
[3]-F 50K AR (2R FH),2007,43(3): 280~291.

[7] A% A fa] PUAE, S . v 1 ki b X R 8 305 R 98 O X sk 43 B
[9]- %5 RNFE,2010,32(9): 1672~1678.

[8] B IR BE AR MN A, TV M, A5 T AR A8 IRURE BE U5 DRI 7T [3]. 1 4R
PR IR,2005,20(5): 679~683.

[91 ¥ it COXUERST, A 2R 08 T A KR I 73 AR A e S AR

FEHT[0) M BB, 2013,33(2):244~250.

BEIBUES I K, G T B0 ST U (1 2 AR s b X I I

ARACREERFFE[I]. T [ VD5, 2011,31(1): 28~33.

[11] Bowen A J, N G Mortensen. Exploring the limits of WAsP: The

[10]



12 39 WA A5 AR A M X RUBE 7 35 25 (] A AR AE 5 45542 1503

wind atlas analysis and application program[R]. Proceedings of JbmT: B BRE R, 2007
the 1996 European Union Wind Energy Conference and Exhibi- [22] # [E A4, 2€ B WRF £ 3 1 3t i AN H A 5[], %,2004,30
tion, Goteborg, Sweden, May 20- 24, 1996: 584-587. (12):27~31.

[12] Yu W, Benoit R, Girard C, et al. Wind Energy Simulation Tool- [23] Joseph B Klemp. Weathe rresearch and forecasting model: At-
kit( WEST): A wind mapping system for use by the wind ener- echnical overview [R].84th AMS Annual Meeting, Seattle,
gy industry[J]. Wind Engineering, 2006,30: 15-33. USA, Jan.10th-15th, 2004.

[13] EARLLEE M7, Wt 3w e X X (B AU S 56 73 7). [24] ABEAR B MMS FI WRE BEAR ALV i T5 56 R Rkt
K BH RE2441,2004,25(6): 741~743. Lo AT (0] A% 5 IR IE541,2007,23(6): 20~25.

[14] SRUEME, T4 0,500 A A5 6 A IRCRE B2 520 A1 1) B A0 [25] J Bk ARIEARM]AL 5 S AL, 1991.
[I1./5% 555 R,2008,31(2): 35~38. [26] AL L S M. AL 5T RE A, 1983.

[15] 2,381, F o0, 5 DX BORAEE BEUEUF 0 2 AT IR 3 g e [27] JU L, S A R AR B L AN [ 35w XU R AE ],
JUEERFFR ] A% S B 9T,2009,14(2): 192~200. TR SR B AR (H AR R R),2013,33(2):1~4.

[16] K fE2K A% 914 BRI R 58 WEST 78 [E XU fig [28] JrH=E ARG R AR AF T WRE AL CFD BPR 454 (1A fig
AR b 5 B FH (3], 0 )50 %:,2008,27(1) : 202~207. PRI AR IR T[], A %,2012,38(11):1378~1389.

[17] 28 o, G IR B VR 20 5%, 40 10 7 40 il L IX XU e B8 RDIR L 2 [201 B .48 24 Hiy KU s A7 A 4 T I R L. T B 43R
TERA D115 03 B [3] M HERL2,2006,26(4):483~489. 1996,7(2):238~245.

[18] 3% i, 52 [ Rk 20K, A MIMLS A IR 0 505 7 o 1) 1 [30] PG, PRI, e B A P 20 Wi B2 B} B UMb (X A L S 2
FHAREG [7]. ¢ 95 FH4,2006,28(1): 145~150. LI A T B[], 5 RS0 52,2013,32(4):909~920.

[19] 20, THEB &5 R vras KB % B0 0[] [31] & 380,381 F, 838 S, 25 B AN [/ 20 H 2 6] 397 8 Ok W ok
VLK B 2741,2010,37(3):64~66. ZINEECTH A T R I AR 45 TR0 23 BT 0] 5 JR <. 52,2010,

[20] GB/T18710-2002, )X H 37 X & % Y5 VAl 75 72 [S]. Ak nt: b b 29(4):884~893.
W H B AE,2002. [32] B, R 5 R 7k e BB BTHAE Lt b XURE B U Al o
[21] QX/T74-2007, A FHEIZ S G S B8R A% T IEEARIELS]. PR R (7], v J5 0 %2,2008, 27 (38 11):196~202.

Spatial Distribution Characteristics of Wind Resource
and Its Simulation in Northeast China

XIE Jin-fan', LIU Yu-ying’, WANG Yu-kun’, ZHANG Liang', YU Xiu-jing'

(1. Climate Center of Jilin Province,Changchun , Jilin 130062,China; 2. Meteorological Information
Network Center of Jilin Province , Changchun , Jilin 130062, China)

Abstract: The data of 104 meteorological stations during 1991-2010 and the data of 70 wind towers from June
2009 to May 2010 in Northeast China were used to study the spatially distributing laws of wind energy resourc-
es, and the numerical simulation WRF were applied to simulate the spatially distribution of wind energy re-
sources. The results showed that: 1) The strong wind regions that the observation data of meteorological sta-
tions and wind towers revealed is mainly distributed in plains and high mountains . 2) The mesoscale numeri-
cal weather prediction system WRF model performs well in the simulated the wind speed distribution in North-
east China, and the large-scale strong wind regions in plains and the spatial distribution differences of wind
speed caused by the mountainous terrain can be simulated. 3) The simulated results of wind energy resource pa-
rameters have been corrected with aititude to further improve the accuracy and reliability.4) The annual wind
energy density of 70 m in Songnen plain, the Liaohe plain and the Sanjiang plain is between 300-500 W/m®
which belong to the regions of available or relatively abundant, and that on the hills of the west of Liaoning
Province ,the middle of Jilin and Heilongjiang Province and in mountain areas of the southeast in Northeast
China is above 300 W/m’, and in parts of mountain areas is above 500 W/m’, belong to the abundant areas of
wind energy resources.

Key words: wind energy resource; spatial distribution; numerical simulation; wind speed; wind energy density



