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Numerical simulation of distribution characteristics of
high resolution wind energy resources in Shandong
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(Shandong Climate Center, Jinan 250031, China)

Abstract Based on WRF3.8.1 and NCEP FNL data (1°x1°), a day-by-day dynamic downscaling
simulation of the land boundary layer wind field at 10 m, 70 m, and 100 m in Shandong in 2017 is
carried out. According to the daily mean wind speed of 122 weather stations in Shandong during the same
period, the simulation results are evaluated. The results show that WRF model can soundly simulate the
daily mean wind speed variations in Shandong, while the simulation value is generally larger than the
measured value. The accuracy of simulation results of mean wind speed in different regions of Shandong
shows obvious differences, and the characteristics of simulation error of each season are slightly different
from those of the whole year. The yearly and seasonal mean wind speed and the annual mean wind power
density at various heights are larger in the coastal areas of Shandong, the hills to the north of the
peninsula, Mount Lao, Wulian Mountain in the central part of Rizhao, the central mountain area of
Shandong, and large lakes such as Weishan Lake and Dongping Lake. The annual mean wind speed is
relatively small in the low-lying plain areas of the middle and upper reaches of Dawen River, Daqing

River, Si River, Yi River and its tributaries, Zi River, and Wei River. The differences of wind energy
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resources in different regions decrease with the increase in height. The spatial and temporal distribution of

annual and seasonal wind power density at different heights can provide reference for the site selection of

the decentralized wind farm of low wind speed and the exploitation of wind energy resources in inland

regions of Shandong.
Key words
distribution; Shandong

5l

T

BEE R0 H 45 A, AN A6 KF B 3
ANZEXTREIR A SR L Ok 2 . A A& 1Y
AEVR T2 2R TR A1 il AR IR TS5 Al 4 B8
A AR 2 Ji v 32 BT 30 26 B 5 14 i 4 S vl g
PERRIAEEEAL , 8 O A AT PR BEIR H 45 52 5
AT AR o XA D ORI T 0 Al FEAE B,
A T REIUT A B e A e BT K
ZRAERI R Ml A A JE i3t 9 i v 0 5, R A 3z /9
FERANBL T . 2016 4R, 4k KU B35 HL ik )
4.9 42 kW HHTEALIEE] 5 460 T kW, Hp [ 74 3
PLA 2 337 7 kW ORGET GBI B ) , RT3
PLA AR 1. 69 12 kW, XBLH AL 2L 8 41
JEAERE

I AL XU BE B U5 Aty 2 T S0 XU R
SRR, 8 PR o sl 0 R S5 L ) EA T 1
DBE BT AL A7 78 B 1 R BRE, WP 52 2 B, 4x Bk
A3 M DX A Gl LU IR B /), e
PN 2 — i 52 ] PR 228 bRl A B 52 ), S 73 3ok T T
TR K, $pi i DX 3t ) P 2 A i A 3 30
TETHELRE J3E 180, o745 22 =0 5 il ) KUBR 58 2 2R 2k
AR, S EORTT DX A KU D T RURE B R Y
T RFIZAL T NAEHE S ma /N L X bk 55
S o o I R 2 S A 4 3 R
REBTISE PR AL RIS, R ol 0 A B o, o 55
v ARG AL+ TOREE R B A Tk, AR b A
B 10 m, T XA 3% B 22 Ok 1 XU PIL B B
(70 mE ) Ay KU, dn 2 v B, R S HE B
KAEEWINTT W T1, ELI RS 53 A 28 B KA i s
AW AR

BEE PEoT H B A A R AU AR 22,
R LA XURE B DR 2 0 A F S SR A3 1 R A 4
LR AE A b 3 K RE PR IR AR ARAE
{EL R A 18] 70 R A, AN BE VA il i X S i ey
PRRAE , JUH R R, L 25 28 4l 52 T S i 521
W TR A 1L | PR M X, PO T TR AS R

WRF model; mean wind speed; mean wind power density; spatial and temporal

20 20 0 JXUHE b T £ 25 b, 306 ik 7 8 R v
SRR A R AR (EL S 5 R A PR
S EREI S S BRI T B SO SE B, R I,
TERFFE = B0A7 0000 3 X 10 SRR 8 VR B 0 B
G MR W R ) O 0 I A % b R
JRUBE 5 v A e R AN Bl e R i
B R S ) AR ) R I 490 B 6 28 4 0 oo
JINRUBE By B0 R Pk, G B /N, {H B 2 4 B 0
Rl XS B B S g X A
B AR AR 2R 1 3l W R, W] T R
T g e b vy JXL R, LB 25 43 B B L B e
MBI X AE B TR A A, 3 B 28 R 98 XURE %
VRS 40 A R AT s Bk £ TR Wk
15 ] MMS/CALMET 5% 2 45 68 111 2R 95 1 i IX. £ )X
BEVEURHEAT TR TR e ) AT 4k WEST
ARG b E KRB W U0 A5 EAT T A 5 B
st B TAPM #50 R ge 0 B i X 1 KU S
BOHAT TR ZE e Ay a8 A MMS 45K %)
XAEVE IR AT T O B U 5% 5 2 M0 251 i
WRF % 3DVAR [7) {5 B R i I 3k X373 106 £ 7
T —HAR IR, AT T 70 m 5 RUAE S B 25
ASAERAE 5 2 /N5 (i ) WRE 58587 AR Hb X
AT T KGR . 1% Z W04 20, XS e pt
2 AT Sy Dok 2 T 5 e X 5 L 40 A 1 XU R B
BRI SRR

AWFFERIT WRF3. 8. 1 $UfE s R 5, il ad
NCEP FNL 4347 03 1 3 1 9 ROBE 45 21 10 4% i
L FIE I DX 48, 2017 45K [ 26 J3E T I XU i , 3 ik
ST LLAR S TR A0 XU 4% i 13 XL R W WL F 4
AR , 42 3] P9 5 355 5 T 42 A0 XUt XLk, 37 [X
BIFSE 5 SR % 11 7R 43 e XAV XL e XL v T 2 ) P
HABURIIE S L.

1 HZREFHE

1.1 #EXNBRAREIT
WRF ( Weather Research and Forecasting ) #5520 /&
H 43k 8 Z 8y h /N RBEFUER L Z —,



24

L IR 7T HERAAE

WRF S B IRICR 588K 25 8] 2 BE 2 W06 45
R BRI S S e IR B RS 2 A
S S N i I8 i 0TI N i B A N B B =R I N |
R HT WRF B 1B RE AR 7E — 2
SO ABRFE ] NCEP FNL 1°x 1AM Hr ek R
WRF B2 HEA) 45 S Fn i 0 5L 25 4 o R T
] =HERE, UL A4 112.0 °E,40. 0 °N, K-
KBRS 5024 27 km (9 km 3 km , 4% 255053 K 177 %
139,205x107,262x265 ( <76 [ xEgg k) , Hi e =
DX 1 L AR ol RN B 8t X 0, 3l B 1] oK 38
JZ B 2 km DAF3E22 2,1 km DATF 17 )2, #)
ARTBE R 2017 42 1 1 H—12 A 31 H,>kRH&EH
BLAUL, B AL, 31 b, R b B B] S B A 14 B (Bt
i) 7 6 h fE ARG E], A2 5 E2 08T, B
IR E XIS 7 £ 30 BER (RPdb et H 21
BFZH 20 B)) it 25 R Hr . SEb T £
VeI B S WRE B i B 7 25 4 B
AR R 320 DX 38 X3 B 0L F 7 R A k5
F WSWo6 B S0 1b 7 %6, RRTM K i1 5 5 S 44
1675 % , Dudhia 55 9% 48 5 S 8006 7 %8, YSU i1 )=
ST % Noah fli i FE S b T . S —FE A
5 T H i E XUR A Kain-Fritsch 1A 28007 % .
1.2 R RRERFE

SCHUXUAE 2 50 (AF -2 XU AT 5 XL ) 258 2
JE AR WGk B R bR o XU 37 R
BEVERPEA 75 (GB/T 18710-2002) )™ Bl A= 19 7
PO,
1.2.1 AR RGHE

HSE- 25 XUk 43 B 00—23 A JRUEE (1S 15, 4F
JIF-8 IR Ry B B2 P 00—23 1 XU 1) -4, FL 3R 56
W

v=tSy, (1)

Ao VO RGE (B m - s71) 0 A EEERT B
FITC SRR, v, NER i MO (A m - s7)
1.2.2 AR Th 2 iy

B I B T K B A
1 - 3
Dye =53 (p) (v) (2)

s Dy AT BRI B (AL W - m™) 2l
B BIC AL, p s S (kg - m ™),
v; R AE ARG (AT am - T OB T
123 2R

RIS 3 1) T AR s, 15 IR

PR AT R AIE A BUE AR 5 119
B E
P
= 3
P=or (3)

e p WA (B kg - m™”), p HE(HR
fii:Pa), R A HEH(287 1 - (kg - K) '), TR
Y X (7 KD o
1.3 FEFE

SCHPf A A O SRAG T R R I AR RS
F RO SRR A4 122 /] 58 G0 b 1 R 3 (4%
LIS BRI ) 2017 A I RGE UL o5kt . A 56 1Y
RREEL b Ay 328 B XU Y A A 0L 08 I 22 1] ¢
TS B X R E(R) P2 (MB) (3
Jr AR 22 (RMSE ) | XL 1A% 0 7y — 201 $5 4
(10A) "4 NI

> (0,-0)(P, - P)
R=—" (4)

i<a—0V2<R—PV

1 N
MB—N;(P,—Q.) (5)
RMSEzJéi(Pi—Oi)Z (6)
S (P -0,
04=1-— " (7)

2. ([P -0l+ 0, -0l
K (D) —(T) e PSR i MEAUME, 0, 95 i W
TUEL, N A I REA S, O S WELH -2, PRy
BAUE 14 . MB . RMSE j8/)N 3 715 KU FTUL I
{EHZ B 225800, R | T0A BEEE 1(0) IR
(EFTULIEL 2 [ 25 AR A R ) B A B ( 22) o

2 WRUERDH

2.1 & HFHREEIULRIT

AR 122 N3l 2017 4232 HBDE- 34 XU (i
AEEHOL AR 28 Fof /NI IR G505 1) ) R0 S 00 - 347 XUk 1)
FHR RE . —BHEFR £ 718 0. 897.0. 974, 45 4l 4
KARBUIKIE B e vm, A 0.853, 3w de Ik,
0.328 {H¥5d it 0. 01 & 2 P /KK g, & W] WRF
L RE I A A A0 HE XU 3 H AR fB R AIE . AH X
e, TR X Gk AR ARG R B (&1 1) 35X
Syl 25 M AR ZEAH O R B AR (I ) |, T RE S5 VT
i DX 2 5 2 ) Jmy M PR O H AR Ak R A v B XL AR
A I, Ta] 42 S BB AUL T 347 XU A S5 0 - 1y XL 3



120

i

A

% M

e
e

%39 %

BOR 5 BidEe ¥ 05 iR 22 A1 19 4 22 20 1

L6m-s' 1.9m s FEAEASZIES 5] 4 3. 8
mes 2.4 m - s WREF AU 55 T 08I0 XU

MPUZENT L RE B R TE 3.6~4.0 m -
B8], b SR X 5 1.5~1.8 m -

-1
s Z

s'o BEEEMW

FHOR AR BN — B 205 T 0. 880, Bk Fx (& U
T0.899 (3% 1) MU Z= B8 0L XU 24 g T 52 1 )X
P2 AR % RAE 1.5~2.0m - 57!
ZIa) HEAA EA WRE AT ARG S0l -2
G 3Z HAZACRHIE , (EASEADLE  T S L

39°NH (a)

38

37 A

o Colsg 37

39°N4  (b)

38

A

36 HICFR KL 36
+ 0.328~0.506 P
35 * 0.507~0.610 35 + 0.0~1.5
* 0.611~0.679 * 1.6~2.0
® 0.680~0.728 *2.1~25
Sall ©0.729-0.773| 3% *26-32
® ().774~0.853
115 116 117 118 119 120 121 122°E 115 116 117 118 119 120 121 122°E
Bl 1 2017 4E AR #5438 HBHUME A SSME A DC R AL () APFEI 22 (b B0 m -+ s71) 43 ] 53 A
Fig.1 Spatial distribution of correlation coefficient (a) and mean deviation (b; units; m + s™') between simulated and observed
daily mean wind speed of meteorological stations in Shandong in 2017
F1 WF 122 NERFEHES Kb SN RE SERRKGERS B 5347
Table 1 Comparative analysis of observed and simulated wind speed of 122 meteorological stations in Shandong
BB SOME/ (m - ™' BEDE/ (- 7)) SFBMRZE/ (m - s7") -E TR R TR AL B iRE/ (m - s™")
A4 2.4(1.0~5.2) 3.8(2.2~7.5) 1.6(0.0~3.2) 0.974(0.651~0.923) 0.897(0.328~0.853) 1.9(0.8~3.7)
2 2.5(1.5~3.7) 4.0(2.2~6.6) 1.5(-0.3~3.5) 0.887(0.879~0.967) 0.894(0.387~0.821) 1.8(0.8~3.9)
B2 2.1(1.2~3.5) 3.6(2.3~5.4) 1.5(0.0~3.2) 0.882(0.861~0.954) 0.896(0.107~0.837) 1.8(0.8~3.7)
FZE 2.0(1.0~4.1)  3.8(2.2~6.7)  1.8(0.2~4.4)  0.909(0.881~0.979) 0.951(0.357~0.985) 2.0(0.8~4.6)
£7Z% 2.3(1.3~5.2) 3.7(2.2~17.5) 1.5(-0.4~3.2) 0.899(0.871~0.974) 0.921(0.527~0.878) 1.8(0.8~3.6)

T 455 RN 122 G025 48 i e/ IME B S (B 9 AE FB XA

2.2 ARESSEABRINS LR H FEHREX L

FBCLL SR A B 0l 2017 45 3% HARUF- 2 K

RSP 2 O P45 5 (1 2) T IL, WRE 55X
T LA AT i ASE DL A5 3 a5 3% T 29 KU 1 B ]
AR, TSk K DL A0 S - 14 XU A 5 2R 4K
Sk E] 0. 844.0. 737, Kysd et 0. 01 f =5 P /K- 4
By, — B B4 51 0. 923 0. 890, 3% H A5k # #i
BN 5o I K 3 A B 3l UL S0 2 K

BRI 1L m - s L6 m - 5 A
1RSI LT m s 2.3 m - s B34 X

T3l T S P XU

/N /NT 0,610, 45 P4 - PEAE & FP L X LU R ER 2
MK S B S M DXAR O A BO 0 B, — A
0. 680 Ao P33 fhi 22 I 2 BE N 5 4 56 28 oK B
S g5 e 3 A A OG 2R U (e ) 1Ry DX 32 ff 22 A1
XHR (/) o & ZEA 2R 28 BRI - 24 i 22 25 () 3 A
FIAAFEIEAL (PRI ) 5P 65 1~ 5 v i XA
IR FR BB Y- 240 it 22 AR, v 2 1 TR 0 L X

M RZBORTF 0.662, FHmZE/NF 1.5 m -

s R

7 VY B DY R AR R R 20t DRI 5 3 XA
SRR 7, 2 B RS 73 M DX K PR i) ot IXF- 2
D 22800 5 =7, LA v P 0 s XA O R B v, G

2.3 EHRFIRESGITH=E S 6

AR 2017 AFEALUURI S ISP 24 KU A 56 R
TORP- 2y 0 22 19 25 18] 0 A AR AE DL I 1o R, WRF
FEEALLER) - 249 R F) R S 28 80 (] 73 A DX I 22 5 B
L P B U TR X AR R b DA R AR U

HE AL DXER 0 ol A SR R AR T 0. 765,
WX PAAE B A B T T 3 X~ B 3 DX 2 i 22 A

MR, X KT 2.1 m -
P 2= 5 A

s™ s R OG R AR

AT DY 2 523000 X FIASE B X ) L5 R



24 TEEOGEF : 7R 0 HE AR XA TR A1 5 A0k A B AU 5 121

16
® R=0.844

14 —— SR

——— R

P-4 R (m )
I N =)
—— T T
e B—
—
e
———— B
B —
T
S
—  —
==
—
E— N

o

1 1 1 1 1 1 1 1 1 1 1
—_— e = = OO A AN Qe e e == — OO OO O OO 00X 0
S~ NN -~ AN 00O N a0 = a0 — a0 A —— Ao ——ao —ao0 —
— = = = AN NN NN S ST NLWVLNDO OO0 DO OO~ —~ — A A
S O O OO T O CC O OO OO OO0 OOCCOCOOC ™ e = o —
EEEEEEEEEEEEEEEEOEEEEEEEEE E E o> D> D> > >~
SEEEESCSEEEESEEEEEEEEEEEEEEESEEEDD D OO0
[=NoloeloNeNoloBoNoNeolNoNoBoBoNeoNoBoBoNeoNoNoBoNoNeoNoloBoNeoNoloBolNo o No ol ol
[N I o BN o BN o~ I oN Y o I oN NN o~ [N o IR oN I o Y oN NN oN Y oN N oN [N oN I oN I oN BN oN [N oN I oN NN oN I oN [N oN BN oN N oN Y oN [N oN I oN NN oN I oN I oN I oN I oN I oN BN |
H 3
16-(b)
) N
R=0.737 ——— SR
v
14 —— R
12 +
—~
1
w
.10_
E |
<
iﬁﬂg_ | | | |
I ‘ \ ‘ ‘
RSy |
L6 ‘ 1“‘“‘ 7'\ | |
o m Iy }H ‘ H‘
| [
4 N } \
’\‘1 1 : |
2 (
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
—_— e = = OO A AN QA e e e = = — OO OO O O N 00X 0
S~ AN N —~— AN 00O N a0 =AM — AN A Ao ——aoc —ao0 —
— = = = AN NN NN S ST NLWVLNDY OO0 DO OO~ —~ — A A
S O SO OO T OO OO OO OO0 OOCCOCOCOC ™ M = = = = —
EEEEEEEEEEEEEEEEOEEEEEEEEE E E o> > D> D> >~
SEEEESEEESESEEEEEEEEEEEEEEESEEEED DD OO0
[=NoloeloeNeNoloBoNoNeolNoNoBoloNeoNoBoBoNeoNoNoBoNoNeoNoloBoNeoNoloBolo e Noe ool
[N I o BN oN BN o IR oN Y o BN oN NN o~ [N oN NN oN Yo [N oN BN oN Y oN Y oN [N oN NN oN Y oN I oN [N oN I oN NN oN I oN [N oN BN oN I oN I oN [ oN I oN N oN I oN I oN I oN I oN I oN BN |
H 1

B2 el skih (a) A 3 () 2017 452 H P2 KU (BAA7m -+ ") BURLE AN SIS 1L
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Fig.6  Spatial distribution of annual mean wind speed (a; units; m -

units: W - m_z) at 100 m in Shandong in 2017
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