t & 5

E39% FHTH 201747 H

2017,39(7): 1349-1360

Resources Science
Vol.39, No.7 July, 2017

51 A& R, Eokek, AREL, 55, 1S 2 55 A T =i FUZR SR T 508 1T b J2 S HDURS B2 W) A6 PEAk 40Ar (0], U5 R
2,2017,39(7) :1319-1360. [Mu Q C,Wang Y W, Shao K, et al. Three planetary boundary layer parameterization schemes for the

preliminary evaluation of near surface wind simulation accuracy over complex terrain[J]. Resources Science,2017,39(7) : 1349-

1360.] DOI: 10.18402/resci.2017.07.12

LB R ZH T ZMEAEER T R ENX
RIS RV L E oA

IR, 2o, 3

0,243, B

(1. HAFAZE IR RFREATE T O, HR210044; 2. 726 TERFRAHEFIR, R 210044 ;
3. WA H R A TR 3], LT 100176)

W OE.PERETRFT, AT LT LR T LR, Rk TRIR G A KR, MK P, B R EA
AT BRI B F Sy 534 5| KA KA ARG AL Foxd T B 26 T v T b RUE By 3 Rk 6 TR+
HEE, KIEBMYI.YSUACM2 =P F B A HATr A8 2010 557 M 38 335 8 40000 o T a9 0 B R
VAT R AEIAPEAL . SR AW, A PEBEE L LR LT, b T AL a4 RN ASH X RERD
X+3E B 6 %ok, ACM2 Fr 25 33 M 2 T0m 23 B R ik 69 B Dh 2 AL T 2 A W A 77 25,2010 444 A &/ ab A4 R 5 0L
M 45 R 693 7 ARIR £ A 3.56m/s, —BOMEFEECH 0.94, xRS g B = A 7 E4E RN el St R AR £ A
F AR BR), T0m 9 AERLLE RAL T 10m. SR RA RIERZE S AL FHREFE, ERR SELERMA £
Ft A2 A 50m F= T0m (RALEE 2 3 ) & 5 £ ACM2 77 % #.48

KR WRF A X 5 Rt B ; 8 R B A AT 2 5 L M T

DOI:10.18402/resci.2017.07.12
158§

R — R 15 Y T P I, W02 TR
FIR T, KRN AR S TR K
S E G AR B T A R T 22 5
3o B, EL A e R 3 3 ]
VB RSB SR Bt R ok T
WRHPEREE s Sk T AR X B IS, FE R RE
JRITE 2011 AEAT A 9 R 7 30 2 B T4 4 B 4
M) R L A I 35 7 8 7 e 4 R
173449 87 EL A AU, T AT U B X T i o
AT IIBALE Y, KR TR R R R e Al
B LIRS 4 A 0 i R W A 32 AT
22 TR R B 12 o2 B S LT T
SR TT S REAT ARG TR 7 B3 I S e

#s HER:2016-12-10; 1&3T HEA:2017-05-05

BOR PR A A2 BRAEER A, JC I T R A
MO R RSG5  AEAR KRR FE 08/ N T NI T i)
AN S 1, 32 AR G 5 I I 55 T Y
Fii

WRF (Weather Research Forecasting) " J&
AR TSR ) 2 i RE R 2
—, HOXE G AU TR I RCR 32 15 2 I 2R ™, A
A 2500k 7 S8 B0 E 23 B 452 T 3l 1 J22 XA A AL
AIMERATE" . & B A Y SR T R G AT
DA G by P XU 5 XU e O, He AT R R R S
W75 25 RS RSB 7 SR8 R IXGH T 25
SRR R B, M B B ST R 5
5 N S A Ty 58 5 T IR P 28 R
M 5 /N DR Y2 UM R G P B LB, X

HEWME : HE ARRER AT FIH (41575009) ; VLA S PE AR TR H (PAPD) ; VT8 AR iEtEs H (BY2015070-15)
TEEBN BHR, o, HRA LA iR, FEF WREF 250605 206 KU SR . E-mail : muqe61@yahoo.com

BIES : Luk#k, E-mail: wyw@nuist.edu.cn

hitp://www.resci.cn



1350 O R

o
¥

$39% 571

KA AGAT B 520 FER RS BE B L
Frp AR FRITEEDGE TR R GA R
RS 2 R B i I TR A o A 25 322 DL S X3
HERRPED, U HAE & 22 I 250, - <A B AR
SRS AR A DAEL SR SN OS PN W A% |
AL AT R ZIFZ 0, 0 X6 XS S Jmy R A
EUA B O, U S g A X v [ P A A
JEGHFATRLAUL , 45 58 7R 4 st b P 52 2 1) 2
BT AR RSBy R R R AR Y
RN, FH A AR L K VR Vi AU R A4
BRZEFAAH RN, i SEAE R T AN W] 1 T 28 F 3l
FURZHATT FE B3 W PERIEFE AN D. Carvalho 25X
FRAI O 85 oy 2 XL 0 e XURE DAL 7 S i 2 2
IR ALL R 1 ) 45 2 A v T Y DX i, oF Ly
S 2R MY S5 A I 2 KU I 5T 40 0. T, Gomez-
Navarro 55 %f Fi = XU AU AN BB 58 42 id T
L A2 eI o AT IR SRV v ] 400 2 I IXUEE
NGRS 30 v 6] 30 b J22 X 37 T4 e ) I 4 HE A
S0t IR LN R 43 DX R 25 /0N, A i b X i3
2R JUHAE i AN N ki 52 2 o I8 T B8CRAS
FER, PR AR S e M 264 T, e FUE S8 e )y
SO0 XU TR0 ) 52 M k1 XU 1 93 i B FH AT —
AR S 3k B WRF # 3 H MYT (Mellor- Yamada-
Janjic)®"  YSU(Yonsei University)* . ACM2 (Asym-
metric Convective Model Version 2) = =Fi] L2 =
Bk Ty 22 %8 v [ e BB A2 2% L MR 254 KL
2010 4F 4 J] KU FEATRLALL . 45 4% 07 RBLUZE R 5
SR S5 ARG | XL Ta] R S5 7 T 4647 %6 L
G0, VAL =L R R SR RAE S O NI AR
PET A U ALAAACR | 358 v [ g 8 52 2 L 25
WA 2 HAb )7 S i BRI S 2%
2 &K (B G R i E R I
2.1 WRFEX KR ESHUTENA
AR WRE B2, 2 i 56 1 22 f i 5 AL
PRI A I W S AR A i) —Fh G — i b R RS
P, N ROEERE Y K P A% B — i Ry L3
JL2S BEEANEE | HE 10~100m (931 52 i i 1 4
TER B CERAT 2, 8 T 25 TR Pk s R 1)
BN, 7 R FH S 7 2,

hitp://www.resci.net

WHFEZ AL TT 500 O i B Ry ML 5 T7 S8 A
AR Hu PTG T PR, Jmy M P 5 7 S0 AT 4 ]t
A DR 12 R T K P, RIS it O 3l S Al
Or T REES R 1 S S BAE B X AR, 7T L
il RS PR R B K, (Sm ™ B K0 S oF B
BERERFEIR . MYT 7T R BER T R4 a5 1 i
TSN RE TR A L R T LS B MG 5 BE
Fitl i i S BE TKE A JR il i 3 iR &, e R
Wl B AR RS, MY D758 K, k08

2
szi (1)
€

Kb e WA REGENEIRE; € ATmBEFERCE.

T K MG 7 BB L5 3 Boe , s it
iz 3 RN ROEE S 1oy, 1 G - 34 5 B9 B T )iz 3y
Wy IR e 5S4 H R A AEAR B AR A L, PR
A R RGE T % B R e L R E R R
A SR b A R

AT D FHZE A i Ui A J R TR R, LR
FRUBE B 2 R & R 3] 3 528 o B 1R I By ) i
HEACH E LRI e . X FMENL T, DA i
P B K B A Al B JR M P A 7 2 Sk
M TR IRz 2 R BN A2 N T 5 3, e
Je ML P AR St b 2% A Ry B P 5 A S TR T T Ui
P oM AR R, ik Ak -

—%(W) = aaz(K%f + 1*) (2)
K € R (w) KR (g) N (0) 555 2 F i BE
Cw” R PRk Sl 5 | e ) 2 By ) Bl s o AT
I RV Jay b AT () 5, DTS 6T 0 5 2 (R A4
TOIMAERR, e Ry 2, 28 ) — d AR A
TN 15 R b L R (BRI B A OC T 25 )
VFZ S O N EHT S8 . A RAEE R b
W& 07 RAEXT T Ab 38 7 X B AN[A] . WRF
YSU Fl ACM2 J5 S J2 88 0 F B PRI J&y 3t 7
R YSU R E IE T IEZMER I H%
JECT i i BT R R e T A R B 0k T Y,
ACM2 7 & #) ) iz b FH T MMS5 (Mesoscale
Model version 5)#xCH I 2K 7”4 CMAQ(Model-
3 Community Multiscale Air Quality ) K5 A% i A =X
T E A5 98305 , N WRF3.0 Ji3 3l ACM2 J7 85

HASAE I WRF A FEAR 8 Bl th M R RUR 4



. R RS i SRR T =0 5 Z S T ST R AU BERTI20 VP A 23 e 1351

201747

1T, ACMR 7 5 2 AR R MO A it RO o e

(LR A £ A SN ey X

22 SRR REBIH MR SR s 0 Do SN )
ARSI BN BN T RSN A ey 190

SRR XA 377 , e v R i AR DX 3 A A
R R SR 1 0 x 1° 43 3R ) NCEP(National
Centers for Environmental Prediction ) 2Bk Fi ik 17 &
Bl WEN PR, B E R 3 i E A%, do1 E]
d03 % £ X3 1% 7K 43 3 22 43 53] 2 9km , 3km J¢
lkm, 55 = 2 X 48 7 [F 4 26.63°N -27.14°N,
103.99°E-104.82°E . 3 i A% DX 3af Hly JE2 55040 43 ok
JFH Modis £FRHIE 5min . 2min . 30s Z3E . TEH =
K HHJZ T JE 100hPa (1) 34 )23 12, 3 b 2 BUE
FR43 Bt 1] 25 K 15 8 R 30s, B4R ] A 2010/4/1 8 :
00~2010/5/1 1: 00, Bf K —A~H o B3 =4
B, 43 BRI MY T, YSU  ACM2 = Fhili RZ S %0
M7 R IX AT A0, . A P B 2 8 f i
FE 3415 B AR R) , e o o B R O 6 B WSM3
(WRF Single-Moment 3-class Microphysics scheme )
ST B PKORE T 58 5 R 4R St ack #5R FH RRTM (Rapid
and Accurate Radiative Transfer Model ) J7 %= ; 44 % 45
53 FR ] Dudhia J7 58 5 Bifi 180 32 £ 5% ] Noah Fifi T
i BT A — 2 B IR I Kain-
Fritsch (new Eta) 7%, 5 — | ZJZA R = XA
e WES

AL 25 SR VA BT FH 8 000 X5 A oF T 5
X AR SRR — N X . &1 AT LS W AR B
A FR A 104.675°E, 26.876°N, 54k 2680m, 1% XU HI,
Yy ik i AR Ry R A D i HERAR MR
£ 2300~2900m Z i) . I KUIE A T I b ks
1o, HE PG R 0 A AR BE O , PE 5 2R R A g
A6 5 0 b A AR 0 R A SR v R 3 S R
10m.30m . 50m . 70m , Ml XESCHE 4y 10 434 XL XUmT
WL s 6] A 2010 4E 4 H 3 H 8:00-2010/5/1 1: 00,
TR 2 BT 1) 7 2R KU B
3 ML R ST 4HT
3.1 AEBRESH A R=XRKGEE A R0

B4 XIS 10m . 30m ., 50m Kz 70m =5 B SEBRim X
BRI GBS AT E, =R 55 50
SR/ N AN 2 iR o L2k T B R

100°E-"102°E 104°E 106°E

27°00'N+

26°50'N+

26°40'N-
104°00'E

104°20'E 104°40'E

W4k /m

1400 1700 2000 2300 2600 2900

EH e mEoat — s L 10 3™

E1 ERX = ERERE S 6 R
Figurel Triple nested regional distribution of model and the terrain

RIS, A5 3~5 RIBL— R .. =Fb
J7 G0 KGE P 40L 45 S 5 LI X RE KRBV &, 1
AN [ 1R B2 J2 R G R AR A AN R, B3y %) 4%
JZ PRSI AR EL IR ARG, (AN [R]85 G 0T XU I8
SIRLEIA X 5] . ACM2 J5 58 X6 JRU 3 06 (i 452 41
el LA M4 A3 H SH 1T HEA
ACM2 J5 Z 5 AL T ok XA (A A
W25, MYT 5 22X I (AR i Ik — 28, 54
SARALLE G 24 H AR BH 554 g , ARG A (RS RO
WG, YSU Jy RBR T LA E AR AN FRAR , HAy
5 ACM2 J7 ZEIBUZE FAH I, (H XA B3
A AR —LE

Ry A TPAR AL ZE R S BEAR O R H A L
W25 E TR 22 RMSE . — 3 PEF8 501 W Rh 5831
SR, % U2 SR S A W) 5 R, LR GE
THEESEUAXT

AR AL

(S -9)0,-0)
=t (3)

@(si—ﬁfx jﬁ(@—ﬁ)z

hittp://www.resci.cn



1352

®" O R

* OBS

— ACM2 —YSU —MYJ
a.10m
20
15 H 3 2
. : e o 1 ¥ °
L t S e | S 4 }‘ i [ i
SoffhiE: R BN L
2l o Loy, L J e
= h-ﬂ ,2 & " He L’ o ll” : w3
-4 ¢ 1 ]° i} i WY L '?k
5F o g g N L v
1 I ) { ' Tt ‘ .‘ |'i
1 )
e ° 00 ® L LY ” ’:
0 . : : 2 a
04-03 04-06 04-09 04-12 04-15 04-18 04-21 04 24 04 27 04-30
W/ A-H
b.30m
20
15
- | PY ° [ e g Le
o &l s L]
60|10 A AR
= o . °
2 [WMEA R 3 Il e
= 1| | I | ket . 1
‘ ' i i i l ' 'r | ‘i‘ \
5 [ A o
1 B ’ll v L " l.‘ | ' | il
o i b 1 ' 4 ;
o ° Lo e
0 : : — :
04-03 04-06 04-09

04-12 04-15 04-18 04-21
I/ H-H
c.50m

20

04-24 04-27 04-30

J# / (m/s)

(?4-03 04-06 04-09 04-12 04-15 04-18 04-21
mfiE/ A -H
d.70m
20

04-24 04-27 04-30

—
wu

i/ (m/s)
o

M’

0 L I L 1 1
04-03 04-06 04-09 04-12 04-15 04-18 04-21
it/ A-H

&2 10m.30m.50m.70m il XiE 5l 45 R Xt L

04-24 04-27 04-30

Figure 2 Comparison diagram of measured wind speed and simulation results at 10m,30,50,70m
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Table 1 Wind speed statistical parameter comparison of different boundary layer schemes

PBL Scheme  Height/m  sim_ave obs_ave r E RMSE 1

YSU 10 6.38 7.33 0.40 0.52 3.75 0.94
30 6.83 7.30 0.42 0.54 3.71 0.94

50 7.00 7.24 0.46 0.53 3.63 0.95

70 7.12 7.12 0.49 0.48 3.58 0.95

MYJ 10 6.58 7.33 0.38 0.55 3.82 0.94
30 7.10 7.30 0.40 0.58 3.83 0.94

50 7.34 7.24 0.44 0.57 3.75 0.94

70 7.54 7.12 0.47 0.52 3.72 0.95

ACM2 10 6.39 7.33 0.42 0.52 3.70 0.94
30 6.79 7.30 0.43 0.54 3.70 0.94

50 6.92 7.24 0.47 0.52 3.63 0.94

70 7.01 7.12 0.49 0.48 3.56 0.95
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Figure 3 Comparison diagram of measured wind direction and simulation results at 10m
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Figure 4 Comparison diagram of measured wind direction and simulation results at 70m
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Table 2 Wind speed Weibull distribution parameter values

[ SUL S AYES c/(m/s) k
10m OBS 8.28 2.28
ACM2 721 2.08
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MY] 8.29 2.05
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Figure 5 Weibull probability density distribution of the measured and simulated wind speed at different height
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b5 KRB 1 () s A I ) o, 1O

= W —E
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VNG = BUR =S 2 C e S A
(A 5 S X HE , 5 3] (45 28 Je oA SURRE % 1
HAP IR S (%), W3 3, Horb XUBE 3 B e A AE
HFFRIR . 76 10m & L2224 TR m , 455
TR AR K HLATTE R W S A AERA L B 5 B2 X 340m
A ROAF FH R ASBING I SE PRI B, 28 70m = BE T
FEAERRTIARAL o = b5 S0 AR FH 2 A B AU 25
BEOAAHIE , MY 5 2B LT 3 B 5 58, i 2 K
A BRI R W RN (3~25) m/s, AR5 H
JULF- AT H i 25m/s (R JXGE , MY T 5 /N XU S A55480
AT A5 5% A7 ORI T R 25 B4t o A1 50K
fE 25 B H AL A5 SR AE 10m 35 B FiR2EEK, =Ry
LARZEIITE 20%~30% 22 (8], 22 30m /= L5 R0 B
b, IE IS 30T S B A 8RB 2 B 1 MY T 48
HACM2 5 YSUR 5 Z A2 A K, £ 50m Fl 70m
1 B AR R AL SR ACM2 T 42,
YSU B EWRZ, HHBATMYI %,

ST 5 B 2 R 4 3 A RIOXR) R A
PLEE ROk AL, =R R 2Z M 2ZE R AR HTFE
A RUA B 5 B 15 25 B e B B I Sl NS SR, HAE
10m F1 30m A% S FoR TR, MY J5 254045

RI FRAARMNZUEERMUERRBSLIRE
Table 3 Different schemes to various physical quantities simulation

results and the percentage error

[0 S WIS

F o W/AWM) W, /(Wm') & /%

10m OBS 0.91 431.84 476.73
ACM2 0.85 309.11 363.07  -28.42
YSU 0.86 303.50 354.21 -29.72
MY]J 0.86 334.09 387.06  -22.64
30m OBS 0.91 416.32 457.46
ACM2 0.86 384.64 447.05 -7.61
YSU 0.87 383.20 441.40 -7.96
MYJ 0.88 429.39 489.52 3.14
50m OBS 0.91 408.97 450.87
ACM2 0.86 415.79 483.39 1.67
YSU 0.87 421.11 484.50 2.97
MYJ 0.88 477.67 541.14 16.8
70m OBS 0.91 386.95 426.81
ACM2 0.86 437.68 509.06 13.11
YSU 0.87 454.09 523.62 17.35
MY]J 0.89 519.93 586.68 34.37

T BB IR LR

BHE 5 53 PIRh 7 A ZEAN K, T FE 50m A1 70m (5
FE LR IEMH , ACM2 J7 S BIR 2 B /N, YSU T
HRXHW B TMYI %, XATREEH TMYI
2N SR b T 5, S A R N R AR R R R
FE T R AR A AL, SCFE 3T b TR 9 10m B2 30m 5 i
B, T YSU M ACM2 7 BN E AT HIRS
S ZU XTI A T LATE 8 v v B LAl Jey A A
T ACM2 5 YSU 7 Z X3 KEE I T MYT 7
Zo KB EITELS R TR ACM2 5 YSU RIS,
FEH AL, ACM2 45 B A vT R & PR A 76 L i T 34
M AE T, S 2 T IR AN B &, 3 T e B ad
PR K I YSU 5 S8 A% T ACM2 5 R A W]
WAL, ACM2 J5 ZE Xt 3l 1A FH A 1 iff A 4L fef Hx
W X B Ik s RSN 25 S AR o S T REB o0 IKUAL
e BT 50m, % 50m K2 LA b B KURERR AL
et ACM2 75 5%, HL Ik st XSRS 116 e 1 k5
ERHLIN 2 4 B v X SF- i A B L, ACM2 6
FEBRES RGPl T & S B o e, 1 MYT 4
DU BEAR - AR HL HE IR XU T AR R A
PR KB T ACM2 J7 28 836 T I &R 24 U 2%
F ST 2 XU RE AR
4 FiL5itie

AR SR WRF #5256 5w [ 7 g 7l X 5
ZR MR 4, PP T 20104F4 A3 H RS A 1
H )R & A2 S8 T % MY T AR R bl
BB TT 2 YSU . ACM2 RT3 1l 2 XU o R 400 e
AE, M9 T —2e b 25ie

SRR SRR B DAL 1L R i A
AT 1 KU T O . AR R T 2 X A AR
ACM2 J5 ZE X5F Ik st JRU T B B 480388 SR 53 470 i e
T TR A T 3.70 2 3.56 Z Ja) , — 2 ETE
BAE0.94 L) 1, YSU T RIRZ . HIEA & B2 ry 3 hn
=P ZE 5 58 v KT S4B S R A 2
E R BT /)N, AH 56 R B0 — BOME PR B0 2 LT
TR IR 22 5 By MR ZE YRR N . X 1B
Bl 1 BE 3G N =5 SR MBI I A T
FLrm B s i B2 07 S 22 IRl 22 Sl

FE X R ] ARl R = Al R SR T 5%
AR BRI E 10m 5 70m & ¥ 5 52br £ 5 X
] Y57 24 22.5° 2 A i 22 , R UR XU T AR BB 15% 2 48
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Ko =P ZEHTCI 825 5 (X} 70m &% I
P AR R A A T AR T 10m i E R L XU i
NR RS HA T AU (ERE  E  HE A4l
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JE AT SRR B R AU A =R B2 S
T %8 55 SINECHE (1) R A 2 K 45 ) B X L
SIMTEE SR BN | Bl = R 3 A SRR R
PG5 SRR A, =P 7 A AR (A R
DR 285 158 25 B g B 188 fin Sl N S R, 2R R 4
KHLEEEFITAE R 50m & 70m &5 B |, ACM2 J7 545
PLRZE RN, H ACM2 J7 ARG (AL T Bk s Ak
R AR R XX iR R ALY 2 4 I L i 4R A
B, B T I R 2% MR S5 0 I b 2 XU BE
[LED

H S AR R A, AR SC RS T E R R L
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Three planetary boundary layer parameterization schemes
for the preliminary evaluation of near surface wind
simulation accuracy over complex terrain

MU Qingchen"?, WANG Yongwei'?, SHAO Kai’, WANG Kefei'?, GAO Yagqi'?

(1. Yale=NUIST Center on Atmospheric Environment,Nanjing University of Information Science and Technology , Nanjing 210044, China;
2. Nanjing University of Information Science and Technology , Atmospheric Physics Institute, Nanjing 210044, China;
3. Goldwind Science and Technology Co. Ltd. , Beijing 100176, China)

Abstract: China is rich in wind energy resources and its wind power development industry has
gradually matured. The accuracy of wind speed prediction remains a key problem for the sector.
Planetary boundary layer parameterization schemes for numerical models are very important to
small scale wind speed forecasting over complex terrain because of rational calculating
the atmospheric turbulence characteristics caused by surface thermodynamics and dynamic forces.
Here we selected three kinds of planetary boundary layer schemes (MYJ, YSU and ACM2) to
simulate Guizhou Jiucaiping in April 2010 for near-ground wind velocity at mountain underlying
conditions of complex topography to test simulation performance. We found that under complex
mountainous terrain in southwest China the ACM2 scheme simulation of nearly instantaneous wind
speed is better than the two other schemes at a height of 70m, due to the calculation mechanism
contains the local closure of large scale vortex effect on movement. The simulation results of
ACM?2 and observations one by one hour root mean square error is 3.56 m*s™' and the consistency
index is 0.94 in April 2010. The wind direction simulation results of the three scheme were very
similar, but as height increased the error between simulations and observations of wind direction
decreased. The simulation results for wind direction at a height of 70m is better than the result at 10
m. In order to estimate average wind energy density we used the Weibull probability density
function to calculate wind energy. Results show that average wind energy density varies at different
heights, but at 50m and 70m (the general wind turbine height)the ACM2 scheme performs better.

Key words : WRF model; simulation of wind velocity ; PBL schemes ; mountain topography
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