)32 2 4R Acta Phys. Sin.  Vol. 62, No. 9 (2013) 099202

s F 22 B T E AR RS A R
U T o

EFV)T KB

) Fig)

FpD  FvEReD

D) (R ES SRR ZNT- RS R, Bl T RS2 5k B 5 St s, SRR T 52 580 8 S P RSER =, 221 730020)
2) (R ERSEMR G, KW 734000)
(2012 4E 10 A 19 H W#); 2012 4F 12 A 6 H I BME SR )

A SCF AR ST 5 2008 4 757 2R 1 2 R e AR OC SR R MBREE ( A L RSP S BE FE LI BEkE, 20 # T S AR &
A HFERS L Richardson £ ASAURAE, 57 1 B &S AR 14 R B R R E L I 2 XU DL R SR R ik &
HbE AR E FLANE 2 AR R AR SRR R, ST 2 R AT i Bl S R s R HC S L2 RSB R
A AL I S A B, P 28 K05 00 T 2 R 22 TAD 5 A2 — U A UL 5 9 % IS/, KBl ks
IS b R RE A P2 A R 1 SR AN R AR W S, 3l A 2 0 R S 7 A T 2 XGRS R, i XU 2 A
o LR AR, 2l B s R BB R SR T . 3 A, R B A A AR R R TR AR A R 2
KE. BB EIE RS E X 2 8] 5% 2 B R I R B R R 2 TR 5% AR S S AR A A
RS EACT T EELRAR, [FINHZ 7 S8 S 10 2l ) RS FE K BE RN ) SRR P R B SR A

KRR AL R S, Tt L, AR R 2

PACS: 92.60.Fm, 47.27.nb

1 5 &

o - SAREAER] SBERAK R Z YA e &
AZ 0 B I KA R RSB i st R 1 2
AN IE A DO BRI TR &,
52 2% 288 RUBE B R 3 P BEAE 28 rp Al L O B 11
PR o T P 2 0 0 b 3 i 0 W00 o 1
b/ SRR ks iR wli BUNTIE N (IE S Wil N
2 AT HER IR, AR P RO
I B Ak S 2 BE B AN S 1A ) H KU ik Gl
B 2L RIS REUR TR R R A R 5 K
IR FR e B 5 e ) R B S 4, AR KA
SRR T, R TR R AR R T i L 2
Hz— b8,

BRATHE B X2 1A s AR A il i A S i

DOI: 10.7498/aps.62.099202

BIF 58 14 S e, ol T o 2 B 0 O 36 2 B THT I FE 2
A R, BT RS - SO EAE B A5
DL, XoF AN [E] R H0 1)e ARns R BT — H
WA ka0 R D, Bt T
Rk RBM R EERE TS UL %
i A AR 3 % B Al BT VA — 51 159 3101
TR R 5 H AR K 18] B 28 S8Rt U i A
()R A 1 A B e th e ekt . EN 20 4D
70 SEAR, BEE KR AN LG KT R, S R ik
FBUNHT RS T SR ek R 25914 UNO &
7t Louis Z404b 77 gl N T iR H 2 R 45 1, &
T 1) Louis 2 A 77 S0 72 1 A PR ik R 00t
el T 52 2 A B4 485 SR A WK 243 1919, ICARB, IN-
DOEX #1 BOREAS %5 X 28 [] [or 0 il 12056 320 K i A%
B R BB TR S5 () By R — (114,
% E T 2003 52 ) CBLAST WLMRI6 H: H 1) /&

[ 58 B S IR 9T R R R (v S0 2012CB955304, 2013CB430206).  [H 5% H AR RIS 3 4 (i 5 41075008, 40830957). H [ i+ 5 3 4>
(k5 20110490854) Fh EH AR /T A GRS (kS : KYS2011BSKYO01) PR 1) 5 B).

t A HAEH . E-mail: jqyueping@126.com

© 2013 FEEFS  Chinese Physical Society

http:/ /wulixb.iphy.ac.cn

099202-1



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

T ot 2 H ik T 2ok RS ) B4l e
77, € AT SE R SR Ak R e i — T
gy g5 (15,

A E I, SRR R B R B) IR R
ALHHE H AT Q2 T R R AR 161,
Kusuma F1 Narasimhal'® F| /] MONTBLEX-90 {5
BERL W8 T H X RCRES. RRR KT RAE
gifRfE g E B AREIE R A0S 10 m S EKCE R
HIKRR, HHE T KRR Cp =0.008U 5. FilL,
P V70 R P9 520t 2 T R 8 R0 k], e 0
KRAFEE o Rt b, 257 7 3h& B R 5E R
BRI SRS IE RS 10 mosy B K XGE 2 18]
MR MR R, F5L b, SRS RBCAMU S KA
PR FAAAERR R, T H5 KA RESE VI K.
KB 25 SR B, SRSk R e bR Fa e
JE T AR A (il 1o 2 4 (112 0405] 3 A S O R 1 2
UL T R ek R B 7] 2800 AR B U7 20 3[R 4E
ok gL U8 g KA Ra e IR T T AR 8
VIR, BRI 3 TR A, 6 AL FE Bl R I IR
BT ST 1O, B R B RE R, SR
BY DR A2 it L Dk 3l A A Ui 1v) b AR i ) 32
PEALEE, Fh 7 PR D02 gk 55 i 3 A 226 1) A 5 T =4
KAZGEATEERS, Wk sl UL AH R 5] i 2 1%
WL =2 T . Bk, SRR R
AN E RSB PIREH R, BI85 KA
REFEFVIELR.

AL SR R KRB IRES. ROTIR
A NA] R B O AR, R B e KA 2 T 4 1 1
HA B EE OV IS, SRR S S
AGE R e ) A e 5 e R R RS 4 iAo i
b 2 50 B AR B A L U RO R, R T
AT HEANIEEmnEE ST RZOE
JEA A4 B P20 LRI S B
e T7 ] 53 IEARHEHEIE AN 2R, A& AR S T
TR B L, SR A CPU INFTE] 25 J5 35 1)
P RAET 5 H CPU B [A] 2, {HAN & 2 Ak 2 it B2
SRR 45 BERAIG 28290 i FI R B Richardson %4 Ri
b5 i R Bigk F 80 R ) Ok R L U e R
W R AR S B & W X R 3
AT R, AR T B S R NE R BCE BN
el 1. ST v i S B 25 e 5 T SR a3, SR o
PESEAE T BRIk REOCRERFE Ri B0ty U 8 &
SRR AT U (ERFERAR, A FHR B3t S5 5

PERRAE BUEE S Y 1 S i 35, PR SR A T R VA
Bk AR B2 IR TS T BT A AR i T
W R A L R AR P2 ST ok, ASORI A N 52
5 R 2008 4F 7 =T AR LI BEORL, B E Bl
BRI R BN SRS R WHE SR
EARBENE, RIRAEEE Ri B 18] AR AR,
FENLIE TR Ri OBl 11, ORI S H
KRR, WRAHEA TR SH RIS,

2 W7 M5 R AL

2.1 Wiz /Y28

PR R E K SRS G (44°08' Ny 116°18
E) fr TN 5 6 XA iERE T 42 b 25 kmkk 1
BGRERE AE R ol (KIRORAP X 02 B
43 1H 44°04'N F1 116°37'E) J& 10 km? J& T “[H
FRIRFELRA TR BUH X, 2R E A T7 R
SERE, B ELARERME IR S R U 5 A A
FERIRE S, T HFAES RS 17, s 5
] I T A S A B i 40, UL 37 b 1A 31, T
100 km P4 76 & R L ik, 0k 56 oy, = 48 7
JAGH IR FE A (CSAT3, Campbell) 22 ¥ 7 4 UL %
guir IEAGT7 1), WL vy B B 4.0 mg RIS 7E 2 m Al
10 m 75 43 ) 22 2% 7 IR BE (HMP45C, Vaisala). X
] (WAV 15, Vaisala) FlJX#E (WAA1S, Vaisala) #
POV 25 PE g S AH IS H0 0 STk [17].

2.2 FRREEH

AL o3 A v e FH SR B S AU DN He e X 36
ZAHOGE BN BORL, MORERIN 10 Hz J7 46 i £
ik, 2 F AR AL (x+40), BUR
RRIE (R ERE AR AR ), At A A R TR I, 7K
P COy M 2 U FE KB R M A IE (WPL {2
1E) S5 FHEMRIETT V. VAN R 2 WOk [17).

3 R ik

R R BB R £ Ak (D) B
7 IR AR 38 0150 VAT R e
A A2 B 2 1157, R G R AT
Ry 1)

Cp =1/pU?, (1)

099202-2



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

Cu = —H/[pep(

T ONHRSEIEE, H M REHGEE, p ATRE
JZ, cp NRAIHE L, 6, N RALIR, 6, F1 U Jr
59 A3 Hh J2 RS IR AN K XRGE. Cp T Cy 53R
By SRS R ORI 1% R

ea - GS)U], (2)

k

3.1 JAKEME XA

T i A PR AL RO i e AR ok vk AT DL 1§
F = 13
T=p((@w)*+ (W)}, 3)
H=—pc,(W8 +0.840w¢q), o))
0 ZALIR, o, v, w1 O 43 B Yk kS Kok, B
[ kB R T Lk Eh R R K S
R LA BR 2 AR 00y, WS Uit Bl & e AR ey
% B2 E (Cp) IR s ki 250 ()it 2 23]

Co =17 (5)
w0’
G 6
G ©)
32 BERHMAFEE
TR R R AWE L BRI E
6 B R S i & )
kz oU
m= o 7
kz 00
= 9. 97 (8)

o k N Karman % #0 u, NEEHEE: 0, NIEFAE
R O R FEKF RUEs 6 959K T il
G, P I M-O AU B #, 3 HUR -1
% ) R SR IS R SR R SRR 6
S AL VORMET 1) M-O HIYE B HK R, . 1
HRARIENE (/L) ZIAMXRWT:

2\ z
0.92<1 _ 14.6) . 250,
Om = 9)
092<1+125 ) §>0,
1/2 .
120(1 21% ) = <o,
O = (10)
120<1+7 ) §>o

4 KRR R B R B R AL
AL

B 18 T R Bh 1 S E ) 2008 AF AR
75 45 PR B A i R BRI M 2 B S AR B IS R B
AR A BRI IE RS HE R B¢ R, Hp

Rpﬁ&ﬁi?%)&Hm@@ﬂTﬁ1zﬁ%%
R 2m, 10 m B, LR h, 2 ik R
S Ri (075 AR 15 LUGE ORS00
T LG 2 3 B 02429 4RI 1 T, 3
R R ORI R B Ri 2
RAF IR A,

. — { Cpn(1—3.277Ri — 1.014Ri?), Ri <0,
CDNe(stssRi)’ Ri >0,

an
Cu— { Cun(1—9.133Ri +6.667Ri?), Ri<O0,
CHNe(79.O42Ri)’ Ri> 0.

(12)

A1) A (12) X alg T 35 S AR RO K
PSR IE REBE Ri AR LR, Ho, Cpn A
Cun A& I ) 3l B AU SRS R 5L 5
3.519 x 1073 A1 1.191 x 1073.

AT LLE H, Ri <0 I, sh& fUSR S R % R
5 Ri ZMFF & UL, Ri > 0 B, B8 AR
BREERBS Ri 2 10 L5 HE R, Zhang 25 [
I S B U ok, 25 A [ g A S T R X R 2R
A% REBE Ri ARG, U KRRES A
SER, BRI REE Ri 2 A2 £, =
ERRJZ G e N 2 R BOK. 546, &A1) R
A R AR, X E R 5 R T TH
PERR LA KB /1. R ok L1,

5 RAHAEE WS REE AR
E TSI

Kl 2(a), (b) 73 A4 H T 2008 4 Z= 45 bR K )
SRS BT b 2 BN ) TR wy, 6, SR TiE
FHOGIE I B 25 R B B PR R A& 2 s
TR R 2SR B)) 70 S AR AR DT R 4 R
oM. BB FEHAKTN 0.1 %kt T 25807
AT EI w, 5 SEBRINNE 2 (8] AR 0.871,

099202-3



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

A R EN 0.916, br#ElR 2~ 0.061; 758l 112

B 5 S

ME 2 B BT R N 1.101, A1k &

BN 0.988, bR 2= 9 0.048. LA HEAH e 1k ) &
{E N3 HE, B M-O B R £ (9) A1 (10) B 52 A
TR TR w, A5 30 8 AH D20 48 1) 2B 1R 45 )
— ik s 07 @t L (9) A (10) 5 B-D

0.012

0.010 |
0.008 |
5 0.006 |
0.004 |

0.002 ¢

0

0.012

0.010 }
0.008 |
5 0.006 |
0.004 |

0.002 ¢

1.0

(a)
0.6 —0.4 —0.2 0
R;
(©)
0.6 —0.4 —0.2 0

RALAT RE N RE G E, $5H B-D KA
B 5E A AR AL B e, A0 6, S5IRTEAR LN B 2
(AP — SR 22, R DRIAE T AN R UL A 85 1 T 2 i
WIELE AN E] 17240, AR SCEE 3 B J1 R
SE FA A B 1 28 B RE 6 T ME R 1 S R T S

(it L AL HURFAIL.

0.012
(b)
0.010 |

0.008 |
< 0.006

0.004 |
...

0.002 | S

R,

O L " " L L
0 0.02 0.04 0.06 0.08 0.10 0.12

0.012
(d)
0.010 |
0.008 |
& 0.006 |
0.004 |

0.002

S e

R,

1 KRBEEAFaE KR i SRk R H0E Ri 102810

0.8t

0.6

HEB u, /ms

0.4r

y=0.871240.75
R=0.916

SD =0.061 o
P<0.0001

(a)

0.4 0.6 0.8 1.0
WER u, /ms™

K 2

O L " " L L
0 0.02 0.04 0.06 0.08 0.10 0.12

0.4
— y=1.101x—-0.004
R=0.988
SD =0.048
v ot P<0.0001
=~
S
5
o
T 04
. (b)
—0.8 - -
—0.8 —0.4 0 0.4
WEMG. /K

FARENIIEHEW T w., 6, SR ST DI B AR A S

099202-4



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

R 1A T ARSI FE R E A T e
1) 2008 4F- 75 24 bR 21 ) i B B Ji 30 3 )22 )y o A K
PR REIE RA T LA Y, I RR T V0 R
ik R B 2 AR . IWEZEEL R 3
JIRHR Rk B E 2 5 Cp /Cy K& A Fae & 1F
T (R VR E 45 R N 1.381, A sh 1kt
SEEE N 1.208), 2 B Hb T 0 A0 B 34 7735 Ut

B LT 5 RIS L KU SN J1iR & E R 4, A2
TEF 2R AE T, PRIV 2 1 Cp /Cu #IZ KT
1, BIVASE A 2 T 0 JEUT A b R T i
I Z LS S ML & im v g oy, X5 BUE
(o — 5 (12891 [k, B FB T 1) M-O AL
BRACR AR (9) M1 (10) 2NTHH IR AR Rz R ERE IS L
BRI A AT 5 UL R ) A 12 AL

F 1 RIEAHIGER (9), (10) RTHFIFEAGEIB) & SR HNE R
Jiik ST YAE 275 TRIEAH I
s R o Cu Cp/Cu Cp Cu Cp/Cu
RFaE (x1073) 4525 3.746 1.208 4.633 3.355 1.381
Hik (x1073) 3.519 1.191 2.890 3.503 1.206 2.905
FasE (x107%) 2.011 0.780 2.579 1.722 0.708 2.430
A4 (x1073) 3.458 2.326 1.489 3.356 2.094 1.603

6 St AW SHMN

PR b, SARENE RECERR T s L
P8R 1A ) B A O &R, T DA R AR e FE A 3R
FLREFE SRR (W0 Com = fon(zoor, Ri)) 2427 4
EENE R BB T R4 RER. MEmES
) 7 RHRE FE 2 L DA R &5 BE S # IR FE 2
bt 128:291 i i P Ry FEE LS00 5 R o A B 3% R
IS HA R, KA RE AT R ks 1,
RLZ)) 77 2 KH i 5 A A R RS 2 () AR 7 ik B 0 F A =2
— 2 S FAE PO @ M Eh R K TS
MARRERZ A PEEF SR H Kk, AN
T2 56 UL (0 R T R FE A B TR SR B K R R
L) ) S 37 308 2 WAL oA T o R P K B BL320
FEH VAT R, AR 2R B T b 2 A A
KBE (zo,0r) HIZAEAL. (2 30 Hh 2 R 2 8 0l o
FTHHLRE G I S5 H RUERS, SER 3l 7 2R A
(z0) HIK/IN P21 ST A 26 1F R B B B i ik ik
FH (Cpn) FEAs20. A B HE, 3302 () 3 PR A
AR PR SR A TR AT RS FE A B (zo), KRR
PR AREIE BB A .

N7 RZH AT R R T S A s
RE NS ZRE, FEIRAN W88 SRk
REG3 AR (RGE) 198 R DL ST A A
ERHEHRIHE T (KR FRR REET (1),
(12) AHEZE, B 2 R 0% ) B0 B2 LI 55 k) 2))

AR SRRk REE RSB 3O BT R
SARE L (R B S EA T B AR, B AR E
F A7 PR A T R R A A T A TH B SR Rk R
5 Kol 2 (8], AR R IR RS R 2 B
FEAKR. E 3a), (b) Al T H & T it
22 m mEMXESshE B ANE RS 2m &
1)UL 55 TR AR s 2R 0 T PR AR S PR S
FaA 2k, #51E 3 mTRUR B, &1 T aE A
PeHin ik RS R, B RARNE RSS2
) A R U R AR S, sh 2 Bk iz RS R,
RN RS TR A R 2R, AR R
By Bk F] 0.988, 0.985. BRI AR RN T:

Cpx = —0.0001U2 +0.0021U — 0.0057,
Chn = 0.0000057% — 0.000057 + 0.0009.

MBS AR S R A K AR R,
WG KZIFE 9 m/s I, RS A5 F f 80 & R g ik
RB R HAR R A AL AR M-O AR I8,
P 26 A TR Bl B AR AR B B T 2R
T B KRS P R S L P2 xR
TN IT= 1PN 2T A RN 9 - AR %R v i (18
N SRS RS VIR G, Btk 53l /)2
RURE K 2 T AR TE AR RS & 6 & P2 {2 N
VIPL I RE R, FE R T 30 X LE BN, KR
BI) IR X AR A P R () A AN AR B I i
6 T 5 T B (R AT, AT A KT I

13)
(14)

099202-5



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

JZ B B R, 5 S IR I RO K 4R
TR KR, 5 JR T 2 AR v B R A e, FRAIG
I3 2 PR Bl KRS B, R AR P A RLRE R
ETH] ) AR T I SR AR, B A ik R AL
/.

R AR AL EE 18 AT i, I P M AR T B
i ZH0 B AR Ak 52 B 7 SR RS FE K BE AT #k 7 2
FEL RS P K B f G [ S . DA R 00 0 &5 TR 2 1, 3
15K P K R — R B 2R B K R — A
gy 3338 Rk, rpvk 0 T IR B R R R % R
Xof AR RS K AR A B IRk, e TR
FEURE P K B2 AN 5 A8 Bl bR A FUHL R 0 I R AiE

0.005

(a)

0.004 ¢

&
5 0.003

e MEHE
BIA Lk

-S. y=—0.00012%+0.00212—0.0057

0.002—. .
y * R=0.0988
. P<0.0001
0.001 . . .
4 6 8 10 12
2 m X3E /ms™?

A%, T H A2 2h ik o 55 iR, — ok UF, #47
SRR 2K i B B R PR R PR AR A AN 2 BT
BRI B, R A SRR ) 2 RS P K 8 LU AR PR o (22390,
M 3(b) AR AR A B A K TR AR SR P K
R, B R IE RS IR R IR
MRS, KON S HA iR AGE R L 1 E EHig e,
(7 A 38 S 17 %8 2l 7 2 A R P AT Ty 2 R K SR
SR .

2 (1), (12) SN RE TP AF T AR g
I 28 Kt R AR P2 AR A, T R G R 0L
BRI E SRS R 2] o SRR U 2
FEMEAEE. (1D, (12) AR5 A

0.0035

o MEME
0.0030 | — e .
y=5X10"x2— 5x10*5m+00009 .
0.0025F R=0.985 e
- P<0.0001 -
T L
O 0.0020

0.0015

0.0010

0.0005

2 m & /°C

B3 E A T Bl () U (b) A iR 2 b Mg R BE A2 4L,

(0.00000572 —

T ZHEMFRT A mRBEENRE

Nk — PRI ST R HER T, B 4(a),
(b) R H T H (15), 16) R H =B H, K
PEESREAEGEN RN ERE, EEE
Z RS L TR R KT N 0.1%45 44 R (15)
AT E M ZEEE S SCIE 2 RN 0.757,
FHR R EON 0.955, britifi 224 0.042; (16) it H K
JEHGE 5 SEE 2 A R RN 0.975, A G R EL
N 0.985, bRl % N 24.065. £W, &S Hib 7 %
TH L1 it A 2 A B ARGE B i e AE DG IE B

(—0.0001U2 +0.0021U — 0.0057)(1 — 3.277Ri — 1.014Ri?),
(—0.0001U2 +0.0021U — 0.0057) e(~9-885R)

0.00005T +0.0009) (1 —9.133Ri +6.667R2),
(0.00000572 — 0.00005T +0.0009) ¢ (~9-042K1),

Ri <0,
(15)
Ri >0,
Ri <0,
(16)
Ri > 0.

E’

R A BRI —80E. 5 R 7T R
FAEL, ZSH0T7 TRAE T I o) i R HGE
%ﬁﬁ%{t A ) FH R FEE SO0 ARk %o it U 0

APPSR . 5340, I T B B SRR RS
i&ﬂﬁ)%m%zrm (¥ & DL BB AR ik R B S
VT Hh 2SR AN G R, G T 0 8l ) SRS P K
JE RN R R K (T B, A S TR R GTE
B4 SR BB, %07 S I T U v
WV, R T HRIR AR B B A R R R
) 1) 7.

099202-6



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

8 Hi 5tk

I MR 8 8 HE iR 2008 4 AR 2T 12 R BEAR
RAEGAUTHZ BT RO i JE B LI B2 R
R 25 B 0 AR A AR ORI € T B Bk
B AR S AR B AR E, I i e AR D9 B
AR TR b TR I R R AR
PCHRFAE, B2E T 3B A% 2 Bl R R e AT
I 2 IR DA R SRR S R i AR I KRR R A
AT SR R E G AR ST TR U L
GORL Bl A R S A g R AR B .
T RKAFEERL (Ri) KIS HUATT &

1.0
— y=0.7572+0.042

¥ 0.8t R=0.955

? SD =0.042

Z 0.6 P<0.0001

0

i

R 04 r

g

i

= 0.2}

(a)
0 I I I I
0 0.2 0.4 0.6 0.8 1.0
WHEA DS 3 BB & /N - 52
500
— y=0.9752—7.509

3 4007 R=0.985 .

: SD = 24.065

z 3007 P<0.0001
~
m
Eg 200 |

ifid]

3 100 |
=
i
*= or

(b)
~100

~100 0 100 200 300 400 500
RIEARRIERN R ERERE /W - m™?

4 (15), (16) XIS BIE A HE B 5 i HerH %1%
DR AR KA

BB B S A AR S T i A

AL B W BRIk RBE RN, BRI
TR SRS REBE Ri AR LR S DA
W &5 R R e AR AL, i B L R AR S Y
Ri <0 B, B2 FURASAHIL RES Ri ZRIFF G
TR Ri > 0 B, B AUS SRS R A Ri
2 [E) T % & R FEAT I M-O FH AL bR L
THE 1) 2 8 AU S A 1% RAUBE Ri 11 L FRE
SRR SN B 45 Rl Ri 1R AR AE 5 AL

WP T 5 T8I 1) 3 o A P B 3k R BT Hh 1 4 A
AT RLA A B, (E N R R AR,
PERAF T MBS A% RS IR E KRB
JVIRAS Z A F7AE B 2 (A BLAE . AR ST 45 SRR B,
RARKI% R A0S T T 2 KGR 2 A R R 2R
PG ZR; 14 M-O AL E R v Jn, & T
JAGH SN ) A PR i 3% AR B R ) o R @ o
b 2 KR P KB SRSz BL R DO KU B i, KR
B TR XS 1 R KRS B A R 1) SR AN R AR B 2, B
TR AT AR B BE S 9 B B A SR 2 R
TR KR, 5 JR T 2 (AR v P R A e, B A
A i% 2R B B8 AU 3 R T RS, PR SRR TR A
SAHIE R HUZ B 77 SRR B K R # T R R
JEE K 1 [R] Sz i, (R o R R K ) AR 4k
FEINRRURR, (A5 TR 2, BRI RS
b2 2 TR A R 2, JE it 2 ST AR R A
% R A I 2SR 2 TR Ok R AT S 5k,
A 3RE G 0o Bl 7 2R R K RN A g R RS K
.

KR 25 R, 28R (15), (16) tHE KB
RIE ., JEAAE R 5 IR A DI R 1) B L
JERAGE R B ARG — B, 5 MR
FARLG, ZSHAN T B EIRAGE R, T A%
RITEIHE R SRE FESHL (z/L), W] H AR B
DT RME BB 2 B AR AGE R A, B J1%
FEURE P K R AN A 7 27 KR B K R 38 R T b 2
PG B 2R T SRR3R A, M — B iR, X T
Xof oy 2 AR AGE B . A SCA IS EUL
T5 B R0k G T R Bl A RERE B A R ) 2
R FE K FE ISR AR, F FLH 545 B A MERA M 3

[11 Zhang Q, Wei G A, Huang R H, Cao X Y 2002 Sci. China. D 45 468

[2] Li HQ, Guo W D,Sun G D, Zhang Y C 2011 Acta Phys. Sin. 60
019201 (in Chinese) [ZE£L4, $B4EHk, FhEHE, TKIEAE 2011 P)FE2E

% 60 019201]

[3] LiHY, Zhang Q, Wang C L, Zhao J H 2012 Acta Phys. Sin. 61 195201
(in Chinese) [ZF %5, 7k, ERIL, FARMK, X1 2012 P HE 27 4R

099202-7



Y12 % R Acta Phys. Sin.

Vol. 62, No. 9 (2013) 099202

61 195201]

[4] Zhang Q, Li HY 2010 Acta Phys. Sin. 59 716 (in Chinese) [Tk, 2=
ZEF 2010 PEL AR 59 716]

[S] Powell M D, Vickery P J, Reinhold T A 2003 Nature 422 279

[6] Ambes R A, Keyers D 1979 Mon. Wea. Rev. 107 963

[7] Deardorft J W 1968 J. Geophys. Res. 73 2549

[8] GarrattJ R 1977 Mon. Wea. Rev. 105 915

[9]1 LouisJ F 1979 Bound. Layer Meteorol. 17 187

[10] UNOT, Cai X M, Steyn D G, Emori S 1995 Bound. Layer Meterol. 76
395

[11] Denny A, Subrahamanyam D,Kunhikrishnan P, Radhika Ramachan-
dran, Somayaji K, Venkatesh R, Bhat G, Singh A 2008 Bound.-Layer
Meteorol. 126 297

[12] Bhat G S , Thomas M A , Raju J V S, Chandrasekhara C P 2002
Bound.-Layer Meteorol. 106 263

[13] Piers S, Hall F, Ranson K Jon, Margolis H, Kelly B, Baldocchi D, den
Hartog G, Josef C, Ryan Michael G, Barry G, Patrick C, Lettenmaier
D, Wickland D E 1995 Bull. Ameri. Meteorol. Soci. 76 1549

[14] Ridder K De 2010 Bound.-Layer Meterol. 134 257

[15] Zhang J A, Black P G, French J R, Drennan W M 2008 Geophys. Res.
Lert. 35 L14813,

[16] Rao K G, Narasimha R 1996 Geophys. Res. Let. 23 2617

[17] Yue P, Zhang Q, Niu S J, Wang R Y, Sun X Y, Wang S 2012, Acta
Phys. Sin. 61219201 (in Chinese) [T, K58, ZF4EA, TiEIG, FME
B, T 2012 PUEL244R 61 219201]

[18] Yue P,Niu S J, Hu Y Q ,Zhang Q 2010 Sci. China Ear. Sci. 53 773

[19] Miao M Q, Qian J P 1996 Acta Meteorol. Sinica 54 95 (in Chinese)
[V 2 A, BRIRHF 1996 AR 4R 54 95]

[20] Gao Z, Bian L, Zhou X 2003 J. Geophys. Res 108 4387

[21] Garratt J R, Pielke R A 1989 Bound.-Layer Meteor. 48 377

[22] Zhang Q, Zeng J, Yao T 2012 Chinese Sci. Bullet. 57 647 (in Chinese)
(55, & &, kA 2012 Rl 2184k 57 647)

[23] Ma Y M, Tsukamoto O, Wu X M, Tamagawa I, Wang J M, Ishikawa
H, Hu Z Y, Gao H C 2000 Chinese J. Atmos. Sci. 24 23 (in Chinese)
(LHHEHA, A, RS, E)—8E, EAR, A)IE, HER, =
PR 2000 KB 24 23]

[24] Dyer A J 1974 Boundary-Layer Meteorol. 7 363

[25] Stull R B 1988 An Introduction to Boundary Layer Meteorology (1st
Edn.) (Dordrecht: Kluwer Academic Publishers) p280

[26] Wouters H, De Ridder K, van Lipzing N P M 2012 Bound.-Layer M
eteor. 145 539

[27] Demuzere M, De Ridder K, van Lipzing N P M 2008 J. Geophys. Res.
1131

[28] Yang K, Tamai N, Koike T 2001 J. Appl. Meteorol. 40 1647

[29] LiY, Gao Z, Lenschow D H, Chen F 2010 Bound.-Layer Meteorol 137
153

[30] Zhang Q, Wang S, Zhang J, Wang RY, Liu HY, Li Y Y 2009 Adyv. Ear.
Sci. 24 1185 (in Chinese) [7K3#, EJE, 5K, FIHTT, X% H, 25K
2009 HuERF} kR 24 1185]

[31] ChenJ Y,Wang J M, Mitsuaki H 1993 Chinese J. Atmos. Sci. 17 21 (in
Chinese) [FRZK B, £/ I, J6H7* 1993 KR 17 21]

[32] Kondo J, Yamazawa H 1986 Bound-Layer Meteorol. 35 331

[33] BanJ, Gao Z, Lenschow D H2010 J. Geophys. Res 115 D01106

[34] Guilloteau E 1998 Bound.-Layer Meteor. 87 147

[35] Kondo J, Yamazawa H 1986 Bound.-Layer Meteorol. 35 331

099202-8



38 ¥ 4R Acta Phys. Sin.  Vol. 62, No. 9 (2013) 099202

Bulk transfer coefficients of momentum and sensible
heat over semiarid grassland surface and their
parameterization scheme*

Yue Pingl)z)T Zhang Qiangl) Li Yao-Hui!) Wang Run-Yuan!)
Wang Sheng!)  Sun Xu-Ying!)

1) (Key Laboratory of Arid Climate Change and Reducing Disaster of Gansu Province, Key Laboratory of Arid Climate Change and Reducing Disaster of
CMA, Institute of Arid Meteorology, CMA, Lanzhou 730020, China )
2) (Zhangye National Meteorological Observatory, Zhangye 734000, China )

( Received 19 October 2012; revised manuscript received 6 December 2012 )

Abstract

The momentum and heat transfer coefficients used in the atmospheric numerical models usually are taken as constants. In fact, the
bulk transfer coefficients change not only with atmospheric stabilities, but also with the air motion and thermodynamic properties of
the surface boundary layer. In this paper, the bulk transfer coefficients of momentum and sensible heat are determined by using the data
observed by the eddy correlation system and those of the average wind velocity and temperature gradients over the Xilin Guole semiarid
grassland in May, 2008. The relations between the bulk transfer coefficients and the gradients in Richardson numbers are analyzed, and
the relationship between the bulk transfer coefficients and atmospheric stabilities is also studied. Finally, the changes of momentum
bulk transfer coefficients with wind speed and the relations between sensible heat transfer coefficients and temperature are determined.
Comparison with the eddy correlation method for observing transfer coefficients, there is a great difference between the computational
values of typical Businger-Dyer similarity functions. The revised Monin-Obukhov similarity functions could significantly improve the
accuracy of the transfer coefficients. Under the near neutral stratification, there was an obvious interaction between the land surface and
the flow condition over semiarid regions. The momentum bulk transfer coefficient varies with the mean wind speed at 10 m according to
the quadratic curve laws. Under the low wind velocity condition, the influence of the air flow on the roughness was not significant and
the momentum transfer coefficient will increase with increasing wind velocity. While at the high wind speed, the momentum transfer
coefficient will decrease with increasing wind velocity, for the air flow changes the roughness height of surface boundary layer. Under
the near neutral stratification, there was a quadratic curve law between the temperature and the sensible heat transfer coefficient, which
provides a useful parameterization scheme for sensible heat transfer coefficient. The new schemes could parameterize the turbulent

fluxes with average wind velocity and temperature gradients data, and does not need to compute the roughness.
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