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Abstract: Using the vorticity-related data collected from the gradient observation tower in the Wuying For-
est Ecological Monitoring Station of China Meteorological Administration, this paper addresses the turbu-
lence characteristics of the underlying surface of the forest (turbulence intensity, turbulence variance,
etc. ), and calculates the zero-plane displacement (d), the roughness length (2,) and the momentum drag

coefficient (Cp). The results indicate that southwest wind prevails almost throughout the year, with
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northeast wind only in summer. The tubulence intensity during the growing season (May— September) is
stronger, turbulence intensity during the non-growing season (October — April) is weaker, the average
turbulence intensity of the horizontal wind speed is 0. 4, and the vertical wind speed is 0. 16. Both d and z,
have obvious seasonal changes, and they consistently show a trend of high in the growing season but low in
the non-growing season, with the average values of d and z, being 18. 56 m and 1. 21 m, respectively. Un-
der unstable conditions, the standard deviation of wind speed all conforms to 1/3 power similar law; when
nearing neutral conditions, the dimensionless three-dimensional wind speed standard deviation ¢;/u. (i=u,
v,w) are 2.81, 2.73, 1. 20 in spring; 2. 62, 2.53, 1. 10 in summer; 2. 63, 2. 51, 1. 14 in autumn; and
2.74, 2.54, 1. 17 in winter. The standard deviations of temperature and humidity conform to —1/3 power
similar law under unstable conditions, the coefficients for spring fitting are 2. 06 and 2. 67, 2. 45 and 2. 18
in summer, 1.94 and 2. 85 in autumn, 1. 96 and 3. 00 in winter, respectively. Cp, reaches its peak value in
weak instability, and the overall average is 9. 8 X 10 ?, increasing approximately linearly with roughness.

Key words: forest underlying surface, turbulent intensity, similarity theory, zero-plane displacement,

roughness length
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Fig.1 (a) The location and (b) surrounding environment of the gradient observation tower (3 )

at Wuying Forest Ecological Monitoring Station



%8 M

PN QAR < /N T2 W R AR R T i AL 4 AT A 1023

o T A 2 KL B 28 2 R
(Stull,1991) .

oL e ()] @
it =, % 0 ) RURE JE A I 5 X KU
HFRIE . W Sl R IR E R R
LD ESSE

\PM(de>:4.7(i—d>z/L>O 4)
wa (T ) ()
1n<1J;1‘2)+2tanﬁl<1*%>z/L<O (5)

Kpx=[1—5=2/L) ",

5 B 7 - B A7 R R AR o AT ] — A 5= 1 A
22 R IR RUBE 2 B0hn HEAL IS BN =/ L 3%
i@ PR (Andreas et al, 1998), WIFLK G 5/
Mo A AR B (GRS 2014)

ox/X. = ¢x(2/L) = Cx; (1 —Cx, | /L [
(6)
Koy X PFRHEE . X 48 w o w RE T, IR
¢ X. B XMW IERESH THRES&.X, =

3T R, Cyy Cxy A H B (Stull, 1991)

M —z/L—>co, i FZAF B B % AR S B )
F H A AR L 6 AT fE N
ox/X. = ¢x(z/L) = Cx(—=z/L)7*  (7)
SIABERET, =—w T /u)FMEERE (. =
—w'q"/u.) HRIEC6) A (7L X F L kAL iR
FERRUEZE o7/ T F0JC B IR AR BEARHE 22 0,/q. - 1E
XFRCRA T A AFRIA R -
or/ | T. |= Cr(—z/L)""? €))
o,/ | q. |=C,(—=/L) " €D
A Cr F1C, AT E RS H(Stull, 1991) .
UL 5 R BB 2016 4F 12 ] % 2017 4F 11  —
AR BT M (R A R R, 9 5—9 HL 10 A
11—18 H.10 A 30 HZE 11 A 1 HEEE) , H-&7
JE 50 m i F R G 2. i Eddypro K 4 Xf
10 Hz i JFU G B 47 b B, H R Ab PR R 2 B8
HRI4E(2013) (FRAS4E (2018) MM K 45 (2021)
X7 Eddypro # 4 5 th (%) 30 min B4 217 DL T
07 355 + (O 5 B ASC 28 LB B BT 18 080 5 O i I 7 1) 553 i 9
O W 5B (e, <<0.2 m e 573 QHE 2.d.Cp B}
S 55 KB (w1 m « '), i KRR e

W |=/L|<10,
3 R

3.1 XpE.RESE

AF 5 it 9 ) — P 7 3 & 2 3 R XS5 A i Ay
it 0 SRR B PR 4y o ST X 4 3 ST 35 1L B
ST T4 JRTHE A 5 0] B B0 3 A3 D) 3R 7S 8 Y 5 e B &
FES-E R B T R . R, TR 3 A
E & 5% i Y i 3 S L) Jo F R 2C Hk I AT B . F
FE X IR A BKORI & 25 (] 2a, 2¢, 2d) DATE RS AUl 3
FLYR Ay D vG DR DR e X5 B2 DAV g XU 32 Ll
ZRAL AU 2b) 5 SR b 4 47 LA Sk i v 3] i B XL
PaIL 7 [ AR B 7 1) B AR 2 . DAL 2 iy JRL a3
A LLER B BAE L 0~4 m « s ' [ RGH
®Z, k& 4~6 m - s '/ ,8 m
o s DA RGHEE T TG 2 B OO I [) 3 22 LN R
WEE A F L R KR EER D,

s 'v6~8m -

3.2 immmE

T it 58 BE (1, = o, /) 8 #5 7K 1 KU s E AL J5 19
WiEZE (a=us v w) so, AR RGH 3 5t AR 25 .
RS- 44 G (Stull, 1991) , S X3S 6] A A3 s v,
w J5 1) it 5 BE R AE A0 R (g .10 A BERAE 4 A
w0 Jy ] di 50 B A58, 16 0. 32~0.40,5—9 A u,v
J7 1] it 9 988 3 ASE 8, 7E 0. 40~0. 505 3 15 J5 ] 4 H
25 HKF- T B —30,10 H BIRAE 4 H w Jrim
TR/ 0. 14~0.16,5—9 H f£ 0. 17~0. 20,
TRF XU HE B A SF- 259 3 9 5 B2 Ok 0. 4, 3 XU () 4R
SF- 57 3 9L 55 B A 0. 16,

3.3 EFEMABMERE

MR (3) ~KX G HEATIEARH G 5] 10 d F
I bR v AL 2 T RS (d /) FIOMLRE K (=0 /)
B s 1AL 51 (I 3) CHErp b Sy ARORSF 8 8 B2 B[
23m), d/h Mzo/h ¥ BHEYEL, H—3
RINERFER A RKRFMAGE X5 R E
(200D A HI d il = AR BEHEARRKAR. B
RFEH . D2016 4 12 H F 2017 4 4 H, MK
AR B d/h F 20 /h BN EE 53 5
k1 0.67 F10.049;@2017 4 5 HZE 9 A F A, MMk
ARAKIEZE 0 R B BRI 15 d/h R =0 /h R
W, S {E 43 ) 0. 966 Fi1 0. 0565 B 2016 4F



1024 A % 95 A8

1011 H .3 AR Z=.d/h F1 2, /h Y948 43 3 0.642~0.861.2,/h {H ] 0. 0466 ~0. 0736) 7E ¥ 14
R 0. 749 F10. 051, d Fl =, “F-FH{E 435 418,56 m R AR i R R E oA 26 m) (IR 45 Rk
121 m, 5L (1997) (d=19. 541, 38 m, i,

2o =1.6020. 25 m) FI B HEAA 55 (2004) (d/h {H N

(a) N

m-s!
=10
i~ 10
Eo6~8
[]4~6
m2~4
Eo0~2

K2 2016 4 12 J1 22 2017 48 11 J3 038 AR AR I i 25 2 755 IR 1) X3 A
(DFEF,(WEZFE, (OMFE, (DEFE
Fig. 2 Distributions of wind direction and wind speed in each season at Wuying
Forest Ecological Monitoring Station from December 2016 to November 2017

(a) spring, (b) summer, (c¢) autumn, (d) winter
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Table 1 Dimensionless wind speed component variance under near-neutral conditions in different regions
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Table 2 Fitting coefficients Cr and C, under unstable conditions in different regions
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I T JL 5 325 m K47 m) (Liu et al,2017) 1.25 4.20

T 980 e i KHEL(7T A (E#HY,2014) 1.11 2.81
2 (BRI 4. 2002) 1.25 1.27

3] U A N Gk e A L 2009) 1.95 2.45
- 5 X AT b [ 3 CER AR, 2006) 3.00 3.42
i BRI (30 m) (ER 22%.2012) 1.03 1.22
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R U Ri@ 5 50 mo 5 B Ak i 7 2 XU,

mEl 7 pron. 5 H Al & B 58 (Wang
et al,2016) A Cry Bl & AN B2 Tk 1 385 i i
RS TE] A SCHr G S Ui A B2 e 31 58 A FE B
o T s OB A B 8 ORRR E AR PR IE(E (2/ L~
—0.47) J5 , T BE RS A BE I B4 T /N, 3X 5 Srivas-
tava and Sharan(2015) AR AL . &3T5H . ¥ K
ST AFEER (2/L<<0),C, 1M Jy 13. 6 X
10° 3 PER (—0. 1<<z/L<<0.1),Cp EHH N
13.6X 10 ° , Fa @l (2/L=>0),Cp, E¥H R 7. 3X
1077 B Cp I R 9. 8X10 7, ARSI H Y
Cr fHAR HE HA T # Tm8R (CF 255, 2008) . AT BE /&
WF5T X B IE 2 AR AR MR 2 10 R i 3 A 45 S 2R
AR TR s DT XT 25 A T [ 1) i i R 3 ol 8 R 5
i) ik ) 45, 2018)

Bl 85T Co SREZEIM KR, EARE
TR O0 T o 2 KU AR I R A It 3 2 DL AR ) i U
F L e 2 DL B R A4S TR 3R X R A S

23 P EC B 5 M B A XU 3G 0 T U 1 5 YD AR

10°
1074

S1024.°
102
10 ————

—5—4—3—2—1012345
/L
B 7 2016 4F 12 A% 2017 48 11 F 8 258 M W I s

SEE R R (Co) 5REE /DK R

CHEIE A LK BBy 75 20401, T R 25 Y0 AbfED
Fig. 7 Relationship between momentum drag coefficient
and stability at Wuying Forest Ecological Monitoring
Station from December 2016 to November 2017
(The rectangle is median, and the upper limit is 75% value,

the lower limit is 25% value)

0 2 4 6 8 10

A/ (m - s7)
B8 2016 4E 12 A Z 2017 4E 11 A i85 B MKW 0345 7 7]

R P Bl i R E(Co) 5 KL R
()ﬁ/%lﬁféﬁ*fﬁﬁlsiﬁﬁjﬂ 75 VoA IR 25 40 A (D
Fig. 8 Relationship between momentum drag
coefficient and wind speed under different stability
conditions at Wuying Forest Ecological Monitoring
Station from December 2016 to November 2017
(The point/rectangle is median,
and the upper limit is 75% value,

the lower limit is 25% value)

B, W) R 3G 0023 7 A 5 22 B LA G i (Wang
et al,2015) . ffi Cp, BWFIE /N, Y X E T 6 m » 57!
I Cr Bl XU 28 A8 AR /. R E S L L 7R
ARXUE I 5 Cry it XU T 5 0 i DX 3 T, RAUZ2
LEBWE R, C ERRE . = W Cy BYE
PR T (FEAE,2008) 18 9 B R Cp B = B3N
[[OE:- P[RS V= ety f

0.02

< 0.01F

0400 Il Il Il Il Il
0.9 1.0 1.1 1.2 1.3 1.4 1.5

B9 2016 4F 12 A F 2017 4F 11 F H.°8 AR W50 o 28 &
i 8L R B(Co) FHUBEE (=) I FR
Fig. 9 Relationship between momentum drag
coefficient and roughness at Wuying Forest
Ecological Monitoring Station from

December 2016 to November 2017
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