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16 ATMOSPHERIC BOUNDARY LAYER FLOWS

Ue = [f(u’w’)o]llz (1.252)
T, = :(wu—e)" (1.25b)

Although defined strictly in terms of fluxes at the surface, . and T. are evaluated,
in practice, from measurements of the fluxes at some convenient height within
the surface layer where their vertical variations can be assumed negligible with
height, a reasonable assumption for z<|L| (Haugen et al., 1971). The important
nondimensional forms to emerge in the surface layer are

¢m = (kz/u.)(0U/0z) wind shear, | (1.26)
on = (kz/T.)(86/0z) thermal stratification, (127

Dy = O Us variability in w, (1.28)
¢ = 0oo/| T variability in , (1.29)
e = kze/ud dissipation of turbulent kinetic energy, (1.30)

where o, and oy are the standard deviations of w and 6, and ¢ is the rate of
dissipation of turbulent kinetic energy. We introduce ¢ here because of its relevance
to discussions of the turbulent kinetic energy budget later in this chapter. Its
relationship to velocity spectra will be discussed in Chapter 2.

All the above functions follow M-O scaling with surprisingly small scatter, as
evident in the plots of the Kansas data (Businger et al., 1971; Wynga}a.rd and Coté,
1971). The following formulations are essentially the Kansas results, reexamined
and refined through comparison with other observations (Dyer, 1974; Hogstrom,
1988):

. (1+16|z/L|) 174, —2<2/L<0 (131)
i (1+5z/L), 0<z/L<1 ;
(14 16]z/L|)~*/2, -2<z/L<0
on = { (1452z/L), 0<z/L<1 (132)
1/3 <
6o = 1.25(1 +3\z/L|) 2<z/L<0 (1.33)
125(1+022/L), 0<z/L<1
+95|z/L\) 13, 2<z/L<0
g = { 2(1+0.52/L)~ 0<z/L<1 (139
1+05|z/L12/3)3/?- —2<2/L<0
de = {(1 +5z/L), . 0<z/L<L (135)

The forms of these functions, plotted in Fig. 1.7, cannot be predicted from

v (Kaimal & Finnigan 1994)
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% B 8] A SUTT AL 7 A et T

gl e o

2
—j0Ty (@)= [T(®) — Tn(@)]

W&, j=+—1.

gL
Tm(®) i 1

I
. ( ) 1 |
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R B2 /TR AR T2
(path length/volume averaging)

N

/1 \
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1.1
1

0.9

/

0.8

5 exp(_zﬂ-B f ) 3|:1— eXp(—Zﬂ'E f ):|
U T a(fPU) = —— 1+ |-

ap/u 2 4rfp [ u
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v AR BRI L BT A S/

1
0.9

0.8

1 Pi il

' 1 {1—- exp(—27 — f)}
u

Ts, (0, pu) = T 3+ exp(— 27z£f)— oy

\ Y

0.5

0.4
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0.1

o @
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CSATAE 7= Hi 38 B P& 12 T35 S A I KL R 2K
Dijk (2002)

o 2 QI
T(k) = _1 _7/3J r KAk Rl Hxlsinc(k Ia)+sinc(hl—b)+sinc(k IC) d ek
powS(kz) ™00k k? 3 2 A 2

0.5

0.4
0.3
0.2
0.1

0
0.0@ 0.00001 0.0001 0.001 0.01 0.1 it 10 100 1000 10000
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Te A IR IMFE A LLER I

T s(T,s,u)=exp
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A IR IR (high-cut filter)ad Shri it

NA/AA Ideal
0.1 instrument
L J
©
= 0.01 _
) Non -ideal o
c instrument Missing
spectral
0.001 response
\/\/
0-6061
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n=fzu
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Finnigan et al., (2001)
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TBA(f’Tb) =1
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Kaimal et al. (1989)
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i j:saw(f)df

" [T (F)S,,,()df

LYY
& ¥

2
NSxx/ OXx
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0.01 _
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instrument Missing
spectral
0.001 F response
0.0001 0.001 0.01 0.1 1 10
n=fzu

(Stable condition, Z/L=1 and wind=0.5 m)
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c
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4. eI

(Sampling frequency)
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a;in(Tt/2) — Sin(21t)

WY IND N Y IN ]
VY ANVNTN VNN
s VANV VAV VALV A
V UV NLA VUV NLA

N RIS S RIE-S I

# & = # (Shannon Theorem)
W I F AR
WRAE 5 & R E 6 =15,
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>

decimate(w1,64);points;setsym(1);setcolor(lred);setx(0,2)
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wl;overplot(w15,Ired);setx(0,2)
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-Gsin(4*1024,1/1024,15)/1;sety(-1.5,1.5);overplot(w15,Ired);setx(0,2)
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49

H
I=F

w1;overplot(w15,Ired);setx(0,2)
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FEAREEMEERE (Nyquist) iR

Sine Waves

gsin(1000,1/50,5);setvu("V")

: 5-Hz it Ja % & 3%
1 50 Hz A9 %
< Nyquist Frequency =
f sample/2 =25 Hz
spectrum(w10);setcolor(green) \\\
0 2 4 6 8 secl(;]nds 12 14 16 18
5-Hz 47 % iE % o 4t ®
50 Hz RA540 & .
"o 2 4 6 8 10 ::ertz 14 16 18 20 22 24
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4. 5% (&) KAR
(Aliasing)
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5E
RENEHEFIEES
(video)



Aliasing: 1. eesRuxaxRe, AF 1/2 REMEDHESEHA P RIEELS I

2. %’s’fﬁ PSS LA PRI NT1/2 KA P,

- Aliasing

Spectrum

E Low frequency % sampling High frequency
5 frequency



¥ 5 ¥ it aliasing

p+0.25)t U iy 1+025 _
2 % 0.005 2 % 0.005

w(t) = sin 272'(
200 Hz XA & (nf e kg = 0.005 sec)
w(t. ) = sin 27{ p+025j (t,

i

x 0.005 )= cos p; sin 0.25,

p %% (p=1, 125 Hz 1 %) p w15# (p=2, 225 Hz 1 5)
w(t;) = (~1)" sin0.25xt,
= C0S zt; Sin 0.25x,

—Sin(27z) S (0.00Sti)

W(t;) = sin 0.25xt,
= sin(2z) x 25 x (0.005t.)
200Hz

200Hz
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6. HOMak ( “#H” ) W3xs (Aliases)

——EC100 10-Hz Filter |

— 10-Hz Moving Average

.

BB

f

am

aom

s 1 10 ‘ 70 Ec1 00 ¢
% (Hz)
]
=i
{E4R 1/2 MizEHEE %ﬁ
¥iEE (Hz)
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5. A F= AL P B BT IE
(SND correction)
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\/ T, = T(1+0514q)

o ;ﬁﬁ":
' B A E
#TIE
/
ST -
T =T =+0514q T
Schotanus et al. (1983) T
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6. |iTiE
(Oxygen correction)
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/ ]
Tanner et al. (1993) H\

)
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7. iTIEN BT IR 2 RERIEGY LK
(WPL correction)
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Ry £ SIRCE-E S ULSE LT
- #£32#HCO0, R/ TLE, TNHEHILHCO,EE

800 mg/m3

Z,=1.62m

d=0.25m
Kondo & Tsukamoto (2008) J Agric Meteorol (Japan) 64, 1-8

© 2011 Campbell Scientific, Inc. Proprietary and Confidential. For inhouse use only.




WPL correction
TEE RE R RN R E

W% 0
2. RHABEIRNET VRN

W —0.75~ 1.5 mm/s
LE - 200 ~ 600 W/m?

CAST 49 %&: 0.25 ~2.00 mm/s
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Webb, Pearman & Leuning (1980) 21t
e, RF—ZREYSHR

S B ¥ = ol S T
F.=CdW ), =WC,+ y.| WC, +C——

T

_Water vapor flux | Heat flux

Leuning (2007) showed original WPL still correct

For non-steady state flows

-
™
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TS T

Error due to
differing
frequency
responses for
cospectra of

wT and wc,

0.16

0.08 +

0.04 +

“y

0.00

-0.04 +

nC,.(n)(mgm-s )

-0.08 T

-0.12

-0.16

Raw flux J\aqdq

—o Raw CO, Flux

—a— Webb CO, Correction Term for the Sensible HE Flux
—— Webb CO, Correction Term for the Latent Hea

—#— Total CO, Flux

lux

0.0001
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IT- B&-Si T AE BN e T

Correct H, E & F_ co-spectra first for high & low
frequency filtering

1) H=pcwT

2) E=(+7,)| we + &0
/ e

3) EC:W'—C;JrEC I§+_H_
C pCpT_




FHeFWPL 53N EITIEIEW KR

23/10/07

co-spectra CO2

10
ERv)

NCxy

— T_corr
— H20O-corr [

Js WT WPL 3T 1E

0.0001 0.001
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frequency (Hz)

KX wTl WPL 17 .E
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co-spectra CO2

/

U U

—T_corr
— H20-corr
— -1*Fc,raw

— -1*Fc,cor

0.0001

10
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R

Gu et al./Ag For Meteorol (2012)

/%‘COZ il (Ncoz)

S e T hac c (T
Neoz = W'c/coaln + 22 lwch20+c 7 |h +f €2 dz — =2 —dz
0

Caq ot Camhysveat
FEXR BEX

%H20i8 % (Nh2o)

ST Ch2o
o e e lwch20+c =

Cq

S

w'T’ hac @ T
+ f 12,9 dz Ch_zo £ dz
h s o B

R

IRGASON
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DX-82d Fewer assumptions used
VAT IE Fewer corrections needed
DN Y- i Less uncertainty
=4 B Better accuracy

4&" \

‘ IRGASON ‘ CPEC200
L = (iﬂiﬁ’ﬁé’ﬁ B 7K #5825 BRI ) (4r 9 X ABR K BT & R & 44) (B L5 B R Bk B B AR S)

AP200
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