Journal of Environmental Science International pISSN: 1225-4517 el SSN: 2287-3503
23(6); 1199~1211; June 2014 http://dx.doi.org/10.5322/JESI.2014.23.6.1199

ORIGINAL ARTICLE

hekat AW golA FA AL o] 9@ gy uE Sga

S
=
Bt el |astay, Ve AT

Estimation of Atmospheric Turbulent Fluxes by the Bulk Transfer
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Abstract

The momentum flux and the sensible heat flux were measured with the scintillometers and ultrasonic anemometers
a 6 sites of which surface characteristics like roughness length and zero-displacement are different each other. We
estimated the momentum flux and the sensible heat flux based on the bulk transfer method with the drag coefficient
and the heat transfer coefficient calculated from the temperature and wind speed at two heights. The variation of bulk
transfer coefficients showed a remarkable difference depending on the atmospheric stability which islessinfluenced by
the zero-displacement than the roughness length. The estimated sensible heat fluxes were in good agreement with those
measured at 3 m, showing 23.7 Wm2 of the root mean sguare error that is less than 10% of its maximum. Since the
estimated momentum flux is not only effected by drag coefficient but also by wind speed square, the determination of
wind speed in the bulk transfer method is critical .
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Table 1. Observation periods and characteristics for each site
Site Period Surface ho (m) do (M) Zom (M)
C1 2006.08.08 - 2006.08.11 reed 25 21 2.8x10"
C2 2005.02.23 - 2005.02.25 reed 20 17 1.0x10™
C3 2012.10.08 - 2012.10.11 rice 0.7 0.6 8.5x107
c4 2012.10.14 - 2012.10.16 reaped paddy 0.05 - 5.6x10°
w1 2012.10.01 - 2012.10.03 water - - 1.0x10°
w2 2013.03.14. - 2013.03.16 water - - 1.2x10°
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Table 2. Wesather condition during the observation periods

Layer Scintillometers (SLS); Scintec Inc.) = 3%
225} FEA)(SATI-3K; Applied Technologies Inc.)
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Site Synoptic state Wind direction V\;:s speed IEIT;Shlt) TszyperaturNei(gst) DH:yml d tyl\?i)/;)ht
C1l North Pacific anticyclone W, N 25 17 31 28 68 89
Cc2 Siberian anticyclone NW 2.8 23 7.7 37 48 65
C3 Migratory anticyclone SE 20 12 20 16 52 82
c4 Migratory anticyclone NW 2.6 19 22 15 38 76
w1 Migratory anticyclone NW 17 19 17 23 72 45
W2 Siberian anticyclone NW, SwW 15 16 7.6 14 61 %




1202 A -

2.2 Xz

C13} C29j|A+= 2003y 7€+ 2006y 122714
Algwne] TS ohfel 7 elglE AAlsiol 10
me} ALY Eof 7ol F<5at 7|28 TEslo] A e
R A 9 5w SEAE AT 4 2l8lk 10
mof| x| CSAT3A||4] 10 Hz= S 7|23} vfeh
O it A2 oflt] 3 A O 2 -5 EH A0t dY
EEAR ASEIE A 4] EolE Esto]
S/do] F-3igk 20061 8Y(1F)= Cl #&A] 1ejaL
2005\ 2€(A2)e C2 BSA| 2 Fasto] U5 Ams
A

C33} C4= 10 m E| & BRY o] mo s S 4
W 572 77t R AER0|EE o83k w5t o
o] T %10 m, 3 myojA] ZZ CSAT3AL}
SATI-3KE o83t tf7] U 50] FAlol olFoi3l
ol Z8 2 7= Bl Qof|= CSAT3A, H0/CO, 714 BA]
7)(EC150; Campbell Sci. Inc), <ZAA(CNRL;
Kipp & Zonen), EoFd &2 Alx(HFPOL;
Hukseflux), E9F 45 Xlx](CS616; Campbell Sci.
Inc.), E&F &% AA(TCAV; Campbell Sci. Inc.)E A
25tk

W13 W2ollidis dljo]afilo] 78 7t2A2ES 4]
GznlEE Axsle] 4 9jo] 5 Zejsol WY
s AT, Raohs e 34 P 4
% om j9]e] re-g 2aHict WiolAls SeloR
e] oF 5 m o]] 7] et o] SAE|glom, Wol
A o] e A ot AWSE HA30] 10
25E 15me] gt 7|22 24k,

339 28w B4 243 10 Hzo] YARaE
Vickerse} Mahrt (1997)2] Hiof| we} #40e)E 3}
o] 0% (M om &5 9 T Seam AL ITh
A A= A AR R HAge 2853l ol
R RS Slgitk BAE T Seie Al AkRo
Bl F7to]l | 76.8 Wm71x] XjolS Bal, ozt
olf= 2|t 9.4 Wm™] Xjo|7} WA EQIc). 253 22
2> A BAH 55 S22 visf] 571of] 2|t 0.075
kgm's? 271519131, oRztelli= 2T 0.043 kgm''s? 7+
A5k

SLSO| 5 Yelis S4le} HAIR Aolo] 712,

Faghor 3akd 2auh FE5A10 A RlelA

Il SLSE| &4 Aik= ofu| TRt AsEHoA Al
gk = Q= oz ZhE it Anandakumar, 1999;
De Bruin %, 1995, 2002; Jia 5, 2003; Kanda %,
2002; Nieveen2} Green 1999; Weiss %, 2001). & <1
Tolde oAl BEA] BN FFoR 7] Y
S40] AAE A= 3 moly] whze] o] k9
SATI-3Ke} SLSE 435 25 S8~ 4 dd &
YAE Fglo 7 ARRS| 95le] T TR 33 &
1} ZLA|(CSAT3A; Campbell Sci. Inc.)@} 2k Wt

ol HZs}ck

oo 71t o] Aasheh T Aro] YR &
Aok 54wzl 24 A AT} ol Fa% JTS
Bk o] a2l A% Coot & HEAK: Gz Unbro=
3% AP ol 2ol e A B PR AR, A
217) ole} w0 B S u W0) P

UfERdCE.

ol 520
sl o0
e R e

1714 k(=0.4) B 712xE Aoln], dy= Wl
9, 2,25 71 =olm), 2y, = 71E7] Aol(m)oet
(Garratt, 1992). dy= A o] hyo T
Stanhill(1969)©] A|AJgE 4] (3)L o83}l AA Ik
Zym= Wieringa(1976)2} Verkaik(2000)©] AAJEt &

3

A A ARE o7 o R AAEHI ole & L



TRt AR QloflA S g

Enke] #= AwE o8ty Hrk= Axdo] Sl vk
HE olgste] AAH CuollA z,, = Swll(1988)°] &
H 2ol wet B3 He QhollA AEE| Sl (Table
1), oI 55 A} A YA Az FYsHAl

Ehd 4= 2ItH(Arya, 1998).

Zy _ 5(Zr_d0)
TZOV wmiwh L
Zl’
<0
1+x?)[1+x)\? T
Y, =1 [( 5 )( 5 )] 2tan X+ —
Zl’
<0, %, =2In(1+x?) (4
7 7d 0.25
7|4 x = 1—15( rL (’) ol w-oH5

3 710] L& 4] ()2 0] L 5= 9lck
.
pCyuxd
= 5
e, ®

g 28 7l E(ms?), 0= F TLEoA] Htdh 29
(K), wts mhE Sm(ms) 2 Al6)eh 2L, Hys &4

Ak o & kst e Ze A (Wmd)olct,

k(u, —uy)
Usx = 6
ln(zr_do)iw(zr_do) ©
ZOm " L
A AL R om AT &5 S et |
dEYae
= pCpu; )
H,= pCPC Hur(t() - tr) ®

o] ofgt 7] R S 5 1203

714 pi= F7] WE(=1.25 kgm°)o|H, u, & ¥
7% =0] 10 mollAl EAF F&(ms"), c(=1004
Kkghe AU HY, t= AEH 249 71(K), t,
° B 715 oloA 243 71 (K)o |tHArya, 1998;
Stull, 1988). ¢l2je] TEoA] H- 9 H 5T obA T )
TG ZIL-2 Alo] Aol st e A4 e] AFdhA &
242 el 97 ebgolet. 41 (7)) l(8)o] 25t
A= Q7] 9J810] 4] (1) ~2)(8) WA o & 435}
dck 9 oPges wed npE s, Y ZYa, &
FeF Zea, wd-ou I3 o), e Ao} o A
Al Q1 BY-QH I 710] Lp9} Ly 2o HlE
o] 1% wlgto] B wrkx] vk AXlEcLauniainene}
Vihma, 1990).

3. Znt ¥ E9

3.1 &% 77|19 435 Hlw

o] S 71715 ARk ol 7171 A4 Blal
A 4 8 ARFOEHN 12 Ao A ARGE Al &
5o ] U =4 PXE s vlasigt Fig. 1
C39} C49)|4 3 me] SATI-3Kof| tjat 3 me) SLSe} 10
me| CSAT3A 2] = Ao vlwE HolErh dE &
AL 3 me] SATI-3K2} 10 me] CSAT3ACE =4
gt Aaph AR dAjste] HAF ArlelEe] wet
SATI-3K 9] 54 At 7] A== Ao vlal 7]
F AR ARIITFig. 1), vhd 958k Z2As10
miEtE 3 moja] of 20% T4 574 HIck ClojlA] 10
mo| 5 o) AX|E F 253k F5A SATI-3K et
CSAT3AY] H|IL T&5 AAJSto] 7]7] @Ak FAI
5& SRISKITE XaEFolk= Aol wet
Syt o] we JAE Zles TEeEal
St HHlS Fot we A3l dAqtolla] Al
}a}t sl= A3yl BHaEQlciAndre 5, 1978;
Caughey 5, 1979; Mason?} Thomson, 1987; Verkaik
2} Holtslag, 2007). $FH Beljaars 5{(1983)2 H|+#+-2
A1) 20 m ofs} FoflA] fzolof| wet 5T EHAT}
7ok AHIIE HArsigi). weba] X504 5185
= 10%~20%0] W3} o] Ltk Zpgstoel
of w2 Eak Tejno] Mjolg 74 xR 75|
osieh. WY F2jo} nb AR 25 Bejae| gt

|

;O
d

A~
e

ey

%
r

S Mo
g
ool

E]\l
B



1204 Ad - A
0.4
0.3
T 0.2-
H
&
. 0.1-
=
0.0
-0.1

T T T T T
01 00 0.1 0.2 0.3 0.4
T, (kgm™'s™)

300
4 EY
a
2004 . a £,
: a8y
— a & nn; s
|a 1 ) A als
= ]00:‘ o
= sy A
2ag 20
nn,._‘ s
0 n&‘ e
At gl
yro -
=100
T T T T T
=100 Q 100 200 300
H, (Ym™)

Fig. 1. Comparisons of the momentum flux and the sensible heat flux measured by SATI-3K with those by CSAT3A at 10

m (triangle) and with those by SLS at 3 m (square).
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Fig. 3. Comparison of the calculated Cp and Cy (circle) to
Cpb and Cy (square) retrieved from the measured
fluxes respectively according to the atmospheric
stability.
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Table 3. Statigtic results on the comparisons of H, and 7, to H, and 7, respectively. (r is the correlation coefficient)

Con Cp Cp, corrected wind
RMSE RMSE RMSE
-
b r Slope (kgm'ls'z) r Slope (kgm'ls'z) r Slope (kgm’ls'z)
0.7 11 0.03 0.7 11 0.06 0.8 0.9 0.03
CHN CH
o RMSE RMSE
b r Sope (Wm'z) Slope (Wm'z)
0.8 0.7 305 0.9 0.9 23.7
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