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(a is distribution of wind direction and wind speed, b is daily change of wind direction)
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(a is sensible heat flux, b is latent heat flux)

TRERS -1.0<{ < -0.1 RS 0.1< L < 0.1

250
200
150
100

50

ITC (%)

50
100
150
200
250

180 &

ITC (%)

B12 AAREEEHTHRERHANERE

Fig.12 Integral turbulence characteristics test in different stability



T A A A5 - sl AR AU K o Ak L5 PR BT 367

R3I HRBERENS RIEED
Table 3 Overall flag of turbulence data'™"

JEEARE (QC) FRAVERIYS (% ) i i A2 e A FE /PR 5 (% )

3.3.5 B ALI 6 = AR A S AT
Sl AR LA AR TR R A LA A X
R SRS A PR L A 28 T B AT b o A

! 0-~15 0~30 SCR AR ISR %o 164 2 R S ASOUL I 281 Py e o 2 [ A
2 16 ~30 0~30 ; . NN .
X o - EPE LR T, 53574 22 /038 RO 1 0 1
4 31~75 0~30 T AE SRS DI A (A SCHRCALE LU 9 T 443 T Ay Je%
3 0~75 31 ~100 PR IX ) o A SCLAE 2R (2006 4E 8 F) Fl 4 ZE
6 76 ~ 100 0 ~100 N N N RN y —
; " s - (2007 4F 1 H) g ], 2 350 4t 5K Ny 0% Y X iz
8 0 ~1000 0 ~1000 Uiy i BEOURI0N 5 A B 25 (1 13a0 b)) DA R 3 5 KA
9 >1000 >1000 WL e (8] 3¢ d) A7 04 o
*4 AERAMBEAESEBNERILG (%)
Table 4 Quality flag percentage of sensible heat flux in different month ( % )
Ay
8 9 10 11 12 1 2 3 4 5 6 7
QC
1-3 36.7 42.4 34.3 32.6 31.7 36.0 32.8 33.9 46.4 48.0 40.2 37.5
4-6 40.7 34.1 41.3 40.2 41.2 38.1 39.1 39.8 32.4 31.9 36.6 38.6
7-8 21 22 22.6 25.2 24.7 23.4 26.1 25.4 19.4 17.9 21.9 22.4
9 1.6 1.5 1.8 2 2.4 2.5 2 0.9 1.8 2.2 1.3 1.5
®5 AERAMEREBESEBHNERILG (%)
Table 5 Quality flag percentage of latent heat flux in different month ( % )
Ay
8 9 10 11 12 1 2 3 4 5 6 7
QC
1-3 41.3 40.8 35.1 30.2 27.6 27.0 22.2 29.1 34.2 44.2 44.6 43.2
4-6 35.9 36.5 37.8 42.4 42.5 43.4 45.8 39.6 38.8 33.8 35.4 37.0
7-8 21.3 21.2 22.4 24.9 27.0 26.9 29.8 29.4 24.7 19.8 18.4 18.0
9 1.5 1.5 4.7 2.5 2.9 2.7 2.2 1.9 2.3 2.2 1.6 1.8

B 13 454 T AR R 50% 38 57k X 13
Vi A, A 30 e AL 5 ORI o1 B 8 B A I . DA
V] R T« 4 DR i A5 A 58 B R, B O e g T
It 1500 m, I RAHXTEAE T, SEATEWL A 600
m LI, X EE R KR e RS, 8 HeR
FE RS 70. 1% F1 68. 0% B (14 15 X 7% 16 %
MBI RN . 1 H KA K5 77. 2% F180. 8%
B VR X I8 ARG RN o R T8 R R — AR
L FRFENLIN A5 0 ~60°,210 ~ 270° [ P, 3% 55 Wi
i R oA — 3 (B 2a) o 8 H & RFE KR53
92. 1% F197. 1% K45 19 J2 308 e KAH 75 70 IR %R 7S
BN, 1 T2 RFETR S 34 90. 9% Fi 91. 3% %4
(1) J22 30 f R A V% R SRS B A

4 b5tk

ARV 2 Wl D 9], e A T M R 2 T O T
R BIAH SR AL B] A FEA TR AR , JF X LA AL
HUL R 5 B8 R (EA T BT, e JE R iR A

SRASE R AR T PR B B AN . RAE T UL
3l — 4 R A 2 T -

(1) sl S I e 3 f i S AE— R AR
B Py A OLI R (9 [R]F,  f B sl
fim K , FOE AT AR A BRI S PP AT o

(2) X M B AR AN R A 5 2 WL sty BT
IR AR A LA B 7 R a5 T X SRR A s R
RIS SR B MAR /N R AE £ 1% Z N fHARDR
JiEH X Sl B B R RR, ALBRERS AT MAPD i
14 40% o AEARIERE 7 IR N e 1 P T4 5 5k
F N Z A AR ieRe . 25 U Bk ah 5 D R 1R 22 0
PG R X CO, 38 15 (4 LN 45 RS2 R B, A A 4
Hoa00, iTIE R PGl A 9% 1 n, xt CO, i@ i
AL N

(3) DA I 20 R, 2R GE ) R
IO HE 7 AE 4% 1 AL di A0 0 0 E R OR . = 4R XU
CO, \H,0 17 il B 1 21 A AE ARV Al X P A
2 = 2/3 7, M A L - 4/3 05



368 BB} 9523 4%
X50%-8 X50%-1
1800 1800
1500 1500
1200 1200
g 900 /é\ 900
w600 _EE 600
=300 m 300
ﬁ 0 £ 0
3 i
= 300 = 300
B 600 = 600
B 900 900
1200 1200
1500 1500
1800 1800
1800 1800
1500 1500
1200 1200
= 900 ~ 900
{% 600 -]% 600
Ll 300 w300
% 0 g 0
: 4t
= 300 % 300
2600 = 600
900 B 900
1200 1200
1500 1500
1800 1800 d

180 G

180

E 13 @BEREKA S0%RRMIERR AR ETERXEEUN RIS

Fig.13 Upwind distance for the measured flux to represent 50% of the surface flux and

the upwind distance to the peak location of the footprint
(IRABER PN R ISR X3 (R LA | 28 0 R e 2 R A , 920 R 2 L R BdE )

(Area in the grey line is interest area (non mountainous region) , the empty spot is all - day data, and the solid spot is daytime data)

o X2 2 sl —AF WL 54 1 0 2 FAL B , 20
75 % {138 e 5 S TR A R 2% R
B

(4) 4 i TR VR DX 23 A 40 B 1, AR 76
5900 m B Z P 5 LR AR X R, SEARTE
S 5 600 m S Z N o #RFEE LLARTE R B E IX
B, 4 A R I M3 70% 58 5 5 X 430 75 7 Jak
ML XS AT 90% 1 b Fe KB T 7R IR %8R [X.
BN . RSO R TE R B b I, UL
Bl AR A B, HBEH TR & m T
FFCAZR (1 TM, ASTER ) 44 555 % 7K #4812 1) 56 ik
WHRBLRIUE A MODIS #4241 S i B ot R i [
{18 7 A F SIS CHRE , DO 5 e O I 51 R B A
KALFRINERAL o

2 % 3Lk ( References) :

[1] Wang Jiemin, Wang Weizhen, Ao Yinhuan, et al. Turbulence

flux measurements under complicated conditions[ J]. Advances in
Earth Science 2007, 22 (8):791-797. [ F4r &, F 4k B, B4R
Mo, G5, SZRAN T I paE WIS M (D], M ERA} e gk
J&,2007,22(8) : 791-797. ]

[2] Baldocchi D D . Assessing the eddy covariance technique for eval-
uating carbon dioxide exchange rates of ecosystems: Past, present
and future[ J]. Global Change Biology 2003, 9 479-492.

[3] Massman W J, Lee X. Eddy covariance flux corrections and un-
certainties in long term studies of carbon and energy exchanges
[J]. Agricultural and Forest Meteorology, 2002, 113 121-144.

[4] Finnigan J J, Clement R, Malhi Y, et al. A re-evaluation of long-
term flux measurement techniques, Part I: Averaging and coordi-
nate rotation[ J]. Boundary-Layer Meteorology, 2003 ,107 ; 1-48.

[5] Webb E K, Pearman G I, Leuning R. Correction of flux measure-
ments for density effects due to heat and water vapour transfer[ J].
Quarterly Journal of the Royal Meteorological Society,1980, 106
85-100.

[6] Wilczak J M, Oncley S P, Stage S A. Sonic anemometer tilt cor-

rection algorithms [ J]. Boundary-Layer Meteorology, 2001, 99 .



%4 8 5 A CASOTIM EIE 1 AL P15 B = P A5 369
127-150. measurement with a sonic anemometer and its application to heat
[7] Foken T, Wichura B. Tools for quality assessment of surface-based and moisture fluxes[ J]. Boundary-Layer Meteorology,1983,26 .

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

flux measurements| J]. Agricultural and Forest Meteorology , 1996,
78 :83-105.
Rebmann C, Gockede M, Foken T. Quality analysis applied on
eddy covariance measurements at complex forest sites using foot-
print modeling [ J]. Theoretical and Applied Climatology 2004 ,
DOI:10. 1007/s00704-00400095-y.
Gockede M, Rebmann C, Foken T. A combination of quality as-
sessment tools for eddy covariance measurements with footprint
modeling for the characterisation of complex sites[ J]. Agricultural
and Forest Meteorology, 2004 ,127 ; 175-188.
Mauder M, Liebethal C, Gickede M, et al. Processing and qual-
ity control of flux data during LITFASS-2003[ J]. Boundary-Lay-
er Meteorology,2006, 121 :67-88.
Hammerle A, Haslwanter A, Schmitt M, et al. Eddy covariance
measurements of carbon dioxide, latent and sensible energy fluxes
above a meadow and a mountain slope[ J]. Boundry-Layer Mete-
orology,2007, 122.397-416.
Van Dijk A, Moene A F, De Bruin H A R. The principles of
surface flux physics: Theory, practice and description of the
ECPACK library[ R]. Meteorology and Air Quality Group, Wa-
geningen University, 2004 :1-97.
Wang Jiemin, Liu Xiaohu, Qi Yonggiang. A preliminary study of
turbulence transfer characteristics in Gobi area with an eddy cor-
relation technique[ J]. Plateau meteorology,1990,9 (2) . 120-
129, [ EA IR, XNBESE , 48 53 5. N7 FH o THEAH O J5 123 b B 4
DX T At SRR ORI E [T ] W R4, 1990,9(2) :120-
129. ]
Sun Xiaomin, Zhu Zhilin, Xu Jinping, et al. Determination of
averaging period parameter and its effects analysis for eddy covar-
iance measurements| J]. Science in China ( Series D) ,2005, 48
(suppl. 1):3341.
Zhu Zhilin, Sun Xiaomin, Yuan Guofu, et al. Correcting method
of eddy covariance fluxes over non-flat surfaces and its application
in ChinaFlux[ J]. Science in China ( Series D) ,2005 ,48 ( suppl.
I): 42-50.
Li Zhengquan, Yu Guirui, Wen Xuefa, et al. Energy balance
closure at ChinaFlux sites[ J]. Science in China ( Series D),
2005 ,48 (suppl. I): 51-62.
Wen Xuefa, Yu Guirui, Sun Xiaomin, et al. Turbulence Flux
Measurement above the overstory of a subtropical Pinus plantation
over the hilly region in southeastern China[ J]. Science in China
(Series D) , 2005, 48 (suppl. I) :63-73.
Schotanus P, Nieuwstadt F T M, De Bruin H A R. Temperature

[19]

[21]

[22]

[23]

[24]

[25]

[27]

(28]

[29]

81-93.

Su Hongbing, Schmid H P, Grimmond C S B, et al. Spectral
characteristics and correction of long-term eddy-covariance meas-
urements over two mixed hardwood forests in non-flat terrain[ J].
Boundary-Layer Meteorology 2004, 110:213-253.

Foken T, Gockede M, Mauder M, et al. Post-field data quality
control[ C] // Lee X, Massman M, Law B, eds. Handbook of
Micrometeorology. A Guide for Surface flux Measurement and A-
nalysis. Boston: Kluwer Academic, 2004 181-208.

Kaimal J C, Finnigan J J. Atmospheric Boundary Layer Flows:
Their Structure and Measurement| M]. New York: Oxford Uni-
versity Press, 1994 :255-261.

Kormann R, Meixner F X. An analytical footprint model for non-
neutral stratification[ J]. Boundary-Layer Meteorology,2001, 99 .
207-224.

Guo X, Cai X. Footprint characteristics of scalar concentration in
the convective boundary layer[ J]. Advances in Atmosphere Sci-
ences ,2005,22(6) :821-830.

Vickers D, Mahrt L. Quality control and Flux sampling Problems
for Tower and Aircraft Data[ J]. Journal of atmospheric and oce-
anic technology 1997, 14 .512-526.

Guo Jianxia, Bian Lingen, Dai Yongjiu. Measured CO, Concen-
tration and Flux at 16m Height during Corn growing period on the
North China Plain[ J]. Chinese Journal of Atmospheric Sciences ,
2007,31(4) :695-707. [ FRE%, WA, KA. EAEILE K
AT Y 16m &5 CO, e JiE Mai BEARAE [T ] KRB
2, 2007,31(4) :695-707. ]

Turnipseed A A, Anderson D E, Blanken P D, et al. Airflows
and turbulent flux measurements in mountainous terrain Part 1.
Canopy and local effects[ J]. Agricultural and Forest Meteorology ,
2003,119:1-21.

Liu Heping, Perters G, Foken T. New equations for sonic tem-
perature variance and buoyancy heat flux with an omnidirectional
sonic anemometer[ J |. Boundary-Layer Meteorology,2001, 100 .
459-468.

Bian Lingen, Lu Longhua, Cheng Yanjie, et al. Turbulent
measurement over the southeastern Tibet plateau[ J]. Quarterly
Journal of Applied Meteorology,2001, 12(1) ;1-13. [ FHAM, i
T REEEAN, SF. T PO AR AT AT DI e A ik
MBI SELT]. BRI RG2A41,2001, 12(1) :1-13. ]
Blanken P D, Black T A, Neumann H H, et al. Turbulence flux
measurements above and below the overstory of a boreal aspen for-

est[ J]. Boundary-Layer Meteorology,1998, 89 109-140.



370 HOERFL R 5423 %

A Study on the Data Processing and Quality Assessment
of the Eddy Covariance System

XU Ziwei', LIU Shaomin', GONG Lijuan', WANG Jiemin®, LI Xiaowen'

(1. State Key Laboratory of Remote Sensing Science, School of Geography, Beijing Normal
University , Beijing 100875, China; 2. Cold and Arid Regions Environmental and Engineering
Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The eddy covariance (EC) technique can measure turbulent exchanges between surface and atmos-
phere directly, and is now used widely in all of the flux stations. Since this method is based on certain assump-
tions, the obtained surface fluxes are not true values if there are no necessary corrections. Recent development and
some focal points of the eddy-covariance method are reviewed, and used in the processing of the data collected in
Miyun station, which is one of the flux stations near Beijing. The analysis of EC data at Miyun station shows: De-
spiking and the sonic temperature and coordinate rotation corrections have a rather little effects on the surface sensi-
ble and latent fluxes (about 1% ), however, coordinate rotation has large effect on the momentum flux. The air
density correction ( WPL correction) is important for water vapor and CO, fluxes, and should be applied. The tur-
bulent spectral checks in the data quality evaluation are satisfactory. Turbulence stationarity and integral character-
istics are used in the flux data quality analysis. After rigorously data screening, the final result shows that about
75% flux data is good, and 2% flux data need to be discarded. Footprint analysis shows for all day and daytime
periods, over 70% source area of the fluxes is located in the interested area (non mountainous region) with over
90% of the biggest contribution points in the area.

Key words: Eddy covariance system; Turbulent flux; Quality control

; ; Quality assessment.
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