W25 % 456 wmoOE H R 5 NOH Vol.25 No.6
2010 4F 12 A REMOTE SENSING TECHNOLOGY AND APPLICATION Dec. 2010

SERBKSNEARINEXRE

= W iE

b 32 K 7= am 43 #

ENER
A E T LA, D

(1. P ERAFHRER LR R

WE.AHMXBZTHRFEHLERR FEACRIEZRFHWN S HHBERZHERT R,

LR, kA A, F R,
5 1RBBERAER ZN
2. TR FERMAFZAREL IR T B FERZRAMFFR, LT

MRS
7300005
100875)

“ 3 =
2T

A i R BEA1K 57 (Watershed Allied Telemetry Experimental Research, WATER) A 2007 # & %)

A&
Fo % He 3k 3 AN 35 B0 R G R B BAE #EAT

el-l 48 = % Bl i K LR & F AL

R AR Level -2 #3EFA%, AXBEA%
MANARBABEL IR PERIET R T RB B RRARES kbRl Eid e x
B AR R IBAS B G R A GE F AL B AT V2 7.7 V0 5 B A B UG AR IR UG H Al
T 3.9%.2.TY 90 Fevhy A5 G Rk MG B aE
THMT 1.7%,C0O, i@

11. 6% ; WPL 14 iE & # i
R L5 Level-1 & & Level-2 & &t

x # W.nEMmEE;WATER; #A#E
FESES TP 79 XEkFRAEERS: A

1 5 =

15 3 AH OC ik (it 3l iy O 25 05 4 T Ak EC)
S PR G I 5 7 e B AT DL = A ) e
55 R Z 1] 19 i U 28 #8324 W <32
e biF 5% v B S 1 R R BE A R UL D7 vk . EC i i
D = A XU T L KPR R il o B A 1) PR
A s BT AT KU 43 i ml bR o v B
KR 0 B J7 22 45 B G U X B, A BRGE | W
(FLUXNET) & A 1Y 500 2455 i o, 88 30 A SR
Ao EEMEE W R %, WD EE R
(ChinaFlux) 7€ N f1 AN [F] 300 H 75 4> [E 45 Hb g 7 1y K
0738 1500 0 BF 5 i i 2R 100 A, ik S f B

Y #s B #8:2010-06-18; f&1iT HH#§ :2010-11-15

ZUMRERET KERS KB TR FTAH, R 2T
TR AL B e A
7R RAS OB B 1) B AR IE IR A vf S B e ALK R RS B (WPL 5 E) %
R AR AR B VA B AR B S AR AT F
M 35 2009 7 ArimshAn LB A HEANL

#t #9 EdiRe 34 xF B #3535
i At FE AL A B B R R AHS R A
%i‘kiﬁliﬁk Lev-

R, ERE
B g CO, =5 73

T4 CO, B2 5 MT 2.7%.10.5%.
TRV T 9.8% . &JEH Campbell 52 0 4 22

AT AW T, I A BT IR R A R S SEM T Bk BB R IR
B T FSERER T RAFBAE R, A MR E

T HRIELAE R

T EHE.1004-0323(2010)06-0788-09

58 KGR T B G L R T A B I A R R0
A o 835 38 AT I 2 A O 38 O AR G 17O
2K A CO, 5558 & 1Y B

F T i 3l A 56 T 3 5 B R A T A 6 ) — S
A LSRR IR SC AR 5 45 B2 ) A AR 3k
TR 1A 52 2Pk A 56 R a0 25040 1) A ORI J5R R IE /
i 45 i (QA/QC) 7 i, 0 5 15 % 4 Bk i 2
(FLUXNET) £ 3¢ 3t 18 5 A5 o, 2 37 88 ™ 4% (19 31
FET o HeT TR B A A A BRAR AR R OK Y
— i L 043 R R RN K AR A AR A L i S PR R T
WA MY K R A 0 AR B A M AR R A R R
ARG TSR BR ] G SR A A P 5 R AT

EEWHE FRE73"HRITH T 5 X SR Al e 5 Al i 72 B H A ZE 5 3y AU AL Ak 19 i i 5 98 457 (2009CBA21305) 5 [ 52 [ SR B2 £
S S 2% Z AR T U E I 5 S AT AT 52 (408750060 5 Hh ELRRA e 7Y FR AT B3R (8D T H SRR e S — b T O

[l 2 iR 4 5 25
(2007CB714400)

AR & R (KZCX2-XB2-09) 5 [ 59737 1) 51 H * i ¢ 25 25 # 35 B2 5 3 4 2 2 Jk Py [l Sz 3 098 5 05 0k

TEH B Ik 2 (1986 —) . L, W WFFE Ak - FEWF T 7 [a] Ry /K SCR G2 B 3230 1 WL F 5% . E-mail: zhihui_zhang@]lzb. ac. cn,
BWAESE . T E967—) 5, BIWFST 51, 8N F K SCE MR R IR E K 02 5E . E-mail: weizhen@lzb. ac. cn,



% 6 1) FSED S RT SLE

S JECIE A L0 8 50 A O KB b B 789

PR T o Bl 5 6 T A R ) I i Ak 3 T AN [
1T BE 5 W) fi 28 38 ik 45 2R ] S

SRy i v Xof T DX 5L DRI B0 R AR A5 0 R Y A
PRSP A0 75 A A AR B8 28 G T B, B[
LR TR IR AR 80" (WATER ) 30 H A8 S 30] | %
DCEESE T 220, 35 105 S0 AH OC 180 i SO0 N F1% e T o £ 455
B A BRARSE TR PR TS LR RS
by TEDULI [ 2512058 o K i Rl 2 AR R 1 K R A
Bl . TG BAT RUHh 3 28 Ll BCHE R 39 94 1l
77 it B 2ok AR e T SR 58 5 1Y TP Bl R OG5 UL L
AR KA A )R 6 b BT AR o DLORIE & i 31 08 I 34 174 3
SRR o O S BEORE A AT Rl M R B BE g
fifi. K4 FLUXNET £ CARES E L, ENMRHS
TS AR OCTE B8 T T o A SCUA R B X
2N ki S )L A 43108 Bl R O T S KR Ak B AL T 7
25 AL A i 2 R A 3 bbb T HEAT B RS IE 3T, ST
— B AT EEAE A 0 B ) 1 % 22 19 30 mind B A OC il &=
B A 7 i IF 4% Campbell 23 W) 5 7 8R4 52 i 40 31 1Y)
R AR S 2 it — RIVEE A BE KA A0 o 45
TG A B e S Level-1., Level-2 7= 5 9E 47 %) b
G3AT I B A B T R it B iR 2 sl ) AR B

2 WA sE R LK BIE A A

“RRAT £ 1 R A A PR A S T Y 1
Bl FH DG 38 S 0 A BT 22 R UL I 3 | 2 R DX U
IR B 10 G e AR MR, 43 391 Ay el A N BR PR 2
[T 157 e R 7 (VA RS B w3520 WANE e L N2 1
(T 4 1 b b B B RE BT WL R Y £ 2R
100°27' 52. 9" E. 38°02'39. 8" N, 4k & F N
3032.8 m, & = HURL K B R AF M B Sl 20 ~
30 cm; 24 BHEE X 2 U 3l 457 F R VAT Ui 2 R R X R
N, 448 100°24'37. 2"E, 38°51'25. 7"N, #i# 4K
R 1519, 1 m, FEAEY R K s KB G HE AR
R A7 T BT i R B T O ek G M B 3k A 2R A
P 2825 B R 100°15'00. 8"E,38°32'01. 3"N, 14K /&
JER 2 835.2 m RN FE R E L 15~20 m {75 1
=AZ LT T A R

W] 22 il R B il 1 K 56 3 N 0 0l SF A —
10 misE; YRR W 3% L 6 M R AR I R 8 &
24 m, 7E 25 BE 2N TR] i BE B AT B T XU R R A
FEARRAS R B R WM I H B AR TE 2 0 Scik[3 ],
3 A B B A O R G4 3 S R 3. 15 m,
2.81 m#ll 20. 25 m, REHRKIH N 10 Hz,

YR KA R AE 5 CO, FI/K #4008 & Y B 3%

78 2R 48, MR A8 T A FH 21 2SR 3 A Ak 2 80, 00
I 22 5 45 30 Ry O %098 R DG 2R 0 R I 65 R 3 A G
R, o E R 2 0 T R B A 56 R
4t — Al H Campbell 2 5 B9 = 288 75 XU i B i
(CSAT3) Al LI-COR /A w] B IF % 21 4 <A%K 43 BT AR
(LI-7500) 2 A » LA B AH DG e 4 2504 SR 5 2 S0 Fn 1 4b
PRERAPF A, T 00 I 35 5 T 22 4% ) T B A O &R
i ¥k Campbell JF 20 2h 40 G820 & 40 . Bt
T HMPASC B 2 8% 2% F T8 1 W8 3 AH OC R
48 BT Y S ORI

] 22 Sl i B0 A5 4R UL B B DA 2008 4F 6 H R4,
8 Bkl R G W B R N 2007 AR B A, FE K ]
4) 3 1 S L T AYER B AT AR I R A B R R
AR R B BE AR At H R A2 B N 4 45 R OR T
B b 2 3 S 4 O I S A R G A A A K B T
JF 5] 43 AT B o o7 X g0 2 B3040 0 A7 4 4D

3 HABEAFEF kKM Y T EEH

XoF 0 Bl AH DGR WL A5 2 1 10 Hz J5U6 i it Z0
HEATA% 4 (TOB3-TOBD) L8R J5 SR 98 [ % T 14
KT & By EdiRe 4k 4 (http://www. geos. ed. ac.
uk/abs/research/micromet/EdiRe/), il A — % %
MEETHE A 45 S (6 B BT s 50 B AR IF LB
R AE TE B[R] 9 J5 A T 30 238 ) 07 A TF L S AU T
ROVAE TE (WPL & 1) 45 B AL B, 453 31 R A Ji] 45
30 min HY 8 & ZCE 7 0 €N Level-1 77 il 5 £ X
Level-1 7 fif 3 o K A0R AP A2 PR A 56 L A Tifd T
RS 30 L K i Ui 38 5 48 1 RF A 43 BT 55 ) 2P B 45
il s AR A — A B A Ak BG BEW AGE i & CO,
RO P L E O Level-2 77 il B Ak PR AR
KIOLIE 1,

T ANE Tz R FH T I it 3l A DG 38 5 08 DU 3R 42 1)
V2 6 LB AR |7 (Campbell 28 &) 42 it
{1 Aab 3 20 i o 5 SR ANGE B AT . TR AR
Campbell 23 7] A 7 844 52 I 4k 35 19 8 5 5008 iF
oy B2, 5 Level-1 7 i Level-2 7 i il 1 %)
ot

Ry i U B R AR Ak B AR A5 R VA Y
B PE N O i U 8 o T 0 STk, N T DA 2 R
20094 7 H 1 H~7 J 6 HEE R 6, % & ik E
Tk AT TEANA 40, OF L A8 4% Fh A I J7 vk Ak BRI
JIT AR A 1Y 3 i B 2 S
3.1 REERBEIGIR

Ao AL e W (AT AR . SR E



790 ®Om R

%2 %

10 Hz R bRTm i Bcdi
|

LoggerNet44

RTOBIAE,
Campbell 247 1 LN ST &
ARSI AR S 2
1iRHEE(DR) ?A
4
:
I B M 1 i
HEEEEE ] ]
| BEMFEE ] 1
)
Kk I %

¥

(o TR E RS )

KA TR . 4k

ST 0 B B
THEESMT)

Level-27% II

- J

T —
B A BT TR
A BT

B1 masAXBELERREER
Fig. 1 Data processing flow chart of eddy

covariance observation

B BT R T 0w 3 A AR AR ORI T
s A B AT R B B ] AR 4l 12 W = ARk (di-
ag70) , a8 H = A B Wk 2 1 {1 (100 ~1 000 mg
em ) K YRR BE B (0~50 g« m ) & ] 4 5k 5
& 10 Hz J5 46 i U 10 s A7 78 09 5 8 20 o, =
U M 7 25 o ) o B oo M 530 PR P R
SRR E S HE RIS 4 SR, B R

2 000f

.............. LE_TJCARFriiess
LE_AAbRERE G

1500

g
E 1 000
m

500F

b 7-2 7-3 7-4 7-5 7-6 7

H 3
(a) PHGE R (LE)RY AL,

LRET )P 31 & SRAH 4B 8 2 22 Ax By B bR 1 22
(on) o TB M KGAE , ANHE S A = Aoy, WIAHEF A, 27
B2 6 pAERAT A UL RS DU AS A B A A 3, X
30 min BERF, — M EF B 10~100, B s Z 0,
MBRIZBFIK o

3.2 HEMEE

S ORI B 8 20 AN AR Y B R R S BE S H T
2 3% T FL o A 45 4 B[] B A 34 200 I A3 2% 7 A2 (R
FEBE DML AE . 0 RME IE L ol 2 58 F T 16 ) A AR
JiE %%

AR E % 7 B AL S e (DR) L = K i %
(TR) JOP Tl (PF) &8, AyA AR5 45 A b [ 3
i % (ChinaFLUX) 4 RO [R] T #4080 73 B 73X 3 Ffr 4
o Bt 5 9 ) 3 FH 45 A o AS RSN Ak B b B
PR H I R e

TR G P O ¥ XY PSR Z
JiE e At X-7 SF 18 55 52 s R 1] — 30, B 1) XY S
¥lo=0;Q ¥H M X-Z V1L Y fll e f% (7
w=0, Gt IR BEFE 5 . A bR RSN IR AR
rhe Y AR A bR 2R Xl [ S ERE S 2 XU R Y
ZWhTEE THE . R, — I E B (30 min) Y
R I A E L B w=0,

AR5 T 2% 108 20 AH DG ER 48 A 3 v A 7 B —
P ETE K28R TABS 7TH1IHZETHG6
H A AR € % 117 5 18 7 A 38 o B PG i AR AL IX —
v b i A S B VR ISRV E IS o R & Y uaya St DR B i R
A RS

200 |

100F

H/Wm™

il
100
............. H_TCAhERE

. H_ASHRIEE IS

-200F

=300

400
H
(b) Bl B (H)IY Atk

B2 BEMEZRLIEREE(DR)FENRRAEEELN

Fig.2 Turbulent flux variations before and after double rotation
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Fig. 10 Percentage chart of available flux data observed by eddy covariance (EC) at three stations in Heihe River Basin
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Data Processing and Product Analysis of Eddy
Covariance Flux Data for WATER

ZHANG Zhi-hui' , WANG Wei-zhen' ,MA Ming-guo',XU Zi-wei”,
WU Yue-ru', HUANG Guang-hui', TAN Jun-lei'

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

Abstract : Eddy covariance (EC) flux data processing and quality control is an important procedure to ensure
the data quality of each observation station. A large number of flux data measured by EC system have been
accumulated based on the project of “Watershed Allied Telemetry Experimental Research” (WATER)
since late 2007. Pre-processing and quality control were performed using improved EdiRe software devel-
oped by Edinburgh University to the original EC data at Yingke oasis station, Arou freeze-thaw observation
station and Guantan forest station. The basic processing steps on the Level-1 data product including remov-
al of outliers and spikes,tilt correction, sonic virtual temperature correction, time-lag correction,frequency
response correction,and correction for density effects (WPL correction). Level-2 data product is generated
with initial quality control steps based on Level-1 data product, including atmosphere state stationarity
test,overall turbulence characteristics test and turbulent flux statistical characteristics analysis. In this pa-
per,taking EC data of Yingke oasis station in July.,2008 as an example,the improvements of each correction
steps during EC flux data processing and the contribution of different correction methods to the calculation
of turbulent flux were analyzed in detail. The results show that:after sonic virtual temperature correction,
sensible heat flux decreased about 7. 7% ; after time-lag correction,latent heat flux and carbon dioxide flux
increased by 3. 9% and 2. 7% respectively; after frequency response correction, sensible heat flux, latent
heat flux and carbon dioxide flux increased by 2. 7% ,10.5% and 11. 6% respectively; after WPL correc-
tion,latent heat flux increased by 1. 7% ,and carbon dioxide flux decreased by 9. 8%. Finally, the Level-1
product and Level-2 product were compared with the Campbell real-time processing results,and an overall
data accuracy evaluation on each eddy covariance station for these three stations was obtained. It is conclu-
ded that the data quality of the Arou freeze-thaw observation station is the best,and that of the Yingke oa-
sis station is better,and that of the Guantan forest station is poor.

Key words: Eddy covariance; WATER; Turbulent flux;Data processing; Quality control



