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Abstract: The eddy covariance ( EC) technique is generally regarded as a standard method for crop evapotranspiration
measurements. However, the imbalance of energy closure prevails in the EC observations. Evaluating the effect of energy
balance closure on EC measurement is critical for improving the accuracy of this method. In this paper, a weighting method
(the Lysimeter method ) was used as reference to evaluate the effect of energy balance ratio ( EBR) on EC

evapotranspiration. The results revealed that daytime EBR varied seasonally in the field, where wheat and maize were
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rotated in the winter and summer, respectively. The EBR was higher in autumn and winter but lower in the spring and
summer. For the wheat field, mean daytime EBR varied from 0. 26 to 2. 84 with an average of 1. 15. As for the maize field,
EBR varied from 0. 19 to 2. 59 with a mean value of 0. 78. The evapotranspiration (ET) using EC (ET, ) was clearly lower
than derived by Lysimeter (ET,). The mean ratio of ET, to ET,(ET,/ET,) was 0.61 and 0. 50 during the wheat growing
season and the maize season, respectively. The ET observed with these two approaches significantly correlated with each
other (P < 0.01), with their characteristics of seasonal variation performing in a similar manner. The ET, /ET, was found
to be proportional to EBR (P < 0.01) in both the winter wheat field and the summer maize field. Furthermore, the effect of
the leaf area index (LAI) on the relationship between ET ratios and EBR was significant in the even crop field during the
entire growing season of winter wheat and the maize growing stage when the LAl was higher than 1. However, the effect was
insignificant in the uneven maize field when the LAI was less than 1. On the other hand, friction velocity (u" ) exerted a
strong impact on EBR and its relationship with ET ratios. EBR was observed to be proportional to u” in both the winter
wheat field and the summer maize field. ET ratios were proportional to EBR when u* was small. Nonetheless, the
correlation between these two parameters showed recession while u " increasing, especially in summer maize field, ET /ET,
was not significantly correlated with EBR when u" was bigger than 0.3 m/s. Due to the weak turbulent intensity and the
large eddy under the condition of low friction velocity, the EC sensor could not catch enough turbulent energy in a limited
observation period (30 minutes) , which caused lower measured turbulent fluxes and imbalanced energy closure. The results

offer a possible way to correct the underestimated ET, using EBR.
Key Words: energy balance ratio; evapotranspiration; eddy covariance; lysimeter; cropland
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1.2 SEEU
1.2.1 R BEAHSC 5 UG FE UL

TG EE A G R S8 (OPEC) SNV BEUIN R Ge v Tk R 85k bty . OPEC F 22 CSAT3 #Y
Y 75 XL ( Campbell Sei. Inc. , USA) Fl LI-7500 %I #&£1 4h CO,/H,0 43 HHY ( Li-Cor Inc. , USA) 41
W, FRIES S CR5000 BUKHE R AE % ( Campbell Sci. Inc. , USA) HHIE B ESE A SR | R IAEUHRE R FE
HAN 10 Hz, 55 30 min fiyt—41F 3918,

JINEAGRE FE WL R 4045 2 )2 AR-100 %Y 3 #R XU T ( Vector Instruments, UK) A1 2 JZ HMP-45C iR i
JEAR AR (Vaisala, Finland) . S50 H IR0 BEAR AR P34 S 20 2.2 m Al 3. 4 m, 8 XU UL B2 ASCF- Y8 w8 B2
2.8 m, FEYEY) i B AR A AT TR, ORI A ], JXUYR DX BE A 200 m LA _E R S B B U 25Kk E 0
TR BRI AR B AN T 0] 32 F 2 em Ab£$HE—3 HFPO1 B 4 84407 A ( Hukseflux, the Netherlands ) il 52 -1 3 #4
W, HE W I H 8 £ 15 % 5 95 ( Model CNR- 1, Kipp and Zonen) < & ( CS105, Vaisala Inc. ) Flf& K
(Model 52203, RM Young, Inc) %%, FiR{UE$ 5 CR23x BB R 4E 2% ( Campbell Sci. , USA) A#H3% , 4 30 min
g — SR, AEVEY A KIE A R I T AR (Li-Cor 3100, USA) . BT {8 253 M b i , LAT IR
A€ DT ET 6
1.2.2  RAEZEBAOWM

Hh R e B A M 25 B sl ) R B IR 1 ) Bl AR 78 R B T A ( Lysimeter ) 46 8T 1985 45,1989 4F.
Pt R E N R WRIE S Ik m R INZERBIRAL . HAR AU A R IYPRE R G = o HER SO E TR FR
HEEIL 30 t (IUIEOL T, REREE/NT 60 g, nT 20 K2 B 0. 02 mm 7K 233 12 AR 1k ; A 3% 9 4R Ry 5
AR RSN SRR S R AR — B0 B R K S R RS AR L A FE TR 3 m® BR S m, il f
WE A NPEIAR R A IE R AR K Hog 8 T IR 4 B i 5 R 1 R D Rk B AN PEY 5 R B 3 —
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Fig.1 Seasonal variation of daily mean daytime energy balance ratio ( EBR)
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F1 ZNE/EFKARIEAESARLSEAR EBR ZEHE (ET) MM ERIEEH (LAD) K% (2004. 11—2005. 10)
Table 1 The monthly and annual mean daytime EBR, evapotranspiration ( £7") and leaf area index (LAl) (Nov. , 2004—Oct. , 2005)

o OTRERRIE L e ORISR o ey
B BT 4 o uﬁ‘é 3 ‘ﬂ' ) PNN=N SR o “3\/? D ‘rll N
ap RV e FEUETH L een e TERTE e FERTI e

[z ZEHWURE BT, HR i ET,

Month EBR ET,, J(mm/h LAT Month EBR ET., / (am/h) LAT

/(mm/h) (mm/h) /(mm/h) (m

1 1.34 0.051 0.070 ND 5 0.79 0.292 0.529 4.61

12 1.28 0.034 0.047 ND 6 0.67 0.117 0.268 ND

1 1.67 0.019 0.023 0.53 7 0.81 0.145 0.248 1.42

2 1.17 0.030 0.048 0.46 8 0.67 0.168 0.375 4.01

3 1.06 0.088 0.138 1.07 9 0.70 0.148 0.263 3.92

4 0.84 0.246 0.440 4.49 10 1.17 0.097 0.146 1.88

44F Annual  0.98 0.121 0.217 ND

MAE A R E TR A TR F R 4R #4902 i B AN OGIL FIril 28’/ T 28 8 QL I E 245
Ho EEFMERT I ERIQE Itz Bor i O 25 T 28 B BOE SR M 61% M1 50% (£ 2) o KR 5%
JITi R 2 B AT (D 20, R BUE AT RA B R PEMSEE R (P < 0.01) (H2)
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B2 ZphEAMEERBRERENZSOICEMVNERE (LT, M ET) HEXX R
Fig.2 Relationship between ET measured by EC and Lysimeter methods( ET,, and ET, ) in winter wheat and summer maize fields

**P<0.01

R2 REBXEMZBSMUENENES FASFMEFARXRA ET K

Table 2 Seasonal and annual mean ET measured by EC and Lysimeter methods in the field of winter wheat / summer maize for a rotation

LB R AP T M ST (K P BT BT A2 L
Period ET,/(mm/h) ET,/(mm/h) ET../ET,

% 7% Wheat growing stage 0.110+0. 111 0.184+0.214 0.61

T KZE Maize growing stage 0.149+0.055 0.297+0. 144 0.50

44 Annual 0.121+0.098 0.217+0. 199 0.55

2.3 ZEMLS EBR W & M H AT
2.3.1 ZEHLILS EBR WA

TG LB, TOie 22 Zd & K2R iR BE A GTE FZEB AN e 28 R 2 L (BT, /ET, ) Y95 EBR 1775 .
EHRNEM R (P < 0.01) (1 3) , T3t I BB A A5 8 B2 0T 188 FE7 A G 25 B0 52 45 S A 8
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Fig.3 Relationship between ET ratio (E7,../ET; ) and EBR in winter wheat and summer maize fields

2.3.3 i scHt EBR KIS ZEHI E R AR

it A8 He Ay 58 559 1T P R4 XU (friction velocity , uw™ ) ABERE  ASSCLL uw™ AHEAR , BFFT 1 K I I 5 P ik J
X BEAROCRE fE A R FE SO S 28 UL S R, 25 REBW . FAEE T AR o PR 0.32 m/s,EBR 5 u”
AR B R (R=0.198,n=148 ,P < 0.05) ; ZEEXKZE HK u F¥H0.22 m/s,EBR 5 v G B3
MRKFR(R=0.274,n=62,P < 0.05) , ULBHA[RIZ=T AN R T 58T i it 58 45 568 3555 27 0T 165 85 AH O UL I 1Y) fiE £
AR

3BT 1 R i T S8 5 580 B2 %o ik B R G i i PA 6 R BE 5 28 T L DG R 152 i), 45 SR R W . R4 XU /N (22
Mu<0.4m/s EXMu"<0.3m/s),ET, /ET, 5 EBR WEHHE ; KU IN; 9534 AH R85 . o HAEE
FKM, M u> 0.3 m/s B ,ET, /ET, 5 EBR BIMEPEAF B (£3),

*3 ZNEF/FEKR®REMAET./ET, 5 EBR WX MR M ERIEE (LAD) FIEERUE (v ) KM
Table 3 Relationship between ET ratio (ET,./ET, ) and EBR, and the effects of leaf area index (ZA/) and friction velosity (u" ) on them

4k H R AL THRFREL JEEHERH (m/s) AR R B
Crop field LAT R, u® R, L
2N LAl < 1 0.3119 " u*<0.4 0.5458 **
Winter wheat field LAT > 1 0.7030 ** uw*>0.4 0.3913
K FKH LAl < 1 0.3817 u*<0.3 0.5832**
Summer maize field LAT > 1 0.8136 ** u*>0.3 0.3857

#* %P <0.01, *P <0.05
3 itie
3.1 AR OCULIN ) RE B A SR L

WL 7 EBR 2 Z= i , B 20wk, & BKE (R 1,18 1) o A0 s gk e, A A RS 5w, M
S 55 2R LR 2 A o R T K v BN EBR B2 MK Wilson ZEURT Li 2V UCNAEBE AR K
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FRER PSRBT KT, AW R T2RMIEE R, JEAE K T M50, S 5 R A, T I e 8 S A
/N, EBR (H# K 78 B KT | i 36 58 S WM 0l 55, IS R A/0N, Bl v 4 B 8 K, EBR HE /N, ARHBF5T
3 A/ FRAEHMRER A SRR (R 1), MILZ T, B/ZRERNREEA SR 5 A
8 3/ F

AR K EBR 20 115, EKREBPHH 0,78, R # & T 3000620 X 22 1 AY Il 5 4%
F(0.91) , JFHENT Guo Z1" FIZE 452 X6 T K I A A2 25 51 (0. 76—0. 85 ) Z ], X Zy Rk A A R
T EOKRZE BR LRI AN 38 FT BB R A /N HEARAIRE , R R &, 2B it 2 A A7 X0 22 H e B - 5 1 /)
{EXT K HRE B A RSP N AR R ARSI TP A&/ NEE /B RO FE AR R RE = A A R R A AT,
F1K EBR RYAEHIE (0.98) 5 Li 26 Z R e [l — b 5 A I 45 5 (0. 95 ) 4323T , 13 T Led 45280 Xof [ 284 H A4 X
MZEHR(0.74)
3.2 PRI By ZE EE R

ARSI | B T K A K R R S 3 ) 2% R E 2K AN (B R A 50% (36 2) , AR R KT
Ding %57 % 75 T K FH A0 0 58 25 50 (AR 229% ), FEAF RUBE b, I AR DG IE DN /8 10 22/ B e /F T 28 Bl LL 2535
PCELIME R K 55% (3% 2) , PR FRE 88 K T I ) 45 28 X b A 25 R RORF SR 45 SR (IR AR 19% ) o R4S A1
R BE AT BT AN [R] AN [] 2 28 7 108 B R DG 325 00 5 174 22 o D sk — 00 b — 350,
3.3 fei M A RO ZE B A2 R R

AW ZEEL (ET, /ET, ) 5 EBR A7AEM B E AR R (B 3) , 55 Li S50 b1 52 37 755l [X 7 24 el
FAIBIF 58 235 R ZARL, 100 I i B A DGO ) FE 12 A PA -5 5% 288 TN A 52 ), A9 DX ) Z FSORI B kP 5 IR LA —
ERLIE FBOR T R R B FEA/INE IIFIE BRI LAT %2505 EBR ¢ 2R 52 T 2 B R ) (36
3) . HIFEHETET  &/NERREE TR, KT LA KN TR SRR A K, BOIGIE 1AL K/ EBR
2R M EERARG . E ORME SN I BRI B 2 25 A 55 BB, i A4 4] ik
BB LAT /NS 268 S EBR Z G RAR R . FKK )R, 5 LAT A0, fEp b A4 K dks i T
— B, NSRS A) bR K LAT BRI 28BS EBR S BEARK

SR FH R B AP S Y8 000 g it S 408 e B i D B 40k T i 5 2 R i P 0036 2 ) R P L DT X6 RE 2 AT R 0 A
JIT I i A R AR A 2 RS 2 N K ZE ) EBR H (S TR o Z e HA BE AL LR,
5 Blanken 451" BURFFE 45 AL, w ™ BN, T AR I i O S5, i T IR B K AE A PR A SO s ] (2
NS ) P 308 T AR S AR A A X L 3 12 A2 008 1) i 8 A 2 PO I i O (IR, SRR BN A, TR LA I
F,EBR ST ZEHUNE A B EFW , BEE o B, BRI A HGZ WnsE , 24 o g — B ER, IR A
A B A S LI 8 R A b, B P A BE AL 5, EBR X280 © C W3 sy, AR P 0 o
HETEARZ, o WA KNSIF5E X E TR ERUI G & A E,
3.4 ZEHLILS EBR X Z MW HALTT G520 K+

FEFI —po A H HOE R A2 S HERR . 78S BUR A CRE & A& 118 2 &R, X 2€ 80

SR AR 2B LAT RVt A H3 FEE A, 38 1 R g AP A0 e 4388 2 R T8 JBE A S AR I £ b K

PGE S, BE T EOR G A K TR L 1) I RO, (H F AR EREE o BV R S i A7 HLUH AR (ke
H) A5 TRE A A TR NG . PRIV 25 7 A SR N800, A1 2 S 61 b 8 F SRR 1) VR M B A TP a8 3, A
BF5E 2, 7 /N A2 Bt 2E K a] B3t H 28 B I fE VR AT o B8 B 27 9% 2, SR S
EBR KR WM A R b — 2B A9, T i A0 A0 38 5k B 43 (8 0 2, ol Lty 368 3 A S AU AR B 14 4 3 PR
Hl FEY AT E M, FR HORTE A — 2R AR P RN AR IE X B A7 A {5 B0 2 10 JEL A T Ao
Massman "™ 2 H (AT | (HGX S8 ik AT AAFE— RE B BE . AR, R T B B RIS, R Sl A R K, O
REEPWOT AR HZEFL S EBR e 2R WUSEMAAN A, 0Aar S 031 36 5 i 3 1l 140150 22 E A5 S IE FVEAY | 38 AT 1 0t —
AT
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4 it

FEAC/INZ /B R ORERAE F iR B RH SN 1) 19 R R 1 A LU S8 ( EBR) SRk AC i3 A BAR I AR (L RRAE , 22 22
H ¥4 EBR {EFITE 0.26—2. 84 Z [8] V34 1. 15; £KZEH 4 EBR JE[/I7F 0. 19—2.59 Z ], 44 0.78 . Tt
Fal FORZE I BEAH DCTRIN A A R 28 B (BT, ) B9 AR T 288 A0 WIE (ET,) AW 35 B A 5C (P <
0.01) , JFA MM ZET 24k, MDA RZEBIGENE & R Z W (ET, /ET,) Z ¥ 0.61, K
Z= V420 0.50,

TEA/NAZ MAE oKW JET, /ET, Y5 EBR WEMIC(P < 0.01) , & HFHE R EE R, R 5], 28
Wb EBR BB, BARSZ LA KN 2, iﬂéﬂﬂﬁiﬁﬁrﬁd\,/ﬁé LAI > 1, PRSI 5) )G , 78
5 EBR IR ARG HE (P <0.01) . KE/NE ET, /ET, 5 EBR W35 A0, IKUH i st 9 25 AH SR 8
55, UHAEE KM YEEERKE (v ) KT 0.3 m/s B, ET. /ET, 5 EBR WA EMEARTE . K/, KX
T PSS, T DRI HERE K, FEAT B AR ORI B B3 (22 /INEE ) A, 10 R DA S 2 SR e LA AR 2 A2 0% 1) T 9 FiE o
JIT I A RE A, S ECRB AN A, DA 45 5 7 FH B VA7 b SR 1 98 B A Sk Il A FE 2K At T mT
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