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Abstract In order to accurately estimate the evapotranspiration of spring maize at different growth stages, the
applicability of six daily evapotranspiration models (Combined method, FAO 56-Penman-Monteith; Temperature-based
methods. Hargreaves-Samani and Blaney-Criddle; Radiation-based methods, Makkink, Jensen-Haise and Priestley-
Taylor) were evaluated in spring maize farmland ecosystem. This study was conducted based on latent flux data from
eddy covariance during 2007-—2008 at Jinzhou Agricultural Ecosystem Research Station and by using the linear
weighted sum method and three statistical indicators: correlation coefficient, mean bias error and root mean square
error. The results showed that: 1) The average daily variation of evapotranspiration at different growth stages was

expressed as a single peak curve and the maximum of daily evapotranspiration appeared at initial stage of flowering;2)
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Different canopy density differences of spring maize at different growth stages displayed effect on evapotranspiration.

The general evaluation results indicated that the radiation-based models performed better than combined and

temperature-based methods excluding Priestley-Taylor model;3) The calibrated Blaney-Criddle model in seedling stage.

the original Jensen-Haise model in heading stage and the calibrated Makkink model in flowering stage accurately

evaluated the evapotranspiration of spring maize. In conclusion, the results provide references for estimating daily spring

maize evapotranspiration at different growth stages in Northeast, China.

Keywords spring maize; evapotranspiration; models simulation; growth stage; applicability
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Fig. 1

Average diurnal variation of spring maize evapotranspiration at different growth stages
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Table 1  Correlation coefficient of simulated and observed evapotranspiration
HEFWY Growth stage Rpu Rus Ry Rk Riu Rp
] Seedling stage 0.457™ 0.497* 0.442™ 0.557 0. 600" 0.3107
84 Heading stage 0.511" 0.559" 0.4157 0.627" 0.615" 0.504"
W Flowering stage 0.531" 0.380" 0.465" 0.546™ 0.564™ 0.529"
4 F ) Whole growth stage 0.562™ 0.472 0.519™ 0.587 0.604 0.556™

Hoeoox FoRBET 9% ME KR, » XoR@EE T 95 % MIE R, # R AEL 950 0I1EERLK.
Note: #* represents that the confidence level is 99% , * represents that the confidence level is 95% , # represents that the confidence level is

less than 95%.
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Fig.3 Mean bias error(a) and root mean square error(b) between simulated and

observed evapotranspiration at different growth stages
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0.436 mm/d(F 3(b)); F T 48§ B i Mak & #1 5
J-H 55 A A R0 R AR A 10 B B o 22 5 e A5 4L 1) R
PR A BRME R RMSE 5 At 4 s AL L
HBEc /N o MR B T4 Y P-T BERLAE 3 M4
AW B i) RMSE {8 3 85 K. 3R WIAE 3 05 i i 22 05

i, P-T B % 26 B & B UKE FE A . 6 A S 7Y
BiE AR KB T B HE ) RMSE 3432 7 1
K. EAEMREZNZ, E2EFT N, P-M #A X
R BME R RMSE fz/)h, 24 1. 131 mm/d, ik
S Mak #i81Y J-H BERL, LA W5 . 4
B VL BRI ZE ORI TR B e, AR A A
o
2.2.4 BAZLSFMHN

TER FH Z Rl Ge 1T 48 b5 AN [R] £f 3 3R AE A58 AL A2 40
A8 7 (4 3 b, W LA R FH P T ASURD 3k B ¢ 45 55 AR
M5 A B RE 1 . 38 3 B0y 43 B ik s AR 6 X (13)
Xf R.MBE il RMSE 3 i 4t 14§ b 73 BC AL , 45
35124 0.301,0.353 F1 0. 346, Ff1 = (14) 82745
F| 6 FPRIALLE 25 A T B BL 255 PP AN I X AR AR
BaE HIPEHE 2 (R 2) . 256 PR (E 8RR, 185 7Y 1% HE
H 7T N 38 R s S A B HE 4 )T S
K il PR 2

R2 6 MEARSITM

Table 2 Overall rank of six models

Hi R i R

s 7 Seedling stage Heading stage Flowering stage
Model gy i 4 (i 14 LA i LT 1 i

Overall value Rank Overall value Rank Overall value Rank
P-M —0.419 6 —0. 359 4 —0.157 3
H-S 0.251 2 —0.128 3 —0.893 6
B-C 0.59%4 1 —0.987 6 —0.628 5
Mak 0.068 3 0. 892 2 1.163 1
J-H —0. 089 4 1. 350 1 1. 063 2
P-T —0.405 5 —0.768 5 —0.548 4

A K B B i A R A B ORI T
YA 1 RN S SR L B-C A R S 2 B R 1 A5 0 B
L. RS AN AE AL B B L BR P-T BRS04 B
B £33 R UL RE T X S50 A L ) i DI 4SS 280 331 Ay
J-H BRI Mak 81, Hod, J-H AR 7 8 30 1R RE
R0 A A FORZEHUK & W RE AU R EoR AR Uk
27 HULBr BOR A 1K 8 I8 28 1K R A2 7 A K IF 3t
B B AR TR (K I3 i 545 7K 205 k2 A K
SR A A M A A 2 U N R K )
MRAA R L,

W R K A T 00 00 A 2 O T o

P 8 VT AR YRR 2 AT AR Y P R T VR 553 T 4 S
AR, B P-T RE AU (4 B 8L AR T AH X A 22 Ab
Mak #4155 J-H #5589 Xf 28 HUK BB RE 1 X300 .
225 ¥TALAZRD ARAEAGE L

gE LTk R B-C AL J-H B RN Mak 5
RIAE 6 Ff 45570 v BEAH RS A LA L ok AR A &
By B 25 i AH RS ILSS RATAE — R 25 . Lt
A S T I 17 2 A A 4 i v B L R AN
AR 9T B B A ASE U0 200 o P 0 B AL (B-C A J-H
BEARY AT Mak A& A1) 347 & IE JF 309k, & S AR R
2007 A S0 25 15 A& Bt A A TR A= R B S (B
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Table 3 Error analysis before and after correction for models at different growth stages

B IE T K IE J&
CipY 50 I 2 I =1 g Before correction After correction
=4 =)
Growth Model Model £ Regression
ode odel form
stage equation SR MBE/  RMSE/ 28 MBE/ RMSE/
Parameter (mm/d) (mm/d) Parameter (mm/d) (mm/d)
T 1 B-C ET,= Y=0.982 2X k=0.85 0.121 0.494 k=0.835 0.093 0. 484
Seedling kp(0.46T,+8.13)
stage
Ty J-H ET,= Y=0.979 2X ;=0.02175 —0.023 1.319  4x=0.021 30 0.078 1.307
Headi
eading #(T2*3)&
stage A
ALY Mak ET,= Y=0.6124X 5=0.61; 0. 605 1. 264 c=0.37;  —0.522  0.991
Flowering A Ii+ w=—0.12 w=—0.07
TAfya T ”

stage

L Z BB IE L Y B B-C 8RR (E Y
MBE FI RMSE $3/) 5 4687 ] B Be () Mak i 59 4
FUEAY MBE py A 1E /i 9 1F fin 22 % 42 S 1 1E J5 19 £
s 22 + LAl 22 9 /) 5 558D ) S ADURS JEE 12 T 5 T e 40
A J-H R A IE A HUE 9 | MBE | JL-F- 24 0.,
A 1E Je A5 40 RE g 48 T A B I L R R R Y Y
IMBE| i k. £ b N RE R B B-C BRI
Mak #271 DLJ Js s J-H A5 50 BE o A8 #0035 50K
) AR R RN B Be ) H AR B R

3 Hiv5iTtit

T 2007 F1 2008 4753 M A FH A= 745 22 G0 B 200
328 307 85 A 5 22 G0 UL 1) A 6 K W HRGE S 2508 /N
A WL R 4 S ARG A B K G A A
AYAT T AR KA T I R R R B B 2R R
HZh 2 s R A O B ik 43 36 b T 6 Fh 78 R AR
HI(P-M BLHY | H-S B 81 B-C LA | Mak #E 8 | J-H
FEALF P-T #8181 76 1 1] L B8 400 Fn 46 k2 1 By Be Xt &
FOKRZEWOL B HE T 5 [F iz ] MBE #1 RMSE
FOHR T 4 BERUG S S BR78 B R Wi 22 1 K. FIH
LR N BN 35 45 3] 45 A5 B (0 28 A VR 25 VA
AR E ML A B-C B J-H A Mak
TR B A% T IR B M Ak B AR R OK R R A B B I

ZERCR LM TS TARIEE ERAF AT H
B H 2R WL R AR, BRSS IR

D EARTEARTE L F W Be N ZZRUL T B 3)
BB RN IER, A F WA B 28 80k 0
IAEAERLIIR) . B30T L BT AL R 0] P e R 2R
KA HIH 0.16.,0. 32 1 0. 31 mm/h ., W {E X R
I 2043 51 & 12:00,14:00 F1 1300,

2) 2 M AR 1 ) A DA 25 SR L 7E AR L
b DX SR TR W) 2 0k il 3 4 K i 30 L R B0 A AR
IR B H 28 UK B 4 A X e A 7 43 5 O B-C A
A J-H BRI Mak B, BRI L bR P-T A
A1 H S AR TR ) A AU S5 R AR T 2 v I
TR,

3) T L MR ASORN 2 4 DAk 45 SR L 3 3 o AR
ISR AT ARt X AR KO 6] A B B Be i |
ZEHUCR LAY . BIE S 09 B-C B A A6 kL ] Y
Mak #5271 DA K B8 09 1 J5 iy J-H A R LA 5 ey 1 A5
FOURG HE o DT A B A 53 4 K AR & N 0 H 28 K
K Pt TR

EASE YR S 2R UK R R AR 2 il 2%
SRR A 7 R R TR R 5 45 A R R R
AT A E KRR G A B B 2 BB R R UL
FEAE A B, — 5 1T AT BB R 10 B2 A DG R 44X
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SCHER 172, e B B BEOK H B B2
R AR B K 2 WA e v e AR A R 7
Y RE 6% o B0 AR DL 28 IR L T RE A A2 B A ek
BRI 48 0 23 AR R B e XU R B 45 R
R RS AR AL AU I8 IR TS A A
B EARZEHOR = WITPH 45 R A 3 T8 4k
() P-T AL 7 i A5 4B ROR AN K Mak BERS AT J-H i
T, 3k n] BRI A O AU XA R A F SR W
Mals A58 5 7 > 3 18 X R0 28 R 14158 25 e /N T
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A W 8 B 48, AR DL B 2 2R UK IR 22 1 R L X
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