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A modeling study of evapotranspiration from maize cropping system and its

response to climate change
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Abstract: A process-based physiological model, EALCO ( Ecological Assimilation of Land and Climate Observation) , was
used to simulate the evapotranspiration from maize cropping system and to investigate the responses of evapotranspirational
processes to projected climate change. Measured evapotranspiration from the maize cropping system by an eddy covariance
system was used to test the model’s performance. The results showed that EALCO has high capability to simulate the
evapotranspiration in both hourly and daily scales, and explained 67% of daily evapotranspiration. By dividing the
evapotranspiration into soil evaporation and canopy transpiration in growing season, simulated soil evaporation counted for
36% of evapotranspiration. Simulated evapotranspiration and canopy transpiration will increase due to the increase in air
temperature, but soil evaporation tends to decrease. Simulated evapotranspiration was strongly sensitive to the decrease in
precipitation, which mainly leads to the decrease in soil evaporation. The increase in atmospheric CO, concentration will
significantly decrease canopy transpiration. Under the scenarios of future climate change in 2100, the model suggested that
the evapotranspiration during the growing season will decrease; however, the decreased evapotranspiration can not
compensate the decease in precipitation. As a consequence, future climate change will increase the possibility of crop water
stress, intensify the trends of warming and drying, and hence threaten crop production and ecological environment in the

studied region.
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AR LFEIEREMNR HAESREE /MRS (121°12" E,41°49" N) AL F & , K F R BEAH G5,
RIS T HE 5 KRZE K CO, KK REEMBNEE R, XU KR R 2 XA KRGS 5, M5
B, H SR EATF -29.9 °C £ 35.0 °C 2], FHSE 7. 8—11.0 C,ERKEAKENF 550 mm £ 630 mm =
], EEEYREXR, ZHE BB HABAB BS54 527 HM9 A 16 H, FXKEZHRKEERE
2.5 m, R X K TN PAIEEE PR 0.6%—0.9% .
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Fig.1 Variations of precipitation, soil water content, daily average of temperature and solar radiation at JinZhou site
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AIFFAFE RS RS TR EALCO( Ecological Assimilation of Land And Climate Observation) i fil1 &2
FBIEHOTF R EF T B K A A B RE, ZHEAC SR ES REBE TRIES ™,
AT R H N R HAS RS, EALCO BEALHE S A8 ) /K P % X R B P S U Gk, A
T S e bR HE A B ) 25K A ) S 2 1R B SR R /K 3, B IE 8 SOk B Tk L BB B /K AR B S B G ke
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FE R KA IR, i T 6 AR B RRUK PGB R . A SRR O PRI AUA S L SCIR ™ AR
HAES RS EER DS R R ZAUR AT

(1) 2007 £ 1 A 1 HE|FREH (LAI>0) Z AT, LR T AR B ¥ % 22 2007 42 12 A 31 H,
RRELR AR T4 B AR AL B

(2) FARMHM  EAZESIRE S H3h L 390R B A AR (T R P KRB B, BP2zs
SBAT HHEAMERE (KX 1) ,5d B LR T 8°C (X 2) , R MR R TR —FrEEm (KX 3) , £X
Trig M. FBAWTF

T, > Ty (1)

Tsoy > T (2)

Tom' = 2% (Tistay = Thuser) (3)

Ty =max[0,min(5.0,5.0 x (T,,... +10.0)/20.0) ] (4)

R, Tosang T Tsgoy 737000 S BB XSIRA 5 B TIBIREE T, 8 8°C ;T NF-FHIREE
(3) MBI ZERE AR & A A ], R ARk S . 4 R E IR R T3 —4F
SEMEET, i IS BT iR
Tgrln = Z (Tanay - TbaseZ) (5)
Thoer =max[5,min(15.0,7,, -5.0) ] (6)
K, Ty, i 7 A FEREE
(4) FEW RAEY) M- 25 200, 52 M RS BN SRR E W AE A K E M E RIS SeA Bl KM .
TR AR BN T I e M K B i RS B KM, TEAE KR, M AR E SR T RERIE
(5) #RH AV K8 E BRI T Farquhar % % J& i1 4 )b A8, 568 2 K9 25 7% 5% i Ball-
Berry ™ BT H 8, 2 RE B P 5 /K P AT R RB A HLH] , BORE 76 | 3 R MR LEAA Ty B L
Sciktt
1.3 HAISH1L
RIS HCFIR) GRS AE B TR UE T4 M AR F P A6 0 1 A 3 A 25 08 0 A 26 SCRR A B AR W 52 19 il
BRI,
1.4 S EREE
IPCC 58 YIRS #2548, ABRAEFF 1R 3] 2100 48, &R FHSIR R AT RN FH R IEE" 2 1.8—4.0 C,
FE B2 [ERCF , £ FHRBHTIER T 1.4—3.8 €T, TALEARTASH CO, &2 280 pmol -mol ™',
e B RTHE K B , 3 2100 4EKEE AN E) 550 wmol »mol ™', BIULF-HAI 1 45 . SR ILHX I 44a 4EF S
TR KK BB 1B B A 2 B, 2R bt X A< IR AR B B A i 3, 3T %k 0. 342°C- 10a ™5 F/K B A B B 1Y)
WD R S A 2y - 11. 815 mm-10a ' Bk ERIH BT SRERE . TR,/ N HE 2
EWRD , R B BEEA AL (BB TOR U BIR T . ARE L LB S, 18 2007 SESMRAF LR 1,
SEERMBANT 24, LM 100a J5 M-SR 5
(1) KIRHG M 3.4C;
(2) KW 20% 5
(3) CO, ¥k EEHE A 180 o mol-mol ' ;
(4) DA (1) F(3) MERE1ER , FERE B K& 0. 1—10 mm /MRS H B 23d 3802020 17d,3/m7 A 1
HF7 A 10 B FREKIREE, 4307 B 31 mm F167. 1 mm 34/1%]44. 5 mm F188.7 mm, ZEMERE,BR7 A1 H
10 HAL, Bk & Sk mib 20% (Bifiak 2100 41 ERE) o
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Table 1 Parameters in the model

5 Symbol H#3R Description HUE Value Bifi7 Unit S JE Source
Ve min [21]H1K(3) -350 m H,0 [25,26]

W, max [21]+K(3) 0 m H,0 [25,26]

m [21]H1(6) 6.0 [24]

b [21]HR(6) 0.008 mol+m ~%s~! [24]

A [21] = (11) 17.9

K [21]R(11) 710 J-K~1mol !

H [21] R (11) 57500 Jemol ~!

Hy, [21] = (11) 214500 Jemol !

Hy [21] R (11) 196000 Jemol ~!

V canax wRBRIRES 58 p molem~%s~! [23]

o ool T Lo Vemax £ 21 molem st [23,11]
PlantDesi AE R R 5% B 5.5 Plants+m =2 ABFFALFAE
Clay HitESEE 20 % ABFFAFAE
Sand U =D en 40 % ABFFAFAE
SoM EERiIKDis 0.75 % [27]

LAL,,, BB R AE 3.99 ABFFAFAE
H,py IR 2.5 m ABFFAFAE
Ci/Ca JHLiE] CO, WeRE/ RS, CO, ¥RBE 0.5 [11]

H,; T 2R 2.4 m ABFFAFAE
co, K5, CO, YehE 380 . mol - mol ~! ABIFEAE A

2 BEHERMNR
2.1 REEERHAZM

N T R AR R AR TH AR 2 AR G AR B B RO BEADRICR, , A BT 52 o PR v 8 A5 8 R R R 2 UL 2
SRR BT HOXF o 20 BB R AT Al (R AL f) — B[] (7d) #EATARAME 5 0L
ER XS (& 2) ,4 DIFBAER T ERAFREZ TR UARAFR KRR L RMEK) L5658 T K

FRFATHAPN (B 2a) , i TAE B R IX B M, BE @ 8 R i e 4 S B 28, R 22 i v vl
BTG R R, IEAFEOCHAE 0.8 2 1.2 Z (A . ARAUX v AT | i £l B A Hull B O BRCR Bt
WL E S EMEZ B GETH a5 R I3 20 S P, KM T AR I8 B A Bl o K fEL, T2 0t 1
5, T 4 IH -5 KR (] B RE RS e AV Pl B 32, A R R B 0o o Pl B RIS R IR (3R 2) o ESRAN
FLRGUIPY, BE R B A o O ATy LAY PGl B O B (BT 7 B EE /D T, AT X R A B AR R Bt
(%2),
2.2 KRERFTEN

B3 4t T ERAKH BRI Z 1 . SR L RN B 28BN IAICR BL4r , EALCO HR Y REAS AR B
RN 67% i) HZ#H L (RMSE =0.59 mm d ™' ,n =166) (& 4) . HZ&BLIME SHUEIYLE T A $
12 7 AJRABIRKIE,2007 48 H Z&BUERKIIETL 5.4 mm d ' EBHAZAEMRAE S, R E KR8
T o

FORKH HZBE S 1AL A PR PR 2, XX PR RO AR EA R 5 L 8. AR H
2, AT AT L BRI 2SR BN S I, 25 R N IEL 5 B e R RZFA LR Mg R &R B 23
RIS, AR I BTE S ARIZE S AP, BN ERERFERIRZAT. B E KRR
5E, I 220 0 R A AR B i v 0 30, B[R] AR R BR N, 6 A F A, BEE EOKIK T A F MK E
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Fig.2 Time series of simulated net radiation, R, (broken line) , LE(solid line) , sensible heat, H( thick line) , and observed R, ( diamonds) ,

LE (circles) and H (triangles) of maize corps during different growing stages

®2 AR BEAEEMEREENNESEBENE PSS

Table 2 Linear regression coefficients for modeled vs. observed hourly fluxes of net radiation, sensible heat and latent heat

A5 Variables Fif Bt Period #}# Slope FRUE Intercept R? RMSE n
R, A 1.04 -2.69 0.99 4.70 336
B 0.97 -3.91 0.99 6.01 336
C 0.94 -2.47 0.99 4.17 336
D 0.93 -7.87 0.99 5.56 336
H A 0.88 12.09 0.96 14.43 336
B 1.30 31.89 0.78 29.08 336
C 1.04 13.22 0.84 14.69 335
D 1.07 28.26 0.74 25.04 336
LE A 0.93 14.19 0.97 17.19 331
B 0.69 14.90 0.90 35.43 330
C 1.07 6.12 0.93 26.45 296
D 0.94 11.58 0.95 23.76 336

A.B.C 1 D 23R F RS S0 SR A FLRIY A Fy B B s RMSE - 307 M 2

Xk, ERMEFRIEEOG KR, 5 S ARRBEIG N , 5 2 75 Bl R IRk RN, £ 7 A TR EIRK
B, ZJE B> . I aT 0, A R 25 R S S PR B A AT . G R ER 49 AN RBAES RS
TIEFER A ZZEE R 58 151. 1 mm F1267.5 mm, +3EFE K 5 E RN 36% .

HRAZ WAL T B IR HFROK G G B , F|H EALCO BERIXT AR B FS e R AR IS R B,
LFEKIRBERA( >50 mm-d ") BRREKIR R R (52 2d KR >50 mm) BB T, %K HAKSK = E R
o AHFFTRAPIKIRME KSR A FBH BRI 2.7 mm Ml 14.2 mm, 2007 FFAEKBHNEREE R
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Fig. 3 Simulated and measured daily ET for maize crops during the growing season in 2007
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Fig. 4 Linear regression relationships between simulated and
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Fig. 5 Variations of simulated daily soil evaporation and canopy transpiration for maize crops during the growing season in 2007
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3.2 SfEAfext B RBEKIRE B =M

AW S BB SRARAE R B T SR TR CO MR BE TR (WK B A s/l , B T3 A28 i/ NF
BOm A5 R iR R s R EORK R E IR 0. SR ER, ZUREAHERT , ERFRHEER
THET 11% (A 418.7 mm FREE] 371. 4 mm) , H 20 T M EZ R AEAE KIES, & KREE KX 1
mm-d ([ 8) , LR AT Z AR I TR, (B AR 5 AU LB AR AR, 2 35% o MRS
IRAREIIZR BR , URRIE R T K i A B, e T B IRIHEA (B 9) X AR EZIH A T, Kb
SECEHOK T E R TR, HEMRRR T T B & 4 B AT RETE
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Fig. 6 Variations of simulated daily runoff and drainage for maize crops during the growing season in 2007

4 itig
4.1 BERHA

AR AT ARG BRI EALCO A THU& H
B RGERGOTTE, 2R BR, R R B T AR
/ANEF I H R B BE R ARG R . R E KSR E
MR AWERRF, — iR b REEH#TEZEK
PR, TR DA 3R BB R 2K BT o E
FITHEE, X AR b 2 B SRR 5 T Fa /K o 5 £33k 43 A8 1k
— B, T 2 T AEA 7K 43 RRAE 1 AR 420 7K 25 B A K 43 BHL
1%t LY - KRR GG R, XA BRI
JRBRAE 7 — e STk F Al T AR | Wang 25 4k 15
WESHT TRE B SRR EHESHE R
S , DT SE B 3R 4 et 2 TR B 5 et 2 K 3, iX AR RE R S K
HIShASHE I F B R E K 8 m R a e, F
i 8 T ALK MR IE AT IR A AR B, KRR
BT RS A LB . Wang! BOBFSE R I, B
Rrh 5| NGB 5K B SRE VL AT DIE — 2 BB b
RE AT ET MRS S, L HEAETREMETREAE
BRG . ASHFFENG AR R FH 7 2 10 08 3 X & B A
ARG, BRI BT
4.2 ULINBEE AT 8 T AR AEURR M I B AN E
5t

3 UL ek 1 R AR O 2 — 2B A T A % e i
TS LRI TR LS . R ERER R E, B
FHEARREREGBNWIIES X [ R BEAHEHEA
HEER R I, B BRI B TRERA
VA 2 JR R A AR A R e, X th AR i -5 YO
ZiEFEE £ R JEFE 2 —. Baldocchi 1 Wilson™ 7£

—_
(=]

W

|

ETZALE 43 b /%
Percentage of ET variations
Lo
= o o
T T

I
—
W

I

]
[S)
1

—_
(=}
T

. b

skl SR E 4 B /%
Percentage of 7 variations

TR AT 4 %
Percentage of E variations

A B C D
Kb B Treatment

B7 SETXLESFTEXREAKKEENEL

Fig.7 Variations of yearly water budget under changing climate

scenarios

a; ET; b: &JZ7808, T.; c: 1HER, E,; A RETE3.4C;
B F#/K U4 20% 5 C ;. CO, ¥k BEFHE5 180 p mol-mol !5 D: 2010 4§

CANOAK R IR UERT 7S 4 t: , BVEEARIME 5 WLIIE 2 18] B W) & JF 3 4, A RE U A B EL P58 3%, Y
DRSS W PR AR KR IR 2R, AR A rp 2 B I R K 3 38 B AR R 22 5 1 — X 25 ] 5 i [ RUBE |
ARy 3t AR AR P AT LA Bl BB 253 IMEM A B R AR % SN REAS RS,
A S WP RIZERK BEEWIN 2 HAERRA SR, KYH 15.5% WEERBIK , BERBIK AR
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Fig. 8 Variations of simulated daily ET under current and changing climate scenarios
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Fig.9 Variations of simulated daily runoff and drainage under the changing climate scenarios
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Fig. 10 Analysis of the sensitivity of annual ET to changes in the values of three key parameters
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