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MLt R, B RG378 % (Evaporation, L RfRjFR “7%
K7 . WM (Transpiration, DL R f##R “Z21E” ) o
FEm GEBD  HEOKIEBEZ NI TR
FORZ IS R AT BN RS B AU 5 7 T S AT T8
R, Hydrus-1D #RUNG 25 B0% (Evapotranspiration,
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ASCAEEAL P S5 A7 L 5] BEREIX. 2006— 2009 4 FH 1] J5t
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[ /K A I8 RS AT T BRI, 0 FH TR) /KA1 PR B A A K B Al
AT T e ZHX O T 25000, 285U S H 7K A
IR B4 B 4, KM BHPT (Bulk surface resistance)
AL ZEHUR M EE S50 Hydrus-1D 5 84% 1 28 10 FH
PO AR WA R R i 2200, AR % S+
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1 AR RSWM SR

A7 1l 5] 5 HE DAL T 2R A I T, R XS T AR
5 700 km?, JErb RS ORHEX, WEME T AN IEE . WE
XK o L X /N2 AN T KRR X, Hoh & /N2
ARKIAA 10 AR R kE 6 AHh), BEKAEKIEA 6 A
AR 10 ). SRR KPR SRR HL T RE R 5K
5 S T 2005 AEFEAL LLE F A7 T F IR0, )
VR DX TR [ ) KA PR R 2R AT I o 2 L 3l 7 T
X AJEEB (Jbgh 36°39', Z<£: 116°03) , e HIE i
VEYRIRE 5 ) B CHEME. MEARSS) 7 aQrEdEX A
BRI, AW I H sk 1 R .
£1 HEEWNHE
Tablel Fieldobservationitems
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min IRIRED

B H

3D A XGRS T
(Campbell-CSAT-3)

BRI 373m

PR 21 Imm

(Licor-L17500)
TEE KA e -5, =10, -20. -40.
3 5 a
(i) AT (TRIME-EZAT) 10 72 o7 o
e s )k )
H R KR Im (Campbell-CS420-10) 10 4.8m
[ RN /mm My %1 (Campbell-TE525MM) 10 15m
WEIC, W% I (VasdaHMP45C) 10 355m
IRII(W-m?) RS (Campbel-CNRL) 10 347m
R/ (m-s™h) T3 KA (Young-05103) 10 105m
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Hydrus-1D #5578 0 v A —AR AR Al - 387K 4 ia 45 I A
PIKH Richards JifE, 7 FERIEUE SRR H Galerkin 17 Bl
JOVEN R AT A ) B L, SR B 2 o kA T
) B L. BRI S AR RS, RIS n] DL R A M R
RAEABEILT, Hrp RS0 HEAEARR RN, ]
DU NGB BT AR 3 NI etk kit
B MK WEBE. BRI ASE. EARE G,
BEALE AR S G RUK o S S 725 1, Rl 28 (R
MRARBKED) MRPEAR R [0 4 A AT 40, 1531 )2
IR R KB, 4E 4 Richards 77 B FUSIEIH .

LGSR AR A N, BT SRH] FAOM
171 Penman-Monteith 24 X i+ S0 7F 25 B K

Eg:i zM&—G)_JmA%—%HQ

Al A+y@+r/r) A+y@+r/r)
X, ET, Wik &, BIAE K4 T 2608 5 2%
RZAL, mmid; A R KIIEA TR, MIKg; R, AifE
4, MJI(m?d); G A HIERGEE, MI(mPd); p K
JE, kg/m®; ¢, WEGEIE A, J(kgC); e e 7Y
SRRV I SERR KPR, KPas rg A mHBAYT,
JK VR R 1 9 2 T 2% kRN 3 i R e 26 I I 5 IR # B
P, oIm; rg AR ENS2EBB, BUKIRM ZE R Al B)E
gob 2 EOT R A A E B BT, 9ms A CHHIRKR R S
VLT 2 IR R BUIRRE , kPal'C s y TR A, kPal'C.

AR (D PRI (re) SEMRR A K
B ¢, #5KH FAO s LIS % 11 (Reference crop,
AEKHERE,. SRS, S R HALK AR sk AT
O M MBLYT (70s/m) , W) ETe Bl S EMZEHUK
o CHH ETo R 5 WiBR H AR B SE BRI VEY S DAk v
KIMBADL, ET, WEAZAR HW#EZA B &; Hydrus-1D
BERCRH T G #H . fERMSKEMET, S TEEEN
100%/1) %5 #EMi 4% (Dense full cover vegetation) %, #*
THT BEL P KR A A fr T R ey s

P
° LAl active
X, B PE A AL, 9ms LAl give A H 2K
TR ARG %, mPim? s 5 4 T 2 bl BH G TR 21
Csunlit) FH o - AR

HEFRMMIKEET, %0 100 g/m, (X T340
B, RO TR R I TR S LA 12, R rg
J A Ayt

D)

(2)

° LAl

Hydrus-1D #85RH T /AK (3 fE A (D Firg
WIS v, ARRIMBA TS AR AL LAL Z [ 2C R
Hhigesaig M, maR (3) M Rer s,
AR FED 2 M 225 S4h, T vk e s
AL R AR U (0 LA R IR, DRI X At B i AR
% CLALRAN) (TS LFEAEH o A SR I 508 4/

3

AR FOREEAFHIRED W], &/ NA AN K750 4 C3
R CafEy, — M LT B MM [,
FEMCEN SR e MR A i LR, AT A A (3 1
A X SR N 2 3 OB T S 9 AR 2K O R
BKRE., KL% Cleugh SR I KTk, L %18
PR AN 00T R T BT M, 0 AN [ A R 2R R X
AFZHG TG K38 A O T S A B, R
AWy

l:gS =CLAl + g, in (4
p ,

X, g RIS, mis; ¢ NP2 FEE S,
SRPERMAT 5, AW &N R R A
BUE, m/s; Qgmin R3S, JLEETIA N 24+
oL AR LY, mis. ¢ Fll gmin NI S HY, T2
BT HRE, JE S0 T IR A S B A 5T T B
e b 2 T PR B vk e i R AR ) 2 R AL
BT T

PR 28 HUR 50 b 7 R R I o3 AT 6. 195G
it Beer M AE A BORBHAT VL, 13 BIBHER KR
AR 75

T,=ET,(1-e*")

E,=ET, e
X, T, 5 By il e 28 B R AE 8%, mmid; koA
5ok 2RI )G B3k (extinction coefficient) , iz i K FH 48 5
P62 I LA 5, A SCHUA Hydrus-1D A5 78 [ R
1} 0.463.

Hydrus-1D 2L, S [k 2 1 8 A 5 7 250 15 7K 40 W
WRKTRR, KW R BT Fedds #5784
T X R, RS REAUK TR
(IR N T RS » PR RSE TEERR,
W) K T SR, 2R 2 - U AR I
HANAS, B Fad A1 bl i AR b e K Sk
RNRAZER . BRI T- 2 RTS8 % 18K o it 4
PR ZERAFAEALN TR 28 R G o AR IEIEAT T
ot SRR AR 3 AN, BIRZ IS KR K
T HIEREKE R SR 28 R S TR R TS KE
ANT IR, S2BR7% & B 39 5 AR (AR T 2k
s AR T BEWROKEN AR AR 1
Rk IR 2 8 110~1/3 AN KRR By
XoF I [ -3 S KR, AR SRR 2 - 380 5 0k 20 KPa 6t v
&K, B 0.26 mim®; BRI A& /K SRk )RR
B0 65%9, 1 0.17 m¥m®. i T R R RS
TR, A SRR A SGE P A R A TP

3 HENMA

A SCAEA L HE DX HH R)OUE I 3 2006 — 2009 4 (4
1461 d) FsziEyE St L, NA Hydrus-1D A5 2Y f )
T K o WG BT AE HALE 4 a it S R K
MR A 3.6 m, HEA B+ 2 R RE N 0~4 m. BiRLKE
TR 46 AT, REAS TR — Mk 10 om,
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3.1 EESH
3K A RHE 267 H van Genuchten #5! (VG 15

M i, AHTFCICH ] JSCR L AT e i, AR S
WA ) 5 5 KR E s, R —SRE US55 VG
B ) % 240 HHOK D RIS B L 2.

®2 THKSEHESH
Table2 Soil hydraulic parameters

+J2/em HRIEKE 04(mPm®)  BRAREKE 04(m>m®)  Z5% Alphalem™ I TBRSH n  FHBURE/(gem®)  WHRISKE/ (cmd?)

0~18 0.424 0.033 0.0174 141 1.34 110
>18~45 0.393 0.080 0.0067 177 1.49 80
>45~85 0.350 0 0.0048 1.36 152 40
>85~400 0.435 0.148 0.0053 2.54 1.47 10

HRARWIK AR Fedds B, ZHLE 3; A (4)
o R B0 R H S DN 28 BOR B R RS R AT R e A3 3
o, B30 ggmin UE A 0.001 mi/s, 241 ¢ X T4/ (10
H 16 &4 6 H 15 H) MIE LK (6 A 16 H% 10 A
15 H) 43 H{E >4 0.0015 m/s 1 0.001 m/s.
®3 Fedds RIS
Table3 Parametersin formulation of Fedds
PO/cm  POpt/cm P2H/cm P2L/cm

P3/cm  r2H/(cm-d™®) r2L/(cm-d?)

0 -1 -250 -300 -15000 0.5 0.1

3.2 LREFHEMNEL

ARFFTLARER (AR FZERAEN Hydrus-1D 4
R B g, & kamd N TS B Ol RO
FHANRRE . 1am a4 R RO G LAL ) i
R E G A 2], BB 58 0~4m i) 1)=,
TAERTLNT B P FH ) (1) e K HL T /KRR R 3.6 m, PRI G AR
AR AL T-H T /KRR o A5 LLARIK Sk (Variable
pressure head) 1 SR A R I G4t AKSRAEAE N
BN, BB (4 m) J2s Sl /K HER
35 FERY. WEBE. AREE AT KRR ISR B D3
WEHE . Tz X AP, #RFKERR, HAH
W EEH, B AE SR A 25 B Fs
R TIEE KEFEH A2

LAl X2 UK BIAAUL AT H e, ol Tt D 3N I B
TELLS LAL Bds, A8 SCR AR BRG] LAL.
— 4k % {H ¥ 8% #5 % (normalized difference vegetation
index, NDVI) & Hok i LAL, (HEE LAl SR 2D
LEPER, AE LA BEKRF, NDVI X LAL IR ASRIUR
A 3R Gitelson™ 42 H (1 58 v Bl A B 5 50 (wide
dynamic range vegetation index, WDRVI) A% LAI,
ZIRHOE R NDVI )Rk, 5 LA BAT RS 4t
K&, WY F A NDVI A

WDRVI=[(a+1)NDVI+(a-1)]/[(a-)NDVI+(a+1)] (6

Hrh, o WRERE, SEEESMAREMAKR, I
H7E 0.1~0.2 2 [1] (X MODIS %4 7Bt 0.2)

RICKH 8 d A 250 m 4 % MODIS
(moderate resolution imaging spectroradiometer, H1%54)#f
R ZIORE GO MR e B 4 CTF 28k« https://wist.
echo.nasa.gov/api//) 45 H IR BT 7E A% I NDVI, 24
{43 21% H NDVI, 4 A0 (6) 1353 H WDRVI,

2006—2009 “EHHfH], /N2 WDRVI [ K. fe/MESS
504 0.36 F1-0.56, K7 WDRVI flif K. B/ ME5 7
4 0.68 F1-0.53,

AHFFAE 2006 — 2009 4F X} 1% H[H] 1) LAL ZEAT T A%
SR (L B3ANFEAD , MIHEI E s, M AN
TR LAL Fe KA 2059 0 6.2 F1 5.0, e/ MEZIEUCY 0,
T WDRVI 5 LAl 2GR, A l45 24 /N2l
H K WDRVI 5 LAl B R 7 FEWTF

K /NFE: LAI=(WDRVI—(-0.56))/(0.36-(~0.56))x6.2

=6.75xWDRV1+3.77

2 FK: LAI=(WDRVI-(-0.53))/(0.68-(-0.53))x5.0

=4.13xWDRV1+2.20 @))

A (7) wHiEH WDRVI EAEHZ H LAIL,
fSE A SEIE R H D 5 S2E A OC R4k 0.88,
FWIZ T L LU A4 T LAL f5. H1 WDRVI 5
LAI FIs2 LAL R0 1 iR

7 — A5 SR
- n A
8 5 A IR I
F 4 [ / \ ' )
1 AN A A
2 2 o /\ N | . I Fi o
S 10 \ JRVARR VIR Y. “ i J
/ ! I 5, -
0 ) U \J v ~ /..\/‘ J \/-\
S = = = = S = S
- = - = - = - I
8 8 S S 2 2 = =
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A 1 2006- 2009 i# H =+ & &35 4k LAI
Fig.1 Daily LAI during 2006 - 2009
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Fig.2 Averaged daily LAl and ET during 2006 — 2009

ASCR I RIS 22 . AR 22 Nash 2% 2410
3 ANV FR bR R VP SO I G AR ) 25 R AR 25
By HUEIRFRUEE AN

YR % (root mean square error, RMSE)

RMSE = }%ZN:(S -0)? (8
i=1

X Z (relative error, RE)

>s

RE= -1 (9

N

)

0

Nash %% 2% (Nash-sutcliffe efficiency coefficient,
NSE)

>(s-a)

NSE=1-3——

2(a-9)

Bk 3AATRT, § T o 400 § AR B

RISCIIME, 0 My SRR, N UREARMEL. 3 M8k

i, BTRLEZE (RMSE) R 15 S 0 4ot it

FHTIIRREE, BB (RE) KWL 55

B2 WMIAHEZ, Nash MEEFE (NSE) RWHLL
ST A Ao 7 A R

FIH BHPTE B 2 Bk A, AR 2RO AR 4 SR

5775 2 L RHE T Nash 2% R H04M 510 1.06 mm.

(10

31.6%F1 0.47, HiAIHEE 3 N8R HliA %] 0.67 mm.
3.8%F11 0.79. ¥JT7HL R ZEA i/, 2B 0k 5 A A
o H 78 B e R ROUSE Ry R fff s XS 457 22 P 66 6 K g
PN, 2R PH A i AR AR F P ) 28 YR e i B S
SRR IS Ay e, IXO6) A 2K RSP 43 A I b T
Nash Z% RECH Fridm, RN 28 UK B (]2 48,
TR (R ARAE B O A B o R SO 3 K AR LR JEE 1) 1
M RIRSHRL 5 TR 2 A1 35 Sl 7 A 3% 1 BH T et e A 2 () A4
gt PILRE I
4.2 ERILERIFM

SR FH SIS s 6 - 3 5 7K R AR &5 SR AT B0 E
% 0~10. >10~50 F1>50~160 cm + /213 355
IKEZS AT VR . 28U S 3 /K S IR AL 4 SR
PR b B 3 Bios.
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0.5
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= 04 =
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& 6 =
= %
e = 0.
z &
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— 33
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Fig.3 Simulation results of ET and soil water content
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SRR IR /N, PR 45 SR 1) Nash 0% R 2R
i MRS R Z R TR 22k, BN R 2 35
IR BN AR R 22, B 2 T 3 R A0 4 AL U o
BV, AT R 2 15 R 5 7K S IR R A e
AJHH T H R K AG A FRAE 2 A1 SoK i
4.3 KERMERKEFEHD

ARBUR S LAl AE N B A —3 (LK 2)
FHIRFREZE TR E DA, LAL 2 H ) 28 O TE
AT FE R B IR 2. R I AR R,
] LH A 6o 512 o 28 B AT TR L5, LS e I 25RO
RN R BE Can—J)D WrIssh (L 2) .
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AERKEEZCIZEE ST, EEWAKIN AR T, 2 R, KK HRE NS ESE. WK 4 1]
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Fig.4 Variation of hydrological variables during 2006 — 2009
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Hydrus-1D #5784 75 FH [R] AC FAA A 0B 1 5 Y R eieadt 1

INo SR FRIERZE R B A 404 A1 213 mm, ZE[EZ K
RN 2 45 o WER 2 oy B 1) 172, 56 TR R Bk 2 1) 80%
TEATHRET 7810, 20% 0 B TUK « Bl & K& (0~
4m 12N E KR R 7K AR 40 5 S L KA AR
PR —3, R BRI & . B AT A TR K
LA 5 AR I K o A GIEFED 1l L IR S
K, i, T 2006 FEAIKALE R (2005 AT AR Y
=B & TIEWEG) , Kk 2006 £ & /Ks T
IR H A BH . B o
R4 FAETH
Table4 Annualy water balance

KT 4 i R LRk
s o0 H B T MR A
R — A geon m BNEE W i fe

2006 336 400 596 217 379 255 -114 672 -10

2007 489 260 646 188 458 70 34 724 02

2008 464 200 619 202 417 143 -9 706 06

2009 711 200 608 247 361 227 81 688 05
fEFYy 500 265 617 213 404 174 -23 697 0.2
T RAPPERT . FEBA T KA AR A S, JLABTONEAE : 120
B A8 ket (AT S

5 ZHit5iTie

AL T Hydrus-1D #7S rp R PRSI H A 20
EEXIATFED B RIA R S50, ol IR RCRTRE FiR
A HUR I BAURE B o W F0R B, R 28 HUR B 3515 48
AR 2 3 AR RS (LAD PR R v, T AE
NI TR R B RS R R e . ARSI R 2
BOR 52 3K o i s o RS SN 35 B K R IR 6)
LER B, BOAORT T8 E KR ML R AR A R L. H
) K P A M 2R IH B R EIR 1) 80% 4 A7 T-7%
Bk, L 7RI Y ZEHUR 1Y) 65%.

AR TE LAl Setth J¢ R B 1 58 Vo B A B Fa 44
(WDRVD) ¥kttt LA, JE4H T &/NEME EX
LAl 5 WDRVI {2t 7R o &/ TR FOREEAE 2 3
A7 L RE X TG 2 AT JU s g i Rk 5, BRIy
FEXT HoAth M X A0 B 2% % L

P T W0 Ak Y R AN SC AR 25 R RN 28 1 1 3 il
HATIGAE R AT, XS TAEN ISR R Ty o R
HEZK R 2 180 M LUR A Sl £ P g AT 500, EX T4
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Application and improvement of Hydrus-1D model for analyzing water
cyclein an agricultural field

Ma Huan!, Yang Dawen’, Lei Huimin!, Cai Jianfeng?, Kusuda Tetsuya®

(1. Sate Key Laboratory of Hydroscience and Engineering, Department of Hydraulic Engineering, Tsinghua University,
Beijing 100084, China; 2. Management Office of the Weishan Irrigation District, Liaocheng 252000, China;
3. Department of Environmental Resources and Systems, University of Kitakyushu, Kitakyushu 808-0135, Japan)

Abstract: Water cycle during 2006-2009 in atypical agricultural field of the Weishan irrigation district, which is located
aong the downstream of Yellow River in the North China Plain, was analyzed using the Hydrus-1D model. The
equation for calculating the bulk surface resistance was modified according to the observed data. The simulated ET was
compared with the observed ET by the eddy covariance system, and the result showed that simulation using modified
resistance equation provided much better results than that of the original model. ET analysis showed that, for areas
covered with seasonal vegetation, LAl determined the seasonal variation of ET, while weather condition determined ET
variation at a much smaller time scale (e.g., one week). Comparing the simulated soil water content with the observed
data by TDR, showed that the model could simulate soil water appropriately. Water balance analysis showed that about
80% of the rainfall and irrigation were consumed by ET, and drainage from the field mainly occurred during rainy
season.

Key words: evaporation, transpiration, models, Hydrus-1D model, Weishan irrigation district, water balance



