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Water and heat transport in a root zone during evapotranspiration

using the canopy energy budget model

Masaru SAKAI!

Abstract: To simulate soil water contents and tempera-
tures in a root zone, understanding of root uptake charac-
teristics and unsaturated hydraulic conductivity K is nec-
essary. In this study, numerical simulations of soil water
and heat transport were conducted for a soil drying pro-
cess with evapotranspiration in a soybean field, using a
coupled program of HYDRUS-1D and a canopy energy
budget model. Impacts of K, compensatory water uptake,
and water uptake distribution 3(z) on simulated soil water
contents and temperatures were evaluated comparing with
field observed data. Two f(z) distributions, uniform dis-
tribution B,,; and observed root density based-distribution
PBrp, were tested. K, controlling soil surface evaporation
rate E, indicated a considerable impact on soil tempera-
tures. In a case with large surface coverage, simulated tem-
peratures agreed well with observed ones when relatively
large K was used and E, under the canopy occurred with
the potential evaporation rate. By simulating with com-
pensatory water uptake, water uptake rates S increased at
well-watered lower part of the zoot zone. Although § dis-
tributions were different between By and Brp, simulated
water contents agreed well with observed ones for both
cases when root adaptability factor @. = 0 was used (fully
compensated). It indicated that the sensitivity of §(z) to
soil water content and temperature was much smaller than
K and compensatory uptake. To simulate soil water con-
tent changes for relatively shallow root zones, using a uni-
form distribution for B(z) and full compensatory uptake
(@w: = 0) can be one simple and useful assumption. And
applying soil water and heat transport model to field ob-
served data to determine average K of the root zone is a
promising method for further detailed analysis of soil sur-
face evaporation and transpiration.
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1. FLC®HIC

RE O LBk EPMIRE, MEYOEBTICKRERY
BEEZDHENTHD. X4 XFFIBWTE, BAEH
Hi® TEEKAOEEA N L2, BNZF SIS
ZEHFHILENT WS (BRES, 1999; #HiHH 5, 2013; iR
5,2018; 5855, 2020). F7-HRIE, S=EEROREZE
b ¥ 272 & TWEMEE (B - I, 2007) %, 1R
WIERIZHEL 525 \Wo 2GS H S (Saeki et al.,
2008). M TH U B ZEFEXIOIRAK D 5 KFELK A~ D
ZiLThy, BEGEEL2 LS RS H, TEKY B
FEMHAEROH 5EMLBRR{LTHDL. TDD, &R
Bz RS WE O LKy &R O L/ E FHIT 2
7=, QREMITINZ, Tdksy - BEBE, XU
U X BIROBKZE FFIZE BT 20 ENH 5.

WIS (2020) 1%, HEHNLET VD1 DTHS L
e & Mg OB X2 KT 2 JEE TV (Maruyama
and Kuwagata, 2010) ¥, HYDRUS-1D (Simiinek et al.,
2013) 5L, AL, BLELEKLSE - HE
EADTFUT 0TS LEBHEL . X4 XREES I
AL, HEmEAREEOHRER & 75Kt HKEIIH
RO REIFENRGRE K 1%, HIRA LB 252528
ZRUTWD., £RENEL M4 T, Bl
P T 8 CTIRAGEE % 303 2 i EIk K (Jarvis, 1989)
DERPBEL R B REMEE R U T WS, KhdKEH
IO K OHIEIZHL <, BENTOAERKERIZBITS
LK ES b D& T ICx U TR THER 97 % 28R E
(Simtinek et al., 1998; 3 Hf - B, 2007) 72 &, SRR
SNTWS. ZERIEIZL D K OfEHFE, fekT >y
F A =X OHEHES (h>—1,000cm) & XN TV,
3% D LB ECHE U B h < —10,000 cm LAR D4z 1%
RO EFELIREIN TS (Schindler et al., 2010;
Iden et al., 2021). —7f, EHEED K 1%, LORE—
M, WIREEP LOMEDEORE LTI, ENER
TRO K LITRLDREVEDVDH D, TD728, BiGHE
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HifEiz o E, BHOKY - BBEZ2HHT 5 K O#E
WBRHETHS.

Feddes et al. (1974) ORDIEKE TV TIE, ATHERE
W & RKERE N B(z) THREIIWIHEL, BAET
DIKA B VAT EBEAKIE T Z2EHT 5B, B(z) IHES
HIZEDIDEEZ5NEZ A%\ (Albasha et al., 2015;
R 5, 2016; EA S, 2017). — AT, BEDMAOHE
WL KB NEETEZZehoT—XDRoNTNWEZ
EWEL, FLBEOMEBOKDAIXRR S Z L HHE
N TS (de Melo and de Jong van Lier, 2021). & ®
728, LBOUKSBEORIEMICR U CHBUE G O ¥ g T
B(z) KB Z &% (Hupet et al., 2003; Schelle et al.,
2012), WETH—2 B(z) 252262 LbHH (ABILS,
2018; I 5, 2020), —EDHEFREINTWE DI
TRV, 72, MEEOKE TV 2 BSGE N ICES L
7w i3 A7 < (Markewitz et al., 2010; Albasha et al.,
2015), fELE D LHKG 2% FHIT 5 LT, YORE
DHEEVBETH 5P Ha s S h oy, REO
KEEIE, ZOBKBESM B(z) PHIEBK, =512
THOKABENZ K B IRBENO S L AT ORE
BZITED, Tho 2 dfERNICREIT2MBEND 5.

Z ZTARME T, HIHRE DR X 1 R ELES
O, EFEIZ LB LKy BBEBHEHLONT HZ
CEREHME Uz RS (2020) ARTEEZAINEET
V&AW 138K - BB OBUEFEIZBWT, flilE
oKD, BoKERE DA B(z), AEIFLEKRE K DR
BT 217\, RBEEKREHBOFERRIZE 2 55
% BUSBIIAE O FBIMEIZ D W TEHM L 7.

2. 73k

2.1 RGEHAOHE

2018 FIZ =ZFHARFMER GO X 1 B Eg T, +
BRI, [GRSM, FMEET — 2 OBRGEH %1772
(H:5,2020). B4 X (722%h) OFKEHIEIZ, 6
H12 H (%f) 7510 H 17 H () TH -7z, ik
SMTCTETOLIICHRM 20cm, &M 70cm &L, X1 X%
1 AT 3 RFEREL 72, BSHO LML, REOFELED
WEa—LT, BLZ30cm UEDO FEIEE—LTH
5. FEIEVIVNEDOLIZ SR, ZIEEE pp 75 1.60
~ 1.65 gem™3 ZIEHITE <, HEAMEATE W & S R
RO,

FwEMO6 HSHIZ, oy RE 12cm O LiEKkS &V
#— (CS655, Campbell Scientific) Z#F X 0, 10, 20 cm
B oShE FAZIZ 1 AFOREL, ThTh 0 — 10,
10 — 20, 20 — 30 cm FEDFEIRFEE KR ZHE L 7-.
72, 5, 15em BIZAKKRT V¥ ¥ )+ ¥ — (TEROS-
21, METER group) &, 1, 2, 4, 8, 10, 20, 30 cm #
WEl—a Vv ARV R VBN ZREL, THKES &
BEAE LU, LBV, X1 ADETILHE
Uiz, SH2OHIZ Yz Y —2A5—vavi&EL, &%

T—X& LT, W& (TE525, Campbell Scientific), 2 m
EOWREE (HMP-155D, 27V~ 757 v Z#&t) &8
[ JEE (Met One 034B, Campbell Scientific), 1.5 m &
DRI AG & Bt (NRO1, Campbell Scientific) %
HIE L7, r¥—Iik7—&vH— (CR1000, Campbell
Scientific) (Z#t L, 2019 4£2 H 21 HE T, 30 /2[EkE
THBEL 7.

/2, 6 H 12 HOBREH®Z»S 10H 1THET, X1 X
DEBTF—X & UTHR, LAI, MRu#HEERZ 2 ~3H
MR CHIE L7z, BEid 22 % T v X LIGEELT
HE U7z, LAI OJIEX, SFHNLRKEXD 1 #EXD
WMoTiTo7. BTDEEAF v F—THAND, EHE
fRMT CHRAZEEIR &2 K&, WNRMEME (20 cm x 70 cm) 125
THE &% LAl ¥ Uiz, MR EwERIZ, B EHNS55m
DEIVPOLBELUZEELSRDZ., EED3m x3m
DRI DN THGARNT 247\, B 50 ~ 125 (fkD 5
) TERSNDEME WA S U, SRER (9m?)
W2 A EE A MR ERE L.

2014 FEH L2015 FIZ|—D X1 A IEESE T, B
HESMDOHEEITo7~. 20cm x 20 cm D& @R %,
KA Xz iz 5 om R THEIZFHAL, BELU
7. XA X% 2 mm iz HOTHRATHENL, €V
oy b TEINE, BEZEEZHELZ. JIEE, 2014 4
14 3 EET, 2015 F£130 1 ERBET, &8 1K
HWTliolz. X4 ADMIE, RSN 1 ARBRE TR
TRETZEEL WL, ZOR, TETOEVEED:
b, M 30cm BUECIHIEFEAYRSNT, £E 15cm
FEICER L. £72, BEZ 1 2HMRE, X650
WBRONZHDD, FRBROSHZRLUT.

22 HBHEBE EHMD TEKY BB BORESE

2.2.1 t3EKS - B ER

I R LB S LK - B E O BUER I,
kS (2020) ASHEHEL 72, HYDRUS-1D (Siminek et
al., 2013) & BEZEUN S £ 5L (Maruyama and Kuwagata,
2010) OEAEE T &2 FH Wz, $HiE 1 Rt TROIEK
EEELULIFEESMETOY F v — XA, RATRX
ns.

20
ot

() kin?l ks
dz dz LT dz vh dz VT dz

ZZT, O IXMAREAEKE (mPm3), ¢ W (s), 1
ErEEDME (m), hlxtdAEN (m), T 3G
(°C), S IFBMEIZH T DROWAEE (s71), KIFIE
FBEEZ & 2 WARAK D REIFLB KGRI (ms™), Kir 1
TS BB & BHRAK DB KBE (m? °C ' s™1), Ky
(ms™1) & Kyr (m?°Cs™1) XENAMAL, EEAR I
X BKAELRDBBRBTH 5. Kir, Kpy, Ker DERL
WXEHES (2007) 1IZFELL, K X KR T 0BT, K
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EKrlk0, hy, T OB TRDEZENTES.

IKEGBEFZEL LHOBOBRFENIZRATEREI N
.
AGT | 96y _
or Lo =
i l aQLT C oqT dqv @
5|t ar| T G Tl

ZIZ7T, G Gy, Cyidt, WOIRK, KIS DIRREEA R
(m73°C™h), 6, IFKAKMHE (m3 m3), Lo (3KHAL
REY 72 b OZFEE Um3), AL FEEER (Wm!
°C™ 1), gL & gy BIIRAKE KKK TS v 27 2THB (m
s7h.

IR R B AR & AEIFLE KGRI K % R T AR DB
BB R0Z 1, Durner € 7V % f\W7z (Durner, 1994;
Priesack and Durner, 2006).

0—6;
=S

0—6 ¢ 3)
=wi[l+ (ah)"]™ 4wyl + (aph)™] ™

K = Ky (W1 Se1 +w2Se2)’

(wlal [1 - (1 fsi{’”l)ml] Fwac [1 _ (1 fsié’”Z)mZDZ

(wioy +wa0n)?
4

X

ZIT, O IFBNARE A AR (mP m3), O I3FRM IR
BAKER (m®m3), S AEME -, w; (i=1,2)
FEAME () Twi+w=1Th3. o (m 1), n,
m; (=1—1/n;) FHHBROBREGEZX B /3F X =&, K
FEAE AR (ms™!), 1IZRBREEESHRBTH 2 (-).

222 EHEBNZET IV

Rl ZE S A R o0 i SR T AU S & GHEE S B BV AU E
TN LT, TR & REHE OB & @5 5
2 € 7% MW (Maruyama and Kuwagata, 2010).
Fig. 1 iIZ2BET IV OMKE%ZRT.

Energy balance
at canopy

Fig. 1 2 JBE 57V OBIKX.
Schematic illustration of the double source model.

Rng = Hy + LyEy + Gy

5
Rn. =H.+LyE. )

22T, Rng & Rn |3 30 & RAMRE 123 2 MU &
(Wm™2), H, & H, (%580 — K5 & Rt — K &R
DEHT Ty 7 A (Wm?2), E, & E 1 L &FEE
gL FRBORE (kgm 2 s™!), Ly I3KEAEE Y20 D
HKIEWE Tkg™), Gy B EHATS v 2 2THBE (W
m~2). FEOMBUH KA IZRRTREINS.

Rng =(1—ay) TRs+ TRL+ (1 — 1) 0T} — 0T}
Rnc = (1—a) Rs — (1 —ag) Rs ©
+(1-1)(RL+0T})—2(1-1)0T

2T, Rs & Ry IBEE Lo HEE L B (Wm™2),
TSI T R REDBEE (-), ap & o ldTHEHE
LR EOTANRE (), Ty & T W& HIRIE & REEIRE
(°C), CEATF 77 V=AY VER (5.67x 1078 W
m2°C™*) Th3.

RIBOEE - BT T v 7 AR RIRATRI NS,

Hy = c,CiU (T, — T,)

H. = c,CucU (T — To)

LyEg = LyCegU (psai(Tg)Hy(hg, Ty) — Pa)
LyEc = LyCecU (psar(Tc) — pa)

@)

ZIT, ¢ cifc%@q'ﬁ*ﬁf*% (Im=3°C™l), U iZ)a#
(ms™!), T, Z&HE (°C), pa EARKDKELKEE (kg
m-3), cHg, Crg 137 12N 481 — KR D BB
BB BT RT BN ZEERE (), Che, Cie &
N AR — K&K O BHB M & BRI 5
PNV IR (=) TH D, pea 1 FEAFIKASKEE (kg

m™3) THIBERE T, %72 3BERE T, OB, H, 13
TR B BHIBHEE (<) T L IH O £ HKIE S by
CHIE T, DBIBITH 5. &8 F7 A =X DFHHEFGIEIZD
WTIE, IS (2020) 1IZFEL L.

223 ROWBKEFIV

WOBKHE S 1%, HIEHKkAKZZEL 7~ Feddes DE
FIL%&FAWTEE L7 (Feddes et al., 1974; Siminek and
Hopmans, 2009).

Eep 1

S=———a(h)B(z)= max (@, @)

max (@, ;) a(n)Sp @)

Z I T, Eqp IEATREZRBUEE (ms™!) a(h) & h 1ITHAFS
LZHKADNVARERE (0 THB. B(z) ITPoKsRE A

(1) T, Ep 2&WES OURRAEE S, IZHHT 5.
I NAERESO S EMBHOES Ly (m) 1L
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Table 1

FHEIZ AWz Durner € TV DKSBENEME S A — &,

Soil water hydraulic parameters of the Durner model used for simulations.

depth 6, 0 Qg n ap ny Ks (cmd™1) l
0—10 em O 0.371 0.030 2.00 0.55 0.0005 1.30 54.1 0.5,1,2,3,4
10—30 cm 0 0.366 0.021 1.98 0.67 0.00025 1.42 23.0 0.5,1,2,3,4

30— 100cm 0 0.340 0.00088 1.25 - - 0.04 0.5

1=0.5 & DR BEAMIBREEE 5 2 53V E.

THAT5 LT, ERBHEE E MWES5ND. fHEK
IKETIVIE, FREARBURE Eqp & AHIEIBRKZE R L 720
LiEDERBEYE E, DL TRINEKA ML ZEH o
(=E:/Ep) ZFAAWT, RAEMIZ Ep RS EZET IV
T»H5 (Jarvis, 1989; Jarvis, 2011). . 1ZAR D HFRE
EREIENDS 0 OBIETHD 0<w.<1), o> Tl
Ec=Ep 2780, 0 <o TRE<Ep &b, o.=1
DELEIHIEHBAZZRLURZVETVERD, 0. =00
50 (ST K AT RE AR AR AMFEAE S B BR D Eop THHEK
NEL S (SERHERkA).

23 EtEE MG

FHE LRI - BERSME, RS (2020) & AR
ThD. FHERESI, K - BB O TR &St
DEERBIT L7720, +oREIL U THRE,LSHES
100cm £TO 1 RhE LB LUz, HHRELEI, 0 —
10, 10 — 30, 30cm AN 3 @okELEE L, &EiC
KOBERMEE25272. 0—10cm & 0 — 30 cm DK4Y
Rethdhis iy, #1290 — 10cm %, 10 — 20 cm D
TS Y —DHEME 5cm &, 15 cm FEDO KR
TYYy bk I —DUEMDBEFRN oKD, £zt
KES h < — 5,000 cm DFZIEFEIZIC DO WTIE, T3
DIRIPIRIEIZ B\ TEEA R EIARL LG WP4-T (Decagon
devices) THIE L7z h LIFRZETHIE U7z & Kt 0 @
BfRE, IRLEOWIREE pp ZHHNT, h& 6 DM
fRERD . 30 cm IFEO K ReMEdRRIE, RS1TE, N
FEMEE, WPAT THIE LU 7. & L8 0K R o
HIEAEIZ Durner (1994) OREUFIK > F BRI B ECE
AU, KOBEEME NS A—& %437 (Table 1). &8
DK AR & A BIRIE KRR Fig. 2 12R9. 2O
i, BOFIE KRB K, 12, 100 cm® O#R LA CTHRILL 72
BIEEDOABEL L2 FWT, ZKAFEKRBRTHIZL
7z, DAKE, BKBREOEALIX cmdT! TR

T OB X, BYRrET (KD2Pro, Decagon devices)
B o CTHIE U 72, AL T TR ORGSR IC T
L, 100 cm® S EEICHEBE, 3em Ta7)l=— K
+ > #— (SH-1, Decagon devices) %M\ T, HyziEk
BPIUORHEEARERZIE L. BonBYRER L &
RFEEKE 0 DEIfRIZ, Chung and Horton (1987) D%
FI (A =b +b20+b30%) AL, BEHED T
A—=R%ERD (b =0.183, by =3.646, b3 =0.146 W
m-'°CTh). ZZTi, BEAAITHE L TH U SERHEZ
527-.

BUHETHIX, 2018 ETH3IHORE~8 A 12 H 0K
O, EEREMEZSRE Uz, 20wt X1
ADEEIZBEXZ 50cm 55 70 cm 12, LAI 1% 2.5 H
540102, BERITIE0% 15 80 % IZEELTWS. #
HUEEBET—X, BXUO30H0EBOART—X (HE
&, FTHEREERS, &R, MHRE, B 2 ALHE
HE LU, 2BET VI oEIEI NS HIEHAREE E,,
THET Ty I A Gy &, TNENKS - BBEIO L
BEREM Y Uz, Z O, BEHEER © 1%, HERO#H
HE S 1Z2HEODWTEX 7 (t=1-S.). 7=, HERIZ2
JEE TIVTEER S N5 TREARHUEE Ep %, ROBUKE
T ((8) ) 15 A7, KA MLVAGEREB a(h) 1T
IERRERLE 5L %2 A\ (Feddes et al., 1974), SaFI1T (%

e
~

o
w

e
N

Water content (m3 m=3)

0.1 —— 0-10cm
’ -==-- 10-30cm
— 30cm-
0.0 1 1 1 1 1 L ==
10° 10" 10° 10° 10* 10° 10° 10
102 T T T T T T

10°

10 -=--- 10-30cm .
— 30cm-
_8 1 1 1 A\ >
10 0 2 3 4 5 6 7
10 10 10 10 10 10 10 10
Pressure head (—cm)
Fig. 2 EHEICHW 2R ERTRR (BB & AURIZE K ERE

Soil water retention curves (top) and unsaturated hydraulic con-
ductivities (bottom) used for simulations.
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DKL B, LKEN by =—1,700 cm &
hy =—15,000cm GKA L BN OEIT a(h) 155
0 £ CEMIICIHEDT 2% L Uz, PRSI
zhZzhBmPEKSEE (dh/dz=0), REARY O 5M4
527 (dT/dz=0). PGSR E KR L RO
BEZ 5 %, BEED W 30 cm BUED R IZDWT
I, 20 — 30 cm HEDARFEE KK L 30 cm HEOHIE T—
%G A 7.

AR TIE, RETHEORAFLE KGRI K PRk
DA, WoKERE AR B(z) B, KB L O HHKS &
CHIE O FEAERIZE X BB DV THET S, 2
T, REFBKEEDOETIVIZE EN 5 B SR ]
((4) R), WHEBAKETNOFEGEE 0. ((8) &X) 12D
WT, BEMRFTEIT>772. o 121, 1 (kK2 L),
0.5, 0 (SERFBEKAK) 2RV, 1%, KORETRE
BHSZUT, h DETFICNT 2 K DR TOHE 2525
NI A—=ZTH5. Mualem (1976) OHEIEME (1=0.5)
PHWSNDE Z WL WA, KR HIE A3 R 5 70 iz 8 IR
DKIZHEEGZ57-0, BT THEI NS Z L 9%
W (Sakaietal.,2009). ZZ T, 0—10& 10 —30cm
VD2 Bz LT LS L, [=05,—-1,-2,-3,—4 %
B X T#HE%21T>7 (Table 1). [ fEAVNS WEE, REIRI
D K WKk ERMEE 455 (Fig. 2). 72, 0—10 &
10 —30cm #ED 2 JETlL, K & h DFERIZKESHEN
FR SN, T5IT, BAGRESG B(2) 12X, X1 X
DREREDMGIZEED <26 (Brp), B UHEE 30cm T
Y—7enti (Buy) D230 252 TEHHEZ1T->7- (Fig.
3). Brp (21%, 2014 4E 9 A 22 HICHlE L AR E RS
%, W% (30em) THAT 5 & 1IZRBRICIEREL,
TR (Vrugtetal., 2001) Z8@& L7204 % W7z,

Depth (cm)
o

20 Buni L

25
O Observed

0.05 0.10 0.15
Water uptake density, B(z) (cm™1)

30
0.00 0.20

Fig. 3 GHRICHWZBKRE S B(z). Prp : MEFEDOHE
B2 A U2 0A6, Bun : WEEE T — 4070,

Water uptake distribution f3(z) used for simulations. Brp indi-
cates an estimated f(z) from the observed root density distribu-
tion, and Byy; indicates a uniform f3(z) for the zoot zone.

Brp 1FEEETIEFIZKE L, 30 cm FEIZFIH > T
DEFBNMELR-TNS. GtRIE, SEODfHE, 3389
D o fEH, 238HD B(z) Dt 30EY DEMAETIT - 7.

IR OGRS X4 XEBRDUC BT 5 ATHER
HORE Ep & AIREZARFEHE Egp 1%, 30 cm EORE D+
W7 5T, R BAERH R 21T WRD 2. Egp 1
(8) RTKA MV ARER a(h) 211, Egpld (7) X
THEmOMNEE H 51 OFMFTHELS. 22T,
FIA L AOKESS h 2 £EESRH h = —30 cm T R h =70
cm DKELZHEAG SR 2 5 2, Rk Btttz —
EEEREME U, 30 cm BAED 3 JE H O fFLE KR
BK % 10cmd™! b RERMEICEETZZ 2T, HIF
JKIE A 30 cm BEEIRWALEICH £ MR Z 1TV, FEA
HE E, & RBFEEE E. OFtREMERE, TOUENE, &
Egp & U7z,

2.4 T3K5 - HRE(EDOBEIRM O

350 LHK Sy - RO BV ZRT 72012, KEE
KR & R 2 N E TR U CTBLHIME & FHRAE O IR
iR % (RMSE: Root Mean Square Error) % &5 L
7.

2

RMSE = 9

i (xi —Xi)
i=1 N

T IT, x FEFRE, X ZEHE, N IZT - 28R
0 1Zo\WTIiZ0— 10, 10 — 20, 20 — 30 cm ZED&EHI
il & FHEAE DD S, FEIEKEDEME RMSEy (m3
m3) #Re, HIEIZOWTIZ4, 8, 20 cm HED HEEH
S HIE DS RMSEr (°C) ZR&7-.

3. EREER

3.1 B—RRKBEDR Buni ZAVEER/R

Y9 — 72 R AKBREE 43 i By & N T, FEIBRES S ERE L 12
05 & -3 %5258, BIUOHEIMEK o 12 1 (G
WAKZ2L) &0 (FERMEBK) %5 27254 OaHER
RERT. Fig. 4 BEEEOERBEENKE 0 LR T OB
Bl (KRR LHBEMOLETH 5. Fig. 51213
HE E, L ARFEHE E, ORBMAOGI AR R %, W REAH
HE Eqp & ATRERFGHE E,p ORIFMH (KafR) &z
R, EERD 60 % H 5 80 % ITHANT B AR &
MICld, AFEORE (E.+E,) IZXT 2 E, DEIA1%03
N5 02 BEIEKTL, E WCHA/NX W, Fig. 6 121,
MELETHZ0—-30cmED, 8 H4HD 12K5L 8
HO6HD 12B2BF 2 LdKES h DA, TRAKEE
S DRAE, FRAFEKB K OAE, Tk 75y o
A Jy (emd™) ORMOFHFMEERT. £z Fig. 712
&, #4271 L 0. DA THELZEAD RMSEy &
RMSET Offi% R,
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0.4 T T T T T 40 T T T T T
0-10cm Observed 4cm
0.3 — /=05, w1 4 35 | A
[:-3’ wcz’] e ’\,H | !
0.2 -'\o\_x ——- /=05, w=0 30 'j* " | | i
IVAVAY
[=-3, we=0 v Y N
0.1F R e ] 25F ¥ 7
0.0 1 1 1 1 1 20 1 1 1 1 1
rIVI/’\ 04 T T T T T G 40 T T T T T
E o3 | 10-200m % s | Bom
E 7 R 3
2 02F = 1 30
E __\_-\. _____________ g- £
8 01} {e 25} ° 1
8 i
g 00 1 1 1 1 1 n 20 1 1 1 1 1
0.4 L] L] L] L] L] 40 L] L] L] L] L]
20-30cm 20cm
0.3 b 3B b
02t — 1 30 . 0 AAANMNAALAN]
-"\\. _____________ fs/\\f/ N4
0.1F 5L — 1=0.5, w=1 -== [=0.5, w=0 ]
1=-3, we=1 1=-3, w=0
0.0 1 1 1 1 1 20 1 1 1 1 1
7/31 82 84 8/6 88 810 812 7/31 8/2 8/4 8/6 88 8/10 8/12
Date Date

Fig. 4 METH—-Z2BHKBED M By ZHWZHEOKREEKE (LF)) LR CG5) OFERE. JKEHRISBIHIE.
Simulated soil water contents (left column) and soil temperatures (right column) using the uniform water uptake distribution
Buni- Gray lines indicate observed data.
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distribution Byy;. Gray lines indicate the cumulative potential transpiration and the cumulative potential evaporation.
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Jy for 8/4 12:00 (top) and 8/6 12:00 (bottom) using the uniform water uptake distribution Byy;.
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T OFBEFEEICEHT 2L, =05 & L TELFK
JEA SIS CIR WA RIRMIE KGRI K &2 52 7251531, 8 A
QHETRHBEEOBAMEZHE L2, 8 A3 HUR
TH 2°C FEE, WA 1 °C FEEE KRG L 7 (Fig. 4
#Hi%, RMSEr=1.88°C). I=-32LTEVWK 25%
7EtEE, FHEMESRTEEIOT 2 K<HHLZ
(Fig. 4 %%, RMSET =0.80°C). Z DOWf, #HEFERKD
HEIZED T OFEMOENZ/NI W, K OFEWHHIE
ZAIZ BT 2 HHIE, BOES (2020) ARG D, ©
B AFEE E; OZALIZ X 0 BUER ((7) R) OEE
H LyE, 26U, TORR, LinBEfEfe 25
BT 5y AH G BWEATEHTHS. (=05 D
&, 8 HA4HITIZEE 2> -10cm TK <10 cm d™!
WAET U, HEBERADOKS T T v 7 A Jy BINE W (Fig.
5EM). Tod, 8 A3 HUURIXIRRAET (E, < Egp)
%KL, 8 A5 HUBIE E;~0cmd™! TH -7 (Fig. 5
TR, —H1=-3 O%H, ZEPEFLZ8H6HT
HRELE 2> -30cm TK > 107* ecmd™! OB
WiEKMEERL, TEE (z=0cm) ~"DKDT Ty I A
Jw WRE W (Fig. 6 B, T D7, HIT Egp 13EW
K& RFEFHE TR HEFT U 72 (Fig. SRR, [=0.5
WIZHARTRREOLFET Ty 72 (Gy) BINSLKHRD
TWETT25Z8T, TOHEMELMELEZ. [ 2N
{TB5ZETRMSEr WRELMEMFLAEZZ 6D (Fig.
7), KIZHBEIC KERYEELE SRR n05.
BB, l=—4%527-846, T OHEERLI=-3&
BEWIRSNT, RMSEr BREILTH -7z, [ < -3 DE
WK T E, ICEVIRBNT, Eyp TREMNELD 20
ThHb. ZIhs, XA EMIAHETK S WAGE
MBIz BWTIE, BEE N O LEEIE Eyy 234 U 23R
RIZHDBZEeDREZONS. ZTLT, RETE»S L1
FKHAKDEETELIREIDK BRYTHLHLEER
5. —HT, BEHOK I, REOTLES I A NER R
¥ (Schwardz et al., 2010), B TEAN CEHIE HRAIZER
BBIENEZOND. SRFONTEKEBIE, RE
TEOFENL K #RUTWHEEE R 5.

{E\W K CHERKZZR LR WEIEIX (=05, 0. =
1), 0— 10cm ED 0 Z3IHMMT L BB LZD, T
JED 10 — 20, 20 — 30cm #ED 0 122V TIE8 H3 H
DAWE i KZEAN U 72 (Fig. 4 5248, RMSEq = 0.028 m?
m73). Buni (HEV, ATREMRAKGREE S, D540 (AR 4 JE
T¥)—TdH 5 (Fig. 6). 8 A4 HIiZIE, LrKkKIEN hiXiR
B 2fd TR b L A REBE a(h) ORI hs (= —1,700
cm) %& RED, WAGKE S 1EFRERAGRE S, 7 S5(EF
U7z (Fig. 6). B2 z> -2 cm THIBEEHETIE h < hy
(=—15,000cm) THH, S=0d"' otz ZDEdD
FRHORE Ec (%, 8 A 4 HUABE CHREAHBURE Ep &0
INE W, WEIEKEZEETLEZZET (=05, 0.=0),
PR ifiai 22 AR R T S AN L 72, Z oW, AR
Ui (z=—-30cm) THAD S ZxRL, Bz EEm» S

BEAESTU BB h DMET T 212460, M 7=
(8H4HIZS=0.09d"!, 8 H6 HIZS=021d71). §
DT 5 Z 2T, 8 7 HET Ep TRBMMDEITL 2
(Fig. S H ). 22T w. =0 CEamiEgKk) Tho
TH 8 A8 HUABRIZ Ec <Eep £7225 D%, WRELRED h
M hy (=—15,000cm) % FEZ, HLLIFEDILZ L
T, Eop ZiMli7z $WRKATREZR LHK D HIFEAEL RN 72
THh5. WETED ST 5Z 2T, 10cm AED
0 DL TFBKREL Y, BIMOBEEMEA W L7 (Fig.
4 75 k%, RMSEg =0.018 m® m3).

— 5, MERAKEERBLRVGEETE, WK 2 HWN
5Z22TU=-3,0.=1), 0122\ THEEDBHUED
HEMOm LRS- (Fig. 4 #5352, RMSEg =0.016
m>m™3). ZhiE, WBETEDS S LERAFD S KD
TIy IR Ty BWEL (Fig. 6), TIEMARKE LT g
KD BENVHEEINE72DTHS (Fig. 5). HHEH 30 cm
PR, RESETKOBEPELPTVI S
—HWErEZzLNG. ZIhSRENERVGE, MERK
CIRE L OFEKGEIL, 0 D&z L TIE, AU
BrRTEEAD. 7L, 8 A 12 HE TOMBEKE
BEEEAKERIL, =05 o.=0DFHET44lcm &
0.72ecm THEDIZHL, 1=-3, w.=1DFHET3.22
cm & 1.82cm TH Y (Fig. 5), RETHAKDDHEEIZ
g SRR RBOEEN RS, fdko T OFHMED
5, TD2EMTIHI=-3, w.=1DHFNZY7 LYk
TE5., ARFELBWOWAKIZE &5 &k E 2T T, HE
TR OKSFEE) & FEMICEHE S 5 BT, LIk - 2
BE#ETILEHAWTLEKSE MR T — X O %217
SZENEMTHBEEZONS.

HEZHEBELZEW K 252, fEBKSZETS
T (U=-3 0o.=0), E, & E. L (Fig. 5
REriii), b k< 0 OBIHIMEZ L7 (Fig. 4 B
%, RMSEg =0.013m> m—3). tRE T —RlkiEE o
1 Buni 25272354, RMSEg |13 0. =0.5 DFATH
0. =0 EFAREITNIWEZRL (Fig. 7), 6 2% ¥
W35 L THIERKDOZEOETEIRI Nz,

B2 REESHICE K MKEENT Brp A VE
HiER

REE DA OREMEIZFE D W2 IR KEBE DT Prp % H
WA DR ERREEZ R T, Bk 3.1 ERkC, MRS
BRI IZ05 2 -3 252854, BIOHEINMEE o
21 & 0252 2BA0OEMELET 5. Fig. 8 3%
IS DIAREE KR 0 L HE T OBIHIE & 3HEE O Fs,
Fig. 9 3 A&BGHE E, & &FHE E, ORBAE DGR R
Thb. WREARBURE Eop & ATRERFGHE Eyp ORIFLE
KR 1%, Bug £H—TdH 2 (Fig. 5). Fig. 10 121,
0—30cm EIZBITBLdKEND h OoAE, BAKEE S
DA, NEHEMRE K 054, thky 75y 22
Jw DFOFEEERT.

B\ K CHIEIBKZZE L RWEEI (=05, o =
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Simulated soil water contents (left column) and soil temperatures (right column) using the root density based water uptake
distribution Brp. Gray lines indicate observed data.
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Simulated cumulative transpiration amounts (left) and cumulative evaporation amounts (right) using the root density based wa-
ter uptake distribution Srp. Gray lines indicate the cumulative potential transpiration and the cumulative potential evaporation.
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Simulated profiles of soil water pressure head /, root water uptake S, unsaturated hydraulic conductivity K, and soil water flux
Jy for 8/4 12:00 (top) and 8/6 12:00 (bottom) using the root density based water uptake distribution Brp.

1), FE®D10—20, 20 —30cm %D 6 % 8 H 2 HLA
Wi K2 U (Fig. 8 %9281, RMSEg =0.054 m® m—3),
®ED T % 8 H 1 HEAR @ KRG L 7= (RMSET =2.16
°C). Brp ZAHWVZZHE, ROENZ W 10 cm B EOD
RETHWALU G (Fig. 3). 20728, LEAHHIZIE
75 FTH U 2 ATREIRACGRE S, 1%, RIE TG I
K&, WETETNHNZW (Fig. 10 Jktaft). #HOK
AKizk v, THEHTEOEIENZBICHETT 5720, K
KiEE SIZ8 H4HIZz=—Tcm, 8/61Zz=—-8cm &
Bl —2 2 Fo LD 5 %R U7 (Fig. 10 HFEHR).
20 — 30 cm D 0 DRI A Buni & D KEVDIE,
TRED S A Bun ICHANSWEDTH S, £72, T Dith
KiHiis 8 A 1 HMBIZR SN, Z0idk Buy 2V
AD8H2HEDF W, HEEHEEOZEEIZ XD (Fig.
10 HFM), WMREFH (B, < Eyp) PRLFIHT 2720T
H% (Fig.9). |=-3THVWK 25252 &7, HET
JE@iro LEAERSND KRG T TV I A Ty BDREL R
0, MR O MG iR A3 72 (Fig. 10 BfR).
Z D10, Eg PWARERFEHEL & —B L, T OFHMERFA
kU7 (Fig. 8 ##%). RMSEr & | D% B OHE
LIFEALTHY (Fig. 7), T OLAb%E FillT 5 ETIZ,

KIZHA B(z) DEEIZNS W LV RBRI N,
WMERAkEZEETSZET (=05 0.=0), SOH
HFOE—7 1k 0. =1 CHARTHIZMEL, KERES
w U7z (Fig. 10 Haift). RETEO S B Hmss 2L
T, 10cm AED 0 DK TAKREL %20, BHEDOFE
PEDNE U 72 (Fig. 8 B AUk, RMSEg =0.026 m® m—3).
XoICHEEZERELZEWK 2525622 T (I=-3,
o, =0), b &< 0 OBIHMEZ FE L7~ (Fig. 8 B
##, RMSEg=0.014m> m™3). ZhiL, Bum 25 A 7255
4 (RMSEg =0.013m°> m™3) »IFIFEUHERTH 5.
Brp & Buni TIX S DRHITENIHZH DD, FEEK
EFERTLHIL, TEZHAHRTSZK 2525628 T,
R LK BEMAEZRUZ. 2205, Bn) DO ®
T DFIFEAMEANDFEL, FEEAK® K IZHRTERNZ &
PREINZ. £/, 0.=052AVEEE, 0.=01FY
D RMSEg DK FIZR 5N, By & IFMEFIH R 5 72
(Fig. 7). ARWEOFHEXGREE - MR TIE, Brp & Puni
OMGZMTI=-3, 0.=0T0 & T OHWPEE X <H
FU7Z. o ZHEEKIC L D En =i R WEZ R, K
ARV AEZTTICAKRERIT SND D (Ec=Egp) &R
DHBNTRA—=RTH5 (Jarvis, 2011). WEIE @, REIZ
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WBHEAEOREX B AT — YV 0EWR Y, FHYAEH AN
HHEOKRANBBETHEN, ZITRUEHERER»S, 14
EOBRVEEIR 0 =0 (FERMBIK) 25252 L
ZLTHBEEZ SN,

WEASHEORTIZIZZ K HEEL, F-TnLBK
KEFRLZRODMEBITUE —BHUBRWAREMEND S
(de Melo and de Jong van Lier, 2021). M E2#E 2 5
&, RBETH—Z Bk 252, ZBEMEBK (o =0)
2EREL, MEZ(ZE HIT 2 BEO R K %2 Fv
TR ZIT S WA HED 1 DTHBEHEX
535, —J T Albashaetal. (2015) 1%, 120cm #FEH D
BWEZEEDT Y b 3=V ORKDIHEIZOWTHE L, ¥
—7% B(z) ZHWZHETIIAMEY N ARBREDH#EE
HWEMETTA2ZL2RLTWVWS. 74 B(z) ZHW
7= LK - A EIENTIX, 30 cm FRIE & AR A LR
%L, BETEY?S EEAOKLIBENRELRTWES
WLOABEMTHDAHEMEDH D, 5% MM 2B
HThb.

4. B5HYIC

REVE BN S € 7)1V & HYDRUS-1D % i U 72 15K
S - HEFH oS LA EAWT, BOBKEELX
A ZIRE L 0 Tk - BB O BB 21T 5 72,
EERE 2 g, RE Lo RERLE KGR K, i
WK D i, WOKGREE /345 B(z) DRREEMHNT 217\, AR
EKER & MR O BIGEIHAE O BB DWW TR L /2.
K 1Z2WT it Mualem E 7V OBBRESEE L 2, fl
HRAKIZ DWW TIZIR OB INRE o 22 LSS5 %
1272, B(2) T2V TIIMBETH R0 B &, RE
DHEMEIZEED < 2 Prp D 218 Y TEHAZT - 2.

HiR Iz LT, AROBUKD#E T & B HEIRNE <,
TR DAFHEE E, 12 X DIEGHE LyE, DAALDK
EHE L., XA APENKE CEEL TV SR
FOFENFHAFIZ B WTIE (BEZX 60 ~ 80 %), H
REARFETHE Egp YR S 12 S CHIR OB % X <
BHEUZ., BELEOEERR K & LTk, BETE”
5 LEBEAT DK RTELREINEYTH-
7z, —HAT, EEFAKEDERTERWVEKRERE 5 AT
BETE, WMERER (B, <Eyp) &RD708RGML
BRAETEEDLFAT S v 7 AN KELL 2D, HREOH
JME 2 3 K FEA L 7=

MERKE ERT 5 Z LT, WEARRE TETOmRK
SEEE S DML, FIRC AT REARHOREE ., DR S 1
72. ZOWK, Py EmDEHLIBETH TRAD S 2R
FTOIHL, Pro ¥ —2 25D BORE R L 7.
Buni & Bro TIE S DHTHITENEHZ2HDD, @ =0
(ERFHEBAK) 252528 T, £5560 B(z) AWV
=LA THERBEKEOBIEO BN LUz, £
7z, Wi ZEH LK 252 CE, 28NS €521 T,
HEEKEOFEMEIXE S51Zm EL 7.

RO 2 ZfE U CABOEE E. 2hisgs2 e L,
{68 = PR EE 3 8508 C 8\ AR BIRIE KRB 5 % C AR
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A BRI E TV E W ZARBUT & B 73 S RE B 0K - B E O T

=2 =]

S D L8k - BRI O FRNCIE, RO R L O R EIRIZE KRR K OEEPLETH 5.
ARFFZETIRARFERUC & DRI & B X AP L2 Wi, BEEBUNECE TV & HYDRUS-1D
ZoEAE U KR MR PRI T 0 2T A2 HWT, K, flEBOK, BKEED A B(z) ORREMRIT %
TV, RBEE KR & R OBIMMED BN IZ DO WTEHIT U 7z, K IZMRZIC K ELpBE2 52, HE
MWRECEZLTOVBMIRITIE, WA EEZMERTORE IO KA, BlEZ X EHRLUZ. #iE
WKk EHET 5 LT, WETEOBAGEEI ML, REEKEOBMNEE BB L. —57T, Bk
TR B (z) DEREE KD D FH AL OB IIMHEBAR K IZHARTEL, BUEFIE 2175 I
T =7 B(2) 25 2 GBMETK (0. =0) 2EETHI LD, ANBHETHLLEA SN

F—U— K : HYDRUS-1D, +80Kk%7 - B8, HiEBK, Bk sAm, ARFEKRER





