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Abstract: [ Objective] The loess area is arid with little rain and the soil is loose and porous. The water vapor in this area may
play an important role in profiling water migration. Thus, it is important to study and understand the cyclic migration law of soil

water vapor flux in unsaturated zone for realizing the sustainable development of water resources in arid regions. [Method] To
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explore the flux transfer rule of liquid water and steam water in loess profile, based on the high-frequency in-situ monitoring test
of dryland apple orchard profile (0200 cm) in Loess area, the simulation of water-vapour-heat-air coupling STEMMUS
(Simultaneous Transfer of Energy, Mass and Momentum in Unsaturated Soil) model was adopted in this study. [Result] Results
show: (1) STEMMUS model reliably reproduced the dynamic changes of soil moisture (d was between 0.81 and 0.98, NRMSE
was between 5.5% and 15%) and soil temperature (d was between 0.98 and 0.99, NRMSE was 1.4% and 4.6%) in the profile of
dryland apple orchard. This showed good agreement with the simulation of apple tree evapotranspiration (d was between 0.92 and
0.96). (2) Rainfall had significant effects on matrix potential gradient, temperature gradient, liquid water and water vapor flux.
The transport of liquid water and vapor water was mainly driven by the matrix potential gradient and temperature gradient,
respectively. During the study period, the maximum recharge depths of the soil moisture was 100 cm and 160 cm, respectively,
which indicates that soil water could migrate to deeper soil through downward vapor water. [ Conclusion] STEMMUS model

considering soil spatial heterogeneity significantly improves the simulation accuracy and reveals the migration law of water vapor

flux in loess profile. The research results can deepen the understanding of water migration in the loess profile.

Key words: Water vapor flux; Soil water transport mechanism; Soil moisture; Loess; STEMMUS
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Fig. 1 Apple leaf area index in the simulation period of 2019

http: //pedologica.issas.ac.cn



34 Vil

RUXSHAH AR 2 5 B o0 AT AT H 3, AR 4% 2 b
R Cp <2 mm) KBRS EHE A 20 R &
T AR 5 R R o AR R R

1.3.4 =[EISREER ETKS, BEATE
SMEEtil iR, SR Galerkin A BRIGES W] B HU
A4 U 1) 22 73 18] 8 8505 125 [A) I SR Al =R
A B 7 R o B RIEARIRECH 30, IR K BEE
N1 he BRI 5 om PRFITE, I E R 48
BTG, 3 AW L, BOEGE Iy 2018 4 7 1
HZE 9 H 28 H (90 d), ¥iEWIh 2019 4F 4 7 14
HZ 10 H 30 H (200d ).

1.3.5 MRETEH T ERMIA STEMMUS £
RIRPERE, RHIH—I 122 (normalized root
mean square error , NRMSE ) Fl — Z( ¥ 45 %%
(agreement of index, d) APPALSZIMNE SHIUEAY
FE5t o

n 2
NRMSE = . 2..(7-0) (4)
m n
n 2
d=1- Z,‘=1(Pi_0i) (5)

YL(R -0l +[0-0,])

K (4) FX (5) PO 5 B A AR FUUE AN SE
{8 ; O, I SZIE YA 5 i Fy I EREL NRMSE /),
F IR 2580/ o BRI 1, BRI,
W) B R
1.4 BEMESH

RT OTA RUE ST IER, WA 5K 5
SHCRAE W) S 50 AN 22 P %+ 58K 43 R SR v 2%
il MDA R ) o AR TR 5 47 B o e — g A S B 1
JN10% AR /IN10%, IR FHAH X SRR B 3 BUR Pk
KN

y(x+Ax) = y(x)]/ y(x)
Ax/x

RS=[ (6)

L, RS HAHXTEUREE , x AR —24E, Ax
B, p(x) O B B0 A A R s
Yoot Ax VA SRR SR RO R, RS ORRR L
SHRHUR, Bk RS>0.2 B, BB EXRAS

B RS K YO BB 791
B
2 45 3R

2.1 BIRVHSFE

THAKNBE (0. 6. a. n. K,) FEYSEL
(LAL. 7. Kcbyax. o) BUBPE M4 R0 3 s
T B EKETE, n Mol mEEUE, o
HATE 200 cm + )20 BURERE K T 0.2, RA
F R B . 1 6, A K B SR YR T 0.2,
TRURME A o T WL e Rl e 5 M K Sy is B 1) 2L
SH BB EOT, B ofBUB BRSNS HO
BUZE R m, Horp LAT Fl Kebpya A 1 35E57K
R R, SRR A KX K e B
ERIZL, X TERMEBEN S, 6. 6. a. n
KRt 28 i b AT sgm (% 3) , 2 n X178
s BB B R . RSO, BR ez b, S A
KIGE Kebpay, HUGE LAl o, HBUSE S & T
T KT ZHL
22 TEAKSHEESWIE

FF STEMMUS #4 RU Xe 52 iy 3 5 el 351 1 AN [+
R B SR AT TR, R A
5 RBAR XA R 2% E (20 cm. 60 cm,
200 cm) AYSEMMEHEAT T HEE CAnlEl 2 FoR ). M
B2 LR, oI R e il &K uE i,
STEMMUS & 1 34 5 45 4 o 47l 12 4% )22 1338 0K 43 3
SARfEiEFE, NRMSE fHE 5.5%~15%Z E], —3
P EL d 7F 0.81~0.98 Z [0], I H.bifi - )2 R EE S,
BEAPLIR 22 W RRAIC
23 TEERENEESWIE

AN ] 4 J2 0 g B AL S SE B an &l 3 i
N, 0~20 cm B+ HERE R, BIRRIZL, R
W1 H AR L A= A AL . BB TR IR B
Jn, A SR R R S W FE R . TR R TR R
FEIR SRR, 7EM VR 20, 60 LA K 200 cm
Ab, STEMMUS #85 RUBE L A 4 98 305 B 55 ) 17 St %)
+ IR B LS R L —3, STEMMUS #5580 5¢ 36 b 7.
BT XS ARE R . AERE W], ORI R R B AR
FERLPME 5 2 2 Al /) NRMSE fil d 45140 F
1.4%~3.0%#1 0.98~0.99; FiEM Ay NRMSE 4
F 3.2%~4.6%, d¥}0.99,

http: //pedologica.issas.ac.cn



792 + o IR 60 &
®3 RESHEMEIRIIRSKEMRMZBENETGRE
Table 3 Relative sensitivity of model parameters to soil moisture content relative to each soil layer and transpiration of apple tree
SR 2R E K T 0 AR S A
‘ s SR IR 2RI 119 R R
24 BAA Relative sensitivity of parameters to the soil moisture content of
Relative sensitivity of parameters to
Parameters Meaning each soil layer
apple tree transpiration
20 cm 60 cm 200 cm
o, TR FIK 0.150 4 0.156 1 0.249 2% 0
6 FRAY K 0.184 4 0.166 5 0.137 2 0
a LB 0.341 2% 0.337 3* 0.377 7* 0
n HEHZN 0.217 8* 0.253 1* 0.972 1* 0.280 2*
K, TGRS 0.1759 0.186 1 0.0219 0
LAI - AR KR 0.227 3* 0.275 4* 0.369 5* 0.817 8*
2 LR 0.275 5* 0.243 1* 0.1432 0
KCbima STON(EIES 0.218 2* 0.232 2* 0.291 7* 1.000*
o NS 0.1514 0.1542 0.153 4 0.577 3*
e * RN X EURE KT 0.2, Note: *represents the relative sensitivity is greater than 0.2.
a b
@ 40 ®) = 30
— SLME Measured value —_— j:;‘fﬂllﬁl‘{ Measured value ~
[ - - - B4UMH Simulated value 130 - - - | UM Simulated value {20 -;
L 420 £
110 I
A L 10l 1L :
04 L il |I| L Lal L L L l| vl |l|0 0.4 L1 L ! II vl | N di Inll T W1 E
o 20 cm NRMSE=11.1% ’ 20 cm, NRMSE=15% =
E 03 d=0. 03r ! d=0.88 2
£ 02 o 02 ) E
= == I
5 0.1r 0.1r - = =
5] ) A S T T T T S S S S SO S SO S S S| 0.4 ! 1 1 | 1 L | | | 1 | 1 1 | &
§04 60 cm NRMSE=7.2% 60 cm NRMSE=9.9%
E 0.3 03r d=0.91
.g 0.2 0.2 C
Eoort 0.1
E 0 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 4
o 200 cm NRMSE=5.5% ’
< o3r d=0.98 031 =081
éé 02 ___ _ 02k
11 0.1F 01F T T T T T T =
00 6] 1 5I 1 1 00 (l) (; 1 1 1 1
QM ot Y oelt ENIC 9129 aVY g o\ NS o\ oo on®
'10\ 10\%| ,7‘0\%l 7‘0\%‘ lo\%' ,10\%l 10\%\ 7‘0\9‘ 7‘0\91 ,-LQ\() \ 10\91 10\9 ‘ 29\9' 20\9 N

8] Time/h
RAEM Calibration period

K 2

[} [8] Time/h
IUEN Validation period

T 0 TR AN [+ R 5 K e S S AL N L

Fig.2 Comparison of measured and simulated soil profile moisture content at different depths in the experimental period
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Fig. 3 Comparison of measured and simulated soil profile temperature at different depths in the experimental period
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Fig. 4 Comparison of measured and simulated evapotranspiration of apple trees in the experimental period
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