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FHEZE R AR R AR AR A e A
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Fig. 1 Overview of test site and observation equipment

K5 B R i LA O SR

TR E KA AR B 55 3~5 m b TT
21 m G, P10 em [l I 3 EC-5 7 +
B oA I, BRI T35 K A B

R CR P& 1L s R g it A7 A 42

W) -

(1) KM AW . T 3 4R Fir s Tl
FJ5 10, 30, 50 & 80 cm ¥R 1Y STE 7Y 4 HE i )& 1%
AR, KBRS L Z AR

(2) AB AT L WS FER A ZR B AR | Ab



1318 SIS 3 456
A A TMS A2 8% 8%, /S s Kb R 10 em SR HARF AR, A SCLUZZERIZE B ORI 25

AN P9 A1 R AR AR

A AL AR e SR B B34k 30 mine 7EJ5
SERIRVGGAE T, Ol A R AR, MR B 10 em IR
JEE 1 L 8 R AR 36 TR B T 48 B A 9 TMS 4K
P 5 17 30, 50 K 80 cm TR FE 1) I R AR R A
SRARAS” BIARAN STE £l
2.2.2 TEFERAL

CARFIT I , 255 T A i 5 Y A A 1B 4
P, f?%z%%ﬁﬂ%%uumﬁ PLs KT
20 cm, NAEZ) 10 ecm BY2E B 2GR (W % T
4 2017) ﬁﬁnAﬁmWﬁﬁmwﬂ%ﬁNS
Ho H, 45 HERMEMARZBL, 725 cm,
B 314, 16 cm?; 5404 & W A i sc et 2%
BN, 5550 cm, I AL 490. 87 em?, JIEH K &
KBS ARE, FRVFK A FVRTE TR B d e He .
PIRZEB IR R PR S, BN HN
0.01 g, il [Ef%°4 30 min,

TEAWI T, 5T BRAZB UM N A B, JF i
PE b R AR T | 5 Rl — P Y L PN AR B A K i 7
FPHRIE, DAY /D R 4 2 s X6 25 98 SO0 I 45 SR 1+
Yoo HIBANCH A s KB OERF A B AR

Wﬁﬁi%ki%ﬁ%f%&ﬁ,ﬁfﬁﬁﬁm¢
W HYDRUS-1D AT i1 FE5 ok i HEK 1 3 5%
o IREE M X ZEBAR T T AZM SRR+
A 22 5, HOWI 285 5 2 T8 R ad B i — 3K
PERZIS, ASVE BRI TR GG UE Y 2R . T IgEas
et AR 2% 75 AN AR AR LI At BE PN A o AR AL
P 5 AR AR B LA e T A5, X [ R A 2

B IR 4 A 58 SRy v s i) S o o 2 e i A Y
/'T!/ﬂr]o
2.2.3 KPBEE

KA i RFE E IS R S P T 25 R G
WsE , BAKZ: W SCHR Yu et al. (2023) . J5L 44 18 &5
AR . LA 30 min Ay (1] B >R FH i 2 3 Wb ik 22 1)
Tk KBk HORUEE B 1) 58 (EOR B0 % B ARGl
HH S5V HGE & LE N AR PR I 28 UL /. X
LRI (A T T I T — S 25 A TR 25 N (1 1
AT R, 5 R HGE I G, B E AR A i M R AR T
5 )7 F2 (R, =H+LE+G) S RE 2 o e 19 5 BEbE s —
SETERERE AN I, AIVEN AR, 8 ) g gk 2=
AR B8 LE, HHERIHHE 0~100 cm +
B PG 0 AR RO, PGl G R IR R

(a) TR R (b) it
6 40
> 30
g4 o
]mg 3 8 20
= lLT’
2_
B X 10
0 I . l . I L 0 T . T T
0 10 20 30 40 0 10 20 30 40
At iEl/d i ik/d
(o) JE BB (R 3D R &) (d) AR B
80 100
= 601 < 80
= 2 60
< s
40 =
&'@i = 40
# =
& 207 20
0 0+ T r r :
0 10 20 30 40 0 10 20 30 40
A iE)/d i fr)/d
(e) Hrim st (f) Rk
800 10
& 600 8
] =
= 400 26
I =
g 200 g 4
& 9 2
200+ T T T T 0 :
0 10 20 30 40 0 10 20 30 40
Bt il/d B ik)/d

El2 20254529 HET7H 11 BAFSE X EES LRI EE A it 72

Fig.2 Temporal variations in observed meteorological data in the study area from May 29 to July 11, 2025



5 1 TR A BT Z O ) HY DRUS- 1D AR B[4i7 38 i 58 X - ek PR R il v g 30k 5512 67 1319

BRI B 8 S T R gk o B 1545 1
JERFRINGS €5 FLYGHE 1 4 i B ) T B 5 X
T RIS, RV R S, IS T
) A fi et s ) 7 28 1 2 B 2 s 2 P40 1t (Sakai
etal., 2011). K100 cm LA 4 )2 5 B AR AL i
/N, R RE IV Y TR T 208, B2l 0~100 em +
JZ - HE A R 1 I (] 722 1 28 (dS/dr) R AT e b 3R m]
TR R I

2.3 H{EEM

FIH HYDRUS-1D #&JFBUAE LR R 50T
R b 57 b AN (R TR B A 1) 7K A3 55 B D S 3R 2%
BRI PNl AP UM P/ R TR N a0 ¢ o 1)
SRR RE R AR IRAE SRR . AR B i
FEIF 5 L 3 0 FEHE G oK i (Dijkema et al., 2018)
Tk, AR SCRARIR A AR TR 7K o3 5 1 B A
PR, RHEB A ML S Irf S 800 8 DA
WF WHEA R BRI E TR
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Hydrus H % L —4E 7K I sl 458 ) O 72 28 T o o
SPE 5 FEHR H (Saito et al., 2006) :

9 __ %, _ 24, (1)
Krp: 02 HIESMEHEACRRAL: em’-em™), H
WATKARF & K 0, 5K R BLE K 0, 4L,
Bi: 0=60,+6,; g, 5 q, /0 MRS K GKES
i B (B emed ™) 5 (fGERET I (R : d) 5 2
JEAE A AERR (1a] EOMIE, B cm).

R 0 A e RELAEL R 3 B R R
UKl 5 SR A T L R B2 TR R R sl T S
KA K 2 3L [ A9 A% (Philip and De Vries,
1957):

Gow =Lt 4= qu T qur T g T qur
oh aT oh
= _KLh(aZ + v T thg
s g, 9 g AFRFE TSR B 5 B B 3K 5 T
BV AS /K 3 B (PR em-d™) ;5 g, 5 g fRFRZE
TR (5 3L A5G ) | R BERA B2 IR 3h I K
I (A emed™) 5 AARRIE J17K Sk (A
em); TARRIRE (. K) 5 K, (B : em-d™)
Ky CHA 2 em- K -d™) 43 93 b 02485 /K 7 3 Joit 3B
FE L IRBERE B R B3 R K, 5 KL RS
IKFEZRVRIEMS B IRBEERREE T iy i 24 #H X
(FRAK (D), v LIS 2] HYDRUS-1D it
T 55— RS IR WS K KRR G B B
J7 2 (Saito et al., 2006) :

1)—K —K\,T(LT (2)
0z

870 = 2 KLh(ah + 1)+ KLTaiT + th% + KvTiT
ot 0z 0z 0z 0z 0z
(3)

2.3.2 HEREHEGE
T R = A 0 - v ) R S A 4 o D7 R T RE
57 1H L FEF4 2 (Philip and De Vries, 1957)

as, _9q,
Jat Jdz 0 (4)

K SR AN (RN : Tom™) ;5 ¢, 18
FHRPGREE (L. Tom>es™); QIR EHRER
PRI B (AR 5E AN BB ME A ) -
T fE I S, IR L AR L RAK
() A A7 o, DA SO A A e R A AR, 1A
Xh:
S, = C, 70, + C,T0, + C,T0, + L0, = C,T + L,0,(5)
K. C,, C,, C5C 2 HHEEAM . WAK . KER
SR ABBE AR, Tom™ K ™) ;5 6,. 6,5 6,735
PR - BRI K RSIK AR 3 (A
em’sem™) 5 L, FR WA K AR BUR AL W #A (B
Jem™), HAH SRR I 5 7K 1 %8 2 e fR T
B, RIKAH:

Ly=L,p, (6)

Kp: L ARRWSAGRACTEIR L T-kg!, AT
RH G L=2. 501x10°-2369. 27, Hor 7k i 3 (2
fii: °C) J; p AREFIKIEE

PR R LA 3R I A L
S RN I B RS S AKGE R R BE Y T
e, FRAE TR EE S RER S R EA .
aT
9 :_/1(91)5
Ao AR MG S R (AL Wem KT

B (5) . (DA EIFEA LIRS~ E
(4, F5 BAHE IR £ 451 AR R oK I R
0, B A 53 HYDRUS-1D Fp— 4 4R 25 5 i 14 5 1)
¥t 7 F2 (Saito et al., 2006) :

+ Cqul + Cquv + Lqu (7)

aC,T 0, 9 oT oq,.T
— P 4 V= __ — |- =
ot L, ot az[’lw’) az] C 0z
_~ 94T _, 9q,
v 0z L, 0z (8)

2.3.3 TEKASHRBMESHLTE
HYDRUS-1D A58 58 2 4 - 3 Rp 1 S 8 ok Je
B 0 LS A PR T, AR PRI K )R - HEE A 1Y
S, BT S0 TS EORET LU R K
HHRSH
AR 10 AN 1 1K 3 12 B A% O AR 8 T SRR
7K 1 £k (Soil Water Characteristic Curve, SWCC) 5
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S g (n

A KRR ANEE RZB(HA: cm-d"); 6, 0,
550,55 AR B | AR Ay LA S — I 2R
KEFECHAL: em*em™) 5 o /8 RIS AH (FRAL
em™); n. m(m=1-1/n) K} VG AL RS H, Toa
Y5 SCOMARFNEE (TCi 4N 5 1375 Mualem 155 U 28 55
ZH(TCEN) .
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Je o FFBOCRLEE G 2 /N T 2 mm A RLAR [ AR 4
FERHE(GB/T 50145-2007) 432 « 8R4 N 2~60 mm,
il ki A 0.075~2 mm, 3K A 0.005~0.075 mm, % ki
49<0.005 mm. [53A, G5 R ANE 3 Fs .
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Fig.3 The particle size distribution of

soil layers at different depths

(2) 1A B 250N . 2 e rd R OkL 19 45
P 1% 5 DIK4012 % #8 #E47 % K k56, L 4.5,
6. 5. 8.5 cm 3 PA[A] K Sk 22 X6 Uk 2 JTRE R AT

WA, 258 W AR AR B 5 R BORE BT K 25 55388
AN, RIBCE AR SR 2 K.

(3) LEERFK ML . F1 X5 T 5 XD - b %
AR AR, S 2 RE K R 2 45 5 X E], DAAR
X 7K G 72 A SRR DX %) Z2) RS B . e BRI B
T A 3y v ARG DX ) A AN 3K 43 Sy 3 Bk
172 AR 7 B (<10 kPa) SR FH IS 2k 3¢ 10 1 7K A6 1
— 4k A B TRk W B (10~1000
kPa) >R HIUEARTE 5 5 )1 BE(>1000 kPa) R JH 7895
VA . G A RIAR A AR . T8 B DL R RS i
FEOMIRZE R, FIWr o8 X b - 78 3 B0 7 1) LT
P)—PERAT, R4S L2 AR AR A AR A
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VG IRBIEIT LA, K15 0., 05550, w202 ik
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Fig.4 Corresponding relationship between soil volumetric

water content and matric suction (water retention curve)

F1 TEKFESHNERE

Table 1 Measurement of soil hydrological parameters

o K,
7 n [ R?

E 2 0,
: ‘ Jem™ /em-d™")

MM 0.392 0.01 0.0278 2.76 0.5 338 0.979

- ARG R S 0 i AL A% BB,
FBLZ EK R I A . HYDRUS-1D HR
H Horton #& 1 i1 8 #4f4 § % (Chung and Horton,
1987), KA N :

2(60,)=b, + b,0, + b0 (12)
e by, by, b R HEM T ULE W45 S5 (R
fi: Wem™ K™ 5 MR AT R, 0T LM
FKR, TR - BRI R 22 AT, Bk
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R T R M PACTR 32 72 R (Saito et al., 2006) , A<
SCRH HYDRUS-1D A1 8 AP - 22 50 2801 A
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Validation and diagnosis of HYDRUS-1D simulations of soil
hydrothermal processes in the Alxa Desert Region
based on multi-source observations
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Abstract: Soil evaporation is a key process in regional water cycling and land surface energy exchange, and its
accurate simulation is essential for understanding hydrothermal processes in arid regions. However, model appli-
cability in drylands remains insufficiently validated using multi-source field observations. In this study, lysimeter
measurements, eddy-covariance observations, soil moisture and temperature profiles, and meteorological data
were integrated in the Alxa Desert region of Inner Mongolia, China, to evaluate the applicability of HYDRUS-
1D for simulating soil evaporation under arid conditions. The results showed that, under the bare-soil configura-
tion adopted in this study, the model reproduced the total amount of bare-soil evaporation and its daily dynamics
well. The simulated evaporation agreed closely with lysimeter measurements, with a high coefficient of determi-
nation (R?>=0. 99) and a relatively small percent bias (PBIAS=-8. 45%) in cumulative evaporation. The model al-
so reproduced the hydrothermal dynamics of the shallow soil layer (0~20 cm) reasonably well. However,
marked deviations occurred in the middle and deep soil layers (20~100 cm) , characterized by premature soil
moisture responses after rainfall, overestimated peak water contents followed by faster recession, and systematic
overestimation of soil temperature. Compared with eddy-covariance observations, the model underestimated la-
tent heat flux, whereas the deviations in sensible heat flux and soil heat flux were relatively small. These discrep-
ancies mainly reflect the fact that the current bare-soil configuration did not explicitly account for root water up-
take and vegetation transpiration. The results indicate that HYDRUS-1D, under the current configuration, is ap-
plicable to simulating bare-soil evaporation and near-surface hydrothermal exchange but cannot fully represent
middle- and deep-layer hydrothermal processes or latent heat dissipation under actual vegetated conditions. Fu-
ture studies should further incorporate root water uptake and vegetation transpiration into the HYDRUS-1D
framework to improve its ability to simulate long-term soil water movement in arid regions.

Key words: soil evaporation; arid region; one-dimensional numerical simulation; water gas thermal coupling;

energy balance



