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Recent Progresses in Research and Applications of Hydrus Model in China
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(1 Department of Environmental Science and Engineering, Fudan University, Shanghai 200438, China; 2 Ganzhou Rare Earth
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Abstract: The Hydrus model, developed by the U.S. Salinity Laboratory, is mainly designed to simulate the transport of water,
solutes and heat in the vadose zone, and currently, it has been used widely all over the world. In this paper, we systematically
analyzed the progresses of Hydrus model researches in China based on screening 347 literatures from the CNKI and Web of
Science databases, and these papers were published by Chinese scholars from 2017 to 2020. The results showed that Hydrus could
well simulate the transport and transformation processes of water and solutes in different media. However, current application of
Hydrus in China has been mostly limited to the one-dimensional simulation of small areas or indoor soil columns. In addition, the
processes of calibrating the hydraulic and solute transport parameters needed to be further standardized and improved, while some
studies lacked the systematic evaluation of Hydrus simulation results. It was suggested that future research on Hydrus models in
China should be strengthened in two aspects: Firstly, Hydrus could be coupled with different environmental domain models to
achieve the simulation of the whole process at a large scale such as cross a river basin; Secondly, the standard modules of Hydrus
could be extended to add new functions to meet the real-world research needs.
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P A/ A U B 9 O R BE ARSI 5, P
Hydrus R RBAIREE RHFRTE 2 m LAY, iDLt
BZfFE—FLUN, A0 EE K G BN
Ao BE AN, HR 2R WK e R ] DAL S e K s
DR M R4 T BT AMEEALL A Hydrus A58 KR40 & AR 2R Ik
B T E N AR A N B, e
FHOE Hydrus A7 ol /1o 56 AR R K

3)i B B A ALL LN X 32, A AUL s B v il 45
I7 o UEAESEFRE TR Hydrus ¥ s BB L
ST N AR A RN . BRASBIRFSEAL, TG
WREE N LR BT 0 = RPN 5, T
Hydrus A RAIREE RHERTE 3 m LAY, [HABSHIT
BER AR — , Horp 2= oy AR BRI AR A R
500 min Z 600 d; = MBI AL A2 A s [ oy
800 min £ 20 a,
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Table 1 Comparison of typical Hydrus water and solute transport simulation studies
BX%  SHCE WA A DL BARE S8 B PERE VRN R R WK
KAy ERERICAEM 1D EAMERL  C. 12d; V: 60d L5m  SEEE+ N/A Y
REERE
[ s 2 (22) ID  EAMEHL C: 2004—2009 4F; V. 400 em  EEIFG  Nse: —0.56 ~0.92, RMSE: Y
2010—2016 4F 0.01 ~0.04, R*: 0.37 ~0.96
FEFPEAST 1D =AMERL  2016—2019 4E(4E4E 200 em SZEGINSE+  Nse: 0.81~0.86, RMSE: Y
4—10 H); C: 2018 4F EFE 0.01 cm’/em’®, 0.15 mm/d; R*:
4—10 H 0.86 ~0.91
Li 0 ID  ZEAMERL C: 20154F 4—12 H;  200cm  SCEGNAE+ Nse: 0.60 ~ 0.80 Y
V: 2016 45 1—10 H A T8+
SR
ZEypkpk2gHel 1D EwAMEL C. 201149 H—2012  10m  Jjs @R+ C: R%: 0.65, 0.85; Nse: 0.55, Y
FE9H; S E  0.83; RMSE: 0.01 cm’/em?,
V:20124E 10 H—2013 0.02 cm*/cm’; V: R*: 0.74, 0.85;
410 A Nse: 0.65, 0.76; RMSE: 0.01
cm’/em’
FEHED 1D KM 99d 60 cm AT T,: 0.17 ~0.54 Y
Ag gt 2D/AD  EAMER  BEMEEM)E 120 h 100 cm R+ RMSE: 0.01 ~0.04 cm®/cm’; N
S R RMAE: 6.50 ~ 13.00
B -t ER 2D =AM 2018—2019 4 150 cm  fHAIFI+ C: RMSE: 0.02 cm’/cm®, R?: Y
SRR SR E  0.83; V: RMSE: 0.02 cm’/em?,
R*: 0.84
BREES 1D Gk 20174 5—11 H 40cm MRS+ RMSE: 0.02 cm’/em®, R%: 0.76 Y
SR
o8 S0 2D MR 200 min 50cm  SZEGE+ RMSE: 0.68 ~ 1.23 cm, R*: 0.99, N
SRR P: 0.61 ~0.99
ek 1D LA N/A 100cm  SZEGMSE RMSE: 0.02 cm’/em®, R?: N
(51 0.86
Tong 4% ID  ZHMEHL C:20114F 10 H—2012  21m B+ RMSE: 1.23 ~3.63 cm’/em’, N
AE12 H; Ve 2013 4F LA E R*:0.43 ~0.87, RE: —0.01 ~ 0.08
2 H—20154F 12 H
BEE pHAEBY 3D AR+ 1250 min 100 cm  SZEGHIE+ RMSE: 1.12~1.41cm, R*: N
FHMEA RERE  0.85~0.92, F,: 0.09~0.76
Jie 2049 NA iR 360 min 40 cm N/A N/A
Wang %00 2D K5+ 25d 80cm  SZEMUNE+ NRMSE: 0.10 ~0.30 cm’/cm’ Y
ZEHME SR E
ki AEEHERY NA O ERBHE C: 5d; V: 90d 1.8 m N/A RMSE: 0.20 ~1.32 g/kg, R*: N/A
0.91 ~0.99
BN N/A AN 3096 h 100 ecm  J s 3ck F,: 0.10 ~ 0.99 N/A
i
ey 1D EAMELRL 20154 11 H—20174F  100em Sl Nse: 0.30 ~0.79, RMSE: 022~  N/A
11 A 0.73 g/kg;
R*: 0.39~0.91; RE: —0.05~0.15
Wang %) 1D ZEAMEHL C: 2011—2012 4 120cm ik C: RMSE: 0.61 g/L, R*: 0.92, N/A

V: 2012—2013 4F

MRE: -4.6; V: RMSE: 0.39 g/L,
R*: 093, MRE: -3.1
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BXE  SHH A PR L8] BIREE S8 R RE T HRZR WK
ELEJE FHERAX 1D KK 40d 50em  SEEGIE R*: 091 N/A
e
049715 1D FEAME 20a 20m Jy s Sk N/A N/A
TiFABEEEST 1D LRI 12d 20 cm N/A  RMSE: 0.08~0.10 ug/L, R*: N/A
0.93 ~0.97, MAE: 0.06 ~ 0.09,
ME: 0.03 ~0.04
Zhang %1 1D MK 600 d 80cm  SZEGINE N/A N/A
Dai 25181 1D AR 2500 h 50cm s Sck+ N/A N/A
S E +
TR J52 35
AW Lyn %0 1D mAMEY 10a 300 cm EPI  Nse: 0.87, RMSE: 0.04 pglkg  N/A
SuiteTM
B
TRALamAETY 1D AR N/A 30em  SEEGINE+ N/A N/A
R J52 {5
AT 1D R N/A 17em  SCE E+ N/A N/A
TR J52 58
HEAT 1D iR N/A 20em  SIEINE+ N/A N/A
TR Ji2 35
WY 1D R 1 800 min 27m sk N/A N/A
i
FMEH  Zhang %P N/A  +HiRIG 500 min 70 cm N/A N/A N/A
FrEAELOT 2D AR 5a Smo Py scEk+ N/A N/A
R J52 358
s 1D AR 42h 80cm  JJj¥srik+ MSE: 0.03 mmol/L, R®: 0.97  N/A
TR Ji2 35
Pan 45 1D +Hk% C: 360d, V: 280d 120em i 3Cik+  NRMSE: 0.02 ~0.83 mg/L N/A
TR Ji2 {5
Hou Z©1 1D k5 5000 h 70 cm S E+ RMSE: 0.02 ~0.10 mg/kg, RE: N/A

AR I i 0~0.05, R*: 0.97~0.99

. ONse MR RS, MSE A iR2, RMSE N RIRYE, RZ HHE RS, RE AR, MRE N F-HHXTR% (%),
MAE AP ¥4a5tiR2%5, ME R V-35i2%, NRMSE FIH— b iRik2E, RMAE NAHIXE4%F 1R 2% (%), T, 0 THRE P, F, W Fi&
5 PAH; N/A FREZ WEIRQC NFEW; VRIRIE; @Y. N il B S REER R WK,

4)if RE 3K 1 B HBUE 22 0 52500 /B Y T
-5 B R ARG o B 1 1Y) 33K T S 80U
J& Hydrus K70z BB SCHEAE IR, &) Hydrus A
FERE TS0 I 25 SR 1 HOK T R0 E!
AN, Hydrus F 387K Ty 2 8o 28 [ 45 B i s
VR T LR A R E DA e — . — KO R
R B 2 LUK I ZH0RE. & 1 B
N, ACEFEMANZA 2B BAL T Hydrus #5254
EHOK I ZHOEN 22 4T S gk, TR
ERRERAR AT ) K ) S BB A AR R R 22

HAE I TRIZE 5, BT 56 [E LSMIFFE X
A RO TR0 S S 5 s 5 10 2 A
BT B BB TR 20T, 2R S Tk
b - HE AR S5 W I 45 2R 0 1 e K ) SRR E P — 2D ok
17 R A GE

5) - HEIR s 2 2 JUE 2 O S RE /SR BE
B REAEMEE S . 5 EHK I ZHOATE, Hydrus
AT S BERY BB 2 9 Tis 8 S B R 57 Hydrrus
¥ o1 R U 20 5 PN 1] SR IO (Disp) . H HIZK 23
TR R(DIff-W) L= 0 79 R B (Diff-
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G)EH BB SH . BLAh, XT3 o 75 B
TREALL R 3o 2 1 W B S BORN A e A AR T A 2 B
— i S AR AE SR O I BT R I KRR B S
TIN5 B SR A B VS BB S S B L SRS
FIFH Hydrus AR, J T 50000 vk B sl 55
B X S BB A T B

WAHh, EE &R BRI, AU R T
b 2 P, BT A I B A5 3] ) AL o 2R A
PUHERETE AT, FEA WS B, BRI
FSCHE A B b, A B SEOR S = 7 8 F EPI
SuiteTM &4 T 4> F L5 AT Ha B S 80 E ", 75
RAUGFBAU D, ST RIEFR LSRRI ek, AHOCHIESR
KA BRSBTS S 2R AL 2, T Z B8 A
AR REL RN AR . AR AETOU LG i
b5 SRR s 28E" . Hou 451 B4
FUR R s Pan S R R R A A R . ol AT
TERNE I SURTT & 1 T2 WA mli 9T, 7R AR 1Y)
Hydrus BHUOF5E, B 2225 0 Py sk Gk 2 A
PEER SN S WA
2.6 Hydrus ABRSREE

S B HERRE, )R Hydrus 1E2 D540
b ) <D B IR (06 e 12 e s TR R B N
HHI7E Hydrus W H AR FAAE — 28RS BR .

DEETZE N AR R EUY Hydrus #8120
EAEAE TS L T A1 1 A A FRASLAL , A7 B
ARG P AR 5 B SIS S 55 e 1] 1Y
AROCHGRR . 1WA, ©A R Hydrus B Z 5 RT
BN AL LT SR NIRRT, R
BRALAAG SR M 22 R IX ST FE A BE A BRI e
A PR AR 25 SR A MR A S AR 2554

2)#843 Hydrus BFFEA REWI 0175 i B 55 25000
B 5 5 AR 2B, XA AU e ik = 2 WL
VEAG o [RINE, ER I3 A A R AR AL, o B S5 F il 7 1Y)
SRR W RIIE] | FF XA RS RO A T
ThNT P 2508 FIRIE, 3% 7] BEXE A Hydrus BB S ELY
A, I SRR TN [RI AU PR BT 2% 4 14 3 7 P
BEAZE R AT e

3)Hydrus BERYERZ S8 SH0RE . DI RIOK
BAL R 6], 75 Hydrus W AR R IOK S B ES
XEESHOTCE AT, A RE R o0 JEAR &
AR K I THAR R SE M, BEE RIS TR] Y 48 i, 54D
SEIR AR ZE SR RSB Ah . Chen 2 IEHF
FEH &I Hydrus 75 [R] RS R E ) i H e A —
IR RWACSHL, TOERT VR S TR, PRI

fiTF Hydrus 1D #4711 SRR RIS AL S50, 2
S Tk 2 A I AR R R E R MO ST T B
HEATRCHE

4)Hydrus FAUNERESZABAUTR L 5o i 2 . A/ DI
S5 R Hydrus X132 HIRAOBLUMEREALER % i
PEMRBE AT e e 1) - 48R )2, BRI AT B i 2
FH, RN, R RS 2SN AR R,
B MBEKR R IR, BIEAE/NX 3L Hydrus
SR ECA T A BRIC A BEAIBIIAIOR 2552 31 ik
R, MeAL, ARG RS IR £ 1T, Hydrus
PR 22 R 4800 10 2, 3 MAHIR)Z 135
o B 2k T A I 3 B

Hydrus HA&ZF A, NMUBHIA . b
KRN 5T A e B FGE it , A RTINS RGP i
A, TRV 250K Hydrus 5 HABA R E 1T
A R M SEBRIA) R, 5 4K Hydrus 5 1R 7K AR
FRAET, HESTHR I P A4 7K AT PR AR 58
FFsemm ™ N TR AR AR PO Ty vk
PATBIISHL, PEEBCR ; # Hydrus SREHLAR
MRS ICON HERZESIE M —E R BN E S
F TR K TURAESRC Y 25T Hydrus 3D #40 +
HEMKIEIA R, LT DNDC A EMEH SR, I
B B R BRI Fro Bz L33 i 28 R A s o
209 HAT, Hydrus #5085 HABAR SRR S 00 TAEA
1 s e <8 1 S e A o w2 e A 57 Y i
[ AN R Ao PT DAL ARSI f B 2 Hydrus 5
KA HRK, R . A& E A
[ A 5 4 2 22 B SRS 78 ) AR 5 W F , SEBRXi
JOT A T 3l A R RUBE Y R N i RS e A R A A o 7R
B, DAY AR 5 N80 2l XU R 3 0 I s #4 11)
S, ff 2 5 TS YRS 1 R R RN 2R D) AR
ST PG B I Y R S ik .

Ak, Hydrus BYBHLDIREA i — D o 5 58
o N Hydrus §t2 X R R WK FIAR 55315 S 8000
RALTHRED? | ANEE% & HIEREM R 2w, it
Z R R ARG IR VA 2 2R AR
Hydrus #ERITRE R BR A F & MBS0 1 . Rl 72
M R AR R AERKSEY BIIGE, WATF9IA Hydrus
BB, BRI BRI 32 o

3 #£ie

SRR ARTE SRS 983, Hydrus B4k
JR A — A~ B ) L S R AU T, 73R R
T AN RIS SUR A 7K 53 | 8 R A GE AR AR
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WF5Eh . #eAh, Hydrus s g0 TOFE LIRBIE RS
W RGN TIR AN TS R LR R G R
WA I 2 15 R W L BRBCR 52 I R . E A
AR R, Hydrus RERSECUFHIBIUK | EIRER |
H R AR AR RS PR 2 L4 B T
Boledbid fe . SRimi, X+ F HATFRE T IFEE Hydrus
JK 73 RN JBtaz B F 5 09 25 20 B 45 2R 27 3 [ A
Hydrus J H] 8 —SEGUGR A7 137t — 20 R 5 i
B, B 87K R Btis B 58 KR R BRTX /N X
Sl A A Y — AL, S R AR AR
RIS BN BLHIE T T HPAMELL, /N D A LI 5T
BERAE R DX I P9 R 32 R 5 — S5 R RE B %)
Hydrus fRK ) AR BB S E i E R ©FfF
WP RAR e 2 ) 5 0 2 B A5 ST B 3 5
B, DA F) 555 1 0 0f T AN [RIASE 8L B35 2% 1 ) o 1
P, I TS R AT E N s R, #RFE
i = PR RADRICR B R VAR , AU PERE RPN 45
RBA TR —.

Hydrus A8 R BETH9) 9 5 5 T ROBAL i o
IKFIARIE B R e o AR, Ao 2ot —
AR Hydrus 5 HARPR GG GUR AU BRI FEA TR S, AT
SRS T G 5 A DR R Y L P S A% e A R Y
B, 324, Hydrus BEALERS TS RHR R R T
554l AR e AR RO RA IR 5 o BT AR JE T
Z A G 52 Hydrus 5 22 Fh P8 R0 A TR
JE22 ) BRI LR SR R 1 — 230 & Hydrus B
FHBIBIFTE R
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