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(LA FIs 125K FI T RER L 36 061001 ; 2.1 AR K HU R TR I By 3 DL

U B A 2K S R AR LA ST, Sl MRS 4 010018
3 NG A R KFN S AR TR B, NS A4S 010018)

O OEIHESFMERATEERRY T RELENEETRE 2R SESTENTEER L8 %
Wit B RHAER AT B X S A E S 8 70 ], 36T 5 % A 363 J5 19 SahysMod A% 2 30 42 1 B 9 & 52
BRTARR 10 EHM oL EEMRRAN R FE(ECe) S SR, ZEREA AR AL ERERZAT,
HHAR X 3 ECe B K 3N & 18, Fo 3 A 40 3 2 0 BUR B4, B R R L0 2021—2025 4 0 2026—2030 47 By it 3
MRE LE ECe A 134 0.51 dS - m™' A7 1.49 dS - m™" 33 45| 13.38% F0 34.40% ; T MR X £ 3 ECe 1847 3%
824 dS - m ' A1 3.44 dS - m HE S F H 29.46%F1 9.49% , A T RFEE B ARG EERME 1.8 m H&F4H
B MBI A E SR BRI Y 2021—2025 4 F1 2026—2030 4F HH MR X HIE ECe EIE1E 4 5] K 6.92%F1 19.45% ;
FHAR X +IE ECe (U318 7 20.26% M1 8.67% , %44 KRG HHAEH B TAFIR & 7ot &5l KE IKh
B, HACEAEEATR 1.5 m ¥ w2 1.8 m,

KR -8 3 4, SahysMod A AL, HEHEA FE , 7 £ X

FE Y ES . S271 SCERFRRAD ;A

Soil water and salt dynamics under various irrigation and drainage
methods in the Hetao irrigation district: A SahysMod-based analysis

ZHANG Wencong', ZHOU Hui’, LI Huanhuan', WANG Yahui',
CUI Zhimou', SHAN Changhe', WANG Fengchun', SHI Haibin’

(1. Department of Hydraulic Engineering, Hebei University of Water Resources and Electric Engineering, Cangzhou,
Hebei 061001, China; 2. National Field Scientific Observation and Research Station of Grassland Ecological Hydrology
at the North Foot of Yinshan Mountain, Inner Mongolia, China Academy of Water Resources and Hydropower
Sciences, Hohhot, Inner Mongolia 010018, China; 3. College of Water Conservation and Civil Ingineering ,
Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China)

Abstract; Soil salinization is a significant factor limiting the sustainable development of agriculture in the
Hetao irrigation district. Improving irrigation and drainage management plays a crucial role in the prevention and
control of soil salinization in the region. Using typical irrigation and drainage units in the Hetao irrigation district as
examples, this study simulated and predicted the dynamic changes in soil salinization in both cultivated land and
wasteland over the next 10 years under different irrigation and drainage management scenarios, based on the valida-
ted SahysMod model. Results indicated that under the current conditions, soil salinity in cultivated land exhibited a

slow increase during the early stage of the forecast (2021—2025) and a more pronounced rise in the later stage
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(2026—2030). In contrast, soil salinity in wasteland increased gradually during the early stage of the prediction

and remained relatively stable in the later stage. These scenarios were based on the validated SahysMod model.

Compared to wasteland, the reduction in total water diversion had a greater impact on soil salinity changes in culti-

vated land. As the irrigation quota decreased, soil salinity in cultivated land increased significantly. However, as

the irrigation quota increased, the rate of reduction in soil salinity accumulation was not as pronounced. Increasing

the irrigation quota continues to play an important role in soil salt leaching and in maintaining the effectiveness of

drainage and salt removal in the study area. From the perspective of salt accumulation in cultivated land versus

wasteland , the most significant salt control effect is achieved by increasing the current drainage ditch depth from 1.5

meters to 1.8 meters.

Keywords: soil salinity; Sahysmod model; irrigation and drainage management; Hetao irrigation district
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Table 1  Source of main data of study area

FEHAE Main data  SREEASTE] Sampling time (y-m)

BAESRIR Data source

Rt e
Meteorological data

i 7K Bt

Groundwater data

Bap iR E S

Soil conductivity

et 5210 i D
Soil physical and chemical property

FK IR
Aquifer property

FIHEAK Bl

Water diversion and drainage data

2016-04—2021-04

2018-07—2021-04

2018-05—2021-04

2019-07

2019-04—2021-04

2019-04—2021-04

WA R G S

Shahaoqu automatic meteorological station and local meteorological bureau

SR YNBSS iR U]

Long term observation of groundwater observation wells

IR S3 2R

Field stratified sampling

L[] S s SRAE 53

Field sampling analysis

T3 SR BORE R S R A

Historical data and on-site sampling analysis

TRASOULI K K 5 BB

Observation of flow meter and investigation of water management section
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FER, AN JE Fir fl Flx \Flq Kaq 2850, SEH KRR, RAS IR 2 (RMSE) SF-HHH YR 22
Kehrgr “'Fﬁé%éﬂz+15%%n+20%ﬂ%ﬂm ARk (MRE) JA—4b Y 7 MR 1% 22 ( NRMSE ) 1 52 22 5
P, FEMATHURAE M B AR B oAb 2503 (R TS BCREN

%+ 2 SahysMod BT N SR
Table 2 Seasonal input data of SahysMod model

Z LY AR A ZHL ZHE BRI

Polygonal mesh input parameter Parameter value Data source
A7 1(EWAB ) Season 1 ( Crop growth period ) 5—9 H May to September M
Z=95 2(FkBEM) Season 2 ( Autumn irrigation season ) 10—12 A October to December M
Z45 3(BHZREI) Season 3 (Frozen period ) F4E 1—4 H January to April of the next year M
[% K & Precipitation/m 0.125/0.01/0.01 M
FEWE Trrigation amount/m 0.421/0.241/0 M
Wi7K 7% & 5 Submersible evaporation rate/m 0.741/0.11/0.07 M
HEIE A /K #5717 8 /3 Irrigation precipitation carries salt/ (dS + m™!) 0.85 M
HiFAR L E Surface runoff/m 0 M

R XX JHE R R K BB 473 R Storage efficiency of irrigation precipitation in the root zone 0.8 M/R

FKZ KA Aquifer pumping capacity 0 M

TE M 7R SO AT RORL R 278 & 028 SRR3R ;S Rl DR E RS R,
Note: M represents actual measurement data or research data; R represents obtaining by consulting references; S represents obtained through model

calibration. The same below.

% 3 SahysMod #RE! Zin BN EHE
Table 3 Polygonal input data of SahysMod model

LI M i A SHL ZHUE Hte It

Polygonal mesh input parameter Parameter value Data source
HiZRJEJE Surface thickness/m 0 M
X JEE Root zone thickness/m 1 M
%2R Transition layer thickness/m 4 M
KRR Aquifer thickness/m 90 M
HEWE TR AL LA Tirigation area ratio 0.87 M
T I Prediction period/a 10 M
FAEFEEL Crop rotation index 1 M
1 R R R R 013 R

Transition layer horizontal hydraulic conductivity/(m « d™!) '
KB IKF-F K% Horizontal hydraulic conductivity of aquifer/(m - d™') 6.08 S
HRIX EFLELEE Root zone total porosity 0.48 R
LV JZ B FLBRE Total porosity of transition layer 0.48 R
K ZBFLBRE Total porosity of aquifer 0.4 R
XA RAFLBE Effective porosity of root zone 0.07 R
JLEEA LB Effective porosity of transition layer 0.07 R
FKZABILBE Effective porosity of aquifer 0.1 R
AR IRBERCE Root zone rinsing efficiency 0.85 S
1 E R PERCER Transition layer rinsing efficiency 0.8 S
EIKIZMBERCR Efficiency of aquifer leaching 1.0 S
XA 4 +3€ 88 5 K Initial soil conductivity in the root zone/(dS - m™) 0.34~6.79 M
P )2 4h 3 55K Initial soil conductivity of transition layer/(dS - m™") 0.22~5.58 M
S KZ WA T3 S 3R Initial soil conductivity of aquifer/ (dS + m™") 0.13~2.15 M
WA LT AKAHXT 22 7K A Initial groundwater relative reference level/m 1047.9~1049.3 M
HEFKZHRAKE Quarterly inflow of water into the aquifer/m 0 M
HEEIKZR KR Quarterly outflow of aquifer/m 0 M
H #RHE/K & Natural displacement/m 0 M
PEAE B IK BT R KRG PR a5 M
Groundwater that generates capillary water upwelling critical burial depth/m

HEK VAT Depth of drainage ditch/m 1.5 M
HEK ] #E Drainage spacing/m 100 M
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XiR7E MRE JA—1bI AR 12 2% NRMSE F1YtE &

R X 4 MEFRIPHIB RS 45 R AR5
ﬁ[ﬂ:[zs,n—zs]:
RMSE=J;2(Pi—Oi)2 (5)
NO(P, -0,
MRE:%Z uxm% (6)
1< ,
JNZ (Pi - 0,:)
NRMSE = =l ’ x 100% (7)
(Y@ -pPy 0, -0]
R = (8)

Y (P -P)'Y (0,-0)°

X, N A SEIE A5, 0,856 @ ASSEIIHE, PR
FAREES § SIS (i = 1~N), O sl
EREE, P OARME R FHE, Hd RMSE
MRE Fl NRMSE #4235 F 0, 27 B B HURS B B
o — MR RMSE 5-F- Y 55ME #Y LI TE 20% LA
W, MRE 7E = 10% Vi P, Bl ik 3] R 5@ E R, 4
NRMSE<10% 1} , I\ AR A RO 3 5 45 5 24 10%
<NRMSE<20%H , I\ BRI A RO BT, 2 20% <
NRMSE<30% B, Ik A B R & — i, 4 NRMSE >
30% I G RHOREZE, 4 R*>0.5 I IO IL& 25
RAETT VI Z N,

1.2.6 #EBEEHEIAEFTREI ZAFEMRKX
VEWI A= 1 B K B 5 B o) HE & R | R Ak
B RCEEXFN 1R, 0% 1 5]
K (BUIR 8 5% D 10% 80 15% 080
20%) JHEWBEE & (WD 20% 980 109%  FLAR B
10% 34 I 20%) | HE K 8 W B (W0 20% | 0 2>
10% B B9 15% 3890 20%) , 7R FF 1 A28 &
(A I s B 4 oy 2 TN [RIE HERL 0
T K ER K S AR R (WK 4)

2 ER55T
2.1 SahysMod #&ZY & F K i iE

2018—2019 4E R E W], 2020 4E I UFH .
TG XI55t 1 AR B 3 % | Ik % — AT 50
E, P BE AL BT 7 DX (R B L 4% 9,18 .54 .57
FTEHL RIA% 3 41,46, FEBOAR R Flr {8, BELTHEAR
X e R SENE S BB R T g, Horp
W) B B i 1 Fle (BRI R SEPR A Fle {6, 2 Bt £
o FEARR IR Fle S5 FE R 0.8~0.9, %
FELERTEILF 5,2 Flr 4 0.85 i, #E48145 5L 5 520
{44 e i, RMSE . MRE F1 NRMSE %3 %1 3 0.066
dS - m™' —0.22%F10.012,R*} 0.920, P I BFSE
X ALK Flr BUE M 0.85,

FETRIE Flx {8, BT R /KRR, SE{E
HEHMEITE WL 6, 25 REV], Y Fix 4 0.8 I,
RMSE MRE #1 NRMSE 34} 3% /N, 43 514 0.02 m .
~1.19%H1 0.014 , R* 15 5] 0.811, b 7K 3% 1y #42)
H5 L MAE W) A febf, 456 % 1% RMSE | MRE |
NRMSE Fl R* | Flq B~ 1.0, 4 Kaq Bt 8 m - d™
I, RMSE .MRE 1 NRMSE Y]} 8¢/, 435124 0.115
m . 7.68%710.079 ,R* 3 0.820 , #i T 7K BRI AR (K
5 SEIME W) A TR B A

PL2018 4 7 H 2018 49 H 2019 4 5 H
2019 4E 7 A £HER X ECe {HIEFT SahysMod 5%
SHCRE L2020 4F 8 F MR IX HHE ECe {HIFFT5
WE, LR 7, 25 R B 5 57 i e A5 A Hp A4
H5 S5 & BT, Bkt RMSE 24 0.087~0.131
dS « m™' ,MRE 2} 0.87% ~1.28% ,NRMSE }3 0.013 ~
0.019, R*}y 0.768 ~ 0.875; it RMSE Jy 0.124 ~
0.172dS - m™', MRE 5 0.99% ~ 1.88% , NRMSE )y
0.009~0.012,R*>4 0.779 ~0.900, LA [~ 44 7] i3 HF 45
RURENS G- S WL pF 5% DX F 37 4= 338k 4 1 A8 b
A,

x4 FREHEEEXEREE

Table 4  Settings of different irrigation and drainage management scenarios

.- 1 5K T 1 Hek i
SﬁE\ Season 1 total water intake Season 1 irrigation Depth of drainage
cene (10*m?) quota/mm ditch/m
A FEHE L Current irrigation and drainage mode 144.9 419 1.5
ARG 7K Gt Different total water intake amounts  144.9 137.7,130.4,123.2 115.9 419 L5
AN[EHEK B4 Different irrigation quotas 144.9 335,377 .419 461 503 1.5
ANEHEKIWERE Different depths of drainage ditch 144.9 419 1.2.1.35.1.5.1.65 1.8
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Table 5  Calibration of leaching efficiency of root zone
Ik i = + b WM SR Hi Date(y-m) RVISE MRE
Grid JHZA RhAR Conductivity J(dS 4 /o NRMSE R?
number  Land use type  Flr  /(dS -m™') 2018-07 2018-09 2019-05 2019-07 2020-8 /(45 m) 7
Hhh M 5.46 7.21 6.75 5.07 4.98
9 . 0.8 0.171 -0.702 0.028 0.809
Cultivated land P 5.27 7.03 6.92 491 5.14
oISt M 542 8.12 6.64 6.67 7.98
18 . 0.82 0.135 -0436  0.020 0.813
Cultivated land P 5.31 8.26 6.77 6.55 7.82
poisiii M 5.28 748 6.29 7.82 8.08
54 . 0.84 0.103 —-0.256 0.015 0.861
Cultivated land P 522 7.60 6.22 7.68 8.19
oISt M 4.71 533 4.9 4.80 4.9
57 - 0.85 0.066 -0220  0.012 0.920
Cultivated land P 4.81 5.31 5.07 4.72 491
Hit M 11.59 11.11 10.51 10.54 10.07
3 et 0.86 0.119 1.096 0.013 0911
Wasteland P 11.74 11.21 10.61 10.67 10.18
Fiihh M 17.27 19.64 19.01 16.93 18.36
41 0.88 0.207 1.130 0.015 0.880
Wasteland P 17.46 19.79 19.22 17.19 18.57
FioHh M 14.54 11.90 14.01 12.60 15.59
46 0.9 0.208 1.492 0.015 0.824
Wasteland P 14.78 12.12 14.24 12.73 15.79
TE: M FRR SHE , P SRR B,
Note: M represents the measured value, and P represents the simulated value.
xo TEEMERE GKERERERSKBEKFESKEHNEE
Table 6  Calibration of leaching efficiency of transition zone, aquifer zone and horizontal hydraulic conductivity
" - NS S URAS TR )
280 18 . i w] ) K . fi _— RMSE RME !
Predicted groundwater depth at different periods NRMSE R2
Parameter Value /m /%
2018-07  2018-09 2019-05 2019-07 2020-08
0.4 1.796 2.214 1.106 1.293 2.641 0.141 8.82 0.088 0.771
SV A 0.6 1.769 2.187 1.063 1.288 2.567 0.108 6.68 0.070 0.784
e Kélx a 0.7 1.742 2.181 0.984 1.128 2.510 0.038 1.36 0.022 0.802
0.8 1.725 2.140 0.955 1.102 2.399 0.020 -1.19 0.014 0.811
0.9 1.701 2.018 0.931 0.960 2.315 0.112 -6.32 0.080 0.800
0.6 1.752 2.184 1.010 1.308 2.453 0.088 4.78 0.043 0.660
0.8 1.739 2.176 0.992 1.127 2.436 0.012 0.81 0.012 0.740
Al 2 bk 2k 25 3%
H 7KJK£}F5EX5($ 1.0 1.745 2.172 0.984 1.133 2.441 0.012 0.83 0.008 0.768
a 1.2 1.719 2.138 0.950 1.104 2.409 0.020 -1.27 0.014 0.732
1.4 1.696 2.111 0.957 1.105 2.397 0.033 -3.44 0.022 0.703
3.0 1.552 1.983 0.886 0.947 2.614 0.185 -10.76 0.138 0.777
5.0 1.683 2.028 0.926 0.977 2.202 0.144 -7.86 0.130 0.802
KR FKE
Kag/(m - d-1) 8.0 1.814 2.291 1.105 1.220 2.507 0.115 7.68 0.079 0.820
10.0 1.886 2.417 1.190 1.402 2.600 0.221 15.08 0.128 0.744
12.0 1.954 2.514 1.269 1.308 2.691 0.270 17.46 0.153 0.668
PAS W]
Ho AR/ m 1.731 2.165 0.972 1.119 2.428

Measured groundwater depth
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T 3 S BRAE PRI TR, AT AR 5T 25 R 0 B 5%
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Table 7 Comparison of measured and predicted soil ECe based on SahysMod

ARG H 1 H 2 SEINE RELLE RMSE MRE NRVISE R
Year type Data (y—m) Land use Measured value Simulated value /(dS - m™) /% )
*#iﬂ 5.65 5.68 0.106 1.28 0.019 0.826
2018-07 Cultivated land
FiiHll Wasteland 14.17 14.19 0.147 0.99 0.010 0.779
*#ﬂh 7.46 7.41 0.114 0.87 0.015 0.768
2018-09 Cultivated land
ﬁﬁiﬂ'iﬁ it Wasteland 13.96 13.94 0.129 1.88 0.009 0.840
Data calibration .
year N ) 6.59 6.64 0.109 1.11 0.017 0.827
2019-05 Cultivated land
it Wasteland 14.21 14.14 0.124 1.52 0.009 0.815
.*#i& 6.51 6.55 0.087 0.94 0.013 0.822
2019-07 Cultivated land
T Wasteland 13.36 13.42 0.155 1.64 0.012 0.889
?ﬁﬂﬁ'%llﬁf %}H& 6.93 6.90 0.131 1.05 0.019 0.875
Data validation 2020-09 Cultivated land
year FieHh Wasteland 14.47 14.43 0.172 1.71 0.012 0.900
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Fig.3 Sensitivity analysis of root zone leaching efficiency on soil electrical conductivity
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Fig.4 Sensitivity analysis of leaching efficiency of
transition zone, aquifer and horizontal hydraulic

conductivity of aquifer on groundwater depth
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Fig.5 Changes in soil conductivity of cultivated wasteland under existing irrigation
and drainage management in the next 10 years
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Fig.6 Changes in drainage conductivity and groundwater depth in the next 10 years
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Fig.7 Effect of irrigation water conductivity on soil ECe of cultivated land and wasteland in Season 1
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Fig.9 Effect of drainage ditch depth on soil conductivity of cultivated land and wasteland in Season 1
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