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KRN 0.86, i B HEX KNG EAGEER . kPR L sh A, 53] L& 5 lE M REISAR
T 0.76, WEMREER, 2) REAWTIKTE ST, HIRTKFEETE S2. MAELE MR T & S3 FIFEKT KE S
N 293124 3.024ZH1 2.54 1 m*s S1+S2+S3 U A RHEXFKITKERZ, N1 m’, S24S3 HFRAKGIKZ. 3) &
FOKFIH RZEE R, Bt FAKA R, AFTHEEE, S1 7% FHU N KRR KT 3 m (AR LG 7] 55 38 vk J7 484
T 7.59%, ARIFREXHeEL . A TRERS S A A0 B R OB B, U KAI R, AR TEXBE:, S2 TR il
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Fig.1 Schematic diagram of hydrological cycle system in
irrigated area
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Fig.2 Groundwater depth calculation flowchart
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#1 Ercp>0, I
Tsor = Ri-a;-(D, — F) (13)
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FRA R E RO T & S m R A B4
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Mol 232, Y RN KRR TG SR (FeA 5l 3™
BEREL. HAEEEDA KRNI AKEERED B,
T 7K H R L 252 BE B AR KA W ) TR B HEE 2 AN H
FB Sl X+ SR Bk A AR SCdk PR K B+
FEWK B-SEPR A HUR & MR KHER 2 NMEEE N E A
&, TEEIEEARAE, JET BRI e
B IGIT RECEM PR R 3 LA S Bk
1.3 HUEXKIR

RGP T RR A E RS R Mt =54 . 0o
[X DEM ##& K FE RS 2N 30 me 30 A5 B R R
N A A E LSS AE. HEREANEKEN
IR AR K J1 e, By N )E, SRR EE
TUAK (KBEBRNTFHEE 74m), F . REEEN20~
300 m. Z7KEER ML T 0.02~0.05 Z 18], - HhF A £dE
KEWS W EEE/RT A RTE RN 2009 45
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JTEM S, DL 3.
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Fig.3 The total calculation unit in study region

1.4 TKAEREE

R 0] 25 HE X T /K DR 5 5 KRR, AR SO % 52 i
BB E IR R KIS M A K b e &5 # 1
AT N EATKIE b, CAUE N IR RE A A K &
(G R WEKE (EERE/RHTRKEFERLD) . (AZN
B RE X BACAE BRI (2021—2035 ) ) ), W 1.
FEUETT FEN 2018 T BV X SEBRTE I o

®1 AEEXRLTKER

Table 1  Agricultural water-saving schemes in Hetao
Irrigated Region
RERSEvii0] TTHENE

Water-saving measures Project content

B B WIHIE 60%, 2R KFIH £ ik
0.56. BERBIEWIF=X W Mk S EiE
IR o5 LI K 34%. /NFERIHE 5 LK 7%
K 24%, FEHE 47%, HAl 22%
W s SORSGHATA, BT RS
ILIL 70%, 2R R KHFIH REUX 0.60
TR S FH ) b T L e S K
Wi, 600 /iR (40 Ji hm?) th{&/= H gkt
55580 70%. TEERFIAED ™ XHEME . i
WSS E KN T, Bk
10%. REUHL 5 25 o bbARss . BB+
HAUKEAR, ) HAEK 20%
NI G EE 5% (JRZD 2%, FoK 20%
B> 4%), FEAE 60% (Bhn 13%), H
it 15% Gb 7%)

HEHETTE (S0

Basic scheme
RAEFITIAK (SD

Water saving of channel lining

FE ) T /K R I (S2)

Field water-saving control

WAL (S3)
Planting structure adjustment

T FEKEASERR A HOR B .
Note: The water consumption is equal to the actual evapotranspiration.

2 GR5SH

2.1 IRBIFRFFIIE
2.1.1 oA KRKIEITALA

P IKAE IR R ) SEPR A UK & HEKE AT T K
HRAT R AR, R W8 2009—2014 4, 50 F 1
920152018 4F. b, ZEKRKRH REZH Mk [26],
L 25 HEZKIE FR IR F AT & X 3 R B AL 1) 22 4%
F EHE K T8 KB T 4 A3 ) Wi 2009—2018 4
10a A RRESREG BT REERIE, L3 T
IKERERIUF] A 2014—2018 4R 7K W H: Sz 25 k)47
k. 25K, KilZA KRR KM REGYAET
0.654, FHXRZELIEA R T 4.82%, HIKKFRN 0.88,
HEK I FE A RBUIAMET 0.600, AT 15 2 48 X3 A 1o
T 5.11%, HMHERFRN0.82, HI T /KEIEK G R B
AMET 0.628, MXTIRZLLIEA T 5.12%, HKRKR
4 0.86, 5 EAGE K

#z2 TREMZEMERR

Table 2  Crop evapotranspiration coefficients for different crops

T H Ttem ZRHUR 25X Crop evapotranspiration coefficients
/N Wheat 0.80
K Maize 0.85
2£1% Sunflower 0.93
HoAth Others 0.60
#Hb Bare land 0.70
MREHE Forest lawn 1.00
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2.1.2 BRESRA
BEWOKE . ORISR R A T E
VEE DX 1A I it AR O R A R R S . A

FR3 HKELNESELENT R
Nash-Sutcliffe efficiency (NSE) of measured and
simulated drainage discharge
N4 744 Nash coefficient HHAXTRZ Relative error/%

Table 3

A 1990—2016 4F F L R B K S+ K -2 R B b S?HU.J@’A] % W B 1] % B B E 1
KRR 5 - A MO 4y B B AR T . K wonch Calibration  Validation  Calibration  Validation
. . - periods Periods periods Periods
HHEAZ N T MM 53 Frm S LB, KA —HET 0.64 0.70 474 426
20172018 “EHIRIIE 3 ML, SOk A B HLBIR 6 S ool 01 - -
PR ZE, M REAE 0.50~0.60 2 (8], FEHLARMARE @ﬁﬂﬁ 0.66 071 464 420
TR gt RBTE 0.70~0.80 2 ], &AL IZ N s Eii 8»33 g-gg 3-32 ;‘g;‘
e TN e A . . . .
W BRI N4 RECN 0.9 24, AlREAF/E— 2 L& b 0.66 0.65 -4.58 473
MG HOASOHBIRLEM, KA THEMES W o 063 473 447
iﬁ@%*ﬂﬁﬁhﬂ E/‘Ji%ﬁﬁ%iﬁﬁ*%ﬁﬁzi@ﬁ, ﬁ‘i HHEIZ b 0:69 0:67 4:34 74_51
SEMMEHEAT X E, 193] IR S R S S E AT R ;ﬁi g% gg gg jﬁ
iéjz:ﬂ&:]: 0.76 (IJ_IL%% 4) ’ *HX%W%%@@H{EK%? 3.01%, Wi 0:68 0:68 4:44 4:40
RN 0.89, T TR EENR, T 0.70 0.69 4.28 4.34
F< 4 BRI S SUNE SIEEMEN T R
Table 4 NSE between measured and simulated soil salinity during validation period
A 241 Z % Nash coefficient HIXFiRZ Relative error/%
Month H LRi) =013 I w7 Fus EENLSip H PR I w7 Fs TS
Dengkou Hanggin houqi Linhe Wuyuan Waulate qianqi Dengkou Hanggin houqi Linhe Wuyuan Waulate qianqi
1 0.78 0.80 0.81 0.83 0.85 —4.44 —4.33 431 4.17 4.02
2 0.80 0.85 0.78 0.82 0.81 4.32 4.05 4.47 —4.23 4.27
3 0.84 0.81 0.81 0.83 0.76 4.08 -4.29 4.26 4.14 —4.57
4 0.80 0.86 0.77 0.77 0.79 4.37 3.99 4.54 4.52 4.40
5 0.83 0.76 0.84 0.76 0.81 4.19 —4.56 4.10 4.57 —4.27
6 0.83 0.81 0.82 0.83 0.85 4.16 4.27 4.23 4.14 4.02
7 0.83 0.78 0.83 0.82 0.77 4.17 4.46 4.17 4.25 4.50
8 0.83 0.76 0.84 0.79 0.77 4.19 —4.56 4.08 —4.38 4.50
9 0.82 0.82 0.81 0.78 0.86 4.25 4.20 431 4.46 4.01
10 0.79 0.83 0.85 0.76 0.81 4.40 4.14 4.04 4.57 4.29
11 0.80 0.84 0.83 0.85 0.82 —4.34 4.09 4.14 4.03 4.23
12 0.79 0.78 0.85 0.80 0.84 441 4.47 4.06 433 4.08

2.2 BRHERSN
2.2.1 FlHEKEHH
FEX WK EFIENE . KRR LS T K HE R
KIEARERRAEDNH., RS EAFRTTKTRETEXS]
FEAKE I o
£S5 TRETKARTEXSIFEKE

Table 5 Water consumption under different water-saving schemes

in irrigated region 1¢. m*
wmpokE sk CUKE paprm L
ES Farmland  Water intaking wa ert_ Ecological ;j N
Scheme water from Yellow gonsump ton water aving
. . rom Yellow . water
consumption River River consumption
SO 34.93 46.36 43.84 17.03 -
S1 32.83 42.18 41.79 16.20 2.93
S2 32.04 42.74 40.05 16.90 3.02
S3 32.16 46.36 42.88 17.26 2.54
S1+S2 30.88 38.46 38.56 15.00 6.08
S1+S3 30.74 41.18 39.51 15.65 5.57
S2+S3 29.47 39.74 37.65 16.80 5.69
S1+S2+S3 27.89 36.27 34.76 14.96 9.11

M S HTLUVEH, S1 7% FRZRKFHREEE =2
0.60, FlE/KEND 4.18 12 m®, FEHKEWD 2.05 12 m?,
R HFEK R 2.10 2 m®, HEEEBFERD, BT
AL TR W, FTRESIEMINGH . ML S AR 2 4, A
BFEKERA 0.83 12 m®, S1 77 R EREIX KT K&
EF) 2.93 12 m®. S2 5 FE St FH R KR P i, 51K

KEWD 3.62 12 m®, FEFKE/D 3.79 12 m®, K HFEK
B/ 2.89 12 m®, TEREX KT KEIAS 3.02 12 m’,
S3 KR TN IHRERELE M, 155 BUKEARAD BT,
FEF KB 096 12 m®, ASFEKER N 0.23 12 m’,
AR FEK B> 2.77 12 m®, B VE X FE K K Bk F
25442 mPs R[EJTRAEE, S1+S2+S3 J7 I £ X #E
KTKERZ, ~N9.1112m®, S2+S3 FRMAEGIKZ, ¥
KATKE 5.69 12 m’,
2.2.2 MWTFARIZEZ

TR X 3R J2 b T 7K ORI 4 = AR 5] B R e R
MR ZKFH 25, RRBRKERLD, BB
UL KK S 2 D, IR X b T KR
(FIIE 25 3 A 0, FEa SRAH B AR A IR RN . Btk Ty
EF, PEEE T RKNBHA R 2579 20 m®, FELE
HEEI0H. SA. 6. 7TH59A, HeaERHiaE
(1) 84% (LI 4. S1 775 T & HEEMH/KERAE L1,
R RKFIH REHE R 0.6, WRIEBIRHMA T /KSR
My P T ONBANGE R KR, MR KOKAL R BE. AR
iy RFIFH NSNS EARFEAR PR K, HAER
N, FROKFERBIKT NIBE, HF KA RE %,
SERZMAE X Hh R KA A 1 R R . ST 7R R R K
NBHNAE 19.63 12 m®, B EHETT RIRAD 6.16 12 m’,
SEG KRB ERZMA, MR KR>3 m TR L
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BT UE T RN T 7.59%, iR KHEE>2.5~3.0m [
TR EL B B e v 7 R IN T 4.44% (LK 4) . S2 &
T, SIEKERECD, HNREZ R, A TRE
T AE A A R AR B B>, S2 R TN R KB
AN BRI ME T B> 2.57 42 m?, HEIX MR K AL F%,
R KR>3 m i TR b A R A v O RN T 2.54%,
MR K HEER 2.5~3.0 m [ THI AR LU B R ME T B3N T
1.58%. S3 HETF, 5 EKELBHMEL T, RiE
NBANAE BN, R HERE K E D, & H
NBANE R, BRI ANE RSB K HEA
LRGN AKNBANG EIEOR D, BT R
W 03112 m?, HUF KA AR A K.

oS0 =Sl =82 =S3 =SI1+S2 mS1+S3 =S2+S3 =S1+S2+S3

E g S
2 s E
3 £
s 4 3
%2 3 & i,
S 2 i & R
=1 i = gk |
&{; 0 il 3 i tuadll il
= 123456789101112 2121‘%.‘223{”0?3
JH Month R - I =
— o oo
AN NN A

VR Depth/m
b. iR 7K

b. Groundwater table

a. MR KA R
a. Groundwater recharge
B4 R 7% ETRTKAMSEFIZRE AR 1)
Fig.4 Proportion of groundwater recharge and buried area under
different schemes

AN T RHA, SI+S2+S3 J7 & N HL Rk N B #h 4
EREMRS RO RRKA, N 9.0012 m?, SI+S3 HE
WAL, BHMETT RN 8.52 12 m*. S1+S3 J7 Ehidt
HETJT P> 7.57 12 m®, S2+S3 5 R KU T R b
2.64 12 m’.

P HL R KN IB A B RS AR ST. S14+S2.
S1+82+83 Jr Rt AT 43 M. DAMGZKIH 3 H A, R
TREX VG LT R XS5 S 4y X O R K
HEEX (B 5, BEERKITKERES, HFKHE
R E XN ERXIE D8, S1+82+83 & FEPE L
AT DRCRRRTIE . SRR R BOE B R
EEX, XIS ENEE. SI. SI1+S2. S1+
S2+S3 NH R AKHEVRMEIT 6 m 1A L A8 e o v 155 5% 40 1)
BINT 1.22%. 4.31%. 5.93%, i F/AKHEIEEL 4 m K
AR LR L A S o3 3G N T 5.80% - 6.63%- 8.71%.
HR K I IR 3 m AR T AR B A5 A R v 1 S 40 S 4 n T
7.59%. 12.60%. 13.23%.

2.2.3 EREZEHFAH

AR BEFA L A N HE XK ER L R B R . S1 7 R E
FUEE R RN 1.7 Tt (R 6). S2 HEMEH
() b P P I, I O e ) S, B
X3 HEEREEET N, A R SR 2.3 5 t.
S3 i KA AR, FEXHHEEBMAK (HE]
FOKEAL) . HEME (HHKEWZ), FEE
B R 4.5 Jit. HER 6 ATLUEH, S2+S3 HE
M ERIL S D &2, HIKON S3. S1+82+S3.
S2. S1+S3. S1+S3.

BD/m @ 0~1.5 m >1.5~2.0 m >2.0~2.5 m Bl >2.5~3.0 m

M >3.0~40 m Bl >4.0~6.0 m [l >6.0 m

U 1 1
V 0 50 100 150 200 km
b. S1

c. S1+S2 d. S1+82+S3

BS5 RRFET3ARTREZRHA
Fig.5 Spatial distribution of groundwater buried depth (BD) under
different project in March

*ko6 TERIFRMHBEBTN
Table 6 Changes in salt accumulation for different schemes

75 % Scheme 15 E48 1K Changes in salt accumulation/10%

S1 1.7

S2 2.3

S3 —4.5

S1+S2 0.1

S1+S3 2.2

S2+S3 -5.9
S1+S2+S3 -3.8

2.2.4 FKEBHHHT

MRS IR KR S 7K ST 2 ATy T 52 i ket
BT FHAT R, SR IE T,

RT TEFRFEKTIKESHESZM
Table 7 Water-saving amount and its impact of different water-
saving schemes

HAHES gy m ey

FEARK K&

z:  Saved amount RRIEKE ch i sal
AR of water NB/% AB/% Water drained anges 1n sa ¢
Scheme X . accumulation/
consumption/ into Wulangsu/ Jit
2 m? 2 m?
S1 2.93 22.44 33.66 5.03 1.7
S2 3.02 23.17 34.76 7.33 2.3
S3 2.54 21.50 32.25 8.12 —4.5
S1+S2 6.08 26.04 39.06 4.54 0.1
S1+S3 5.57 2498 3747 6.31 22
S2+S3 5.69 25.02 37.80 6.73 -5.9
S1+S2+S3 9.11 27.90 41.85 5.15 -3.8

W NB A E R B W TR 2.5 m BILEH): AB AKRHEEE M
SRR 2.0 m H LU

Note: NB represents the proportion of natural vegetation with an average burial
depth exceeding 2.5 during the growing season, and AB represents the proportion of
farmland with a burial depth exceeding 2.0 during the growing season.

BEEREK KR Z, MR KERZHIEE, K
SFHEX A AP A R . S35 RAEKTIKE RN (Y
25442 m*), HUR KIS SEAE T BA LA LR K, A
A KA 6] . FEZK T KB KT S1+S2+S3 & (FE
KFKE 91142 m®), Bl FKMEEALAE, B
WA & BT AR 2.5 m AT AR LUk 3] 27.90%,
EFEALE . AT SRAFAE. SRR R RIE
JrRUR AR X, 2 ) DX [T T A 7S PR 85 3 A RS T
M H S1+82+S3 7 & FHEXHEAN SRR HIKER A2
51512 m?, BHEAERH D T 28%, AN ZIKERIEA S
I 5 Gt g K A5 BT S14+82 7 SRASH FE X i &6
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G R R HEHE N K EIR D 2.62 12 m®, B HERS FHE /D
T 37%, W EINESRRE KRG GEHEIK
KR KR K ERSPET IR0, S1+S3. S2+S3 J7 EXTHh
TKHEERFZIA AN ., B2 5] R HE N3 S R R K R
by M TR = B> T 6% 12%, {H S2+S3 U5
RIS EA R & T S1+S3 7%, FAFIEX HERL,
PR VR X IE BT K T RN S1483 7%, HEIX FLSETIK
4 5.69 12 m’,
3 W

ASOKG R KRR AE N B A S AR e hr 2 —,
SINTHEX A AES B, S1 HET, KA
KGR R A KAL R M, 5 R DS R e A R AR i
BET . XTI DOE B K AL, TEAREERST N
TR EE X AR A F WM R K B8 B4 HER N 2.0~
24 m. fEWAEK W R KB E 5 #EH IR 1.2~
1.5 mo ARz S0 0 78 R I T B X oK A K S
PR PEHIE 1.5 m A4 . FAFER Zad /ey A sk
PE %52 15 /N FNBE 7 1 R ZKGE BIRFE N 1.5~2.0 m.
T R R i R K AL VRLE 1.2~2.5 m I, BTk
XM AEK KT IES, IMEARTHAAER TG 2
MR KA R RIS 3 m B, SR AR A I SR B b T K
PRI . 52 B0 DA AT 2 T IX R SR A 5 1 5t b
KRN 1.6~2.0 m, AELEFFKAHERIX N 1.0~
5.0 m, HuR/KEVRABIE S m B, 50 R KSR FE B IE
WK, ZEFE LRV RRE, MEFEX KB E
HiE B R KR B AR HIE 1.5~2.0m, AFEF IR
TR VR N %45 HE 2.0~2.5 m; ] 25 [XAK 55 3 3 '
NAKHERVR B HIAE 2.0~3.0m, M AZHIE 3.5m LLA,
A BERIE R AR AN B . A SCHTIEFE ) S2+83 1 %,
HAME 2R & BP0 2.5 m AR Ll e H
A E BRI 2.0 m IR T AR B A 43 0l R o T SR G £
2.22% 1.05%, XTREXAESIAETMA S . MFEKTIK
HACKM S1+S2+S3 &, HARMEE A F WH T /K-F 1
MR 2.5 m EA RG], & HAE S HIEEEDT 2.0 m
(I TH AR LB B S U T R G 2 8.22%. 13.44%, ¥4
X AEASREE = A R

ST HE (X A R 6 5 K AR ST 4 e, VERRAEDY) S it
R HERI e T REX AR SR e SR R ER 15 T 2 R 4R AR
UESET 35 AR AR AL X St b TR dhix — it f2.
SEAEAEDO) e B (X O FES| B M R AR R E X K 2
T AR B KA R HE bR . 24 ST
HETNRFZKFHARLE S, 5IKERRD, HEERD
Hoks, MEEXHS R, ARTEX B, S5TE
DTS R g g — 8, FKSGE R, 5l HKEIZ AR
A, R T R REIX . S2 U7 245 U W FH JR) I
AR THEX B A, 5951 gt — G
M IA) P e ME PH s . PR i i, AEs A 2%
PERRIEIRE KRR, BISIREK, BRERIT L HKNE
(1), [ER IR RERE > LI i BUER, R FREX AL,
5 O (B T A — B MR R T O R - R
th, SEHSCIRERER . S35 R UL R
SEMITE S UK B S AR THEX B, 52

PRIRU B O IR — B R EORAME IR, SR A
A RO AR B HE X S Eh . S3 U7 R S A I
BEINFR LSRR . T SRR R LA, T ds 2 K
BEAK P, (B R 45 M T R K BRSPS B K 5
PP IRNE R TT . H T KRR S BHEEh 7 KR
ANTRIZK 2T R e SR A i T — R R Gt
35 R E A TAE,

4 £ i

ARSCHRY R AT AKOK PG T 5 B T AL 22 ST 3 o)
R, PR T EREXTIKE S, BRI

1) FEFERE X A0 K IGIR, KGR L 2
RS PR AR EOR B HEAK R AL R /KR SR bR Bk AT &
B MIGAUE, 5RER: KEZKNH ZREIIAK
T 0.654, AHXTIRZLXEA ST 4.82%, HKKRA
0.88, HEAGE TR REIIAMKT 0.600, FHXT 1R 22 246 %]
EAET 5.11%, KK FRNK 0.82, Hi N KMIRAIH1T
Z400.628, X IRZELEARE T 5.12%, HEKKRZN
0.86, il EAGREE R . B 3 AMHLES 2 ) Bk 1
OB, BCPIME S SSIME AT X, 15 3] IR SR
5 SE AT RECIAMCT 0.76, FHXT R 2 45 E
AT 3.01%, FHKZRECH 0.89, L REEER .,

2) I S MR L AR R TR H R K
FE PR 45 A R S A D BT KRS, DAUESh
BRI AT KT R EAEGHTE TN AWK EE SI
TR TEZKFHRERE ] 0.60, FEKTKEILE
29312 m’. WA T KHHE S2 5 %, KK E ik F
3.02 12 m’. FAESE KR S3 5 R N RS HKEAIR D
SO, FEKTIKEIER 2.54 12 m’. ANFETRAS,
SI+S2+S3 K REEX Ti/KEREL, N91114m’, S2+S3
HRHAEGRZ, FKTIKE 56912 m’. SI+S3 J7 EHE/K
TKE 5.57 12 m’.

3) EARIKFIHREIE S, ol R T AR T,
AFFHEE:, S1 7% FH R KR KT 3 m AL 1]
BIEWETT RIEINT 7.59%, bR /KHEIE 2.5~3.0 m [TH
TR i R e 5 RGN T 4.44%, AR T HREX HEEL . H
V) TR it o 75 R 2 AR AR B NS ks, R KA R %,
BRI TFREX L, S2 HETFH N AKNBHG BRIEHETT
T 25740 m?, FEX MR ARG FREBONM S, S2 7
FARMTHEEX M. S3 77 R T HLUF KNS 2 WS R
A, HURKEBIBA KR, ARITFREXBLEE . AF T RH
A, S1+S2. SI+S2+S3 75 & T X iy R K B IR F2 45K
JUHSZ S1+82+83 7 RAEHEX PHALIB . LAl ZHirEnT
S SRFWR RO RE R EE X, X
B AR HED SR AE B A K. S1+S2 T R FAFRF
X E. G HERAESHENART, MWK
KB KI5 %6 S2+S83,  RIVE DXO& B I FE K T KW 718
5.69 12 m’. %75 N BRI SE M R KA FRE. HE
5 B2 HE N K RISk, (H A A R TR X HERS
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Prediction of water-saving potential in Inner Mongolia Loop using
distributed water cycle model and machine learning

ZHAO Jing?, DUAN Jingjing', WANG Tao', BI Yanjie’™, GAO Feng'

(1. College of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. China Water Resources Beifang Investigation Design and Reserch Co.Ltd, Tianjin 300222, China)

Abstract: This study aims to explore the real water-saving potential in the Hetao Irrigation Area of Inner Mongolia of China.
The distributed water cycle and salinity models were constructed using machine learning. A series of water-saving schemes
were established to quantitatively analyze the water intake, water consumption, groundwater depth, and salt accumulation. The
results were as follows: 1) The distributed water cycle model was used to calibrate and verify some indicators, such as
evaporation, runoff, and groundwater depth in the water cycle process. The Nash coefficients of water surface evaporation,
drainage processes, and groundwater depth were no less than 0.654, 0.600, and 0.628, respectively, where the absolute relative
errors were no higher than 4.82%, 5.11%, and 5.12%, respectively, and the correlation values were 0.88, 0.82, and 0.86,
respectively, fully meeting the accuracy requirements. Three algorithms of machine learning were selected to construct the soil
salinity model. The Nash coefficients of soil salt accumulation were no less than 0.76, compared with the measurement.
2) Canal and field water-saving measures were optimized to screen the crop structure adjustment. Seven water-saving schemes
and combinations were constructed for the main water-saving measures. In Scheme water saving of channel lining (S1), the
water utilization coefficient of the canal increased to 0.60, with a water-saving amount of 293 million cubic meters. Scheme
field water-saving control (S2) was used to implement the field water-saving regulation, particularly with a water-saving
amount of 302 million cubic meters. In Scheme planting structure adjustment (S3), the crop structure was adjusted without the
reduction in the amount of water that diverted from the Yellow River, where the water-saving amount of 254 million cubic
meters was obtained. Among different scheme combinations, Scheme S1+S2+S3 shared the highest water-saving amount of
911 million cubic meters, followed by Schemes S2+S3 and S1+S3 with a water-saving amount of 569 million and 557 million
cubic meters, respectively. 3) An increase in the canal water utilization coefficient led to a decline in groundwater levels, which
was unfavorable for salt drainage. In Scheme S1, the proportion of areas with a groundwater depth greater than
3 meters increased by 7.59%, compared with the baseline scheme, whereas, the proportion with a groundwater depth between
2.5 and 3.0 meters increased by 4.44%, which was not conducive to the salt drainage. The field engineering measures reduced
the infiltration rate of farmland, leading to a decline in the groundwater levels, which was beneficial for the salt drainage. In
Scheme S2, the groundwater recharge in the irrigation area decreased by 257 million cubic meters, compared with the baseline
scheme, indicating a more significant decline in groundwater level. Scheme S2 was favorable for the salt drainage. In Scheme
S3, the groundwater recharge slightly decreased with the relatively stable groundwater level, which was also favorable for salt
drainage. Among them, the S1+S2 and S1+S2+S3 combination shared a greater impact on the groundwater depth, especially
S1+S2+S3 in the northwest part of the irrigation area. A high-value area of continuous buried depth was formed to dominate
the growth of crops and vegetation during the growing season. There was a 5.46% increase in the proportion of naturally
vegetated areas with an average buried depth exceeding 2.5 meters in Scheme S1+S2, compared with the baseline scheme.
Therefore, the scheme S2+S3 was recommended with the largest water-saving amount, where the suitable water-saving
potential of the irrigation area was 569 million cubic meters, considering the constraints of the ecological environment.
Consequently, this scheme can be the most favorable for salt drainage in the irrigation area.

Keywords: groundwater; salts; machine learning; distributed water cycle model; water consumption and water saving; Hetao
Irrigation District
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