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Study on the spatial layout of cultivated land with the principles of water settling
land in the Yellow River Basin of Henan Province: from the perspective of crop

planting
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Abstract: The moisture condition is one of the primary influencing factors in grain production. Scientifically assessing the
potential moisture conditions of cultivated lands in China’s typical grain-producing regions and subsequently implementing
“water-oriented land use” for spatial restructuring hold significant practical importance for ensuring national food security
and promoting high-quality agricultural development. The Yellow River region in Henan Province serves as both a core area
for ecological protection and high-quality development within the Yellow River Basin, and as a typical area in Henan facing
resource scarcity, particularly water. The mismatch between long-term water supply and agricultural production scale has led
to severe issues of water overexploitation in the area. Against this backdrop, this study focuses on six major grain-producing

counties including Yuanyang County, Fenggiu County, and Yanjin County in the Yellow River region of Henan. From the
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perspective of crop cultivation, using data on land use, crop distribution, MODIS data, and long-term meteorological data,
the study constructs regional remote sensing evapotranspiration models and water balance evaluation models. These models
accurately reveal local water balance conditions and the effects of water balance under cultivated land use. This approach
aims to develop multi-agent spatial optimization models to achieve spatial restructuring of crop planting on cultivated land.
The results indicate: (1) The proportion of cultivated land in the six counties along the Yellow River is decreasing, with
winter wheat and summer maize planting areas in 2020 accounting for 74.75% and 48.91% of total cultivated land,
respectively. Crop rotation of maize and wheat dominates, with scattered distribution of summer maize and smaller field
sizes ; (2)Temporal and spatial disparities between surface evapotranspiration and effective precipitation result in significant
differences in local water balance. The entire region faces water scarcity, with higher water deficits in the northeast and
lower deficits in the southwest. Differential irrigation management is recommended based on spatial variations in crop water
balance, especially in southwestern Yuanyang County, Hua County, and Puyang County; (3) Integrating considerations of
cultivated land water balance and scale aggregation benefits, the study proposes spatial restructuring of crop planting.
Results show significant spatial scale effects of land restructuring, with county-level optimization outperforming uniform
approaches. Post-restructuring, water deficits for winter wheat and summer maize are alleviated to some extent, enhancing
the spatial aggregation and contiguity of fields for improved daily crop irrigation management. Henan's Yellow River region
should actively implement the “water-oriented land use” strategy for cultivated land spatial restructuring to alleviate water

use pressure and promote sustainable agricultural development.

Key Words: cultivated land ; crops; moisture balance; water settling land ; food safety
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Fig.2 Distribution maps of cultivated land in 6 counties along the Yellow River in Henan Province in 2020
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Fig.3 Distribution map of cultivated land planting system in 6 counties along the Yellow River in Henan Province in 2020
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Fig.4 Distribution maps of average evapotranspiration and effective precipitation in 6 counties along the Yellow River in Henan Province
from 2000 to 2020
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PR T A/NZ BRG] AL S B 7K o T S AR E 22 B 4R A A R KO B FOKR A IS 7K 43
SEHPIRAS WA R TR f# , o5 BREI{E N 319.95 mm, B E /N T EMATH 356.35 mm , AR S K &=
-0.58, MXTTA/NEMF , Uit 6 B E F K10 o0 0L, A BB AE 25 G AU B R KK A iR A 2
)4 PRSI | KK A3 P 1 T —373.80——265.81 mm 4% % —349.17—-256.36 mm , /K4 V-1 /&
B 22 5K (R 22 % B P 2 B ORI B 4 B Re i 19 B BT 22 .

F1 EH AgentLA EREHEMHBHXBIXBSH
Table 1 Optimize key experimental parameters for crop layout using the AgentLA model

RV e R E R RN B

Weight coefficient of cultivated land moisture balance index

LRBH
Experimental parameters

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
ZINE BB/ R 103 87 79 99 62 110 97 107 71
Winter wheat F 1 0.9438 0.8128 0.8526 0.9398 0.9180 0.9365 0.9597 0.9496 0.9339
CES SBIRRE/ R 124 95 84 104 92 115 121 110 107
Summer maize F 14 0.9061 0.9154 0.8209 0.8736 0.9355 0.9156 0.9488 0.9577 0.9273
KN HEK
A
£
~
Es
i
iy
#
¥
R
iy
#®
m
TP AL 5 VR i
m &NE m Bk
O HA R X O Bk X

6 ET AgentLA HEWTHIGE 6 EIEMRALTRE

Fig.6 Crop optimization layout maps of 6 counties along the Yellow River in Henan Province based on AgentLLA model

232 FEBEA T

ZFE AT | B — VR TR I B Ll 2 2R 4, e & N7 B — AU ) TH R LG A5 /D 6.78 A
AL, AR 28.71% I8 2 21.94% , 23 AR YE DL R% i VERRAE B 251G 0 . AR RS ROk |, 4/
2 L — R b 3 A AR A | X o i AR o B v AL 10.519% , g HE A et 3 T Sk Fe 4 1R R At
A H H A R I 12.47% F1 10.03% 5 5 5 K B — R b o A ZBICEGE R 1) BRI O /) , ARl
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AP G E AR s () EE AR LR L B b T FR LGB F 3.09% 28 2 0.04% , [R1B 23 B H 3 B R AT 2K
KB —H A JCER 4337 A A A R RS VR AR 5 SR AE A A 24 bR b A 7= B e B B AR VE A | X g Ak b
P AP R R K, 2 M BUR 75 8% S sl A 7= 2078 8 BRARCR SRl [ SR K 4 7 RS 2SRl A,
LR I B S 0 2 A A A AR T AR L 481 FR ARG R RY 45.57% [ 2 41.94% , %5 18] 1 iR A AR 0K B 4G
BT IR SN K ALK, 2 8] A1 3R P A R PR AE 2 | TR i DA SR ok, E B A
LA T2 /N2 B — TR 0 N\ TR 2 S 43 SRy 2% /N A B — TR R R Al 78 5 Al A T8 % o7 1 b ) R 2
IN=EE AT AT KR DA R At A I ot AR, 2282 Tva) A JEL BT ) 1 P 0 S 247 R TR A1)y 24 i
) 22.63%34 % 36.08% , 76 J5 FHEL A T FIIE BH 51932 P | A SR M4 A AR 0o B 3 ) R B AR B &
INEE(ELT) .

TR AL MR R EE T 7

0 H A A 0 A/ R YR - E R W RE-KNE
O HFRA—R i RS e (R e L . oAl
R AL it} O &AZ-EHToR B HER-4/NE BTk
W TORNERARER OO0 /- B EER-MA . R

0 Hffi—4/hE I IORYER

A R L R St i3

B7 ET AgentLA HEEAEIGE 6 2IEMMERX ML E

Fig.7 Optimization maps of crop planting patterns in 6 counties along the Yellow River in Henan Province based on the AgentLA model

Zi b Y E 6 SLPRHLVE YRR A K 23 IR, S HBUR R DIKE 7™, SOK AT i, 76 0%
BERR 22 2 B4R T, PR F s T A A R i 2 SRk Al AR 7 2 B A BN, O B8 ATV B ) s
PRI e I A R 11 ] R 8 s S, AR VL3 A T T 1) 7K 23~ A 8 DX ol TR 8 0 T e 4
FEARERN , AgentLA BRI BERS T /AU E ) 7K 70 PRS0 LB BRUR S 4, A ) B M 45 SR B i PR IR AR
B RN 2 4 CER AR AR RN IS ) | SCREHE— 20 s Bk 3t PR R FH K T 7 [ s 25 i) g B SR AP o a2
FPESIA R TR B R B, Sy @R AR, th TR 6 Bk F AR BUAN [R] , S 08 B A0 R R
B AEZE 5, WS Tt AR BT T A B BH BT 55, K 3 A5 PEAR XA, DR DA B VR A1 Jmy 2t I, HOdE
PR 8 BE B, T AR A B LU PR SR 21 60.55% , 32 A4 ) R 2 20 g LA AR R — AR VR BRI 28 /N A2 TR — 3 1 1
(B 7) i B B 7K o 26 PR AL T3 oK P A S K 42 TR BN, e BRI BE L) 49.66% . 5T 5T
IR 1T R I B RR 7 DX 2K R SRR B LA KR SRR IR T 18], nT i B 6 B9 AN g
T o DB M A = 3 R A B AN T e i AR BB SR

3 Wit E54%ie

31 g

TG R S L 23 43 A AN AR [ AR E | XK A SOl ™ 5l SR A DX 7, Bk A 45 =0
e R ST DAK e B s ) EE A SR AR AL AT K KO S A B AR SR A B R ER AR &
i BURFAE T T8 I AEL 5 FA) 18 42 H8 A A 10 A M LIORS VS B/ 1 0 2 I 0 22 57 AR (675 R FH BB 25 45 S B 1
B, FECH BT ANVEY) TR K BT, 2 1) BT 25 PR BB & BEAE v A ) i) TR B 5 AR

http ; //www.ecologica.cn



17 34 JA A TR B X UK E . A M 2 ) EE A RIS T AR A A 7613

MAEFPREAR A &, 57 2 T HEHRN A B B Ax 3T 805 /K i 5 3% S PR 28 i R Rk 2 PP Ak 1T e v B
BAARL R 3277 DR AR K A3 AR O SR MR T 7K 3 PR R0, 36 T 256 78 8K 43 VA S SRR B e R s
PR a5 K S b Zs (R F A, 5 AR RS R SCHE B B 25 ) RUBE PR 80 ) 38 3 X b B — A A B
IR BT R RN SR P 45 1, B T B3t B s () SR A A AL A% (H N R M 45 SRR R, 45 B4
Py e A e M S 34 5, PR AR X A e e/ N e e LR B T 49.66% L AT UL 7 SR 3 [ 5 i 7Y
(4GS P S/ DX YT i AR A ™ X DA K A b Bk b 2 [ AR A AR T SRR IR kT 4k sk 24l dni Ak A
AEEATE , I/ INZ U AN RS B TT Y 2, fe B Ao v 1 S R A 1 X VR A AL A AL A )

ZE AR 7K 43T A I ) DG BRESC , XF LERAG SRTE ER E R R LR L e SR, AT
T8 (MODIS ) s LA G50 R S H IR 28 B0, SR 5 R I B A SORM B st bR 28 s B0 L 4R
M, — 7 TA13E F AR H ) SE PR 28 e 5 K 48 7 28 37 I 45 4 56 1 K /i 45 5 R /K HER 2
A il B T8 LA K R B O, I — 5 T, A% FH S PR HICRE g 5 R i B LA B i K SF A 6, R TR)
X BBEVERIRE 7 fE 7K PAN ], A 52 PR 28 MO A AA A 22 01, A1 IR S AT 5 AT 222 a7 7 W A DXl 1 7K
WA DU B ) 28 7= B KO- J At b, BTS2 55 R 5 e B S5 e TR e A 1 b B S R G K v s AT, i
T 1 3 b2 S B P ) 2 AR A A A s () A SR DL AR L
32 i

MAEDFRE A A 0, 3 4o A DX S PSS AR AR A S DA RS AR R 4B /R T B 6 B K 4 iR
0 A b A R K G- 80 3 A 22 e AR s ] 0 Ak i A A8 ok < LUK b SIE30R Hb AE P b A 1 25
AL, 25 (1) W 6 ELRHm A 5 b S 1w AU EAIRRSE T B, & 2020 4R 1% HL Bl R 31 79.34%
LA A% ARy 52 b o A S TR Y LG4 AT 90% , T AR il FE R, DA B R /INZ R AR AS S = 40 A3 v AR
) G A T AR Y 45.57% , &/ NFE BT, [ 3] 28.71% , B K A IR Hb 2 (8] 43 A5 1% Ry 43855 ELX R
HORA /1N ; (2) M AR 5 8% K A7 A — 2 T2 P A 25 S5O0 L | i I S BUK - BRI S A 7R3 R
225t o WFRIX ABEAL T 7K 37 SRR A H AR A S AR 50 1T 04 i A0 P 43 A 4R A, I AR AN ) 1l X %) A 4 e AR
S EAT 22 S A0 RS B, AR o1 ) T B L G g i T S S M T S, 0L A ) R LA W T K T 2R
(3) ZiA 75 BB IK 43 A A AR R R AL 25 XTI T DX B A P R AR E A 725 (R SE A, 1T DL & LA b 2 i)
FA 2 B H B G 9% 2 () ROBE P sfony , L B SsOROBE (O P A 235 S0 0 3 P T i — 8k, e LR BE 2 R A S
b A /NN T ORI 7K o375 B 15 31— e R 2 i, EEAR A5 R BRRE CRIE AR B b1 2 4, SREIHE — 2D Uk
BARN FHK R T, TR BV B i 2 (R R P R 34 o S I R VR AR LA B H VA B AR SORL2 4t
IR THEEAUTHE 6 BR3P AT A4 L 5 SeF A IR 4% 5 1], AT R a2 i X 38 4490 e 1 3 DBk b 1 < LUK
7L K AT” AR A PT RS8R K R (LRSS 45
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