REESRWEFER(PEY) 20234598 H31% FoH
Chinese Journal of Eco-Agriculture, Sep. 2023, 31(9): 1460-1470

DOI: 10.12357/cjea.20230125

Sk, U, MR, TR, PR, FOKTE, MK KRR RO A N TR AL, o A
(h#E30), 2023, 31(9): 1460-1470

QUANT,LIHJ,SHEN Y J, WANGZR,MINLL, QI Y Q, ZHANG J Y. Changes in the area and water consumption of winter
wheat under limiting groundwater exploitation in the Hebei Plain[J]. Chinese Journal of Eco-Agriculture, 2023, 31(9): 1460—1470

i TAKERT AT ERLENEAMRRFEAETH

%A BHET KR, ZER, AEE FAR REA

(1. PERFEE LS kT AP IOl GRS oL/ B B2 B A Mk K 9 IR B 5 S50 2 A A 17 K AL F N SRR =
AFE 050022; 2. PEBEBEERY LR 100049; 3. AKFFREL T JEE 100053; 4. I04E A R T 280K X kK
st HFRIE 051430)

W OE: AR RENE IR A AN, FREGAS KM EEE AR A, $BTTREAFRIREANH—
Skl EAARFEZEGREZ2WNTE, FALE BT E 2014 442 500 3 T AR R RBUR, B RV A EIFES

TS EHEEETR B AKRLEEM. VM TRERBOR T F AT R AN Z A AR G R ACRAE
7% Ak, A8 55 A I MODIS NDVI #3842 B 7 3 4L-F B 2009—2019 45 4 /N & Fl 22 ] 494, 464 TSEB(HE T HR
Ak BT A LA T DL RCR L A TR Gt B, R R BOR SR RT B AT T LR, A T AR R e B Y
H&E. SREW: MALT Rt &/ & A E AR 2009—2019 S 4K T 18.37  hm', & R BOE L6 2 A A K
HBE I T AR B AL, B B3 v 10.4 7 hm®. 33 SRR K B, RO A R 4B A 38 SRR R DUBOR T AL B
BA/NL BRI, BOF PR R A %2 0 SUR MR BUR DR AN Z AR 2 R AL (72 B2 o 4R w8 U R 68 M s v AR
B, 5T ARERBOR SR, EREANZNERES EHAKEDHIH A 32.58 mm #2109 12 m’. FF
PEAHE L, A A0 TR, A L T2 F, AR %R 73 mm BIERBGEK. 20092019 A/ TR RRE N
1.67kgm”. T AERBKLME, 23 R GLNEZRPA R FAZFRA. KEABHEN. T LHEE
MAREURK P TR FMENTRBHELNEFTARERYE RELT. \AARTE, #A-FRA F R L
A, EEBRAMAEA, A HELBEZE. @]

LR T AR AMEREER: 8 AR RE Le
HE 4 %S TP79 TR 2 G ER S R IRAD(OSID): MRt

Changes in the area and water consumption of winter wheat under limiting
groundwater exploitation in the Hebei Plain’

QUAN Tao"’, LI Hongjun'~, SHEN Yanjun"*"", WANG Zhuoran’, MIN Leilei', QI Yongging', ZHANG Jianyong’

(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences / Key Labor-
atory of Agricultural Water Resources, Chinese Academy of Sciences / Hebei Laboratory of Water-Saving Agriculture, Shijiazhuang 050022,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Information Center, Ministry of Water Resources, Beijing
100053, China; 4. Water Supply Service Center in Luancheng District, Shijiazhuang 051430, China)

* ER ARSI (41971262), HCAAUEEE D HTH R (225A4201D) FIALAE H ARFEEGITH (D2022503010) HEH
OBMEEE: A%, EENIORE AL HORBIF 5 5, E-mail: Ihj@sjziam.ac.cn; PEEZ R, 2GR K SOK G IR )5 1 KBTS, E-mail:
yjshen@sjziam.ac.cn
R, FENFE AL ERFST . E-mail: quantao@sjziam.ac.cn
Wicke B 9: 2023-03-09 232 H Ii: 2023-04-04
* The study was supported by the National Natural Science Foundation of China (41971262), the Innovation Capability Improvement Program of Hebei
Province (225A4201D), and the Natural Science Foundation of Hebei Province (D2022503010).
** Corresponding authors: LI Hongjun, E-mail: Ihj@sjziam.ac.cn; SHEN Yanjun, E-mail: yjshen@sjziam.ac.cn
Received Mar. 9, 2023; accepted Apr. 4, 2023

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20230125
mailto:lhj@sjziam.ac.cn
mailto:yjshen@sjziam.ac.cn
mailto:quantao@sjziam.ac.cn
mailto:lhj@sjziam.ac.cn
mailto:yjshen@sjziam.ac.cn
http://www.ecoagri.ac.cn

5% 93 IR VAR MR ORISR T A A /N T AR BB K AR AL 1461

Abstract: The shortage of water resources and long-term high-intensity agricultural production have further intensified the water
crisis in the Hebei Plain, an important grain production region. The local government has implemented a limiting groundwater ex-
ploitation policy since 2014 to alleviate the contradiction between water and food security. Measures such as seasonal fallow, rain-fed
agriculture, and water-saving agriculture have been implemented in terms of agricultural production. To explore the impact of this
policy on agricultural water use, the changes in planting area and water consumption characteristics for winter wheat in the Hebei
Plain during the years before and after the implementation of the policy were analyzed. Based on the spectral variation characteristics
of winter wheat, distribution maps of winter wheat from 2009 to 2019 were retrieved using MODIS NDVI data. Combined with
the TSEB (two-source energy balance model) evapotranspiration dataset and agricultural production statistics, the water consumption
characteristics of winter wheat before and after the policy were compared, and the driving factors for these changes were investigated.
Our study found that the planting area of winter wheat in the Hebei Plain increased by 183 700 hm® from 2009 to 2019. Five years
after the implementation of the policy, the total planting area of winter wheat increased by 104 000 hm’, mainly concentrated in the
east; while it decreased in the west. In terms of water consumption of winter wheat, the level of evapotranspiration and total water
consumption of winter wheat increased by 32.58 mm and 1.09 billion m’ compared with those before the policy. Compared with the
winter wheat field, seasonal fallow land reduced evapotranspiration by 73 mm in addition to not pumping groundwater for irrigation.
During the study period, the annual average water use efficiency of winter wheat was 1.67 kg'm . After the implementation of the
policy, the water use efficiency of winter wheat in 2/3 regions of the Hebei Plain had been increasing annually. The main reason for
the decrease in winter wheat area was the change in planting structure caused by farmers’ pursuit of higher agricultural economic be-
nefits and urbanization. The support policy from the government to ensure food security and improve the mechanization degree of
winter wheat planting promoted an increase in its planting area. The fragmentation of farmland, the unstable transfer of farmland
management rights, and the lack of initiative and pressure to save water led to the low popularity of water-saving irrigation for winter
wheat. Facing the contradiction between water shortage and food production, it is still necessary to strengthen water-saving agricul-
ture and significantly reduce the water consumption of evapotranspiration to alleviate the contradiction.

Keywords: Limiting groundwater exploitation; Winter wheat planting area; Evapotranspiration; Water use efficiency
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Fig. 6 Comparison of winter wheat evapotranspiration from TSEB dataset (TSEB ET) and that measured by eddy covariance sys-
tem on daily (a) and monthly (b) scales in the Hebei Plain
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Fig. 7 Comparison of mean annual evapotranspiration of winter wheat before (2009-2014) and after (2015-2019) the implementa-
tion of the limiting groundwater exploitation policy in the Hebei Plain
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Fig. 8 Changes of evapotranspiration and total water con-
sumption of winter wheat in Hebei Plain from 2009 to
2019

81.821Z m’, JERH 2009—2014 4E 4 /N 1 B -
BIZE N 366.29 mm, R 5 5 457 28 I 398.87
mm, K 32.58 mm, T4 /NE AT B ZEEOR
Fof v T ARUZE R SR U St J5 A 3 4, A B A
FERKBEIEIN T 25 10912 m’,

A 5 5 B P9 4 8] B BE B 2009 4F . 2014 4F
1 2019 AR5 &1l T A /INAZ FEIK 7 BB K 521 LU B3] 1
TG, S5 RANE 9 iR o 11 4R b R 4
INFZFEIK A SRy A T AR KOS o 2009 4F A K
PR KR 0 2 /N2 A T AR K 38 o B 4 /N2 A
KB 20% 22 A7, 3 2019 4F H 5 E 43 i D 5.9%
2.9% F 1.1%. ¥ N A 7K B o7 B 43 %5 53 1) 35
7.5% F1 1.9%. TR 65 FJRR B 019 4% /N 22 FE K L B8] B A
AEFFAAR o 5 [RIT 0T A /N 22 ok T FR 1) 25 ]
AR AV LU, JLFE K AP Bl 25 e T AR b 3 AR A A
ARV T vy D AR RS SR
323 EFETNMARHBETKARSH

Ze T PEAR BRI L 4 bR 7K R R BUR B — 01
B, B E RIS AC /N PR TR, B Hb R K
A 3o AT P (] 4% /N 22 AR X 48 Bt SR X6 B, AR 59T
I 3 AT b S B 2017—2019 4E K #E 1f AR 4 ) K

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

5% 93 IR VAR MR ORISR T A A /N T AR BB K AR AL 1467

2000 [ 2014 ] 2019

20

—_
W

—_
S

5 kb Ratio (%)

W

0 B
AFE W e fE wIN ERby ik
SJZ  HD XT BD CZ LF HS
Hi[X Region

9 2009 ££.2014 512019 FA L EEHXENE
FKEBFEKELH
Fig. 9 Ratio of water consumption of winter wheat for each
region to that of the Hebei Plain in 2009, 2014 and
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Fig. 11 Mean water use efficiency (WUE) of winter wheat from 2009 to 2019 (a) and the change slope of WUE of winter wheat for
each county after the implementation of the limiting groundwater exploitation policy (b) in the Hebei Plain

B AR P R, An IR K 42 B AR R AR AR A

FRAE WL BB, T & 41 & B4 (Vitis vinifera) T 1H
FLIK 2400 hm*% . 2) 3T Ak S e R (0 B o5 3
Sy RE LY, AR R A R At 2 i AR A /N2 e v AR
WD ) — AN, 3) iR K R SR St S 43
AT Z AR, B 2017 4E AR SR 4R R AY AR Y
k1 13.33 J7 hm®, H v i 7K 22 7 EL AR AR (AR BT 55 34
9000 hm™, 33 7 — 22 F B | 30T & /N A P 1 B
A

A/ NZE TG N ) B4 717 22 43 A 2E T A6 P SR AR
H, VR & B 1) & /NEE A = e R ALARA AR B 1 2 v,
AR AR K 57 3 1 9 il 5 2 W8 Ak, 3R T T &N
R AT SR E . H RTBRIE RTS8, 4 /N FZ (R Al
SRS T AL . R4 S5 S AL . ik ik
A K 55 3l F1 A B 38 i S SOl A 7= i g — e g
Bl ) B REY), SR 57 3h 1A A AN
T 5 B T B A P X R A/ NZE L 2) ANEE R
i 2 4 R 1 B R T T A R R R B M . dneih
VAR AR s Y TR S S % R T AR P S RN
b T b B, BT IR G AR S A /N I ok T
O 3) [ 50 AR B 28 4 B R B S W7 T, 4% 3t Ry
Ol S WA Sl s 1 g1 N B
Be, Il — RGNV BOR B A AR . AR A

g BUTR) T A L A4 9 S, SOINAR B T A& /N oA
TR AR E T
42 RPTHKITAZMERS

ABIFFE I3 A f R BT AL B A /N A2 RE K AR R
IK e SR SR St IR R A, B A B, B4
PR BRI S, 47 B K AT Rl 2 — A EE BN
R K SR 25 5 I B P R TR Y K R
BE B KARIEFOR o R KA, O A 5
AL, AR S S SO E . A
FERLAO A 7= 2 E S WK B TR T IR, KB
SO A /INZE T K HEBEAE ) A 2 B N AL 2 1)
WA e 22 B AU TR E i 29 T IR R A BB AR 1
SR o B R AT A B AR A A A, (L 20 R )
RIS P 2258 o /NI Lt 25 S AR R AR A
AT AT BRGBEGERE 7 BRI T BRARY K A 2 45 1) 1
Mo BME RS A, o 25 B K B BB 7 L
LM ERN A R . 2) R P OKS I RITE I AR,
FURPEA S o ARG T RS 4 /N A2 38 7, o 8k 2
B - 20 . — SRR 2258 1 b i 5 AL
RPURF T WEHE 0 A E U, R R R
B3 3 3 AN R 857 B0 91 3% R A I, DR g BRACE
WL FUR UL 7T 3, R R SEBLEIE R YK,
X AEH AR RO K A2 S o [R], IR AF b ik 4 R
TRPBHE LR PUNEE R D Z R — KRR . B

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 9 1] I~

VA MR KR AL A /N A2 T AR R AR /K AR

1469

JF AT 0 AN IO A5 B AR Bt L B R G 5 3R A, O
O S 1 7R TR A JEE A R

5 g

A5 F FH MODIS NDVI £ ds 32 H 7 mf b i
2009—2019 4F- A& /N 2z i 25 (8] 43 A7, 45 & TSEB 78
B i LS AR MY A 7= G v B, A A T b D
K SR B S R S A /N AR T AR . AEIK RRAE
LB K43 ) FHAL R A I 25 AR Ak, X6 77 A 1 s A5 4k
B2 R 2 AT T A . BFSE R B 1) 2009—2019
AR b D A& /N AR TR — B AR b Kt 3, L
[ 3T 18.37 J7 hm’, 7E75 [a] 43 A b B0k 43351
JvE ER e B HEAE o 3B SRR AR R AR DA R IR Ak H
T AR/ 14 32 B, PR B M B 22 4 LA R R A 4
BILA AL TR B2 %) B2 v W0 385 1 4 /N 22 1 ok T AR
2) bR K SR BUR SE I, 4 /N2 A I RE K it
VA BEAR, BT B ARHERA B n . L] b i 4
INGZ ZAES- B KA FIUHRCRE N 1.67 kgm ™, 7225 6]
H P RS 1 2R AU s ek, MR KR SR BUSR SRl
2/3 Hb X A A /NFZ K Gy R RCRIE B AR S T . ke
PR IEAL . G M 2 AU R E DA RCR 1 K Bl
FIFIE T3 AN B4 /NG A 7 7K 0 R R A AR
3) A EE T2 W, =0 AR b BE S5 Ul 2D 73 mm 1Y 2%
o IATb T T T X 7K YR fE AL DL RO £ 2 A R B Y
X JE, Inss AL YK, BOERERZE e K, #F— 24k
TR IR, A Re i HAS 2 22 .

S22 #k References

[11 AL, KEZESREL4ED]. TEESRIZAR, 2014,
22(8): 880—885
KANG S Z. Towards water and food security in China[J].
Chinese Journal of Eco-Agriculture, 2014, 22(8): 880—885

21 BKR—, &, KMy, & FETHEYRBENEICTR
ORI AR 25 R G 2 WORAR BT (J]. b B A SR 241 (h
HLI0), 2022, 30(3): 356366
YANG T Y, WANG J, ZHANG H M, et al. Evapotranspiration
of typical agroecosystems in the North China Plain based on
single crop coefficient method[J]. Chinese Journal of Eco-
Agriculture, 2022, 30(3): 356-366

[3] ZHANG X Y, PEI D, CHEN S 'Y, et al. Performance of double-
cropped winter wheat-summer maize under minimum irrigation
in the North China Plain[J]. Agronomy Journal, 2006, 98(6):
1620-1626

[4] SUN HY, SHEN Y J, YU Q, et al. Effect of precipitation
change on water balance and WUE of the winter wheat—summer
maize rotation in the North China Plain[J]. Agricultural Water
Management, 2010, 97(8): 1139-1145

[S] ML, D%, MERE, 5% FREHL ORI XA ER
B sk B SR )], 4, 2018, 50(1): 1-6

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

ZHAO Q G, SHEN R F, TENG Y, et al. Pilot progress and
countermeasures on farmland rotation and fallow system in the
groundwater funnel area of China[J]. Soils, 2018, 50(1): 1-6
ZHANG C, DUAN Q Y, YEH P J F, et al. The effectiveness of
the south-to-north water diversion middle route project on water
delivery and groundwater recovery in North China Plain[J].
Water Resources Research, 2020, 56(10): e2019WR026759
Bih, AR AAVEYE RS SERHIE  SERATT T PR S
(D). WIERLE, 2013, 35(12): 2507-2516

JJA K, LI Q Z. Review of features selection in crop
classification using remote sensing data[J]. Resources Science,
2013, 35(12): 25072516

WANG X L, HOU M, SHI S H, et al. Winter wheat extraction
using time-series Sentinel-2 data based on enhanced TWDTW
in Henan Province, China[J]. Sustainability, 2023, 15(2): 1490
WM, AUk, XESE, SF AL IRA/ N PR
B Je w23 AR AR S (9], P B AR SR 24, 2015, 23(4):
497-505

PAN X P, LI G X, LIU F G, et al. Using remote sensing to
determine spatio-temporal variations in winter wheat growing
area in the North China Plain[J]. Chinese Journal of Eco-
Agriculture, 2015, 23(4): 497-505

I, WER, BEH, W I TNDVIKE T4
ANZEFPRETAARSRAL]. VOSRARE A2, 2019, 47(15): 236-240
AN S, SHEN Y J, ZHAO Y X, et al. Extraction of winter wheat
planting area based on NDVI time series data[J]. Jiangsu
Agricultural Sciences, 2019, 47(15): 236-240

B #5295 . i B [X 2% /) 22 o R T AR I Q% A 7 8 g 4
HR[D]. R AL BT R, 2019

LANG T T. Extraction of winter wheat planting area and
analysis of production potential in Beijing-Tianjin-Hebei
Region[D]. Tangshan: North China University of Science and
Technology, 2019

PR BT 22 YR RO B R HE U e T B 43 25
SE[D]. HBHE: L TR, 2021

LEI H M. Classification of main crops in Heilonggang Basin
based on multi-source remote sensing data[D]. Handan: Hebei
University of Engineering, 2021

VIS FE . A ] /N 22 25 (8] 4% Jo) 1 A B DX IR 8 0 M) 28007 F
5¥[D]. dbat: W ERO RN RE, 2021

FAN L L. Study on the evolution of wheat spatial pattern and
the effect of regional water resources utilization in China[D].
Beijing: Chinese Academy of Agricultural Sciences, 2021
THONFELD F, STEINBACH S, MURO J, et al. Long-term
land use/land cover change assessment of the Kilombero
catchment in Tanzania using random forest classification and
robust change vector analysis[J]. Remote Sensing, 2020, 12(7):
1057

TALUKDAR S, SINGHA P, MAHATO S, et al. Land-use land-
cover classification by machine learning classifiers for satellite
observations—A review[J]. Remote Sensing, 2020, 12(7): 1135
ZHAN Y L, MUHAMMAD S, HAO P Y, et al. The effect of
EVI time series density on crop classification accuracy[J].
Optik, 2018, 157: 1065-1072

MA Z, LIU Z, ZHAO Y Y, et al. An unsupervised crop

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.12357/cjea.20210336
https://doi.org/10.2134/agronj2005.0358
https://doi.org/10.1016/j.agwat.2009.06.004
https://doi.org/10.1016/j.agwat.2009.06.004
https://doi.org/10.3390/su15021490
https://doi.org/10.3390/rs12071057
https://doi.org/10.3390/rs12071135
https://doi.org/10.1016/j.ijleo.2017.11.157
http://www.ecoagri.ac.cn

1470

AR RO 24k (R 3E3C) 2023

H31E

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

classification method based on principal components isometric
binning[J]. International Journal of Geo-Information, 2020,
9(11): 648

T, HEP, BN, S DLERE SR B B
B DL “ETH 28 S A% .0 1Y BUAC K 9% J5045 B A0 0 EVE R AT A5
PE[T]. o ERFERE: HAFN), 2009, 39(10): 1691-1701
WANG H, YANG G Y, JIA Y W, et al. Taking soil water
resources in the Yellow River Basin as an example, the
necessity and feasibility of modern water resources management
with “ET management” as the core are illustrated[J]. Scientia
Sinica (Technologica), 2009, 39(10): 1691-1701

sk, A, Tk, . FETETEEHAF R X B 0K 5
TG [I]. AKRI2EHR, 2016, 47(2): 127138

ZHANG H B, LAN T, WANG B, et al. Regional water
resources allocation oriented to ET control in plain area[J].
Journal of Hydraulic Engineering, 2016, 47(2): 127-138
BRER, B, FRIE, S KATIWHTCERA0EEL/NEEY
F B RS R AT ()], T AR S AR AR (P 0,
2022, 30(5): 747-760

LIHT, LI L, YAN Z Z, et al. Changes in and influencing
factors of crop coefficient of winter wheat during the past 40
years on the Taihang Piedmont Plain[J]. Chinese Journal of Eco-
Agriculture, 2022, 30(5): 747-760

ZHANG X Y, CHEN S Y, SUN H Y, et al. Changes in
evapotranspiration over irrigated winter wheat and maize in
North China Plain over three decades[J]. Agricultural Water
Management, 2011, 98(6): 1097-1104

Ak, i 7Y R TR b DO S AR HOR AR LIS D). BERH: 5t
ML, 2020

ZHANG J. Study on remote sensing evapotranspiration change
in Karst Area of Southwest China[D]. Guiyang: Guizhou
Normal University, 2020

ZHANG C J, LONG D, ZHANG Y C, et al. A decadal
(2008—2017) daily evapotranspiration data set of lkm spatial
resolution and spatial completeness across the North China Plain
using TSEB and data fusion[J].
Environment, 2021, 262: 112519
ZHANG C J, LONG D, YAN L, et al. Spatiotemporally
continuous evapotranspiration data set across the North China
Plain during 2008-2019 using TSEB and data fusion[J].
PANGAEA, https://doi.org/10.1594/PANGAEA.926333

YANG J, HUANG X. The 30 m annual land cover dataset and

Remote Sensing of

[26]

[27]

(28]

[29]

[30]

[31]

[32]

its dynamics in China from 1990 to 2019[J]. Earth System
Science Data, 2021, 13(8): 3907-3925

RER, LUK, WILH, S 2007—20134FEAL T EL A
TEWEAE A= 25 R 40 F Ol s B A —— LA 4],
REEEE, 2020, 5(2): 40-50

ZHANG Y C, JIANG H B, ZHANG C W, et al. Daily fluxes
dataset of the typical irrigated agro-ecosystem in the North
China Plain: a case study of Luancheng Station (2007-2013)[J].
China Scientific Data, 2020, 5(2): 40—50

SKAHEDS, ok, WRER, % ARACPIEREET Ol
i A BRI (0] AR 2SR 2 R (P ES0), 2020, 28(1):
8-16

ZHANG Y F, GUO Y, SHEN Y J, et al. Impact of planting
structure changes on agricultural water requirement in North
China Plain[J]. Chinese Journal of Eco-Agriculture, 2020, 28(1):
8-16

ZHANG HY, LIU M R, FENG Z H, et al. Estimations of water
use efficiency in winter wheat based on multi-angle remote
sensing[J]. Frontiers in Plant Science, 2021, 12: 614417

A FENE . T 22 I AR 28 JBBOHE A9 4 /N 22 PROBE Y K 300 F
F[D]. F & IWARPHCR:, 2020

GU X H. Study on water-saving effect of winter wheat fallow
based on multi-temporal remote sensing data[D]. Qingdao:
Shandong University of Science and Technology, 2020

BUAAR, AR, TSEM, A ST b as R K
R XA /N2 R BRRCR B 5T (0], AR BB, 2022(3):
196-200

JIA L J, TIAO W J, WANG X M, et al. Effect of winter wheat
fallow in groundwater overexploitation area of Hebei Province
based on remote sensing monitoring[J]. Modern Agricultural
Science and Technology, 2022(3): 196—200

W, BIRLL. FE/NEA AR 4TI T E Al
PR 5 XA, 2020, 41(8): 121-126

YANG W H, LIAO Y H. Cost-benefit analysis of wheat
in Chinal[J]. of Agricultural
Resources and Regional Planning, 2020, 41(8): 121-126
FIFf, SIS, £, S SE7EREHAR R T
FERN. ALTTRE S, 2017(19): 184—188

BAIJ J, L1 Y Z, WANG J, et al. Role of cooperatives in the
Northern

production Chinese Journal

transfer of new  agricultural

Horticulture, 2017(19): 184—188

technology[J].

http://www.ecoagri.ac.cn


https://doi.org/10.3390/ijgi9110648
https://doi.org/10.13243/j.cnki.slxb.20150221
https://doi.org/10.13243/j.cnki.slxb.20150221
https://doi.org/10.1016/j.agwat.2011.02.003
https://doi.org/10.1016/j.agwat.2011.02.003
https://doi.org/10.1016/j.rse.2021.112519
https://doi.org/10.1016/j.rse.2021.112519
https://doi.org/10.5194/essd-13-3907-2021
https://doi.org/10.5194/essd-13-3907-2021
https://doi.org/10.3389/fpls.2021.614417
https://doi.org/10.3969/j.issn.1007-5739.2022.03.066
https://doi.org/10.3969/j.issn.1007-5739.2022.03.066
https://doi.org/10.3969/j.issn.1007-5739.2022.03.066
https://doi.org/10.11937/bfyy.20164654
https://doi.org/10.11937/bfyy.20164654
https://doi.org/10.11937/bfyy.20164654
http://www.ecoagri.ac.cn

	1 研究区概况与数据来源
	1.1 研究区概况
	1.2 数据来源

	2 研究方法
	2.1 基于随机森林分类方法的冬小麦种植区提取
	2.2 冬小麦水分利用效率的评价
	2.3 基于一元线性回归的变化趋势分析

	3 结果与分析
	3.1 冬小麦种植区时空变化分析
	3.1.1 冬小麦种植区遥感提取精度检验
	3.1.2 冬小麦种植区时空变化

	3.2 冬小麦耗水时空变化分析
	3.2.1 TSEB ET蒸散产品精度检验
	3.2.2 冬小麦耗水的时空变化
	3.2.3 季节性休耕减蒸节水效果分析

	3.3 冬小麦水分利用效率的时空变化

	4 讨论
	4.1 冬小麦种植面积变化驱动分析
	4.2 农户节水行为影响因素分析

	5 结论
	参考文献

