Kol TR R

Transactions of the Chinese Society of Agricultural Engineering

#39%  FoH
2023 & 5H

Vol.39 No.9
May 2023 225

- LREESESRE -

1038 2= (B0 A T A st SIRFTA RN 1R R A
TR RKHE N B R OE EHX H W2

(1. JbRtmE R R FE 5 IR A S E K E A s =, JE5 100875; 2. b EUIMTE KA B R 22243, L 5T 100875;
3. A E E R BE, R 100035)

W OE: JHHREAARRERMIONENNILEERT, UaWE Ak, AN, A5 XHELERNE
FEEGR, HRBONRIRMATR 2SRRI EME” . B ERE R “ER. SSaAE A A7 Sy E R
PR A SR I A AR A K . DRBDPR 24 ) AR A T B S . kR PR A AL A T B SR A B S5O,
ARRPHAR Y SR RS AR I BT . ZOCIRIE O B R E S . AN R B SR R, B AR
WHRFEEARE. AR GER. RREN “ER-IhEE-NMME” RIKCR; MBI IEE RE. Biht. Xt 55)
AHAFE . FEMREEAD b, 2R AR BRI A B IR HE LS, 48t B B2 R FH - A8 -0 a8 = 5 T 48 B DA Jen b b 28 A
s RIBREE R ARG b BT FE AR A AT U B G LS G B R R R AR P B AR K T SRR AL o
W7 RHE E . IR AR ). B R E SOE . BHELAFIH . M. MRS E A R G A
WA I A0S . BR, MBS — AL B R IR . SRR S E R A . SRR SRS, £
175 525 AU ARLUL 5000 A U 7 T R T 0 R A R0 DX e e AR A 2% % T ¥ A

KHER: LHAR, FH, TRMAIER, TR, B4, ALHER%

doi: 10.11975/j.issn.1002-6819.202211142

FESY S F323.21; S2 XEAPRERS: A

MHEE, RKE, SiElE, F HESENA THFRIAMGRGRED]. RV TREFR, 2023, 39(9):
doi: 10.11975/1.issn.1002-6819.202211142 http://www.tcsae.org

YE Sijing, SONG Changqing, GAO Peichao, et al. Construction of the new cognitive system for arable land resources from
geospatial perspective[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2023,
39(9): 225-240. (in Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.202211142 http://www.tcsae.org

TERS: 1002-6819(2023)09-0225-16

225-240.

0 31 §

PR 22 4 1) L o R N ST R4 R R A 75 SR 1
Fibk i @M, FAO %5 BoR, AR 710 N6k
TREREE, FFREEAND. SR, RIESREE,
£ 2050 FEABRIRE FTRWGIG KT 70% (AW FHE R
BFEREEK 100%~110%) P31, 1E 9 N LA AR =
TR, FEHORE AN N R AT 5 R SR IR s
J AR A AR B P AR A ThAg, IR AR
ALK E i 2 R RS ThEEY. 2019 4E, TPCC
(RS LR ) 5 H BRSSO e 4
[ B AR 2 RIS A AR AL, AT R SR R b L3R
T, BRI DL S RO S AR B AR . M
To T3 5K ™ 5 b AR AR, B AR AR IS R g 4P
XN} AR RS ) 5 o B R B PkAR, B fer 7
GRS TR FE R, R A S R g k0E,
WA AR A2 i A Rl & e,

Wk H: 2022-11-16  &ITH: 2023-04-03

HEWH: “EWHE" B RRHEE T (XDA23100303); H XK H
REMAREETBITE (421712500 ; RS SHFAESE R ESLR=
RS (2022-ZD-04)

g A RS, B, WA, W57 s R AR S AT
FF4FIF . Email: yesj@bnu.edu.cn.

KIBEEY: REF, #%, HEAESH, A8y X g s .
FeH PR R 4% . Email: songeq@bnu.edu.cn.

REE RS R AS L, DI
PR AE RN TSR E . (e g [ 45 B 5 T
S B M OR A R e AN AT R R L) (R 2017
4°5) BOR, HEINGEPIHE . @%b s R
Ry, HEILZREE RS ERERRSRE Ry
)\ mE B A 28, O BN P RORsE 2 2R v 7E O
Frp” o HIUEY, BEAHE AP AR A E R
BRI 40%, (HLLASER 9% K #E L 77353 20% N 1,
LI G E T RER”, NRUBAETEREHR
FrfE TR . SRT, 4 RTIEAAAREAK L ,
TEIE A0 40 45, ACIERZGME RN ARV AL %
A AN 2 B 1 v 5 B R B S Win A B AR RS R
GiiB1k, SIEBHEEA M. R, Bk, HHLREK,
S R E BB, faE LIRS AR S
P, d) EE T, PHAS I A U . R R
TE R EED) R A 72, s mafE e nT R R s s ik
F/K B3 R G2 WIBENNAE, 63 N,
EREHE RN, AN SRHE 7R F A 5 AR A5 A A B
W5 IR .

PE R AE AR B IR E R M ANESI L FEIER T,
LEAEFE NG, HEETR. 5. CHhELHEIE
MR 2 i AR BRSO IR A B 2 Hh R 2 A )
AR U, HohgEmE R AR, . 3. A,
TREW . HER XA BHEKPE. e f &S L5
RIS M G E R I 4s 58, 763 B 2 WA


https://doi.org/10.11975/j.issn.1002-6819.202211142
https://doi.org/10.11975/j.issn.1002-6819.202211142
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202211142
http://www.tcsae.org
mailto:yesj@bnu.edu.cn
mailto:songcq@bnu.edu.cn

226 flk TR (http:/www.tcsae.org)

2023 4F

WRATE. LIEREL KR KSR e B A AR
FAUSY, 7657 10 25 IRV R A R 0 AR -4 2 - 20 U 2 3R IR )
TR R 22 R S s fE 2 U0 R — TSR
PEANDX St WA IR 2R, b3 2 DUAS [ B 23 RUBE T ik S7
HR. BRBUAEERARGNKR SEEMREI TN
U A CH S IR A DD, g B A 5 O
AL MR, A RE, DA AR
FRAEARA s XL SR RE ™ A A2 R 0 45 i) AL (1t
TEBRE A,

IRZ R ST I A AL A B SRR R (1) &
i, HARRIRARGINFHERIT R BH 5050, HoH
RELWARGEN L REZ, X 530 ERIE, $E i
T R R SS” JIPOR A ARt B YR 1] )
A S AR . B AR 5 NRTE R Z A R G RBRR
A RIBTHER; WEANO—2F 4t a—Aw 0
LR NS HAE AR BT ELERR. A
JERFR KRR O R B AR OC R R Gk
B, g5 IEP BT CEMEREE—ES RS
i —d RS Dife—MR 55" JUBNEISHE R B AR S R
G AR S5 VPR bR 5 R (K TR, T R
ZER—THRE” PIKFRAR 2 A I 2 G ) S AL £ FE AL
W RS TE MR ERFE S S
fifE T B T M ) PR e T AR R MALAAR 2 il i R L Y
F T “BREIA LT R BT A A R R AT -
NI SR SETARIEN /1A HLE” IR, BRAR
FEER RGN /A A KRR AL
Lo AENEH ARG R EEA N, R E AR 1
RGN DO LA BRI RS, —RAASS
TR GRS A, BRI #E N 8— s )
L HJE R, TR R MBI 2 0 A i e AL AR
24 TR MR 5% R AES ARG S EEZ
JiT s FERE I R RRN . AR R L K SR
BRI = I AR AR = R o N2 R 2O R P
SRS, BPXEET CIRIRIRT BAERITT AR B RO
R FE R, TERMEIT R R G AR A R 7 TH
FRIPRIBE, R (23 3R BN B R RGBT ik
R - RSB AT I P, ltn, RKH SR 18
Bl R = RS A R I R AR R e AR AL <R
AHE” RFAESEAY b, SR H R S T 3t B A TR A R A
IRAGHW HIE . T IR E KR R R b A S R
GEBUE B ST T b o BAR TR IE E AR MR 21
AT, ERRERE R RGEANR P HgH
SRGTIANR, AR 22 3 8 3 1 e 2 2 T R A DA R AR
PIRMIECR . ik, PR BEA. A, il ARE
IRER A EIRR, HIRBIEI XG5S 7R 1k,
B ARRIR S NREH KRR, HETIRELN. Gt
SEEANAT O CEED A5 R 3 AR EE I R0,
T HRGIRR TR, R AR, Mg ) AR R
5L 1o O B R SR M 5 A5 B BRAE LR 25 e M
PONFTIH, AR EESHHOAE . R, IME. B

SEASAE I A ARk A3 R 43 5 B RS ATL A R A e,
HIRR T HOBE 5 mbs AR B B W 1 5 RN
IREA 7 vER ), B, B3 BERRNRTT T #Eh R 45
FEHL R B BTN R S S AR, AR AT B
LR L] S AN E AL, fRH TR
HINRE-Z A" OFFH R PR SIHESE . ERRE RS
JELAEO AR SCER U 1 3 2 (RN A T B SR U 2R A DA G B
IHES SR T HEME K55 .

P R g 2] N LI BARES RSG, EAR
3 7 R o B A R E S D REREME, 2K B ARE AR
TE RF e WA PHDIRAS . N IE B2 KB #FHh R 40 1)
RORS B UBFRSHERN ESHER, HES B m
oA~ AE . AEARTIRE, HIX PR A R S
FE L () 5 P 5 i) 187 3 52 PR A s AR JEC AR IR 1T 2 3R H 2 (8] 4
o BRI, CEWEFAEAE B Se b R F s gl 420
MR B AE S R GRS T i — 5 T T R
BUDRE A A B, AR SRR B E
Hs &0 078 SR AR R F 5 b B 2 DR 1 AR S R &
M55 IAHEAE T (il tan, ka2 A) e 4 0k AR 28 R GRS
Sl 4890 PR e o AR ) 2 AR MRS PO R A
WAL B S 20 R R St 45 sipb A 7 R SR 45 A
(I Ao R0, B A A EE A b S5 4 R o e Btk TR
M REAE, Frh = I RN BRI . FRA 2 T
BT YRR DLsE B R AR X I A A A 200
SRS E CE X B RTS8 L H
AL S8 s T “ 5% (land sparing)” 5
“+ i3t = (land sharing) 7 BY K IAS . A iR
TRkt SEJR A T A HA ST B, 7 b B A AR A R PR —
AN BEZ IR R IR 25 G N N B AE 2L, 35 S AT T
Hhy B 5 R - A IS -2 28 R I 0% B ZR A A FI A b TR A SR
B FE A 25 5 BB LA, FFIR I B BRI RSB e R
M, DUHAIR R 5 R PR g A HEE R
SRR R I U R

1 F IR AEIRT

fECA PRI R ME UG B, B M 4E
JE RS AL I T AR B BRI R (B 1D . fE4ERE R T,
BB B H R A2 SRR SRR A
CEE-IhRE-OET AT, BORZ AR N R IR
fRIJE At S 4%, ) H T 3 — U — K S — 1 -3 -
TIEERWHHES RS RN ftaTheg, @i
ABOERIE, W UM OB SR N AEE . TR
JSE B 4 B R A 7 Th e S AR DRI T RE, BT 2 AR
ROANLERGEMEHAMER, RINVTENME: F&E
BT RS A Bt S RE AL, ARSI E R ALK
Wr. HIEEARIS ARESETERNRPSERE, B
R R R AR D AT SRR R e S U E. B,
MR SR R GRS T, BRI A O 5 A4
SRIPBRCIEE AN, BRI R KT, &R
J2 SR AL SCAR 3 AR D e LA S AT TR L i i (A



5% 9 #1 R A R (R B SRR A e o SR A 227
2L 2. MoKwiE), EEARBESPEA R WMMELRI P AR TR A ERTE SR

BREEAPPHERERENL, RINRAME. i, B
Wb BT 5 A (EHE AR . B SR e LAt B S
KL fidh; B AR O EAN T AN (R R S8 A S A (B S B

INOME TR ARMEATE T AR A AR TR,
ASPHERIAN RS T X E R ZR R 2 R R B
B BRI RSN 5 5 B

g e — i HHAT
a
BRE — £ RE
FHER
i — Helt
IR Bt

B 1 AR kiRt

Fig.1 The connotation of arable land resources

FERHEJZ T, BHb SRR B R B S 2 w1,
HEZ R B, XS8R IE. 2 RS
AEARAEAN R 2 (8] RUBE, B3t B YR DD RE A RO 75 SR AR AE 22
St BlnR T RIEM R 25 hfe, B R RERERR L
GGt OREETNAE; T 5K B B AL B 4t 5 P52 ) SC B
AP A7 AEAS [RII [) RUBE A AR AR A, 51 0 33505 B2
NEBHEE BRI A RZ 2R, TR AE B
FARERIL. SCEPBIR AN, FINES RS
R W KIEFRREMBEMRE TRE=FFR KR
AT RIEBM R G & SR A T e Bk 5 RAL T .
JSERF A I R R A XA, 7 A T PR M R S Tl g
&S AE S SIN)EP: e R NI b By o A G
PR IR B E,  — 0 G 2O AR AR A
St RN SA SRR, 2R R R R R
FERLP L G K BRIRE T AR AR K
— AR, 55— 7 [ 5 255 Bk
RGN HIRES SIS Eh R A Eh AR .

2 FHEFIRIATEREAR

Hith ZHR A FAEZR

MR HE S DA R B 3 B U5 T R R LR Y S AR
[Fi A28 P B S T PR A TR R Al AR S e A ]
A BRI BRIV RAE S (I 20, B dE R H AR
RIS WRENE . NAITE SRR 4 MR .
Bt BN RN B T R 5T, 8 ARAL
‘B A HAR. SR ATRRSER R H bR S A X
Mt RGO D RER) TR 5. AR AR, B
B PN B AR 2 B IR 27T AN E
[EIRE AT, R A BRI H FRBR E N BLORBEAR B 2 420
JRER, RENFESNET R SR A MR T R A
P23 )0 A S 5 B R P R 2 A, R T D X 3B 3

2.1

LI W S SR B 5 VA S
2.2 HhEFRANHAR

TSI BRSO H AR, WEMAMR S
PR IR TT 2 Y- DR 2202 a0 a] 52 M B 58 5 2 8 3k R 11
P RPN TN E RANR RS (FFRu) SRHEAS
R (R BIES. N5 E SRR LA i Se v
BISEM 24, A5E. mRERE. Nmiss
Z A AR R & B AR, 7R MAE 2 481 = A
ML S AT R X ARAEY) P &R R T R 15
WAL, T AL S VA B AR 5 X A A 7,
FEW KA TFIREEMIRE SN, Rt ek EY
WA G BN RE S5 A . R AEYA B 50 R ma Bk 9 9k
e g i i FE AR . Hrb R (R B AT S BT
TILMAN Z#) 2 7 A¥J GDP 5 A&7 R 112 Tk
KA, B 2050 FEARREWHREM R AR TR, o=
PEAL SZEL B TR R R R, ZHAO 2P0 ¥ 4
BRA Wy B AR BT AL R S EAR AL I, & AP
AR ERE TR LR SR B

Brefumm R HAES ARG, MHRBRER . Bt
BRIRAR . B SRR = 7 N RO B YR . AR R
JERI P 32 AT 40 ol B MR S B v R T, R
T8 51 R 2 AR T BRI R AT N,
FEHHY TR 5 R BRI B SR BRMERIA
A7 R I A AR 8 b B S PR PRI TEEAS . Ol 0 ARP AAE B B2 00
BAER T IR, &2y, M. F5EhHHN, Lol HUI
MNH, KGsk. DB B HERER AR S0 HHE
17 R BB SRR MERFAE, 0B bRk BE A FE B
(2 A R IIE R, W AT BRI B (R OR . i
BURAT NEIR S R R TR WS BRI S
B R REEHAKFIRIFERRIERE . A A E R HE



228 Ak TREZH (http://www.tcsae.org) 2023 &
I FH 2 g o A b B R AN I S I E R (RIR D AR SRS FEAE P R AR 5 ROl AR YA DR 7 23 Al AL PP Ak
RIS IR F DL SRS AN R0 5 VAt D 32 SRk W%

Shts AfRA AR A <RI E b kA A S R
e
| 7
mol £ v
H .
T it 2 A By PRI R
I
L T T S R I,
: INHELE
i
e o PR BT it ARG 12
o R Fes i A Wk | | UERE R4
2 |
M .
S0 Wi
1
ﬁ‘- .
| oL > e 2 > i
1
i
AL sk
1
; B LA T R 2 Bt b3 GeiF ) 5 B R R AL
i
iéﬂ'[ZIIIIIIIZZZIfffjﬂf:jﬁf:Lﬁf:if:jﬁi:if:jﬁf:if:jﬁf:if:jﬁffiﬁ .
i b !
N5 i o !
; )\ﬁ'ﬁ% /éﬁzﬁ . : PR e NS i
1 N 1
| B > |
| A5A% D X 15, FES S
; g3 D
1 .
i P iy i
i I : RE — i 2 .
i e L o ;
n i oz i b PR | |
CHE Con :
pe | ! ! i ! !
i N V|| A s !
R i )| 2o | i
i fie e R W G o R :
i | s ‘ AR |
[ P ittt »2 = !
1R G E ) [ U i
S [ w\o)n 3 :
T e L LR MR AT :
i b | kst | rr— !
! \ D R e l'ﬁﬁl; |
> i PR R e i N ||
i b !
i B L Fk < D> !
! e MR M1
R § (e i
(1 T LA

A2 nEZEMNA THHTRARIER

Fig.2 Framework architecture for cognizing arable land resources from the perspective of geospatial
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Construction of the new cognitive system for arable land resources from
geospatial perspective

YE Sijing'?, SONG Changging***, GAO Peichao?, CHENG Feng?®, REN Shuyi?, DU Bin?

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China;
2. Faculty of Geographical Science, Beijing Normal University Beijing 100875, China;
3. China Land Surveying and Planning Institute, Beijing 100035, China)

Abstract: Arable land is a multiple complex system with food production as its core function and multiple functions such as
living, ecology and culture, under the combined effect of natural resource elements and human activities. Currently, the spatial
pattern and utilization of arable land in China are changing, showing five phenomena: "non-agricultural”", "non-grain",
"fragmentation", "marginalization" and "ecological degradation". Previous studies on cultivated land resources cognition
emphasize the explicit use of arable land, and mainly focus on state assessment. To a certain extent, they ignore the explicit and
implicit comprehensive use of arable land and their mutual feed mechanism with arable land ecosystem, which makes it
difficult to quantitatively represent the "regional suitable arable land use intensity and pattern"; early warning "order parameters
and their triggering mechanism and inflection point affecting regional arable land health"; trade-off the spatial pattern of arable
land production, living and ecological function. The essence of arable land as a kind of resource is its "spatial availability". The
unique geographic perspective of the interplay of elements, space and time provides a significant support for understanding the
spatial patterns, spatial-temporal dynamic changes, impacts and driving factors of arable land resources. The development of
theories and methods for the cognition of arable land resource from a geospatial perspective is the key to exploring a coupled
synergistic path of arable land conservation and utilization. In this study, we explored the connotations of arable land resources,
based on existing research on the quality and value of arable land resources, including analyzing the "element-function-value"
cascade of the natural, livelihood, institutional and consciousness layers, combing the multi-scale, holistic, regional and
dynamic characteristics. On this basis, we proposed a theoretical framework for the cognition of arable land resources,
suggesting a comprehensive cognition of the pattern of arable land resources from three aspects of arable land resource
utilization-noumenon attributes-benefit; developing a coupled utilization-noumenon attributes-benefit model of arable land
resources process; and analyzing the influencing mechanism of cultural traditions and socio-economic development on the
future demand for crop production. The theoretical basis for the cognition of arable land resources contains a series of theories
such as resource carrying capacity, arable land quality, geographical trade-offs and synergies, geographical coupling and
integration, and complex geosystems. These theories provide theoretical and methodological support for quantitatively
describing the state of utilization, noumenon attributes and benefit of arable land resources, and clarifying the reciprocal effect
among them. In particular, the theory of complex geographic systems provides a new way to recognize the evolution of
cultivated land systems. Finally, the key technical system and challenges of the cognition of arable land resources have been
discussed from four aspects, including space-air-ground integrated arable land resource perception, high-performance spatial-
temporal data processing, spatial-temporal pattern and process analysis, and multi-scenario spatial simulation and optimization.
China's 2023 “No. 1 central document” sets out goals in terms of strengthening arable land protection and use control,
strengthening high-standard farmland construction, and promoting green agricultural development. The theoretical framework
of comprehensive cognition of arable land resources proposed in this study can provide support for the realization of these
goals in terms of optimizing the spatial pattern of arable land, delimiting the red line of arable land protection, warning the
degradation of farmland ecosystem, analyzing the core short board factors of regional high-standard farmland construction, and
evaluating the potential of regional arable land to reduce fertilizer (and pesticide) inputs and increase outputs. In the future
work, empirical studies on the feed-back mechanism of arable land resources utilization, noumenon attributes and benefit under
specific scenarios should be carried out in different regions and scales. Another important direction is to integrate dissipative
structure, synergetic, self-organization, catastrophe theory and other complex system theories and methods to study the
measurement method of "entropy" and "order" of arable land complex system; and explore the emergence process, order
parameters and critical conditions of "entropy change" and "phase change" of macroscale arable land system by micro-scale
utilization and its change.

Keywords: land use; arable land; resource description framework; geographic space; intensive use; complex geographic system
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