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B R (arable land system resilience, ALSR)
S BRI b TS S PN e B, S8 SR b 2R G 5 1 2 kS A
haE KR AL Eh e U E ER Al CEM R EZ M
Bt 2250 4 AN 1 BE H R AR AR R e T, A
b2 e RGN RS TE, B R Gt R IR
Mt &7 RAGMES T RAE PG 1E— 2 M BN #
AR SRS . B SRGHEME B4R N
RGPT ) (resistivity, RE) . &M /1 (adaptability, AD)
FHET Sy (transformability, TR) HJHBhZER (K “=
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Fig.1 Deconstruction of arable land system resilience
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2.1 HREXHR

TREHT (122°25'~123°48'E, 41°12'~43°03'N) fif
T RdeE, WEE 3R (D) X, 2 FFER
] = T % 5 B e R X 350 1211 J8 B JiL A K 1 2 U
ik, ¥R 62~9.7C, HFE¥JFEKE 600~800 mm. 4=
TE AN 12 860 km?, 2018 E4TTHHbI 7918 km?,
21T E LI 61%, B HhEESE .
LS VER . RS JBYDI . GERHI L MR, 7R S A
A5 K] 8 26 K AU IE 2T N . 2009—2018 FHF 5T
DX PR S A Ak 3R A AR A A 0 = R O R R A R
) ERE TR A E, AR, RIRSHIE S BT
B, KRR 1952 FUKH &, SMER. FEIES
&, AR ERI “BEIFR. BT WRHE,
P9 3 B B PR AR AR VRIS B 0 P A 2k, T A
el BN 2895 2 5 Aol 9 b (R RE ) %52 % . TR
T RIRE R A TERIX . AREX, FHKX. ik
X, BFE. EE. HiRm. THX 8 ME (D
X, & NP AR B FE KA oK AR e ikt . A 8
ARG R #E SR it Foet R, 2518 B2 75 1%
T 75 P BB AN ZR AB AR AR Ll Fe B X DAIZ VAT 9 O (1) X 3 %
3 BRIV P 2 P AL X
2.2 BUBKIESAIE

A SCAS ) 8 50 A 2 BUHE SR VT 2010, 2014 Al
2019 FFILPHTH AT L . Rih Ak HHOF] £ kIR
T-2009. 2013 F1 2018 4 P4 FH T - 1 R A A8 5 £ 40 2
2009—2018 B FEAE M I 477 /1 (net primary pro-
ductivity, NPP) T 500 m 75 [i] 43 ¥ % MODIS 7= i



254

Flk T2 (http://www.tcsae.org)

2023 4F

MODI17A3H, 3 7 4 #4 R J8 T 500 m =[] 73 i %
MODIS 7% i MCDI12Q1 ( https://ladsweb.modaps.eosdis.
nasa.gov/) , AL NPP 2 F| F 1 75 45k H s A B 15 4]
R EHE IR R RIE T E Xk R 5 R
SR O 1 km 23 E] 23 B R 2000—2020 4 TR
Bk Bl 5 (http://www.geodata.cn/) ;3 E 4 K IE T
K ik e B2 R o0 (hitp:/data.tpde.ac.en/) s RV
Lol B AE A R B Sk IR TR IR A % Chttps:/www.
tianyancha.com/) ; 30 m 7 ¥ R 8 F " £ B8 (Digtal
Elevation Model, DEM) SRR3R S0 5dE =, B
KR Open Street Map  (https://www.openstreetmap.org/)
T ArcGIS HERAE R B0 B HEAT FRAE, AR 1) 23
HrA 50 B2 B T AH LG .
2.3 #HRGRMEN EEREE
2.3.1 RGN RN B R

KH ¢ k5 7 T A% R FE 40t (sequential r-test analysis
of regime shifts, STARS) 77 A4 2009—2018 HHf 7%
XHFHZE = ) GREUBEH NPP SREAEPD K Az 928 g i
()15 R, DR oE BRI B 1 R e v 00 5 B B AR A e} 25 5
. STARS HVERJFEHZ: THEIMME TE & B A1 2ORT
JEIREARIEN B 2 7, R4 E REMAKFET, 1531
FaS AR EL (regime shifts index, RSI) AJ s 0 {1
KA TRAZ IS (8] /e 2SR R T iR AN —Ju gtk 17l 1A
ETCE e oy BRI A B NPP AR 4k A Jill ZUFR FE A
By ISR BT,

2.3.2 RGN EE T AT

s FMERIEEL (landscape shape index, LSI) &
TEA 5T DX B 2R 4 981 0 B2 B s i) K /e LST 2 adad it
SR DX 3 P TR TR AR 5 AR T3] T AR 1) 1E 75 T 2 18] 1) i 25 7
JEE SR IR 1) 2 4 P2 P38 ) SR Y 2 R BT 9 IX
b B BERREAL AR B s TSR, DRIk, R A5
X B AL B A AR AR Ak () R e D AR A U E T 1 3
AR, FFR A LSTARSE M R Z 2R FE T2 1R, &
AT A B ARSI # e, THE T

As:Aper'(MLSI_l) (1)
0.25-F
Ls1 = A (2)

P AN R ICAK, ms A, FOLE AR 1B L35
W, ms Mg IEMERIEESIE: EAEBEEK, m;
A NEBLSTER, m?. B TR E A SR BTN
80 m i1 FH 4%
2.3.3 B RGN E ISR R M

A HEHL R G e R, S5 S IF R IX SLFRIGH, M
HEH 2R G B HRPT F7-18 8L 7 -5 AL ) o R AL b R
PEWFE B PRAR R, SLIREL O NMEAR. LME B S RERL
HIEE MR ERE (£ 1), 2009—2013 %44
PRAEHET: #KITTT p>pi>e>e, BN T) s>, FHT)
>c>l; 2013—2018 4F & AR AL E )7 . #ILJ7 p>
pi>e>e,, N s>r, AT I>>c.

T 1 MRXEFHMRFGEENEIEIRMER
Table 1 Measuring indicator system of arable land system resilience (ALSR) in study area
HEME R G FE bR R IR 122 A Tebr b E
Creieria layer (Weight) L EE' */T\l J= : Index definition H?ﬁ In(lidex weight
T BB ndex layer andacquisition method 0092013 20132018
PHEm R PR BRI oL, BB AR N 02 02
N AR il NPP BT AL, 7E matlab PR A N od 045
gy AL /% WU BTBE ML NPP AV CBALAREIE) : :
Resistivity RE ) REME
173 51
0 sy, | FOMKEC PR SRR RO, RS (29 5 016 021
S PIREAE, K AARHE Sy ) 2 RE S T RS RN K LR R T
K o + 0.18 0.10
\ R MWL BB AGE AL, iR G, oW
gty IR e o) WIEE M B ERRTRD fRarem T 0.64 0.72
Tany R RAUPEIES SRS RIS, OSIREE™ 036 08
THRZHE BEPESEIIRIKR e NIRALP{E) A/ 4E = B/F 5E 1x100 :
o AR O T B M VAR 1 1]
RATIHN yarresiicn v ee BRI ORIGETTRVDI A 100 T 033 0.33
) PHERGRIBRRSAE Sy, A5 A A
Transformability 5] e S gkl A EA: 55 - bR F AR T 0 0 ALV ) + 032 036
TR AR e i ko | ST BT LR AT 221, FI :
(1/3) ArcGIS A% % B T Bt S5m0 )
et S 5 it A% 5 AR R SR A, I
BRERERD) iy o AtcGIS (G BE B H 5 B 1637 * 0.33 031

2.3.4 FEATAERALE

R A F b WA, MR R AE 25 1R 1 45 1E 45
B, B DADKCEL S B 70 B AR b 7= 4B RV 22 K 1 A EE I S it
Vet AL 2 BEAR bR UL IR FE A7 &5 80 m MIFEFyT, LAKY
SN 5 R s B) S S o R T B SR U 100 BRI 7 S B
K FH A NPP ARy Aol ™ 5 RU5 2 FEE B 1IEFR bR, K

FH#EHb S “OKPE/KTE . oIk VAE 5K T@M A"
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R F
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b B A AL G B RIS BTl BRI e X &

&:B( (3)



9 1

EEE A R IL T B S TR MR 2R G Ak I 2 0 SRR AL

255

FFR AR IME ;DL P ERIE 2 ARt R8BI, D, A
ZMRE BT B NPP 18, g/m®; S, A%k T E
BYUTEUX (I NPP S &, g/m’.
2.3.5 B AR GMMIRIG N E

BT R G R AR, R = 4ERRICEE B R
TEREHL R GE s PETR S . = 4ERR [REE B8 2 2 B &b
FH ) = ¢ 2 ) P 0, 3SR WL %% Ak b AL T =
YEAEAR i, A SOR AR bR AL VRN R UG 504 47 o
ACTR . AR RS A G R

Vasr = vV (VéE + V"IZ"R + V/iD) (4

K Visg B RGFNEAE . Vie, Vir, Vap 77 04T
VAR 2 YA N I NN
2.4 HthRSEMTE SRR ENIRA

KR 225 [ 4047 (Exploratory spatial data
analysis, ESDA) [1)4: /7% A AHXFE%L (GlobalMoran sI,
1D FFEZ A HAHREE (LocalMoran’sl, ) 43 Bk
B 5T DX B Hb 28 0 e Ak 2 ) A 2 A R 25 ) B e
A0 3T B0 TG a8 AR PR AR LA AR AR R 12k o

n n
Qs D W
i=1 Jj=1

n

RSN (5)
Zi:l Z_,-:, Zi:] ZiZj Wi j
I1-E[I
e (6)
VII]
n WIZIZ
I, = ZJ e 7

2.3
2 2 2, 20 R R VAN B e A (s B S % B P
W 22, w, J9TPAT B0 j 2 18] ) 25 TR R, noy SR
ookl Zova R EMRIE S St it B ENDIM
IRIEE; VTN %,

LRGN

R X it R G st BRI S

FT R PIEE1T STARS 5%, 2013 4RSI $840850.54,
FW 2013 AT S50 A X B NPP A R AERAE, 5
2009—2012 “EAHLEL, 2013 4F J5 0 50 X B Hh NPP $5{H &
B N, M 42231 g/m® FI%Z 388.71 g/m?. Kl

3

3.1

AR 2013 SEAE KI5 2009—2018 EHF AL X ki R 4t
SHCPE I P A B (ST TR A, 43P B B R G
2009—2018 FEHF 7T X B h RGP S0+ IEN AT
RIS A B (k2. WBEXRE,
2009—2018 FE#FH R 48 = J79mEMNKR BRI ikt
71 (0.67~0.69). ¥R }7 (0.43~0.47). &R ST (0.21~
0.28), K HAWF F X b B8 Y A I 16 A= 77 A0 AR 25 T RE A
m, HRPUEGER, (HATRERMh R DI R E1E
FERE M ) I IE P 0% G A TR, JU IR = AR AT B)
JIFAF N 2 REVE LIS RL AN RSN, 7 BT RIE R 1855 -
MY BB RE, = S R agka sy, IR 0E KR
INRIRCNIE N /1 (—0.07) . #A1)5 (—0.04) . KIS
(—0.02) . FMNH, HHRGFMEEEX (0.96~1.29)
P00 B G B S BT LR BN 16.86% TRk Z> 2 13.81%,
FHEHb 2 GEIE N7 198 55 2 B R G B e A ek 5 ) o
RE, HIEONEMITRHPL. 2T SPSS26 #fFF &,
X 2009—2013 4EF1 2013—2018 4F # H 2 St 8 1 3347 1%
MIREAR K50, 5 REIR, BAM B EHH R Gt A(7
R EER, 2013—2018 G5 2009—2013 4 o K I 55
7 0.06 (P<0.01). #ZIMEFITE T, M RgE e R
EWaE (0.11~041) . BHIEME (0.01~0.100 . 2
I (—0.16~0) FLEEWTS (—0.63~-0.15) HIHILEL
BT N 5.34% 32.66%. 51.44% F1 10.55%,
TIF 5T DX A bl 2R G 3t A5 1k DU Al 08 i RN S Aok 53 0 32

T2 20092018 FEMHRXHH RGN ELER

Table 2 Calculation results of arable land system resilience in
study area from 2009 to 2018

{=) a1
Inz'fjior 2009-2013 2013-2018 Chﬁ;ﬁiﬁalue
RE 0.69 0.67 -0.02"
AD 0.28 0.21 -0.07"
TR 0.47 0.43 -0.04"™

ALSR 0.89 0.83 -0.06"

T TRUE 1% MK R RE, .

Note : " indicates significance at the 1% level, same below.

3.2 WRXEEH ARG EMEKES

WL LR BTt AT IX A X B A R SR 0 &
N273s e G R R S AR DL (R 3D, E
BT XA X B R Gk KT S AR -

3 20092018 FEMREXZEX EH I RGEMNELER

Table 3 Calculation results of arable land system resilience in the districts and counties of the study area from 2009 to 2018

XE 2009—2013 2013—2018 A5 (b {H Change value
Districts and counties RE AD TR ALSR RE AD TR ALSR RE AD TR ALSR
:FE B Faku county 0.70 0.22 0.45 0.86 0.67 0.19 0.43 0.82 -0.03 -0.03 -0.02 -0.04"
VEFGIX Hunnan district 0.69 0.23 0.49 0.88 0.66 0.18 0.42 0.80 -0.03 -0.05 -0.07 -0.08"
1Bt Kangping county 066 024 0.42 0.82 0.67 0.17 0.38 0.80 0.01 -0.07  -0.04  —0.02"
i H[X Liaozhong district 0.69 0.35 0.45 0.89 0.64 0.18 0.41 0.79 -0.05 -0.17 —0.04 -0.10"
IkAb#T X Shenbei new district  0.71 0.25 0.49 0.90 0.68 0.18 0.44 0.84 -0.03 -0.07 -0.05 -0.06"
71X HIX Sujiatun district 0.70 0.35 0.45 0.90 0.65 0.15 0.41 0.78 -0.05 -0.20 —0.04 -0.12"
R Xinmin city 0.68 0.23 0.50 0.88 0.67 0.20 0.50 0.87 -0.01 -0.03 0.00 -0.01"
T3 X Yuhong district 0.70 0.40 0.49 0.95 0.69 0.39 0.44 0.92 -0.01 -0.01 —0.05 -0.03"
MRk E, SHAMX B, TUtXHh R g0 s RSN SRR Uk R o £ B RE 5 1) B AR AR

PEAE 2009—2018 FEAR& I 58, EMN IR& iR, i
A% X AR S AR S S A IR e TR DL Rk, T

b, H AU A RN T AR A AR PR AL AR B
Al A 2B BN 2 FEAL 1Y AR T 5 1 Bkt
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&R AN FPENRE J. H IR T Ak R G B AR A A
WA B, T B GA 2 555 . 37 R TTMEAT vk BH 32 38
X, J& “VLRHEBrmbridEsen” B A, AEEER
BH IR E AN AR R, B R 2T e, AR
T UL ROEOE T e K AR R At R R O E
B AG R, Nz IX Al R R IR LA IR, IR
BEAOFEARFNHR B S, e i ARl RUAS I FH 4 ik 2
b g R B XA AR LR ke, — D TH 2 P R R
W H R AR B, WE T E, SEOZX LR
GUIRPT AR, 55— 5 TH R A AT X 40 57 A g b SiE i
ME BTN, AR R, AMRBEA L.
AR S IR A0 ) Y T % L S 8 A M ) BAR AL
PR,

WAL KSR, T FLIX & X B HE b 2 G v A
e, H, WRWHHb RS R T BRI
MR/, P e X B R g stk gl sh ok, &M AR
T B e K. BRRET Bk RGP 110 0.01 4, B
FUX & X BB R 40 = ) 55, O X P R A
YUV TS 08 B e K, VR X BFHh R G AL 0 E B R
BT BAE AL G R B, i 0 v A v R
R [ ZA 77 R 22 Ao v BRI SRR i R
X B BUE ST AE, B AR i SR AR 4R R KRR . 2009—
2018 EHF T X AE O RIRI A AE = S R EAWR T, #f
AR ) B AR RSP TR 5+ TR, A5 B £ A Ay
i X S3EAZ O X PR AE S A e BEHL & vk st
R ELBIRE N, REAF KK A S BURIX A0S B
WX SHURBH B, RAFE Z M X BN X 2 T
BRI EI5E, JUHR SR O ik, BRI
JEI1HK
3.3 MRX#tRGEEMERESZHE
3.3.1 BHb AL T AR

MEARSRE, 2009—2018 £EHF 7 X #F b R Gt &
B es, PEACERES AFE (B 22) . BHR Gt
EIX (EKT 0.95) S o An T 70 X b 18 B i
Ft X DA KL A X AL VSR (] R R SR I, Bk
ARG RMEX (EA KT 0.95) HEhaAm FHF 7T X i
JE B ) B B AL XA B B G AL i e fR e X

AR SR T, 10 a [0 7 X B R 48 1 AR 4L
SR8 FAFAE, MaEX PR ALY, IRIFIX R
BAEY (K 2b). 5 2009—2013 4 EL, 2013—2018
SEAIEFT X A b 28 45 5 5 3 498 8 [XOR AR AR 8 X 1) e
WS RER. FRFEA  F= BB M A SE R
AR IE RS, £ AT HEAT X B 2R 4 1 8 55 0
PadbEs, ELARHEAHG, HHbRg it S
A . B 2R G0 T 2 a8 DXORT R R 58 XA 2R A
LRI & DU I S 1IN 7 T I N 20 PR 25 5L
Sr R ) R R X A, R R G R AN R R
OB
3.3.2 #M ARG T AR

FIH GeoDa B 4 43 7 X 2009—2013 4 F1 2013—

2018 5T X BB Hh R 0 P AT 4 SR 2 [R) B A DG 7 A
w15, Bih RGEME Moran’s 1 ) KF 0.70, £t 999 Ik
BHRIEZEHE, 1£0.1% BEFMHEKFT, ZHEH KT 1000,
FHEF 99.9% IHE 2 B0 IH AP B 1T 72 X Bk &
SRR E IS AFAE 15 P A SR 25 1) IEAH O

\\\\\

S5 4 2
N, Q"‘vmv\,:\—j)
T
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L 1 i it 7 G
- Value of cropland system resilience
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Spatiotemporal differentiation of arable land system resilience in the
typical areas of Lower Liaohe Plain of China

LIU Wanying!, SONG Ge**, GAO Jia*?, SUI Hongjun®, WANG Quanxi

(1. Department of Land Resources Management, School of Humanities and Law, Northeastern University, Shenyang 110169, China;
2. Key Laboratory of Land Protection and Use, Department of Natural Resources of Liaoning Province, Shenyang 110169, China)

Abstract: Arable land system resilience can be one of the most important indicators for the state and response of arable land
resources to various disturbances. It is a high demand to enhance the arable land system resilience, in order to avoid the chaos
of arable land structure and even the collapse of function. Socio-ecosystem resilience refers to the social and ecological system
as an interactive combination of resistivity, adaptability, and transformability. The static limitations can be broken to accurately
understand the theoretical connotation of arable land system resilience. Taking Shenyang City in the Lower Liaohe Plain as the
research area, this study aims to reconstruct the scientific connotation of arable land system resilience from the perspective of
resistivity-adaptability-transformability in the socio-ecosystem resilience. The sequential t-test analysis of regime shifts, three-
dimensional Euclidean distance, and exploratory spatial data analysis was used to explore the spatiotemporal differentiation
characteristics and influencing factors of arable land system resilience in the study area from 2009 to 2018. The results show
that: 1) Arable land system resilience was attributed to the joint action of resistivity, adaptability, and transformability of arable
land system, in order to maintain the status quo, govern, and optimize the resilience, respectively. 2) 2013 was the mutation
year of arable land productivity from 2009 to 2018. The arable land system resilience was significantly weakened in the late
mutation period. The adaptability of the arable land system contributed to the main factor for the decreasing of arable land
system resilience, followed by transformability, and resistivity. 3) Arable land system resilience before and after the mutation
showed a spatial distribution pattern of high resilience in the middle and low resilience in the northwest of the study area.
Compared with 2009-2013, the high-value area of arable land system resilience from 2013 to 2018 showed the characteristics
of westward movement and northward expansion, whereas, the low-value area of resilience showed the characteristics of
southward movement and eastward expansion. The arable land system resilience showed outstanding regional agglomeration.
The High-High (HH) type of arable land system resilience was changed from the group and banded agglomeration in the
middle and south to mass agglomeration in the west and north. There was the gradually prominent Low-Low (LL) type
agglomeration in the south. 4) The arable land system resilience was affected by both human activities and natural endowment.
Agricultural construction activities and natural conditions were the main reasons for the spatial differentiation of arable land
system resilience in the central and southern and northwestern parts of the study area. The HH type of arable land system
resilience gradually formed the scale effect under human intervention. By contrast, climate change and flood disasters were the
main reasons for the southward expansion of LL type. Human activities enhanced the arable land system resilience through
social governance. The modernization of agricultural management can be expected to promote a better diversity of income
sources. Adaptive governance strategies can also be implemented, such as the ecological protection and restoration project of
mountains, rivers, forests, fields, and lakes. The comprehensive management project can also be launched for the development
of the ecological economy in the Lower Liaohe River Basin. As such, the arable land system resilience can be improved in the
western and northern parts of the study area. The relationship between resistivity adaptability and transformability can provide
an effective way to describe the spatial and temporal differentiation pattern of arable land system resilience. A differentiated
arable land protection system can be constructed for the sustainable development of agriculture in the lower Liaohe Plain.

Keywords: arable land system; resilience; spatiotemporal differentiation; Lower Liaohe Plain
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