% 33 BH 3 W K EARFEF S Vol.33, No.3
2026 4 6 A Research of Soil and Water Conservation Jun., 2026

DOI:10.13869/j.cnki.rswc.2026.03.018 CSTR:32311.14.rswc.2026.03.018
BROCHT , HEHe . 0 o DB b 22 D RE AU P 1] 56 22 5 70 XA I [T ] K AR5 WF5E L 2026, 33(3) : 364-373.
Chen Wenzhe, Dong Yan. Trade-off and synergy relationships and regional regulation of multifunctional cultivated land in Central Yunnan [J].

Research of Soil and Water Conservation, 2026,33(3) :364-373.

EC P b XCB Ml 22 ) e AL Bip I DG & 5 20 DX

(R T RS L% TR%B, B 650093)

8 E: [BRY] 8 m 0 i XH b 2 D) 68 14 i 23 v 28 B0 A e FOAUAE DR IR OC 2=, S DXCIOBE b 98 U 0 B3 ) A0 1k 45 ] dRp 2
B, [AE] DE P X 4245 Gl RO PP 80T, 4 gk b 2 D e PF A0 1k & |, I i T Spearman #k4H 5C 43
B e U 3 25 ] [ AH DG A5 YR K -means JZ$ 4341 1%, 731 1 2010—2020 47 Hb 22 Ty B i 6] 25 AR SASUA 3 Im) O 3R
FER Ry R 0 R EE AR DX . (45 R ] (1) 2010—2020 45 I8 H Hin X Bk b A b A= 7 3 il S Kt 3, A S B S
Ty BEJe 3 J5 0, 41 4 (R e T e 5 B 3 R B, SOULAS JR T BE AR R RS E L (2) BRI N AR AR IR B At S R BE T fig
NRUEOC R AR R O R o Rl A e — AR IS IR B P IR 55 , ARl A= = — Ak 2 (R B By [ B 5 Ak O R — S0 AK
Jai R I3 5, 5 O AS SR — Rl Az 7 AR S PR 1 B RS o (3D T i X DL B (T XA B R 43 ol 4 A 2 D g S A
X el A 77 32 5 X (33.33%6) AE AR X (19.05 %) oAl X (14.29 %) Al — 4k 2 SR X (33.33 %), IF4&
fhi . (5101 T P b X 2010—2020 45 #f h 22 Ty 66 2 30 22 55 Ab 1 A8 K ph AU 55 1l ) 3 () 9K 2 (9 D) B G &, 1408 1t
T DU 2 Ty i 43 X B AR Ak B A%, 5% 205 SR Bl XA Al e JO0 o 2 SR Rt 9 U T R A

KGR M 2 UiBe s AUHT/ P IF] DG R 5 RUE A [H) @ ARG ; i IX

mESEE F301.21 SCERARIRAD : A 3B S 1 1005-3409(2026)03-0364-10

Trade-off and synergy relationships and regional regulation of
multifunctional cultivated land in Central Yunnan

Chen Wenzhe, Dong Yan
(Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: [Objective] This study aims to reveal the spatiotemporal evolution patterns and trade-off and synergy
relationships of multifunctional cultivated land in Central Yunnan, providing support for the coordinated
optimization and sustainable management of regional cultivated land resources. [ Methods] Taking 42 counties
(cities) in Central Yunnan as evaluation units, a multifunctional cultivated land evaluation system was
constructed. The Spearman’s rank correlation analysis method, bivariate spatial autocorrelation model and K-
means cluster analysis method were used to analyze the spatiotemporal characteristics and trade-off and synergy
relationships of cultivated land multifunctionality from 2010 to 2020. Central Yunnan was divided into four major
cultivated land utilization functional zones. [Results] (1) From 2010 to 2020, the agricultural production function of
cultivated land in Central Yunnan showed an upward trend, the ecological environment function first increased and
then decreased, the social security function showed a clear growth trend, and the landscape pattern function
remained basically stable.(2) During the study period, the ecological environment-social security function was in a
trade-off relationship, and the rest were in a synergistic relationship. The synergy between agricultural production

and the ecological environment weakened, the synergy between agricultural production and social security
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strengthened, the synergy between social security and landscape pattern strengthened, and the synergies between
the landscape pattern and both agricultural production and the ecological environment weakened.(3) The Central
Yunnan region was divided into four multifunctional types of areas based on counties (cities) : agricultural
production-dominated area (33.33%), ecological agriculture area (19.05%), landscape agriculture area (14.29%),
and agriculture-social security area (33.33%), and optimization pathways were proposed. [ Conclusion] From 2010
to 2020, the evolution of cultivated land multifunctionality in Central Yunnan exhibited differentiated trajectories
and functional relationships driven by both trade-offs and synergies. Based on this analysis, four functional zones
and optimization pathways are established, providing a scientific basis for high-quality regional agricultural
development and sustainable utilization of cultivated land resources.
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Table 1 Evaluation index system for multifunctional cultivated land in Central Yunnan
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3.2 Hith & TheE BALE R 4 AT
3.21 #HMuAmAmFHAMARI T TP HZIEE
TEAM 45 5 3B 2010 4F L 2015 4F L 2020 4F 15 H Hb X #

Hb 2 Dy fiE 2 18] Y Spearman Bk A 3¢ R B (£ 2), 0 br
b s DX M 22 2 B 22 M) B BUA /B TR G R B AR
A=k



5 3 3]

R ST 45 < 1L v 3 DX 22 T REASURE B3 [] 5C R 5 43 DX A 1) 369

2010—2020 4F B b 1 A b A= 7= 5 A= B A B ) g
TR ZARFF IR 56 R, HAE 20104E F1 2015 4F 1 i i & vk
R, Uk S B R 55 R B . Rl 2B 7= Sk S5 4R
BE D e dr 2 U A, 38 A 0 25 PR 0, O LA OG R AR
B FE A A 7 A B T X R £ R B ) 8 A4 A2 0
FHH 5385, ARl 2B 7= 5 55 WA J= D) RE T B . 2 14 T
[F) G &, HAE = AF AR FERR S , (FL 5 /NIl 55 B 3

B b 2E S BS54 2 R B D) BEFE 2010—2020 4F

U 2 I BB ¢ 2, AR WAt 2 08 s I B 19 42 T £ Bl
B PR, AT RE S| A A R A, DT 3 P
Al 29 0 & o Rl A2 25 PR 358 5 S5 0L S J5) 2 RE 1R 45
PR S5C A, RV = AR Ky ad 2 A 5, 5 B P [
Il 55 ) A o Ak PR S R A SR 2 RE 2 B 3 [
LY SR N TR SRR TE R 3 X ) i P LT
TE B 2R BB/ Bp 7] O &, 5 il 5 5 B A9 A R A i
LA PR 45 350 D) BE 09 1 S5 A8 E g

R2 HPMRHMESINEEXKXR

Table 2 Correlation analysis of multifunctional cultivated land in Central Yunnan

i A A 7R — Zgﬂkifﬂ— A Az 7 — i?&%‘fﬁ— A — GRS
AR h 2 DR AR SR A2 f b AR Jr LA S
2010 0.407" 0.306° 0.507" —0.316° 0.561" 0.078
2015 0.347° 0.423" 0.504" —0.244 0.511" 0.162
2020 0.074 0.437" 0.501" —0.347" 0.389° 0.200

T o IR TE 0. 05,0. 01 B CRURD 7K L i M 54 o
3.22 HBmAmIG G T AL 5> A S
GeoDa B {4 #E 4T WA 17 Je) & Moran s 175 [6] B #8343
Mr, LA Queen 2P 322 44 2 25 [A] A E , A B TR Hp 3 DXOBE
Z Yy fig 1 LISA 2 28 i K (p=<<0.05) . B 5% 2010—
2020 47 4 B (i) KBk 4k ) B 8] (9 AU 5 B0 I 56 &
3 2 AN [ s )R 1 3R 2K R A3 B HL 2 ) 43 A B v AR
IREAQLIRDR

(1) ¥ v Hl X 2010—2020 4E B 4% b A 77—
SHWEED AR 2B PFEER . H-HPE X
1 50 TE IF 5T 0 ) B A R R AR g, A P A AR
B BBl R B RO S LA Ml 3 IR 7
B AW ER O R A, B OB A L-L By
[Fi] DX 1% 50t A A 5 30 1) 56 38 I 5 o8 b, 2 4 A A
AT ROSUR B A L Al A 5 ARSI IR LT
BEAR K - 5 H-L AU X R L -H R XY % i 4k 417
R AR AR

(2) ML X 2010—2020 4F Bk b 4l A= 77 —F:
SR FED R R AR - SR R Akt # . H-H B[R] X
) KR S S 1 K A2 2 2010 4F K-, 2 JA) A3 A AR
JC VL U ST S 15 AR 15 A TR B L DX S o i S
T IR 2% B, Ay AR R 4 A B R S A A 9 AR B L-1 By
] XA B0t PR R d e, R rh A A AR 8 e X V5 1L
DX 2 i B 4 b H- L BCAET X8 i S sl b S 35 L 43
AT AE B T DXV ORI g% X5 L-H AR XA B30 S
WD G, A3 1) B g A R KA B ARk B

(3) JE L [X 2010—2020 4F ik #b 4 ) A= 72— 5
A% J Ty R A 1 52 B0 B R) O6 R, 2B R 2R
R H-H A L-H A, i L-L AR H-L B R 4K
TEWFSE XA FHREL . 2020 4F H-H Py ] [X 25 8] 43 4 76

POV B Bl [ ELOR 213 XA H 3 2 XS o B TR
Ml A 77 R R AL SOWLAE Ry SE BT S e S AR
77 B Uk ) 1T 5 L-H R DX 0 28 ORAFRARAE -

(4) T i [X 2010—2020 4F #F b A= 25 B 55—+t
2 R B ) e HE AR I 52 BURUAR (1) 25 8] 43 A 4 SR o B SE
X DA H-L AN L-H 8k 32, 5 30 R [7) 28 78 A A Al
K FR o H-L AU X B 23 mia s, T2 Eh g
T PG L DX ) [ R I B A L L-H AR
DX B o 2 1 A, a3 (] LA A A kAT B Rk LR
BTSRRI HIA

(5) 2010—2020 4F L v Hb DX B b A= 2 A B — 5
WLHS J D) 8 LA KAt 25 O s — S5 UL A Jay 2 RE 14 B [+] X
FIA A DX B /b, 3228 o0 H-H AU L-H 2 3 48 45
3, L-LBUF H-L AR AL IE R th B, = e i R 43 IX
Sl 5 LA JR) Ty R AR Xl ST
33 iSRRI RERSRESR
3.3.1 K-means B £ 542 R T 2020 4EHf 2
RE B 1Y z-score AR MEAL AR, IF S H /i N RIIF 5212 AR
it PR 7, 2 IR B A B N B B T
T 2 455 0 00 B R . 3% 3 K-means IS4 Y
g5 R, K D Re e A A 28 5 Z [ AR A i & 2 = (p<<
0.01), KW 43 K L5 R R .
332 LI EASREEH I K-means
REDIEE R IS (o mA B L2 mER (2021—
20354F) ) B AF 5T X R LR 2ol 4 F RIS T ARk
A ERX BRI MAEBLI X, B R0k
A X, RN Ry el —+t 2 PR BE IX (4D

ol A 7 32 X AL HE 14 4~ B, R 5 AF 9
X BB 33.33%0 . KA TAFSE X AR, F 253



370 7 SO S

33 %

A A B W TR g o i 0 X K 4 X Al
A DI RERL L ER A S R BRI RERL R . N, A
B R RR B 25 22 A ) SR A b, 0 E— A0 HfE S ROl B
A F B9 BB B, s R B AR i R AT, LA

A Rl A FE— B RkAEF=— C R AEF=—
A& Ao PR =9/ %95

I L [ o ol AT 7 2 R g B L AL o TR, BRG]
R A R S EE A LUE X TR P R4
UL 5 U AL 228 K T A 3 22 0 3 ik 19 B AR

R 2 ERFR
D A&EHE— E A&HE— F #t&RE—
P O = B A R

20104F 20104F 25 % 20104F ,; ; é% 20104F ;_‘E ; % 20104 é ; % N 20104 ?E : %
20154 20154 % g\ 20154 ;i z 20154 % gg 20154 ;; 2% 20154 ;; 2%
20204 20204 20204 20204 20204 20204

0 75 150km

| I

[ 1 O f&—# C w1 N =
3 2010—2020 £ H 3 [X 7 3t % Th B2 LISA 32
Fig.3 LISA clustering of multifunctional cultivated land in Central Yunnan (2010—2020)
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Table 3 Results of K—-means clustering analysis
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Fig. 4 Zoning of multifunctional cultivated land in
Central Yunnan
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