Kol T

Transactions of the Chinese Society of Agricultural Engineering

sk FE23 M
2019 & 12 H

Vol.35 No.23

’

HHBX SR RNZ RENE-ERXREE

EEF 2, X 2, RS, mAR
(1. IR B S F 2R, 2MPH 4130005 2. FEK R EMR2E SHEARZE, J650 100193;
3. TR AFLE IR, A 211100)

B F: BRI REAN ELARAE AR VAT SO0 2 Dh eI OC 2 € BeA 7/, SR Spearman BRI OG22 $ /0 M AIWAR B4
) EAHSGAR v, o BT X 184 MTEUR 1980—2015 4F 1) 2 A 550 2 T g IR BUE- H [7 5 RAS AR HEEATIIE 5T
ZREY: D RIWAFIRENRARE TR EDIRE, HHXATRRIEECRAESIRES. 2) ZX ZHFENZ
DIRERIRLT- P [5G RN 2 22 57 3%, KRB A DhRe-Aid DhRe LA b &, A Lt b By i A7 DhRe- AT
RELMBUT N, A2 1R B AR B I 25 9 s A9 ThRe-2E A5 ThBERUIT - U R ¢ RO, RO IX e P s A A0 G B[]
DX R PG P8 [ AL AT R R AT 8. AR P DR S U AR ThRE . P R R DI AE 5 AR A D e/ SR 4R Dh RE i X AN AT [ml
BERIP G GUFRIEDIRE S BMSRFIREMIABET R R L2, HWNE R AR 2R G A A, EAUE X A B 1
LU R RIS 2 AR R I A PR SR M PSS F),  ELPD R X RS SO 2E D) RE 5 A 21 1 DhRe /A e 2k iy
THRERIBUHT XS A LT AR DXH, PR X 0 AR T 75 P9 X3k, ELBUHT XS Se i Jm s, W IR X SRRl E 1 o 3D 22 5 (1 7 A
7 REMETA AT ) Sk 2 A 57 0 22 D) RE IRV - W ) 5% 2R VAR RFALE

XEER: A4 FU; S RE RE-WHRXA; HEER

doi: 10.11975/j.issn.1002-6819.2019.23.034
HESES: F301.2 XHKFRERRD: A
FETF, XIZMA, FTHK, "KE HHBEXSHRASENE-MEXFEE[]. RIUTEFR, 2019, 35(23):
273—285. doi: 10.11975/j.issn.1002-6819.2019.23.034 http://www.tcsae.org

Ren Guoping, Liu Liming, Li Hongqing, Yuan Chengcheng. Evolution on trade-offs and synergy of multifunction of rural
landscape in metropolitan suburbs[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),

XEHS: 1002-6819(2019)-23-0273-13

Dec. 2019 273

2019, 35(23): 273 — 285. (in Chinese with English

http://www.tcsae.org

0 31 &

SO EAR, EE AR 2 5 RGN R A
SO B R LR AR, R P L AR AR S
ST R SO BRSNS SRS ee ™, 2%
BRIEFG M ESEIRERMALRR, ERNE
BB SN RAPE R LR, A5 A
AR ST R 18] AR S PR AT, i NSt HOR A ik 4
PEFECR IR RIAN TR R R AL, RIONILIH K
R AR EAR RS “HpIE Bl Mo, BUITRR AR D)
BE A8 1 B> 3 BOL D RE AR B n, - i [F) i PR
il % Pl T B 1R i 384 I sy 1, Bl PO R AL AR
W2 HRBERN, NN SOU DI RE I 75 SR i B —
1] % TOA AR, A3 AT P R 56 2R 1 B2 Ve A R s
JEHAEARTIBIX, SR KRR 15 2 o6 7 SR
KT FMIIRER B - U R s JEIE 2 A 502 T e 1A AL -

Wk Bl 2019-06-13 BITHY: 2019-10-27

REE&WH: BRXRARRBEIES (41471455); W5 4+ FHE & IR 8
(XSP17YBZC021, XSP18ZDI035); HIME#E TH SR (19A086)
YRR WA ARE, W, BB, 2R A S b s ORI 5.
Email: renguoping82@163.com

MOBAEIER: X, #o, ik, WL AESIn, ARG Rk
FIF5 2R 5. Email: liulm@cau.edu.cn

abstract) doi :

10.11975/j.issn.1002-6819.2019.23.034

PirlE 20 R AT AR ERE, TRt X3 I g S AR 3%
s T FHEMEIEIT R LINET R EMAESRY
CRUBR R SEESOL, BRI, A DRL 2 T RE T
KA SRR ML e R, SR T 5%
BILE: AL P2 Th R 54 S T Re Al AR AT 5 2501,
EHM ERE R PR iR S — 2R folkd
F= IR A XS A 5 K R e B AL RGES 70, B ARk
A IIRE AT KSR IIRESE[F] . SRTT, SLhm o AR T &0
X4 25 Gt B o b, AR AR 7= X 450 R R I DTk
B | S N 1 e VNG 70 o L =P - B F BN = 7 e | 2 S e v
Ao 5 AR TR R 0 R A2 5 5 AR (W (A7 AE
B R) o MM 2, #HRBX 2K 500 2 g a5
RUWHT . 250 2 Th g IR 56 R 25 3 A8 A (TREAE «
HAEr, E A MFEEX ST eE R &2 EEARITT
AR GRS IR S 2 ThAES M, T REBRR 5%
TR N A5 A B e 3 NG SIB 1 BUR A=  t=F
BB ARG SRR, R
SPEI PRI InVEST BRI 23 ) [ A0,
FEH TR, bayesGIS HEFIPIAET T, SRR X 12,
ABHURXP, 5k RIX P m R R XU H#R TS
X B A XU T T KR T, R R X s
BRGMRY . e X REH, R mWAESEHRN
ROIRAE T EEAER- . R, AT AR FEAAAE DL RAS 2



274 Ll THE2AH (http:/www.tcsae.org)

2019 4F

TE AR IR X 355 5 W T BE G 2 AL A 5 R, JLThRE Rl o¢
R T F v SR G P ME; 78 Z A Th e = (A0 AH ELAE
FXRART, R Z W RAH S 2 M 15 2145 R E
FEARLAS R M R I B RN R L ) S0 W T R ] O &R I 23 728
et s R Rt E A M. STk, B R AL
- B[R AR S 2B ST VR I N £ MR 2 ThRE IR 196 &R
ST, BITTERSIIEIRIX 184 MTER A, KX
st W I RERS 18] L f) Spearman #& VK AH 2% R B Mk Al ss
) b B XA B ) AR OGS, RHZ X 1980—2015 4
2R 5 2 D RE R BT - P [F) 20 R I S A AT IR 7S,
S IX S AT RESR R R IR AR 4

1 REBOR. ARAEREERIR

1.1 HHREXER

BIHXAL T LT PR ES (120°53'E~121°17'E
30°59'N~31°16'N Z[[]) , AR NUE, ML EUE, S
B 668.54 km*; MIEARPGS, HOBkK; AT K =M
Zot i, BAB L TTAZ O AKX (B D o ZX N
VE LA BT KA HEA X VAR AR, fERE
Baam, BON BT E AR,

Yo
<\ * I X BU
Government of Qingpu district
;J ¢ L] Dianshan lake
™~ =X Qingpu district

Bl LETHFERLER
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Table 1 Evaluation index system of landscape function in Qingpu district
HirE HE 2 a2 T VEBER bR X fabr 1A FaAr b E
Target Criterion Indicator Methods and Significant Indicator Direction  Indicator Weight
Al A== e TS e E KR VE BRI TIAR <A B U T I N A% + 0.064
Agricultural G R R A G AR AT B R P AR T + 0.049
I ThEE production function
Production (APF) ST X BB ALK A A ] + 0.038
ﬁlggfn ZIFRIETRE X 8 GDP IR 55 5 KT + 0.069
Economic s AL A X 3 3 A TR R+ DX el i TR AR + 0.052
development function
(EDF) A b Tk 2 Al b SN+ X 35 GDP + 0.043
B A H= X IR AR X
s | AR e N DX 3 A N 11 A X 3 T + 0.059
Space carriage SRR SO A Hb T AR JE 5 % A F T AR + 0.068
e fanction (SCF) AR LR I35k S HEL R X S T K + 0.043
:l—lI &b
Living wRE D6 N 1 ¥ 0.044
function R IKF 13 A 0.052
(LF) S e i SRR X35 A5 GDP +
Landscape aesthetic ARG AR PR Ol I O B B + 0.038
function (LAF) FESSR I e M WS AR " 0.042
SO Z TR X3 % SR 2 R + 0.033
TV SR ARl SO0 T+ X dsf i T A + 0.042
AR K R A I AR T A X e + 0.058
AR Ecofllogltc' " rfguRl;;lon VA — 10 R Hx (0.05x 2 FE AR AT AR +0.25 < A
ALae nction . . — AR Hx(0.05< B FEAR I AR +0.25% Fh i AR
Ecalogical LRI TS+ 0.70x I (AT X ST 0.039
nction
(EF) I TR VAL A = SRR A 7S R G0 BRI 1) 47 T R i - 0.065
Environmental SOAESHH S EARE RAESIREAERREE 5P T R vrR e + 0.048
maintain function
(EMF) Tl = A J DX 3 A AR TR AR - 0.054

e AOUSWA S . bt T SR IIRE R B A AR TR TR+ A BN IE SRR R A
Notes: Agricultural landscape includes cultivated land, garden land, woodland and grassland. The evaluation of landscape aesthetic function learned from Zhu
Qingying’s research results. +, - represents positive and negative indicators, respectively.
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Table 2 Results of multifunctional comprehensive evaluation of
rural landscape in Qingpu district

g 1980 & 1995 4 2007 4 2015 £
Functions Year of 1980 Year of 1995 Year of 2007 Year of 2005
E Sl 0.547 0.642 0.664 0.679
HEVE RS 0.526 0.548 0.586 0.592
AEARThEE 0.604 0.504 0.335 0.394
A= ot 0.657 0.605 0.452 0.347
BT RIEIRE 0.542 0.728 0.891 0.947
2 [ AR B L e 0.427 0.548 0.648 0.708
SO IRE 0.612 0.514 0.324 0.387
AT IR 0.657 0.419 0.308 0.312
R D e 0.569 0.348 0.247 0.309

2.2 SRENEENE-1hEXRNEIEE
KB 1980—2015 4F 2 A 5 W 2 I REVEAN 45
R, 1ZH Spearman FRAH KM HE (A 2) HEAFE



23 8

PR #ATREX 2 A 502 D) RERUH- D) [7] 8 R AL 277

Fhy 184 MFNHICH £ M TR M ARAH O R 3L, AE
I FEA F A b 22 Dy e R] AU - B[R] B (R) AR AL 35, S5 R
LR 3.

X F X 1980—2015 4F 4 /N B 72 41 (BB 7
P I B E A I I EE D 2 R SOU D e TR RRAH O
REHT, X SR FUIhRERARAET R R E T, RIN
BT R RN 34 4, MERRN 31 4; (B2 AR
5 [ 2 5 ) 22 S 5
2.2.1 WEXAE RS

W FLIA R X 2 A 50 AE 77 DhRE -4 16 T RE AR 2%
R RIC R, (EIFEZESBERK, 2I% EIHE TR
P& . I 6 MrarDhgemtr, BRI A =T
Re-FOU RS IRE, SUF K EIIRE-Z MK IhEE, FWE
T Re-LEAS P DI Re A SR 4R Dh e, AL S W ThRe -5
et onse 5 HINReRIE AR FEOC R, HbFREEZE
FRK . NPT R - SO EFIIRE . SO SEF T RE-
AT IR/ 4EMT T RE 3 AThEelA P RO R 2%
FEAR 5 T i R B 7 AR 4K

MV A= e B K 7N 32 AR FE AR M S5O ) 2 B A 2
I 2840 5 B B A2 Be VR Y B2 48 1 AR 4R 1Y,
1980—2007 E A FH i XA D BRI K 1.96 £, K5l

AR 11 294.62 hm?, 78N 1B AN A b 555 0 T AR sk
MHINEE SR, FERBERERE NE 1.01, RWEH
PEFRECRBE 0.26, 3 RUAR LA = Dh g -SoU 36 2 Th RE TR] B
[EFEFE PR TBEE 2007 —2015 4F 4 b 50 AR ek ik
2%, N8B AF PR AR AN AR ML 25 7 b B VR 1) & 57 A
WIS, WA R T . U S5 R R TR
Az [ AR I RE R AFAE B A R R . 1980—2015 HEiZIX
GDP 1 52.59 12 e K & 827.40 12,76, W AEAL - 1 32.45%
BEZE 79.67%, Lol EH 31.14% FREZE 1.14%,
NESEERK 8.52 . Bk, & REIREN MBS
JIR2 R E D e 3T B9 1 @ Pr IRk, 1M 25 A R 3
IThRE ISR B BE J1 N AU R B Thie 38 K324t T4 i 5%
Tt 9 K S0 R A R B LA S B e

SO 2 25 T RE 5 AR 25 TR T R/ A 35 4R 1 1) e TR A7 7
TbEEFRFEIRR, FEEFRAFMARERMN S
PR R S WA Jo 1) 52 2 1 0 50U 36 2 The 4R FHE T, B
T A= 25 YT Th R 0 7K - AR 35 BE 77 R BA 355 4 45 T e IR
AR RE 7 AT HH LI 25 1 B [ ki U

A S AT ThRe 5 A B 410 D) REE 0T 72 300 (8] 30 =1 Py
MR, FEFFAESRET IR S E4EE ThREM ThRg
A RRHLEE A BRI, RGP R 2 A 2 2

®3 FHRXIMENS RIS

Table 3 Multifunction correlation analysis of rural landscape in Qingpu district

1980 £

2 ks S T B 2 R
ZREU ISR Year of 1980

Types of rural landscape functions

e De-AE RIS (PF-LF)
HFEThRE-A A ThRE (PF-EF) -0.351 0311

0.445%* 0.000

1995 4 2007 4 2015 4
Year of 1995 Year of 2007 Year of 2005

B AH B value P 1 P value f{H p value P {H P value S 1H f value P {f P value 1 f value P {f P value
0.412% 0.005 0.318%* 0.000 0.327%* 0.000
-0.387%* 0.000 -0.524%+ 0.000 0.421% 0.016
HIEDIRe-AE AT RS (LF-EF) -0.334% 0.005 -0.358 0.127 -0.403%* 0.000 -0.384%* 0.000
b AR 7= Dy -2 K Fe U fig(APF-EDF) -0.454%* 0.000 -0.418%* 0.000 -0.387%* 0.000 -0.301%* 0.000
Aol A= i g- 2 A1 R 3 1 e (APF-SCF) -0.432% 0.033 -0.454%* 0.000 -0.495* 0.027 -0.387%* 0.000
LMV A= g -5t 35 - T BE(APF-LAF) 0.751%* 0.000 0.654* 0.012 0.412%* 0.000 0.438* 0.009
v A= Rg-A= AR 11 T BE(APF-ERF) -0.214% 0.018 0.457%* 0.000 0.321%* 0.000 0.423% 0.000
AR A 7= D g - B B 445 U R (APF-EMF) -0.254% 0.038 0.416%* 0.000 0.257* 0.041 0.357%* 0.000
25 R Dhfig-=% (R A& 32 G (EDF-SCF) 0.334%* 0.000 0.415% 0.044 0.575% 0.017 0.689* 0.025
25 KR D e -5t 35 - T RE(EDF-LAF) -0.247%* 0.000 -0.459%* 0.000 -0.584%* 0.000 -0.545% 0.000
2% R R e-A= AR 15 T BE(EDF-ERF) -0.452% 0.011 -0.579%* 0.000 -0.614% 0.009 -0.482%* 0.000
255 KR I fe- R B 4E 47 5h ik (EDF-EMF) -0.551% 0.042 -0.598%* 0.000 -0.657* 0.037 -0.524% 0.026
% (R AR R L e - T 36 2 L RE(SCF-LAF) -0.212% 0.024 -0.351 0.647 -0.421 0.557 0.129* 0.002
2 ) AR AR Ih RE-AE A5 45 T & (SCF-ERF) -0.443% 0.032 -0.472% 0.016 -0.553 0.954 -0.261%* 0.000
2% B AR T B - A i 4k 7 T RE(SCF-EMF) -0.159* 0.021 -0.311 0.584 -0.201* 0.008 -0.254 0.753
B S22 T RE-AE 251 45 Th g (LAF-ERF) 0.214* 0.011 0.158* 0.024 0.104%* 0.000 0.242% 0.031
S SE 22 Dh G- PR B 4E T D S (LAF-EMF) 0.334* 0.007 0.275* 0.017 0.202%* 0.037 0.305%* 0.000
A A YAAT D RE-A BE 47 2 8 (ERF-EMF) 0.541% 0.042 0.598%* 0.000 0.621* 0.016 0.647* 0.022

% e HIFOREEEN 0.05 710.01.
Note: *, ** indicates a confidence of 0.05 and 0.01, respectively.
2.2.2 BBEXAEEE

M= Thaga b, BT FTIIES X 2 A 54
FEUIRE-EAR T RE LR R UG R, (BR 1980 £EAN
1995 ££) o M 6 Bl DhRe i, Bk 7T IR 353 X ARk AR
7RI RE -4 R R T e/ 42 1B AR B e » L2 TF R R D g7 WL
SREEThRE 3 AN IR LA ERUET R R

ANV Dfe 5 45 R DR/ 43 18] A 3R D R TR) 474
JelJa THIORUET R &, BB R DN N5 K & T RE 1 50
TR FEAE A2 1] AR B RE AR SR 0 A 18] o A ARl A
P I RE 7 R R B DY, i e
PR K AT . 1980—2015 4[], T X =™kt

HE 31.14 :53.18 1 15.68, #AFN 1.14 1 54.22 : 44.64;
LNV ST T 30%, RMAFEIHEEIEHT N, 4UF
RIENREZFIGK, FEONE P

2% R e e 5 5o 35 2 Tl Be (A A7 78 58 1% 5 FHI AL
WX R, FERATET KRG AN 28 5
R S5 116 807 2 A7) 2 4 PR S 00 22 REE P ) — AR AR
SRR ThBE AR
2.2.3 BEr-thE X & IALE 10455

NV AR 7= T e 5 A A5 U 1T D RE L PR 4E 1 D e 32
KIUAFEI R R (BR 1980 4F) , %45 155 I8 i 50
FA -, W EIAE T AW R A . HiZ
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RERGZHEHMAGEZERD FEFF NZ
X A7 T R HR 7 T P RE IR 48 57 X AL A BB A O AR 2
TR 5 DX TR AR R K A7, 78 5 K 1 8 5% iz B R0 A 2 AR 9
MR &R, Aol 2B F= D gl & R AL, XA = DR LT
CIRVEE 3 e At B g/ =T AR AN (19 [aW SN 1K 5
5 G Tl () 7 T SR 4 5 2B A 1 Th BE RN PR 53 4k 1 T
Re P [A.

LU R D Re 5 AR T D Re /I R 4L 1 D Re AE A AT
W) IR O R, A AU FE B R BN S 1 5 I AR 1k
&% ZBHFTE EKC M2 BURFIE, 1980—2007 4F
Bl X 25 RN O R POE S K, 500 58 YR v FERE Y 5%
TR EAFRE T, EVs R MAESEIR IR, 3 FhIhfe e
FUAETAEEFRTE, T 2007 —2015 4F [X 455 18 5 77 Y 25 4 Ak
KEMBEHBE (. T HMXERX IR
WEAL TAE 2 ) ) o, S8 3 Mihfe
] BRI BT 26 R TG
2.2.4 REXZEEE

1980—2015 475 X 2 [A] A % D e - s ML 36 7 D) g
TR INAe-LE AW IEE, A IIRE- A R4 Th
RElA]C RA B B E AR, RIAMELXR; HMN3
HIyRe A E AR T, FF6 s - -3 25 - 1
A7 AR AR, 50 T M e e R — 2P0,

2.3 SHENUZENE-HhEXRZEIEF

KRR B 4 R S ) | AE G i, NE T IX

1980—2015 4F £ A 5t ML LI BE 7] [1) Global Moran’s 1 4t it &
SRR GR4) : XIS M EW “ =47 ThagAU %
RN 6 (FIFERNTD , MERRAN 6 4 (Fit&EN
1) 5 6 B hREIMIAUET S RN 32 41, iR RN 22 4,
SRFRAN 64 KHBET a=0.05 KT 3 RHPS
B E5X 1980-2015 4 2 A5t W ThRE [A] AR 56 & 3=
S, AH 2 B FOW AU - R R 25 () 22 e B3 o

1) AUlE- P [F 20 R A5 A 22 57 03 o 0t T (R Ak A= 7
Re-2 5 KB IR/ AL ST hEE IR 4E AT ThRE &0 K
JEE Iy - 25 25 VA 1T T B/ 5% 4 10 ) R 1) U £ Ak F LAl 0%
Ry AU RBEIRE- 2 HARINGE . S EFIhRe-AE A
WINRE ARG IR . A AT T RE- R B 4E AT Th RETR] —
HATHFKR; FOWEEIEE- LA 7= Thig /&0 KR
Ihie. 25 (AR R I BE-A A5 TR 1T Th /3R B 41 T e [R] AL
- Py [F) 2K R Ak

2) AP FIRR s B SR B m, B EC R B
W . W AR AR P Th R -0 B R e Th e A1 BLA AR
PR, AL A P2 ThhE/ &b R R shhe- A S Thfe
S PR B 2 1 Th R IR AU FE B 2 B0 T R IR ka3, &
BF R BT RE-23 (B AR NS . SO Th -4 ST e
(S YE T D RE AR AS YT ) BE- PR SR 410 h AE 1] Y R AR 5
BERTE; S SEEIRE- R ARG TR/ AT R R IIRE
7 () AR B TN B - A 25 R 1T T e/ 2 S5 4 16 o) 6 1R b B 5
I 1) 55 W [R) e A e

x4 FHRIHENREEEF=EBHEXIES

Table 4 Global spatial autocorrelation index between rural landscape functions in Qingpu district

1980 4E 1995 4E 2007 4E 2015 4E
SHBRWARERE Year of 1980 Year of 1995 Year of 2007 Year of 2005
Types of rural landscape functions
[ 1 Ivalue Z1H Zvalue [ff Ivalue Z1H Zvalue I8 Ivalue Z1H Zvalue [I{H Ivalue Z{H Zvalue
P Dne-AE RIS (PF-LF) 0.335 6.247 0.317 5341 0215 8.651 0.244 9.632
ErEDe-AE A TIRE (PF-EF) 0.158 1.994 -0.101 6.227 -0.292 5.551 -0.117 2.624
AEDIRe-A AT RE (LF-EF) 0.271 9.014 0.137 5.185 -0.125 5.689 -0.102 6.357
LV AEF=Re-4 5 K e ThRE (APF-EDF) -0.555 -6.257 -0.452 -5.554 -0.389 -4.576 -0.315 -3.681
Aol = hfg-2% (R A& Eh i (APF-SCF) 0.247 7.561 -0.335 -0.681 -0.458 -0.688 -0.548 -0.652
Ol A= hRe-F MK F e (APF-LAF) 0.352 7.885 -0.245 -6.335 -0.218 -4.541 0.141 3335
ol A= Dhfe-A &R T e (APF-ERF) -0.141 9.936 -0.312 -8.551 -0.565 -8.164 -0.336 5514
LV AEF= D Re- IR 4E T T RE (APF-EMF) -0.037 2.654 -0.114 -6.654 -0.328 -5.514 -0.201 2354
U R hfe-2 A& HIhEE (EDF-SCF) 0.258 6.661 0.357 9.651 0.468 10.247 0.632 11.658
ZUFRIERE-FMEFRE (EDF-LAF) 0.139 2.017 -0.142 -3.654 -0.368 -4.547 -0.242 -8.557
Z R B DIRe-A AW T RE (EDF-ERF) -0.256 -6.354 -0.318 -7.524 -0.545 -9.991 -0.421 5214
KU R DIRe- IR 4E 2 8¢ (EDF-EMF) -0.336 -3.652 -0.457 -4.441 -0.628 -6.694 -0.524 -7.123
2 (A AR I - WK 22 g (SCF-LAF) -0.211 -0.751 -0.305 -5.711 -0.328 -0.125 -0.364 -1.624
2 (A A I RE-E AT IfE (SCF-ERF) 0.185 2.571 -0.052 -5.624 -0.245 -7.554 -0.351 -6.687
AR RE- MR 4E D)8 (SCF-EMF) 0.214 1.997 -0.102 -5.685 -0.229 -8.665 -0.368 -9.654
SO LI Re- A& Y68 (LAF-ERF) 0.245 2.228 0.314 8.654 0.425 12.547 0.632 18.541
SO IRE-IR R IRe (LAF-EMF) 0.335 5.634 0.412 8.667 0.495 5.665 0.598 10.247
AR I RE- IR 4T T % (ERF-EMF) 0.452 6.658 0.465 2.574 0.512 13.541 0.522 9.665

AL D -2 A R I BE 2 IR B fE- SIS

] Pl R . HH AT LL PR X £ AR T FH

68 A ¥] Global Moran’s I 4 i+ &Y AE 1980 1 1995 4F

W T EREEAR. Bk, ORI 16 AR TR

A H AR T (B 2—4) ; ST REER, CRH

1980 4FF 2015 47 (1775 # £ A S W0 Tl e 1] 149 Ja 38 2 ] R BBk

PRI AE A 1) Th R 2 ()% = AR ALk 34

2.3.1 AF-AF-ASYERBBRE-IE X EZNEE
e Re ARG ThRE (PE-LE) DUBEX R LS, &

FARRIIRE LB A Xk, FLIZHT T R “ 1R ia - s -
BATE- R KM NELR O HL A LH
WU X 53 45 T 75 2R AL 3B X 38 . PE-LF B [RIVE T 45 & &
PIEAMRME (FH) « P RERERE (Bd) ME
EAEIETENE GRE L) ; PF-LF BUSTJE T IX I “ A
ML R g P AR ) A R R R R A

PP Ihhe-AE S TGRS (PF-EF) IR X RS, &
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[F) b AR ) AR . HH A0 LL P Je) X 2 AR 7
PUANAL A X4, HoE 2 I SE 5 224k HL A1 LH #2
i X BHCREPAET R X, HERIZHENEIN. PF-EF ¥
X BRI AN B E, (H R4 1 2B AN K 9%

N
0 5  10km

—_

a. 19804PF-EF LISAK
a. LISA of PF-EF in 1980

b. 20154PF-EF LISAA
b. LISA of PF-EF in 2015

175 G100 1 Wl 290 60 i A1 36 B2z DX 3 O v 0 T [
PF-EF BT X5 T H 4 7 i B i A0 ol 75 Qe HEOE i
IR EFRE 2, AT N D35 X A BS54 )
gL T EF 2 AL AU .

& 9] Legend

I HHAE X HH region
I HLAE X HL region
LHA 2 X LH region
LLEE 2R [X LL region
CARRFX
b Non-significant region
c. 19804PF-LF LISAF]
c. LISA of PF-LF in 1980

d. 20154PF-LF LISAK
d. LISA of PF-LF in 2015

e. 19804ELF-EF LISAK
e. LISA of LF-EF in 1980

f. 20154ELF-EF LISAK
f. LISA of LF-EF in 2015

B2 F#HRX 1980-2015 44 F-A%-A 54 LISA B

Fig.2 Local indicator of spatial association among production-living-ecological functions in Qingpu district from the year 1980 - 2015

EIEDIBE- A A TRE (LF-EF) BUEE- 13 5] 26 RN
1, BUME R B R R AR, R SC R e v S Ak
AR B HH A LL $hAIX EEEPFHR. JLE6
FIAGE X I%; HL A LH BUSE X A 5 R IX sk, H
BB . B R DXCSRIR TR Rl S i
R R MR BE 22 A AR b S 28 BRI R K
WS M AR X0 2 N R R & 1 7% SR KCF
SHX 4K LF-EF AU .

2.3.2 6 FHAEERRE-E X R E A5

P A P ThRg-2 05 K EThAE (APF-EDF) : HL/LH
BT X N2 (FiR BN B BH A 0 -2 X A -2
YEEED ) “47 SRR (MR- E [ - M I -
BHE-RFAED A, HEE 2 5. HH/LL P
FRT = =R RS, I SRR L 2 15
HWrEISEFR . HL/LH AT DXUR T35 B4 H 2R 1) PR A
Tva) i A0 P 7 BN 8 1 P 3¢ s 140 R ol S5 0 P e 50 5 Ok
gl = H 554k

Aol A 7= D Re -5t 36 2% Ui i (APF-LAF) : HH/LL
R X SR A, HLBCR LS s B A 4k, E
BT ED K AW EE (SFEED , PHibihdgEd
FE LTS B vy (ZRYBERD) , I BB RN A B0 IR &
B (e &0 HL/LH BUET X 2 HOR & rh 78 55

AR VR TAE AL I HESD R 7= AR 1) B — R b S5O S A R
SO BE B 1) 8 R A0 R0 TR SR A

Fol A= ThRe - AW TR (APF-ERF) : [
DX FH AR X 52 20 B S 1 7R 6 2 S, L ARUAEET X 1 50 e 3
Je U, B ) DX B30 e ek S 4 o 7 P DX K A AR A
5 e R T 5 RN 2 TR DX 3 T R R 4 A i
PEE T P VR IR o 2 30 DX 43 5 W0 B B 4 A, A ol 5 00 THT
TN A IR 2538 R 1 IR A0 T A A

VA P Ih - 4E M Th 56 (APF-EMF): 3[R X
BT X RIAE A3, HAEEX B AR, PrFE X LA
IR K oA, HH PrRBEFEw, LL BRI
By WU X LA oo A, BRI K.

ZUF R D RE-2E M A T RE (EDF-SCF) : Hi# X
FN Sy IR A AP S A R, HbFRRRX 2
W, X440 EDF-SCF AH 5AEH
AR SR, 4 X B DR, B[R X 3

KU RBIIRE- S MEETNRE (EDF-LAF) : B K
FNE ) AR A U B IR, ESUE X AR I . K
SRR B RS (& PRED BRI LS
CRZEMBD MRS EBNIHET (ARED B
EDF-LAF #ipfal; 5N VAR SRAA Y 50 00 FH b A2 BY A %
R — LRI R, 75 AR X 3R BB X
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j. LISA of SCF-EMF k. LISA of LAF-ERF

Pl Legend
I HHAE R X HH region
W HLAE X HL region
LH#ESE X LH region
LLAER X LL region
CIAREEX

‘ Non-significant region

c. LISA of APF-ERF

1. LISA of LAF-EMF

B3 FHRE 1980 F 5 A7 % H4 LISA A

Fig.3 Local indicator of spatial association among rural landscape functions in Qingpu district from the year 1980

2t K e Dite-EAS 1T DfiE (EDF-ERF): #£ =
MR K JE KT AR X 4, A R A T BRI K SR A
G S2 HiE R SR IG5 1L 742 EDF-ERF B X 35,
HEBEAMVEEZEE K, B2 2 HA A K R AR
WRBETHIR, — ERE R EREAR 1 78 DX 2 2
TIIRE, (AMRHT B ARA R AU R 5, VIR

ZWMPRRX IR XD .

[ ARBINRE- AR A (SCF-EMF) « BUiTIX 5
PRI ISR A T IR, HECE E S R &
FEN FAAO SR G IR AR T, AU X S b B3
Hly, JRTALSAERIAE, K T XA S B
HITF AR A XTI X B R DG AR X



%23 1 PR #ATREX 2 A 502 D) RERUH- D) [7] 8 R AL 281

j. LISA of SCF-EMF k. LISA of LAF-ERF

[ {5 Legend
 HHAEZE X HH region
B HLAEZE X HL region
LHAEZE X LH region
LLAER X LL region

CARREX
) Non-significant region
c. LISA of APF-ERF

7
1. LISA of LAF-EMF

B4 FHHX2015F 54723 4 LISA B
Fig.4 Local indicator of spatial association among rural landscape functions in Qingpu district from the year 2015

oW 35 52 T Re - 2R 3 W N Th Be /36 BT 4E 1T D) R
(LAF-ERF/EMF) : LAF-ERF Ml LAF-EMF 3¢ &1 %% (]
oA EEA B, BT IX ST R X,
[ X 2046 T35 70 X 4, HBUHT X B s 3 s ek, IRl IX
SelfEis . T 3 FhOjREAE R RILEE BB — e AU

AR R, SR DRER K7 78 R AN 5 5
BN APV AR RE . Tl A R T X 8
M BE4EdT IR YRy 1 IXBURL SR AR BEsk
FRMAN SR ZRERHAE, S @R B T
R IIRE. R, R RIXI AT IX
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PR DI RE-A B4R LI e (ERF-EMF) « P[RR
AR ZACRAT SR X ZRiE A (R, AU X R
HAE A B BEOM R ] £, ] XU T S AR S B R A G B
B, X MBS YN AR s AU DX T Tk e X
fR e A TS Qe i, AE H 2 b B A S0 SR
IS, %X SRR B &N TR

3 it i

3.1 EToHEUEMENE-HEXANBT

1) BEFEEIZIX A 6 B 2 A SO0 Th e 1A B K T P
A, 3UE T “KEHFEZE 145 & (land sparing) L1
JE5 (land sharing) H3& & WL~ U070 BLGE IR 4358
ST HTASRGIRE N BRRY, HRHEUE
2 FIFH 5 A 7 R b B R 2 5 A DA SR X
R AT AR CR AP B X s S W Ll sk ) - AT 2R S R
. ARIEEBEX, SR BUC/ N Lt AR 77 07 A RO
AP ([ I S AE ) 22 RE P R (0 Sk Y, s i B
P ZMHBEEZEITIATH LT A RN, BUFHELT
bt o) B SRR AT RORE B R, BB OARTE /N, DARR i
FF I U R AL 22 HOHOR T L 1) 2 A 500 Dy R TA] 1) 18
78, RIEFOMAEEII6E, Rm KIS KRG RS Kt
Yo [, WEGUE T EMX IR (FEAAES
WFEX L LI . REBRATEKREXD) FE
HEBEA—wPIRFE. 2) ARSI
e/ SE4EAG T RE R R ALET X R AT A, 2 A SO &2 35F
KRBT S AR DR N — 4 JEik: HIl XA EZ
TP K R 2 DA AR S B SE B o DR, R
SEALEUR AT A B R IEME R, BRI E A
W ] RREL R R AL 2 G0 RGAR P B Rk, SEH
PR A I R ) B A s A R B R A 3D Bk AR
DIRe A5 26 2 D R A] i) B [R) Ok SR mT A, S I 1) 55t
UL 3 388 23K I TE $E T e 3B 2 D RE AR R I), SEEIR T R0l AR
FEINRERISE T . Rk, 78 b R R s AR
M E R, GEIEIFNIRE, SIS A ) 4
ZE R B P L B RSB AL 25 . 4D
DI Re 5 A AT T Dy Re/ IR B 4E AT Tl e 1) (1 ik 7] 5C 2R AT
F, AR 2R AN AR R A A PR B I LA B
ER . B, B CASRTHPIFN 2 FEVE R DR AP Fe it SH B %
BRI R, TR R AR SO WS Bl
REERISCA AR, 5 2 AN [F) AR 35 A4 B ) 1 22 R AL [X 38
R, ST AISE AL 5) MV REINRES 2 H
AR R G &R, PR 50 36 57 Dy RE 8] (1) LA
KA, U R RE I BRI 1 1) 1E A8 3R A
I R A EN ) SRR, X AR DI RETE] 56 R W .
KL, NEHERN A = E R AL B A PR, RN,
AR A B34 5 B R MBI A KRR AR S, il
LUFIIEANER BN, 55 MR RN, HES) % DR BE A
TR BN HGFEE . 6) HARABRIIRS
AR RS TS T e/ S 4L D e (R AE I 7 E A7 AE 1) 22 ek
RO T ReAEmS 18] - 2 IARA KR, 7278 A] 2 AU K
o ZA R NET YN LRI RE ™ E M mFEm, H

P T b 2 () O B2 2 57, i A R T AN — E R AR T
REIA] FOAUAET ,  CBEEAE T a0 ks N RT3 A= I g vl PR 2
EERRRBMEZ N Ft, RO A S A, JiiE
RE MY, MWERGTCENESZEKE, EHA
FIEBN IR, B R TR e A S AR e PR
B 22 A AR v A SRR B R R 2 . 7D |
v AE 7= Thie 5 AR A VR ThRe /A S e A Th Re (Rl /£ i 25 |
AERIZE S, BRIP4 REfE R 0] L 2O FER R, 7
A REAUE K R %8RS 2R AR Thig
KRB G5 KSR Re LA PSR AR . — 5 T
THEIMX RN AE T REA RSB — L ThRE A, DR
VAR 7= ThREAR RS 48 357 K J T e T2 1 1ff 1 ) 5 ) R ] 11
KR, PRBLT THEERUSE -V [ ¢ R 0 AT I DXOIURR ik M s )
— 5 TSR 1 — R FH ThRg IRl 8] _E AR SC 00T, AN
25X S RE 1] 23 (B 56 R A LA R IR, evk AT
RAERU -V [F] 0 2R AR AR
3.2 AWEMS

W7 Spearman FAH 5 43 B g R XUAE £ Joy 358 2% 1)
FAER T, S 1980—2015 4F 2 A5 £ 1)
R 18] PR B AT - [R) I 2 56 R AT FE o 4 B2 BT ST 20
R [B] B [R]REAE ORI 00T 5, % 23 (B AT NN 22 T R AL 1T -
B [FVBIE 70 i S 4 THI S B b R AE S RE TR X R o SR, 7
DX 35 R (b A S FE s (AL R IA T, FEE DL R ASH
et

1) BRI R A 5 ) . WF 9 36 AT [ P 2507
BB RCER, XTI BT R B B AE 1980 4\ 1995 4F. 2007
EM 2015 4F 4 DNEGY . (B H T IR0 2 5 5 AR
B[R] 5, PR, AIRRIE A 2 S 2 D BRI 25 K R 4y
WIFAEATE . 2) SR EMIAEL DhEEM I B, B 7T
MAEF= G- SRR 6 RIhR R 2 R 2 Th
s [H2 M U2 TR 2 B2 R IhREM R ThReRE, W
M TREIIRE SUAE KD BB A B SR . 3D
TRPRAL A& RAETh RSS2 B bE ) . BT Th g B B0 imi 1)
MEFE, W IRARRAE A B A ALY (BRI IR R
M DLAER AT R AE T RE,  F bR BORS 16 R SR AE (RS HEPE 2
SERAER I IERY . 4) UL SR B R AL ME R () )
N R EA 2 IR 2 BRI il SR R AR A A . F
FEET R BE P . SO R 5 DR R, 4
AHTNHIRE TR N T SR T RTS8 A 5 %1 ) S 0 55
SRR TR AL T 2R S S R Th RS I SR, B
FMARE. ORISR K.

4 2 it

50 LA T PR AR 9 X OB, MR- AR S A
JER R RAE 2 M 5 W 2 ThREME M B bn ik R, FIH
Spearman FRAH M 43 AT 2 A1 OUAR 5 Jap 3 2 [R] [ AH A Y
YHT T ZIX 1980—2015 42 Thfie (M AL - Bl [F] 5% &R IR
AL, REILL 4L

D A= D Re A B T X — TR,
LU REINRESCNIZX 568, PUdIRE i R,
T IRAR £ A HudAE H AR BEIR R . A AT RSN
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AMERIRI R L FE R 3 2 A SO shRe K AER 1L, SEUK
A 77 Ih g VR BUR &0 R R I RE N £ B SO AE 772 T
REMI RS WK PR IhRE Y B, X AE AR R AR AR T 4R X
SRR e A R

2) HIHX 1980—2015 4F 2 K 500 2 Dy Re [ AL - iy
[F 20 RN 2 22 e 2 o W 9 S LA - e 5] P A 25 22 A
FRITIEFN NS FMZ hRERI X R0, BEECNE
EMGR. AR AR R R ES, 20k
WAy HG AR AESTR U R R E S, =
5] _E AR R AR R G AR T T RE-AR S T R B - p [R] 5%
RECNIBE, DU LR B R RS H, P FEX R M
PO A AL AR Y. ARV AE PR ThRE S 45 R R T
20 RIS S AT ThAs A B 4k o) B Z X AN n]
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W, AR EINAE S T AR BINAEIA O R MR R 2R
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WS 2 Dy e 5 A5 250 5 Th B/ B3 4107 D) B TR BUA [X 4
EH R, PRI oA T U X, HRUET X 0R 2
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AT AERR R AE 2 DI RE R 8 KB, B 25 5% R A& /AT
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Evolution on trade-offs and synergy of multifunction of rural landscape in
metropolitan suburbs

Ren Guoping?, Liu Liming®*, Li Hongqing®, Yuan Chengcheng®
(1. College of Urban Management, Hunan City University, Yiyang 413000, China; 2. College of Land Science and Technology, China

Agricultural University, Beijing 100193, China; 3. School of Public Administration, Hohai University, Nanjing 211100, China)

Abstract: The rural landscape function has obvious temporal and spatial heterogeneity, and exploring the relationship between
landscape functions has become the focus of landscape ecology research. Aiming at the scientific representation of landscape
function and the quantification of landscape multifunctional relationship, taking Qingpu district of Shanghai as an example, 6
kinds of landscape functions were constructed according to the functional framework of “production, life and ecology”. Based
on the data from 1980 to 2015, the variation characteristics of multi-functional trade-off and synergy relationships of rural
landscape in 184 administrative villages in this area were studied by using the method of Spearman rank correlation coefficient
analysis and bivariate spatial autocorrelation. The following results are obtained: 1) the agricultural production function of
urban suburbs cannot replace the function of economic development. The economic development function of Qingpu district
has become the leading functional. 2) The spatial and temporal differences of the multi-functional trade-off and synergy
relationships of rural landscape in Qingpu district from 1980 to 2015 were significant. The production function- living function
is led by the cooperative relationship, the space was spread along the central axis, the production function- ecological function
was dominated by the trade-off relationship, the space was spread from the middle to the east, and the living function
-ecological function trade-off the cooperative relationship was more balanced, The trade-off relationship was spread from the
middle to the east and the synergy was spread from the west to the north and south. The contradiction between agricultural
production function - economic development function (EDF), economic development function- ecological regulation function
(ERF)/ environmental maintain function (EMF) was the inevitable contradiction in this area, and the economic development of
this area was realized at the expense of ecological environment. There was a significant trade-off relationship between the EDF
and landscape aesthetic function (LAF), and the pattern of the relationship between the two was the synergy of the eastern
trade-off west, and the number of weighing areas was increasing. The relationship between EDF and spatial bearing function
presents the pattern of eastern trade-off and western coordination, and the cooperative relationship area showed an increasing
trend. The trade-off area between LAF-ERF/EMF was concentrated in Qingdong area, and the cooperative area was distributed
in Qingxi area, and the number of weighing area increases at first and then decreases. The synergy area decreases at first and
then increases. 3) The analysis method of temporal and spatial combination can accurately and comprehensively reflect the
evolution characteristics of multi-functional trade-offs & synergies relationships of multifunctional rural landscape. The
correlation analysis of multi-function and single time dimension of rural landscape cannot fully and accurately represent the
change of multi-functional relationship, and there are differences in the pattern of space-time relationship. The relationship
between spatial carrying function and ecological regulation function/environmental balance function was found to be
compatible in time and tradeoff in space. And the results of time synergy and spatial tradeoff between agricultural production
function and ecological regulation function/environmental balance function verify the scientific nature of using space-time
model to analyze the multi-function tradeoff-synergy relationship of rural landscape.

Keywords: rural areas; landscape; multifunction; evolution; relationship of trade-off and synergy; Qingpu district



