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Research on the Sustainable Utilization of Cultivated Land Based
on Improved Ecological Footprint Model in Yunnan Province

SU Jiaoping, LI Zhiguo

(School of Urban and Environment, Yunnan University of Finance and Economics, Kunming 650221, China)

Abstract: [ Purpose] To evaluate the sustainable use of cultivated land in Yunnan Province from
1999 to 2018, and to provide scientific basis in order to alleviate the contradiction between people and
land, and improve the sustainable use of cultivated land. [ Method ] The improved model was used
to evaluate the sustainable use of cultivated land. On this basis, the STIRPAT model and partial least
squares regression were used to quantitatively analyze the affecting factors of the ecological footprint
change of cultivated land. [ Result] From 1999 to 2018, the ecological footprint of per capita cultiv-
ated land in Yunnan Province showed an overall fluctuating upward trend, and the ecological carry-
ing capacity of per capita cultivated land showed an overall fluctuating downward trend. It means the
ecological deficit of cultivated land in Yunnan Province was becoming more and more serious, and
the sustainability of cultivated land decreased from weak unsustainability to medium unsustainability.

Among them, agricultural machinery total power, fertilizer use, pesticide use and per capita GDP are
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the most significant factors affecting the ecological footprint of cultivated land. [ Conclusion ] The

improved ecological footprint model of cultivated land better describes the change characteristics of

cultivated land sustainability in Yunnan Province. The severe challenges faced by the sustainable use

of cultivated land should be mitigated from two aspects: reducing the ecological footprint of cultiv-

ated land and increasing the ecological carrying capacity of cultivated land.

Keywords: ecological footprint; cultivated land; sustainable utilization; affecting factor

MR NS DA A AE R SR I DGR R . SR
M, PREEL . Tl Al iR O — R B
A, SR G H R, B
b ATRRE A FH IR R 7 o AR 2 R o0 2 A fE %
TEALE PR B 248, SRR RetedEir A
3 Bl i i R S HH AR S B A A
BE 7 A I 23 (E] ™, [ 1992 4E REESPHE H AL 26
RIS, HELS R ARz N H TR
ATREEER TN AL TP BRI K
B BRI GV kR R G, AT
FE IR 5 440U, T T AR SRR i R T
R R TS LTS B HF b T R R 2] HIE
FETAR R R FEAH: (1) #id /b
AR S R S A SRR T, DARAE B AT RF
SE MR (2) A BH & 2 iy PR A
T (3) B A RS RE (S A AR SR SS
M EBLSARZE G, B A S RIS A
WrR A, o DU A S R i 54 2 2 0% Z Tl A
FHBILR B H ) R 2R 2 A S B 98 AR i 2
—, HARFEIE FEW G I Akt
TR 2 E L R B RIS, W& [al)H
3 AT R VR i e /s — 3 B (partial least-squ-
ares, PLS)138| T) ZH. Bk LA, YA
9% FEAE TR AT R 2L A IR G I P, FE
sz Ry = K58, R AR AR
TEIEA T A 25 2 I AT RN O I 10 FH B b w] R L)
FHVEMN BB A 55, B I IRl Iy kb A= 25 2
0 R LAy A PR A PR 1 S S AR AL AT S
2B TRANSR

2 B T R e D L XA, B N
IR, BHAHSE S, iz | SFHUDE
FE RSB A b IR 5Kk 5, BRI &
G SRS IO IAINE 3 PRI K ik g 52
MK, ALK EEE I A . B
R 2 FHIRDSF SIS TR 1T, It Ttk

JEERE, BEHLA R ) R RR B A B AR R
SR R M B R AR S IR AR E . RS R L 55 B
TS LS TIGIN, Bt T RS2 FH il 1) Bk
R H R, I, Xz R A R R ] R
AT RIADESE, Bt FLR2 e PR 2R IF 48 Hh AR L A 4
fit, SESEBMAL ., B SL T RS A R
BTk, AT LIRS LB SR, A
fie A2 5 BEIE et AR S AR AR R T 1999—
2018 4F 25 M A HEH AT S R IS, JF3ET STI-
RPAT HRUFT PLS AT #f i AE 285 e 300 AR AL Y 5K 2y
T, A A B T RS SRR

1 MREREZE

1.1 BT X MR

AN T E T bE, 4R
3941 J7 hm?®, HiFR{7 & E97°31'39"~106°11'47",
N21°8'32"~26°15'8", dLIAIHZE 58 it 7 F 4 Fa &6
AR TR, KRIFDEZ, A
WIREE, ARG B s R (1) 2
WA, mpBE SRR 2R, EE LIS AL
HohF, HeEa A kg 54 B AR
94%", 20184F, EABHIAIZI620.91 7 hm’,
b7 G AR 16.2%, 52 BR R AE M T AR 29
458.85 71 hm*, A ¥4 #F b 1 FLAL K 0.095 hm’,
B N G g vk kR MU AL HE R
R, ZEA PSRBT . TR TR,
AR R R Z 2B, AT K 5 SR G
R R Z B BREL
1.2 Hdakls J b B

AW AR IR T - (1) BriA 2
AR P R ERRE . TR, BPEL . B AN
IR %) 57 TR ™ R U T 2000—2019 4F
E S ) |, R BT B B 2ok U5 T
2000—2019 4F ( ZFESITAELE ) 5 Q) B
PR 2 3 T B B ISR (C) . KRB (W),



126 Py I )y N = 22

9536 4%

20 R B (M) 2 S 25 B Ry 46 UVRD 5K G
LGN s (3) t A Rk Al 4 M A
Jei B M E AR GE AR AR — AR UE R )3 5
PEFIEE R0, 15 45 B R AR 45 DR A& GF Tk
2009 4F-LLHT Y 2 R Ao T RUE R A T S AL 3L
1.3 BRI
131 HFRbA S 2 AR it

(1) AR A 2 TR P B

R H L %) PR AN T RE KB A 25 A 5 &)
3 R A P R I AR SR R . FES SR
A 2SR T TR H R4 B SERE U R E R
(R . /NEZ . ok 2R, ikl (e
SRR . BRL . I HRRTUR A A= W A 7= 1 )
SR, B AR P A A AL G A S R T
Bk, fHH A LR 5 ke TR A e
BEH T A B A SR R S AR AR F
DA ARk e 7= i A = ok R R R 54
PR M A SR s AL, A RIRAE . 2y, Kk
JBE . A ALALE BN ) e FHUE R TR .

(2) B A 2SR A Y

B A 7 1 R ST R N 2T 2R A 28R 7
XEHEHL S ARG, AL GRS, 2
oA,

ep=EP/N = Z;A,./N = (Zl P/EP)/N (1)

Krfr, ep MABBEHA PRI, hm®; EP S
PR A= vE 5, hm’; N O IXIEA DR
P, AR | TR A AF P, kg EP; MA@ TiHEH
07, kg/hm?,

BEb A M 48 AN RO T Bt Fe rh
JIr 7= A ) R R AR Y o5 R AITE RE . A A
A A R Gt e i A% SR IR O R b AR S
R, AFCHP:

eo=EO/N = (E/PC)/N = E/(W/S)/N  (2)
Arf, eo AAHEMAERM R, hm®; EO &
PR ARSI, hm®; E MHRBEHEE, ke;
PC MBI ERRAE T1, kgs W o BFbmR I i,
kg; S MIXIHEHLIAFY, hm’,

AKX (). @) iHHAA21 ep 55 eo ZFIF
TN YIRS R (eDP, BRI

ef =ep+eo 3)

(3) B AR 3 R

HEb A SR B AR A S RS N K

T ST RS RO A S TR Sy, e
IR 3.5% B0 I BUE 2 M 5 RV (R 4,
AR,

ec=EC/N =8 xYFx(1-3.5%)/N )

K, ec HAHHAESIKE D), hm’; EC G
BEAESKE ), hm’s YF #fH ™= &+, K
i F IO B T R RS
A B). @B ef § ecz 22K
AN AR AT (ed)™, HI:
ed=ec—ef ®)]

K, Hed=00, HrESHBES, Hrf]
FHEA A HEePE; Y ed<0 I, #Fb AR 250 3R
o, N B Hb B U5 ] A e LR R B AR
Z IR

(4) B T2 PPN AR Y

BB T — X, AN EE4TE S WX
SRR PTRR SRR AR . BRHBAIE B, Ho]
FREEEAUZ WA SG | FAOK | B A i
FEREREW, B5NOMBRIIMHE, 5%
A R IERE I, ARSI R R B ] RS A
FHFE%Y (sustainable cultivated land use index, SDI),
DL T PEAS 25 p 4 B ] RR S R AR TR, A
W

SDI =ec/(ec +ef) 6)

0<<SDI<<1. 24 SDI=0.5 i}, #fithA: 75 ik
kA BRI TR, XN ST
TR BT IR 5 P T AR AL 4G BERAE AE, R AR AT
FREL A S B A A 4 SDIiE T 1, #fh
ARSI AR By s Y SDL#IL T 0, #kthA]
FRE R R AL, SH AR = 8 B
HifsEPRtEDL, LA SDI=0.5 A4y 5t b, JE#FHb AT
FRELH) R EE R o mT R ) FH 215 A n] 42201
I8 6 MRBE (3R 1),
1.3.2 HFH A S 2 R AR 52 00 BR] 2%

(1) STIRPAT #&.%4

EHRLICH 1 HOLDREN F 1970 4F 2 ! IP-
AT B, 35 EIR SIS (D) s 5 10
(P). &I (4) FEAR (T) A ); DIETZ S51E
PSRl bR 2 AR AR PE Y STIRPAT £ Y
FHUIR 3645 5K 5J) 1 AR X IR AR i e i, IE45
B R R, B

I=aP°A°T‘e @)



SRR, A ST AR S IR 2 A A TR A TR 127

® 1 HHATRRER AR S

Tab. 1 Grade of sustainable use of cultivated land index

sy WRUATEREORI TR (SDI) BT R EH I AL

sustainable cultivated sustainable use grade of

grade land use index cultivated land
S AR
1 0.7<SDI strong sustainable use
4 2wl
2 0.6<SDI<0.7 S R RFA
medium sustainable use
551 =Y5W
3 0.5<SDI<0.6 S
weak sustainable use
W N B 5|
4 0.4<SDI<0.5 S5 AT RFER U
weak unsustainable use
oy N =S ]
5 0.3<SDI<0.4 A ITHRRAA
moderately unsustainable use
o AN 2
] SDI=03 SR SR

strongly unsustainable use

A, a WEREIREG b, c AT, &

AR BE AN AR TR N SCIR S H 485 & Ay

W2, F2X(7) PO R A2
In/=Ina+bInP+clnA+dInT +Ine ()

(2) TEPRIEH

FESEBRRE AT, STIRPAT BEAAY 3 AN[H K]
AR 2 B 17 0 R AT o R0 Ry 1R 40 4 43 fige 22
AHESE AR AL 25 R SRAE PRS0, MRS
LI SN A, SR A BN AR TS R i
(R Gl N S5 S AV R A E G R,
JERRITY 3 MR, ETHEE R R . K
SDI NI, A S5 e A 285 e il A2 A Y 32 %
R, Mg defe OB FARY4TH) Il
DCIRZE T R R RIAZ L N E RS Ty, AMULER
HBIX BEAS | U g 3 A AR R DL R B AL
PRFIIHFE RS . I, R S
JEFRAREREIRAE AL AR | FE o[ E BE P 4R ALY
GDP™ LMV HUIRAL K- . ARRE A 24 56 A =
R AR AR B R AR B, R by e
M 3 RS ARMEBAIK . it =i A
B AR 2SR 5 e R 2R ) STIRPAT 47 JE A1y .

InEF =lna+blnP+clnU +dInS +elnG+

finM+glnF+hlnB+Ine

A, mEF MHFHA SR ; InP. InU, InS.
InG., InM. InF Fl InB 4350 BN, WAL
AR EE R R . A GDP L Rl LR
7. A FHARAE A A e 240 2 i X 5
(3) ftR/N_3€ 15 (PLS)
PLS fE% ff te STIRPAT 26 14 1] -1 45 70 v iy

)

Za et HILAR R IR iR, X
BEAM AR &, B 7A s 2 W] 2 HE I
Lk, NOAE TR AR E™ . BAREES
B () BuFZ okt AR O R AR £
FILE; (2) WA R EEME (VIP) fir i %
A H A T AR B RS, VIP{E#RR, HAE
O R A o AR, RO S 5 (3) K
I A AR 5 PR AR A RO 1 28 XA R
B2 HAEET 0.0975, ARYEHRBURA RIS H
PLS f%,

2 BREDH

2.1 BT RRSR A
2.1.1 HHAES LTSN

A 1A 1999—2018 4 Ak A= 45 2
MRS S IS, W 0.145 hm’ 38 T+
% 0.156 hm®, MR Al 7.586%, KA H
B 110 1 0T AP b A 25 3 7 A — S Y A []
EH . Hod, 2007 45 248 A 25 R 9 fe A%
(0.142 hm?), FZJFEPH R 2007 4 = R4 TR A%
FREL TR, A RAMEIIEHED U PEREAL, #h
FH A6 A 1 1 AR 2006 4F 3.011 J7 hm® T [ &
2007 4F 1.562 J7 hm?®, VKA 10.731 77 hm?
RS 8.432 J7 hm?, i1 20 4F3k, =& AHHk
AR P 5 N S A 2 R AR A R B A
A, HASBIRBE R, BRI 2 = ot
BEHE Y 5 PR AR A s Xk b A 2
SR TR JE, AT 0.023 hm' Z[H],
N FARA 36 ST = 4 R S Bk b i o5
FNHFE SRR R E , AR BN,
2.1.2 HHAERKE s &L

HE 1 Af%0: 1999—2018 4E = A Ak
A SR T 5 N AR 2 T S AR S AR
P, NP AR T 0.116 hm® %30 T %
% 0.093 hm®, TREIEERT] 19.827%, FH T
o 0.012 hm*, APk A: 25K 3 1 sh AR e
PRAR R I N . 1999—2001 4F 5 3R [ #
2002 4 FFFA 0.113 hm?, FF 2003—2005 =
#RRFE, FH0.114 hm® FR#Z 0.106 hm®, 2006 4F
BT, ARk A AR 1E 2007 ik F|
WA (0.118 hm?), 2007 4F 2 J5 E M T [ $ il
i, JFFE 2016 45 BIAH (0.091 hm?), Hirfr,
NI HE A= 250K 28 17 2010 4 0.094 hm? 32 i J5



128 Py I )y N = 22

9536 4%

PIAFAE AR IR AR, FR AR 2010 4F32 2K 0
BRI K R, 28 A AR 32 KA R A
90%, AAEY AL A R IR, A oK
R, RO, m AR 2 R i
PR T NER A 25K 3 T, RN TR B Y
A IR B — o B B RE RS2 1 R 7, Bkl AR

DIEE DRI
2.1.3 %?Fiﬂa?ﬁ 2K IR 450

H I 2 AT 1999—2018 4F 7 R 48 #E A= 75

—HAATRTIRE, Hr S aEmss . &6
B, 2000 = ANSBPE A S 57 fAY
B A SR AR A SEA ], A HEAE
BIRFAE 2007 4E 4 0.024 hm? J& Fix 28 A1 iF 3D
2016 44 0.075 hm® 2 f5 /™ F ] . A 4f A b ]
FRSLA| AR B3] o3 (3% 1) "I 1999—2008 4
BT RR2 kR T35 A T RREE A, 2009—2018
SRR T AR LR R AN AT AR

—— AgHFHLA: = 3 /hm? productive footprint of cultivated land per capita

—k— AR 251 AL 30 /hm? ecological footprint of cultivated land per capita

—A— A\ IgHF AR S L3 /hm? ecological footprint of cultivated land per capita

—@— AIgHFHLA: 257K #K F1/hm? ecological bearing capacity of cultivated land per capita

0.18

0.16

0.14

0.12

0.10

0.08

LA (EH
value of indicators

0.06 [

0.04

*

N2
Y N2
K K N

*

0.02F

Ny SK— N N N2
K———K—K— X K K K

K—HK—K—K—x

0 . . . . . . . . . . . . . . . . . . )
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

F{)y year

Bl 1 1999—2018 =& it 7S Bk R IHEIR T (L#aAE

Fig. 1 Trends of various indicators of cultivated land ecological footprint in Yunnan Province from 1999 to 2018
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