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Evaluation of land ecological security and diagnosis of obstacle factors in Loess
Plateau of central and eastern Gansu Province based on PSR-TOPSIS model
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Abstract: [ Objective] The fragile and complex of the land ecological environment in the Loess Plateau region of
central and eastern Gansu Province were analyzed, and the land ecological security was evaluated and diagnosed,
in order to provide a theoretical basis for the ecological management of the Loess Plateau region. [ Methods ]
Taking the seven cities and prefectures in the LLoess Plateau of central and eastern Gansu Province as the research
units, a land ecological security evaluation indicator system was constructed based on the pressure-state-response
(PSR) model. The TOPSIS method, entropy weight method, and obstacle factor diagnosis were then employed
to investigate the land ecological security status and influencing factors from 2010 to 2022. [ Results] @ Overall,

the land ecological security level of the study area showed an upward trend. The land ecological security level of
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the region was IV in 2010 and 2011, and remained at [l in the period of 2012—2022. Spatially and temporally,
the land ecological security level of Lanzhou City improved to II in 2010—2022, and Linxia Prefecture, Dingxi
City, and Tianshui City successively increased to [l , showing a pattern of high security in the west and low in the
east. @ At the criterion level, the security evaluation levels of the pressure and state systems both upgraded from
IV to Il from 2010 to 2022, while the response system consistently remained at [ll . @ The main obstacle factors
were per-unit fixed asset investment, water yield modulus, per-unit output value of secondary and tertiary
industries, proportion of effective irrigated area, and per capita GDP. In addition, the obstacle degrees of
population density and land use rate increased year by year, and their effects on land ecological security could not
be ignored. [ Conclusion] The land ecological security level in the Loess Plateau of central and eastern Gansu
Province generally shows an upward trend, but remains in a long-term “critical security” state. To further enhance
the regional land ecological security level, attention should be given to issues such as soil and water conservation,
optimization of industrial structure, and intensive land use. While promoting economic development, ecological
protection and restoration should continue to be strengthened.

Keywords: land ecology; pressure-state-response (PSR) model; TOPSIS evaluation method; obstacle

factor; Loess Plateau of central and eastern Gansu Province

FE K O M AR S SO R R, R o e I+
2 AN EAR R R, R AE SRR D
SRR [ SR A Je v R AT m A — BR[O
W AR EERFRR SOk, MR & EEW AL
B 5 4 IR (P & R, etk A LR A LR 1L
X —FFE R WIIR AN, B8R 25 0L SR i 5 5 50 it 1)
BRG] . AR S N DL A A7 RN R R I A
BRI RGE W E A N . HA R
A4 A RE R X s S IR B N 2 R R ) s A R
ZAF MBS HAR A AR A
TEM 3 B30 3 22 By i, 6 A 3 9
ARG WG IR RS S L5 AR R
SV A SERWMEAENHIT I H LG
fli Byt R

b AR A AT R AR AR RIS Y
Wiz — ENAEEEM T RS T — 2R,
F e ROBE I W T B T R
S5 X R, 22 DA HL v gk R AR SR B R A [
FROBE 1) 22 e 3, JT 45 6 M DG B it L 2 U5 BN Fn B o
J O e R el o1 7 2 Y = O R | B T 1
i R PR FR AR AR R L 2B PSRUE 1 —IR
A KD, DPSIR (3R 8l 1 — & 1 —RAE—5 i —
W )i ), DSRCHK 3l J7—AR A& —Me i), NESCH A — £
Tr—4E SO R EES (PR B — 28 F — 41 23 ) S5 4 70 g 7
TEM 8 A R R0 MR A HL g X B AR ke &
P/ A s 1 g vt O 10 = 7 i B | N B W R
b2 E JH RS-GISM TOPSIS #F My 1 Wy e it
RBP4 o 4 B R TORT GML K T AR AR
U Z R R T S A VAR O . FE AR SE N A
ELFFENNEZA AT T 2200 36 £ A

AR A A S O A S R £
A= 25 e 55 O A AR S IR S (E . HR, 3K
if S Y BRI E IRRE B
SELOT SR WA A3 S DTk PR T S T R A
JRVETT i 5 B 5 27 Tof gk dsl K M T L YT I e AT
o A A VAN . B SRR A R X,
X B A BB R B AR X AT b AR S R AT
MIWF IR WLARIE . = E AT SN R T 2 M A
BT AR IA (AR AR R AT AAAEAS 58 8 3 I
R A 1) A

Bl Hh Bl AR B g D v D b X M AR )
SR RRN 25 (8] BTG . % X SR b B AR R R R 2 X
i 55, 0[] s UG 2 b ) G b P Bl b DX N T 2R
SCAR L, SO P L X B R X TR
K, T IR A U L TC T K L M R R A T
KRS RS aR AL BT 0 B K R S R
B, B2 % X &3 Sk & nl s & R
FEE BT UL TS SR X X 4 b R S e AT
VEH 2 W, AU R T2 8 Xt b AR S 3R 8, SE B
b A A T AT R R A RT Ry B A X
ARBHE SR EMAE ISR B, AR T
PSR #5844 4 + b A B L &P M br ik &, R H
TOPSIS P A58 7 i A3 B 15 DX 732 W7 A5 S AL
2 BEIT B B AR B 4 R 2010—2022 4F £ AR A
A K 5 A R RO A A TR R, DU 4 R
A Rl A R e w1 e LA ST O, 5 NSl e ol
i i, DX ) fe 2t 0 6]+ 25 () A ) i 1 S 4

1 WFEX AL
B o B 4% b X Hb Ah 3 - 5 B PG B L H R P A&



132 pi s U E SR

46 %

LT 2 X A A . LA bl 7S A ik Ch
T VAR B AR ¥ s BRI AR X, LAY D Bl b - R
[t S R I N N R N NS T S | BN
=i N N N o/ SN & BN = B o P I T A
1.15X 10°km*, #% 2 2022 4F 4 JiE , 01 58 X GDP 4
ik 7423294470, W AE N D251 748.25 N, BFSEIX
B TR 32 A SR RS2 1k, I M 55 78 B RE , K £
MR
2 Bk

AW ST A+ A AT 8 A BOHE R T
i1 A % (2010—2022 4F) H R & 4 4F % (2010—
2022 4 H R AR KA % (2010—2022 45) H R & K
R RN R (2010—2022 4 ), H v 3543 48 A $ 8 nT
ELH N GE AR S v Ay ), L AR 9 A B T o
o UK R SR A P AR R AR A B4R O A7 AE
B B S AR E O o A S e A AR SR TR
J&i 2 a P E AT R o
3 Wik
3.1 EMIEREREE

PSR 5 A T 1990 4F i Bk & B & 0 & 1 I & &
(OECDO & H H F IS AR S % 4, FE TR A
WA HERREZ MMM ERXR EES B8 0] &
7T RR 25 R B A R W TR AR DL B B 2 R G LR
FrimR Ha K ME R TELLERERLNS ., %
PSR AR A 53085 -6 T - 4L & (EES) & 4 R G #lig i
TTANLALG G L BB BT 04 T | 28 48 Mo 1A X 8 £
o AE AR, BT RE N A R
PE 23 ) P FECHE BT A M A5 R 38 i PSR-EES B
RURY T 7 CRAS R B 3 4E B R AR AR AR &R L I
S AN T NS AU A 3R
JEHEBT 214 8RR (R Do OFE 74545 ok s e+
Hiy Az 285 T 7 32 1 N2 AR 7 AR T A R 1 R T Bl R
B 75 2+ R A P b T R TR, K R,
R A, K B IR i A ) RO . Hb T B R
XA R R B % & s RO AR R B A
b 5 R R T ) o T M AR S Y R S 2 T
KR &N 43 B SCAE R )2 T BE T B b Ak
JIES A FH P b S5 R AR A2 O TR O L
b ¥ [ B A B A — A BN B K
A7 T e bR o @R A TE AR AT B 4 A S A B A
N0 B 4 TR 1R B S B Ok Bk A, NSy A
SR 5 A8 T T T DA A] 2 M s ke - b AR AR S B BT
LGB, A TR AR R E AR B R A L R K

I o 0 B 28R T A 9 T S U R AR R &R
B oK B IR BACR A . RS R TR AR T
NBPKGE PR, 25 SR R, — =l
B i Sl B IR RS IR AR B A Ak B T AR
BAN S NCRLUE R QBT E iR IR ON I PVE L 1 FE N
JEA 2o 0T A 25 TR 1] AR A o 1 Bl R B AR B
o L X 22 A R R K b O Tl e A 2 0T R A B
HLAEK B 28536 307 TS8O 3% Tl R A AR
o BRIT & F) B #6823 AR 25 00 8 AL, -
M FN A AR 0] DL — 2 B E M B R R .
B AT 5 XA — 2 B9 Tl BE AL, Tl 52 4 19 ) R
AL B e N 2 A T Wy Ak B3 B 5 T Y )R
Ol MET UL, A5 N PR -5 W SO 7 e I T
B T K20 e 2 b T AR LK O 2K B A
N GDP A g R AT SR A — i Tl [ 4
Ve 25 45 M R L e M) R ORI - M B G R 7 I
bR
32 ERNEBE
3.2.1 M I/ATAREA

H1 T4 PR 5 Am X0 I b B BRSO )L
1T B AR W B X VA S bR R AT A A B
feAab B

I, — min x])

A= GER# R (D
max<x1>* min(x,)
max(xj>*x,.j -
A,= (fghs)  (2)

max(xJ»)* min(aq)
e, WIRIR A PR (E  i=1--- m AR AE D 2L, j=1
e n ARV FE R 3 max(x) , minCa) M 5 j WF8 FR 1
Fie KAE A e /M
3.2.2 WM EHEE

H i, ACE (W5 A AHP 2R RER
e RACE L AT 5 N N U R
SR, AR SR R AS I R 1 2 4 AR AN

(D TS AR5 j A6 b BT o5 Y L P
A,

Py=- : )
S,
i=1
(2) VS IR 09 i A
1 m
=—NY(P,InpP, 4
e; lnm[:1( ;N U) ( )

A4 P=0Ht,%4 P,InP,=0,
(3) THESE j T8 bR I AL w,
1—e
‘Z,Uj:iej (5)

n

Z(l — ej>

=1



X545 3 F PSR-TOPSIS 74 (1 BE v B 75 5 1 8 Ji b A= 285 2 e i A I B fi IR 712 133

F1 IHASREIENERGER

Table 1 Evaluation indicator system for land ecological security
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Table 2 Evaluation criteria and safety levels of
land ecological security
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Fig.1 Changes of land ecological security index in Loess
Plateau of central and eastern Gansu Province
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Fig.3 Spatial evolution of land ecological security evaluation in Loess Plateau of central and eastern Gansu Province
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Table 4 Major obstacle factors of land ecological security in Loess Plateau of central and eastern Gansu Province (2010—2022)

B fick A7 (Bt 0t B2 ) 7

3

4

5

Ay
1 2

2010 X,,(18.67%) X,(11.73%)
2011 X,,(18.23%) X,(11.30%)
2012 X,,(18.84%) X,(10.86%)
2013 X,,(18.61%) X5(10.83%)
2014 X,,(18.10%) X5(10.68%)
2015 X,(18.02%) X,(11.46%)
2016 X,,(17.98%) X,(11.97%)
2017 X,0(17.34%) X,(10.84%)
2018 X,0(17.98%) X5(11.77%)
2019 X,,(17.81%) X,;(11.92%)
2020 X,,(19.15%) X5(12.48%)
2021 X,,(17.83%) X5(12.05%)
2022 X,0(17.34%) X,(12.27%)

X5(10.16%)
X,5(10.18%)
X,,(10.51%)
X,(10.72%)
X,(10.43%)
X,5(10.42%)
X5(10.29%)
X,(10.81%)
X,(11.47%)
X,(11.39%)
X,(11.88%)
X,(11.06%)
X,5(10.98%)

X,(10.04%)
X.(9.85%)
X,(9.56%)
X,(8.88%)
X,(9.79%)
X,(9.22%)
X,(8.71%)

X5(10.40%)
X,(8.43%)
X.(9.82%)
X,(8.50%)

X,(10.73%)

X,(10.75%)

X,,(8.44%)
X,(8.01%)
X,;,(8.05%)
X,,(7.78%)
X.(7.42%)
X (7.40%)
X(7.51%)
X,,(7.09%)
X (7.11%)
X1;,(6.92%)
X,,(7.37%)
X,,(6.36%)
X,5(8.04%)
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