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Abstract: The minimum ecological land is the key ecological land in a region, which can ensure that the regional
ecosystems provide and maintain the integrity of important ecosystem services. Under the background of rapid urbanization,
ecological land has been seriously occupied and destroyed, resulting in the decline of ecosystem services and even affecting
the ecological security of the whole region. Therefore, quantifying the minimum ecological land is of great significance for
maintaining the health and sustainable development of regional ecosystem. Taking Dianchi Lake Basin as an example, this
paper firstly analyzed the connotation of the minimum ecological land. Secondly, from the perspective of ecosystem services,
a research framework of the minimum ecological land quantification was proposed based on minimum cumulative resistance
(MCR) model and scenario simulation method. Finally, landscape pattern index method was used to compare the

quantitative results of the minimum ecological land of these two methods. The results are as follows: (1) Based on MCR
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model, the number of grids of the minimum ecological land in the study area is 1275560, with an area of 1148.00km”,
accounting for 50.68% of the ecological land area and 39.32% of the total area of the basin. (2) Based on scenario
simulation method, four scenarios accounting for 30% , 40% , 50% and 60% of the total ecological land area in the study
area are compared, and the minimum ecological land area is identified as 1129.55km’, covering for 50% of the ecological
land area and 38.96% of the total area of the basin. (3) Further comparative analysis reveals that the distribution
characteristics of land use types of the minimum ecological land identified by scenario simulation method show higher
stability and rationality than by MCR model. At the watershed scale, the land use type with the highest proportion of the
minimum ecological land determined by MCR model and scenario simulation method are both forestland, which are 78.17%
and 47.32%, respectively. In terms of landscape pattern characteristics, the largest patch index, contagion index and
aggregation index of the minimum ecological land identified by scenario simulation method are all higher than those
determined by MCR model, with values of 10.62, 39.57 and 93.39, respectively. This indicates that, compared with MCR
model, the minimum ecological land determined by scenario simulation method has better dominant patch connectivity,
higher landscape agglomeration degree, and smaller landscape fragmentation degree. Accordingly, it is necessary to

comprehensively play the advantages of these two methods in the process of the minimum ecological land quantification.

Key Words: minimum ecological land; MCR model; scenario simulation method; Dianchi Lake Basin
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Fig.1 Research framework of the minimum ecological land

http ; //www.ecologica.cn



9138 JAE = 44 %

ANTRII 5, 0 e/ INVAE A T 7 FERURE ; foe I, DA st ) P R 280 5 S5 SO0 e 4 5 5 T, 8 EE A b ik
85/ N 2 T T RURI 5 3, WA AN TR A5 T 1 ) P P

2 MR SHERER

229k 0 3V bR Bl R E G R

2.1 BT XA e

T 3 7 T 2= s S s, M A YT K R BRIV
IK R FLLIM K F2 = KK R A3 /KU My | M B AB R A 7R 28 e
102° 30'—103° 02, Jb 4 24° 28'—25° 23", [ f1 & [,
2900km’ (&l 2) , HATE X FEAFER AT SKX— &,
ANKHEE L A AR B BT, EOE,
DR A 2 IR A b B R B AR M B £ il
Hiy P JEURI K IRAE: | S By Y i 2 R A, A AR b
BLZ VP 2= KRR R RG SA se B ] . AR R
R 14.7°C , Z 4B R 935mm, B R AR P 3 AN
B, WP A R P 2SI S A bR, b K3 A
by A b A0 R T b A G T b S A A
TE T Bl T b DX A FH M R M K bRk S L
Al 25 24 5 T b TR AR 2 2267km? , 3243 A 78 U 38Uk
AR P A0 A L e X 0 75 X 4 X sk (P 2) B
R 2 B A R AR KT o R 1) DX, R ) A AR K
XLt 3 K T 5 R AR TS s, R UK oAy o
TWE FRELEAL A A B R G, —
X DR S LA AN R 52 L B T SBORT 0K Tt 3t 3 4]
SR EARRIIREIX, B A S AP0 X A 25 (i 71 2 B2 HRRRESESREHHE
WX R (6 % FE X . 13RI 25 SR B K PP Fig.2 Location and ecological land distribution of the study area
R ¥ AR = 0
2.2 HdlEkE

BRI F EEAL R ¢ (1) 2018 47 A9 I 1t i S8l 1 SRS AR B8 \ DEM (30mx30m ) 3¢ B 45 25 [l Bl . 2 (A1 B0 as
RRT v [ B2 e BT IR S PR B = o & M E S MR = 45 . 275 (LA ATBDIR 23 26 (GB/T21010—
2017) ) 5 IR BRI , K Tt 3t 3 b DS T4 43 S bk, | E b K S A R b At R H A R D b 6 2%
— AR b K A P M LA R R S S S S AR A b, DT ST A S X A b ] AR B RO E ([
2) o (2)FEH RIS R GRS EEE I BUE SIEM E L B RGR S IEN SRS 5 I RO TR T A DR
YIRTIIIR ST, AR LS SR PR S K/ 30mx30m , T4 2 U5 354 Transverse_Mercator,
POV ARAR B WGS_1984_UTM_Zone_48N,

HRE

[ #saEm
Bl
T 7J<:fim"
[ &M
B ki
[ |34t st

R

3 HIRAE

3.1 MCR
F/NETH AR (MCR AR JEF8 R E TR 2] « H 3" 12 s B b AT AE SR AR L 38 i Y5 s
R TET(AIAf E , SRS IX e/ MRE Dt 2 W], e 2 e o X B/ IVE S HHBYE ], MCR BB R AT

MCR = [min 3, D, x R, (1)
T, MCR 5 5/N Z A, D 38 A 5 I @ 3 j 128 [ R 5 R R /R @ 0 A 25 FH b s (] 7k A BE.

http ; //www.ecologica.cn



20 P 2 L T /N BT BE T AR RIS AR UL 10 PR 3 e/ A 25 P A X EEATF S 9139

IEY

VLA SE o AR S IR S Al g DX 222 A IR vl 3R 22 AT B B ), AR SOR I SE X AR S It
FMELR AP AR o (i A 25 A MCR BRI AR 25 YR s (36 1) o v i) R 2R 51T
P& SR T A B A 2 T M PR P S DX AR 252 A MR LS Jaa S8 B PR AN ml i/ i) DX, R A DX Bl A 2530
BRI s 2 TR e R R PR B

BT BB A2 . A SO A A s 26T AR 25 AR e e 55 D RE T R A i sk & B 1 B =407
TR BT (£ 2) o

R1 ESRTHMERAMEEERE ST

Table 1 Area and proportion of ecological '"source' land by land use type

b ) 2 piS:i) i KR A< H b FAb i
Land use type Forestland Grassland Water Cropland Other land
M Bt Number of grids 998193 19219 213197 9870 37012
T Area/km? 898.37 17.30 191.88 8.88 33.31

i “ P AL EL Ratio of “source” area/% 78.14 1.50 16.69 0.77 2.90

%2 MCRZEHEAHHIGEITMNIRE

Table 2 Comprehensive evaluation criteria for resistance surface in MCR model

BHLH1 T FH J1{# Resistance value
Resistance factors 1 10 100 300 500
BH 3 i - b A I T 2 <30 30—105 105—177 177—277 >277
Resistance surface HEBRGIRSS DIRe L <319 319—522 522—683 683—834 >834
B SRk 2 T ELE <32 32—105 105—155 155—227 >227
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Table 3 The index of landscape pattern analysis
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Fig.3 Distribution of the minimum ecological land based on

MCR model
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Fig.4 Comparison of the ecological land range in different scenarios of Dianchi Lake Basin
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Table 4 Statistical results of the ecological land use structure in four scenarios

15— 30% 5 40% 5= 50% 5 60%
Scenario 1 30% Scenario 2 40% Scenario 3 50% Scenario 4 60%
P S S S R
Land e e L R 1 T
Proportion of Proportion of Proportion of Proportion of
Area/km? Area/km? Area/km? Area/km?
the same type the same type the same type the same type
of land area/% of land area/% of land area/% of land area/%
Mt Forestland 371.14 33.98 416.19 38.10 534.48 48.93 682.06 62.44
W Grassland 49.20 34.60 54.18 38.10 66.56 46.81 77.82 54.73
7Kk Water 127.96 38.21 242.71 72.48 286.67 85.61 302.08 90.21
A< Cropland 118.19 24.52 132.42 27.47 170.86 35.45 204.01 42.33
HAl 1 Other land 56.71 26.24 65.56 30.33 70.97 32.83 86.39 39.97
43 A ML —— HRACL
i o M —— TR
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Fig.5 Comparative analysis of the minimum ecological land area

& s

quantified by two methods at the watershed scale
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Fig.6 Comparative analysis of the minimum ecological land area quantified by two methods at the administrative scale
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Table 5 The area of the minimum ecological land use type in different administrative regions

T HA IR SR
. Land use type Total area
FBIX n - :
Administrative it A KI A FoAth 1 3
. Forestland Grassland Water Cropland Other land MCR i
region " e
MCR T MCR st MCR it MCR 553 MCR T o SN
AL Rk BTR R B Bl AL gk B R
Bl 126.84 77.20 0.82 9.83 39.16 51.79 1.24 36.95 3.68 11.71 171.74 187.48
HEX 88.97 45.05 0.15 1.40 17.10 28.94 1.48 16.23 5.93 8.25 113.63 99.87
X 137.28 91.48 1.13 9.08 1.75 4.00 0.70 10.70 2.23 10.54 143.09 125.8
HAEX 33.39 31.06 0.09 1.30 0.20 0.39 0.02 1.09 1.48 1.71 35.18 35.55
(LIS 48.90 36.19 4.03 6.66 68.63 101.39 0.99 7.17 17.31 27.63 139.86 179.04
HTX 284.59 172.46 10.69 34.34 65.16 99.65 3.17 86.45 2.04 9.22 365.65 402.12
R 179.09 80.50 0.33 3.76 0.32 0.29 1.27 11.83 0.38 1.25 181.39 97.63
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Table 6 Comparison of landscape pattern index of the minimum ecological land quantified by two methods

P RACHMERISE RATHEH B PR
Type LPI/ % Al/ % CONTAG/% PD/(n/100hm?)
MCR #i% MCR model 6.08 92.45 38.67 6.50
1E 57 Scenario simulation method 10.62 93.39 39.57 5.08
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