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Construction of urban ecological security pattern based on MSPA and MCR
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Abstract; The rapid development of urbanization aggravates the degradation of ecosystem. How to reverse the degradation of
ecosystem and meet the increasing demand for ecosystem services has become a hot research topic. To some extent, the

construction of ecological security pattern can balance the relationship between urban development and eco-environmental
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protection, which is of great significance for ensuring regional ecological security and promoting ecosystem function. In this
study, we used Xiamen as an example, and the framework of “ecological source identification-construction of ecological
resistance surface-extraction of ecological corridors” was adopted to construct the ecological security pattern of land area.
The assessment of the ecosystem services importance and morphological spatial pattern analysis were combined to identify the
ecological source. This method took both ecological structures and functions into account, making the identified ecological
source more comprehensive. The ecological comprehensive resistance surface was constructed by land use type, elevation
and slope, and corrected by human settlement index to reduce the influence of subjective assignments, identify the
differences within each land use type, and make the construction of ecological resistance surface more reasonable. On this
basis, the minimum cumulative resistance model was used to extract ecological corridors, and the gravity model was used to
quantify the relative importance of potential ecological corridors, and then to classify the importance of ecological corridors.
The results showed that the ecological safety pattern of Xiamen city consisted of 14 ecological sources, 21 ecological
corridors, 15 ecological nodes, and several stepping stones. The distribution of ecological sources mainly concentrated in the
west and north of the study area, dominated by woodland and grassland, and the total area was 558.64 km’. The length of
the ecological corridor were about 159.40 km, of which 9 were key ecological corridors and 12 were general ecological
corridors , which had the characteristics of close connection between east and west and insufficient connection in north-south
direction. According to the contribution to the regional ecological security, the ecological security pattern was divided into
three control zones for hierarchical control. Comparing the findings with the current implementation plan of Xiamen,
although the results were different, they were relatively consistent overall, and the main reason for the difference was the
different research data and methods used in the two studies. Therefore, this study concluded that the combination of
ecosystem service importance assessment with morphological spatial pattern analysis, minimum cumulative resistance model ,

and gravity model could provide a scientific basis for the construction of ecological security pattern.

Key Words: ecological security pattern; ecological sources; ecological resistance surface; ecological corridor
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Fig.1 Location of the Xiamen
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BN SRR € T ey e R 1 A e G =% oy K I e K BN I 3] 7 s w7102 A b L 1
FRECHE TR S50 LA K I3 — P o 8 50, SRR TR TE L3R 1, i/ N IR 22 |, (R as 0] 2% i — 3ok,
AR BRGE— A GCS_WGS_1984 , FFA A% 5t R AE A 30 m B4 HE%

Table 1 Data source
Hdji e HlE R IR B
Data types Data sources Data accuracy
TSI J1 NPP PERAEE RN HEE oL 2001—2020 4E 500 m
e R FERA DEM b 27 (B A 30 m
A -5 Monthly mean temperature = 3k R G E s os 2001—2020 4E 1 km
HF-#4F%7K Monthly mean precipitation = 5% b3k R G2 s s 2001—2020 4E 1 km
3T Soil texture TS 3R e (HWSD ) (97 e e fdla 4 (v1.1) I km
T #FIH Land use GlobeLand30 30 m
T IB]KT % Night light BB R Z 5V K2 hitps : // eogdata. mines. edu/ products/vnl/ 2020 4F 500 m
AL R4 NDVI b 27 (B A 2020 4 30 m

NPP . 9 5 0] 2 7= 71 Net primary productivity ; DEM ; 307 = B2 527 Digital elevation model ; NDVI: 5 — b A% % 35 %X Normalized difference

vegetation index
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2.1.1 HEBRGMRS BN
B RGIRS RGNS R G IR sk as , A 4E A28 LU AE 10 A SRORBE S5 S50 . B
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(2015) 2L NPP & A bn ik it AT oEpr . ikt oo 2 UG- S B 2 25 SR A B £y, BRIA 3 I 55 [R] A5 i 22
RIACE —3" 38 M40k ( Quantiles ) HEAT 43 9 - AR RSN, 45 BN BIF5E XU AR S R G254 55 e i 48
B, IR HRI 53R 5 ASFEY
2.1.2  MSPA 4#r
JE 252725 [8) 46 J5 34T ( Morphological Spatial Pattern Analysis, MSPA) & 2007 4F-H Vogt AR B — P 3T
BT A2 O A AL MR BRI T 43 280 ik 10 0y ik oy B s s, P R R A R 2R A HOR
ZWFR R RR G, AW R A TR R B HE b | a1 B AR 3 5t BEHUMCHE R E R Hb 8 1l
KRS B AR AE S EERAEAHT R . HE T GuidosToolbox A, >R BRI BY /N GG o3 A vk A T 338 45 2R 1T T 1Y
7 2SRRI X (core) RED (islet) (1% [X (edge) fLBE ( perforation) HFHEIX (bridge) \FRiE X (loop)
DA 57 2% (branch ) | i 1 45 BUAE 385 B e A5 K A% U XAV R VS e B A 25 R S
2.1.3 AP
WA R GRS v BE B D b B B DX S VA AR S TR R A T 2 A BT, SR EUE AR T 1 kI EE S 1
KU X BEHAE A S, 13 F Conefor 1 Conefor Inputs for ArcGIS 10.x i 4 X H: 3547 5% 08 % 48 P4 1
B MR 25 P E BV FE £ (the delta values for probability of connectivity, dPC) F{E A, 15 H 12 B
HRXF A AR5 A v 110 S5 OU 322 30 1 A R A TR
2.2 AEASBHIT R
PIFPTE A 25 TR 2 8] A 5B R RIY BO7E — R 22 3 H b B RS RS TG s AR . VRS
JR T8 R 75 TREAT TR 9% DB, A A A A B ) TR UL A 2SS 3 U sl RS 3B I ME 2y AR B, 0 1 A 28 4 Jmy ) g 2
BOCHEE AU R IR SRR A X 3 S i K B E R A SR R A LR A B
1], % A SCHR AT A GO IRAR S (36 2) o i3k R LI AR A9 5 i, LA A 28 43 & W45 800 ( Human
Settlement Index, HSI) #AFAZEIE sl X A 25 8 R i sh AL s 1) T4, 0 AR S 25 G B AT B B 1 (A
K 1-3),
NTL-NTL,
NTL,. = (1)
NTL,, —NTL,,,
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Table 2 Basic ecological resistance factors

FHL 3 R 1 e [EWIES FLHE FHL 1 T [EWIES 4 FLHE
Resistance factors Classifications  Resistance value ~ Weights Resistance factors Classifications  Resistance value Weights
A 2R Mt 1 0.5 4 <5 1 0.25
Land use type HEAR H 10 Slope/ (°) 5—10 10
4 30 10—20 50
1 Hh, 50 20—30 75
IS 70 >30 100
H b 90 e <100 1 0.25
I 100 Elevation/m 100—300 10
300—500 50
500—800 75
>800 100

2.3 AAERIEER
2.3.1 MCR R

AR AR A AR E SR R s Afe s r mE R AR B AR E S RSB Ay Kk
BN EERE R A SIS T 5 T RE A R 5 7 38 T (0 DG R X T A SRR A Y ik A
o/ BRBH S A A ( Minimum Cumulative Resistance, MCR) N ' = R I B o ] N gt
> &, Hrp ,MCR PR S AT LI AE Knaapen SEHE AR Y A | e A 3 e o MHEE T H A AR AY %
AR T g AU AT S AL | Bt R R 7 A A VR 22 )3 20 9 R /N AR B A% BT R
I AT R ] MCR 8 FE T AreGIS e HiUig—A A= A5 U5 9 vhoC s AR 2SR, LUMB IE S 9 AR 2SR T A
BUAS 38 3 A B A TR R — > A AR B A n— 1 A AR TR R 0 B /N AR B A 4 S R P 2 ] )
TR, T €2 %, R a4,

i=m

MCR = fmin X, (D; X R,) (4)

FHT, MCR Ay 4l DA A 2505t 4™ 1330 G Al A 25 U5t 1) d5e /N R ARBE I AE ; D, R W0 b AR 255 j 3 SOULER T i
(73 (8] FE 25 5 R, A S B TT ¢ X I0E 1% A= A5 BH 7 R 58, BIRT ST 19 35 7 AR AR A s $0 1E )5 i A= 8B )
232 R

S T AR A A U b 2 ) A R B A PR I, D D A v A A SR T AR EE M, A EAE )
DR B A 2505 b 22 [] K R 8 R A N 2R Wt sl A 1 O B | A 2R, =2 ] 1% A 2SR 1 o M Sy
WL AR S,

, - Limlngsi) ln(S]-) (5)
L PP,

X, G N BES  FBEH j Z IR EAE T 5 PFD P4 BESR @ FUBEHR j (9 BH A 5 S, R S 43 I BEH i i
DEP j AR L o BES § FIBESR j 22 [B) VB 7E A6 25 R 8 19 S ARBH I M85 L, IR X i A V7 A 25 R 38 19 e K
SR A

3 ZBREHSW

3.1 AU
311 AEBRGRS EEEEN
IKIRTE K PR A ) ZRE AR B R S PR AR R B P S AR IR ARE (E 2) . -IiX =&

http ; //www.ecologica.cn



6 4] A A TR A IS Jm 73 Bt R e N SRR T AR 30 i A= 2522 At Jr ey 2289

ERE ISR ES RELEE RS BB R I AR R A ZS [ Rl D BB X 8T
ST XA VY BRI, E A AT 753.25 km?, 29 S 0F98 DXE TR RR Y 47.71% ., 51 R B b AR g ol X A oy
AR NKIE MK AR RGE LG RS EEAE IR, B AR E X MR EE X, H 58
406.84 km>Fll 418.68 km’,

LISIREE S P TS S LSRR AR 5

e

o REEX
R EREX
[ P EHEEX
o EEX
- R EEEX

B2 AFRERSEERTFNERZTELSH

Fig.2 Spatial distribution of importance assessment results of ecosystem services

3.1.2 MSPA 5Mr

FHF MSPA ZpAT A 3] 7 AR SR A S (2 3) . 7 AR FIA B HEZ R 692.60 km®, ol
DX BT ARBRR , 20 635.19 km?, AR ZSFOULAEI AR 91.71% , J0% X A% 0 X B ER L  R R 0 IX 5
AT AR AR 25 5T 2 ] ) s 9 DX 5 FLBR A A% 00 X 5 L N A AE I AR A A S A2 B 22 R ) 2o V8 X3, 76
B A AL AR 5.82% F1 1.45% , IREG - BB FERIE TS X3, 24 o A 25 R UL T AR Y 0.17%
SR W DX R XX B A Bl bR R R 58 Pl 2 | AR AR R T gl A% 3 R B AL B K,
FITF A ZREE . Horh | SEERAE i 38 A% 0 X5 At A 2555 0022 I 18 2% i R DX R, o A 245 50 00 Ak T L
0.65% , I A= R AEAZ O X5 Ho A 25 FOULZ [0] 3 s RIS 188 52 BV ER B B , i 30 PR 55 22 5 v 42 IX R i 3
BAZ0 X Z 8] (R 2R I, 240 o A S BRI AR Y 0.15% 5 3838 X R 40 X N At B 10842 | 1 AR /DS,
124 0.33 km?®, (564 0.05%

x4 SWEBHSEGIT
Table 4 Statistics of landscape type classification

FOWR T/ km? B A SR E AR LG/ % || SRR TR/ km? i A A SO AR L %
Landscape type Area Proportion Landscape type Area Proportion
Bl X Core 635.19 91.71 FFIEIX Loop 0.33 0.05

PG Tslet 1.15 0.17 HFE X Bridge 1.04 0.15

FLBR Perforation 10.07 1.45 % 4k Branch 4.49 0.65

N%IX Edge 40.33 5.82 A Total 692.60 100.00

F P 3 TR A0 DA PY AL TRSE i R4 | B AR R, T b s DX DU 22 5 oA, e PRI P B, 7
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Fig.3 Spatial distribution of the landscape types based on morphological spatial pattern analysis
3.1.3 AR

HTEB RGNS EEPEM MSPA BT EE R, 30H 14 AR T 1 km® ARLO IX BESL 5o iE & L 1A
BERGLGAMRS EEMIXES , IS K 558.64 km?, 29 50 X AT ALY 87.95% , W Z50%.00 X4
HEAFMAES RGeS, v AW A AF SR B PG B A5 1 . R, SR U 14 A1 S HAZ O X BESAE Ky
ARVEHL (B 4) o AR FZA TR X PGS AL AR AL AR IX. 66 55 [ R RN AR B KRR A
X S5 X, R AR b X LA I R A 3 ARG SR R, AR AR BCR > HAR AR
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Fig.4 Spatial distribution of ecological sources
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AIBELREE MR T 1, 205008 10 5 7 S5 6 5 A 35050, HoAw iy 11 ARSI A JESR B BN T 1, K
H1,10 S A S TR T AR O, 24905 14 AR 25T S T AR A0 82.71% , HLBE B Bt iR, Ul Wi A A TR )
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Table 5 Results of landscape connectivity

REE ] SeaE )
w B % PREREE o A% SERIEEE
the delta values for probability the delta values for probability
Number Area . L. Number Area o
of connectivity (dPC) of connectivity (dPC)
10 462.03 99.22 2 1.35 0.33
7 10.24 3.53 11 14.10 0.28
6 4.23 1.22 14 22.35 0.22
5 3.58 0.99 8 9.74 0.04
3 1.26 0.47 9 5.26 0.01
1 1.35 0.41 13 1.81 0.00
12 19.70 0.36 4 1.64 0.00

3.2 AASBH Iy A

Hy A RS RN X = A AR R b AR SR A B T (] S) |, 25 ) 4 A b2 3
BB AR AL ST . R ra R ST 3l 4R 1 DX BH ) 2R B0 S PR LR H s B R AR B A e v L
BB, I PR T S PR PR - BHL O RO P B =, AT A5 2R BEL T 2R BN T i i L IXC
EHURRE RS & HSUBIEG M AERER G BH 7T , 25 T HbA] FH2ER NI B R ek 4B T i &84k, &
RH 3 FH PG AR5 B 2 s R R s, L B DXl R 28 — 8 AR, G HL2: 08 B X R X, R R i
W A3 g, HLAZ DX R BRI, AN 3l DI B SR AR X AR N R T sl FAE 8 1 T4 W i 3t

B 5 4£EMENEEESS

Fig.5 Spatial distribution of the ecological resistance surface

3.3 AEBJEEE

it MCR AR AP R 5 X TS A 10 AR 2SR 50 5 B A2 M6 A8 R 28 el A 285V el A 350 1) TR B A%, e 2445 )
21 S ESHRE , MK A 159.40 km, P AEZSUR MY 14 76 BB b5 A A 25 5 77 78 T B A0 BELG , 1
o2 (R BEAG S AR S AR . ARSI A= 25 BH ) R B0 B FE AR, i 5305 380 14 45 A 25 TR b 22 [ 114 A B
VERI AR R (£ 6) . SHARFETCER', DL 10 Ayl SR T A 25 86 T8 0 7 B AT 25 03040, KT 10 IALH
S A SRS, /N T 10 f 00 Sk — e A A5 JERAE , A5 B DG A A A BB 9 4%, KN 83.11 km, — AR SRR IE
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x6 ETENERBMERFMEEIERER

Table 6 Ecological sources interaction matrix based on Gravity Model

S?fjf‘e 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 66.50 19.31 43.58 2.62 12.18 0.84 3.56 3.48 1.16 1.19 0.72 0.60 -
2 79.29 88.08 14.16 17.58 2.27 4.98 5.30 2.84 1.47 0.91 0.77 -
3 1365.27 8.83 91.45 2.11 11.64 10.46 2.92 2.50 1.47 1.22 -
4 5.06 3.32 5.29 2.05 3.57 4.56 0.85 0.56 0.49 -
5 41.54 0.90 14.72 11.08 1.51 1.83 1.02 0.82 -
6 1.03 0.73 1.17 36.82 0.40 0.28 0.26 -
7 6.01 50.25 1.50 3.54 1.70 1.24 -
8 5.29 1.87 2.81 1.38 1.05 -
9 2.06 0.73 0.50 0.45 -

10 1.91 1.13 0.94 -
11 19.18 7.34 -
12 31.01 -
13 -

ZigsE S E BT (£S5
2 6) I N SFOULEE M H A R TTRRAY 10 5 6 5
AR, P Z Rl R R (EAR B T T 8BOKR , 2R W
ST P A 2R e A A R0 B A% 12 R RE R R 1Y
AR RO B B R 7 T A A TR T U 1 Y
DUMRER AL, 5 9 AR IR 2 (A 9 AH LA ) B
RHP N 8 LI, 5 R AL 75 18] ) A 2 Y5l 2 ]
FROARELAE FH 0 S A i 551 , 2 T 7 5 A A b x5 0L 32 1
P4 T RR 32 AR T AR P 7 ) A AR S T R
IR 9 SASTM A TSI, AR A TR
b 2 [ S0 A TR A 05 b =2 ) A B R B K

=S

R A R IE

B 1 T B 1 77 450 5 P 2 A B 2 R eﬁf . e
o 2 B3 B 4 B A R T A B R = 2 b
(dPC) W45 2% Bt 4 S B, H dPC {HJLEH 0 10 km

0, {H =3 Z 18] B AR LA 0 st , SR WI0T 55t W32 i 4 5t
R FEE A g 14 A 2 U 2 1) A 25 R A U s A A i B
E 3N 123 S N2 S 7 1 B S TE R = S A3 ]
ARSI IEE B X 5 Bk, ARSI LATE DT S8R 6 BBk E 22 (dPC) B R/IN 18 AR 2 U5, )
REFBCAR 7 HAT H A A5 T RE A BESR BUCAHRRRTE A, DT 52 ) A 25 BRSE FY B 1, DLk, AR BF 5 1 P R e o
B URML , Al 2R 2 At Jmy B LA S
3.4 B LALKE S S IXE

FT B A Al BT XA A U 14 A, T ARZY S WFFE R AR Y 35.39% , S B PY L 2 R R
I3 ATRRE , AT 5 T 2 B R R B B A B KRR XS5 Horp PR B i AR 25 IR i 5 IX
FUR T RIRAY LSO B e, A T ARSI XA A 252 4, WFEIX AR S RRIE 3 21 4%, Bl 159.40 km,
IRBE A 8RR R — A 2 R R S 2% AR R B REE R | R T 0 IX A 2 4 I 2% 22 G E Y 2

Be6 EXFEBEZEDH

Fig.6 Spatial distribution of ecological corridors
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