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Landscape pattern changes and ecosystem health assessment in the Western

Qinling Mountains from 2000 to 2018

LI Feng, ZHOU Wenzuo* , SHAO Zhouling, ZHOU Xinyao, FU Xiaoli
School of Geographical Sciences, Southwest University, Chongqing 400715, China

Abstract: The changes of regional landscape patterns and evolution trend of ecosystem health are significant for regional
ecological security in the Western Qinling Mountains due to its fragile environment and increasing human-land conflict. This
paper discussed the spatial and temporal evolution of landscape pattern and ecosystem health in the Western Qinling
Mountains from 2000 to 2018. Landscape pattern in the Western Qinling Mountains was explored using remote sensing data
from 2000 to 2018. The Vigor-Organization-Resilience model, the ecosystem service capacity and human disturbance were
used to study the ecosystem health of the Western Qinling Mountains. The forest, cropland and grassland were three
dominant landscapes in the study area. The transfers of landscape types mainly occurred in the mutual conversion of the
three types from 2000 to 2018. In addition, the area of settlement has been increasing rapidly. The expansion of landscape
types in the Western Qinling Mountains was realized through a large number of small-scale scattered expansion patches.
There was a turning point in the landscape heterogeneity and fragility of the Western Qinling Mountains in 2005 and the
landscape types showed a balanced development trend due to the strengthening of ecological protection. More than 60% of

the ecosystem landscapes in the study area were in a healthy state, and the ecosystem health index of the Western Qinling
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Mountains increased from 2000 to 2018. However, the high-altitude ecologically fragile areas of the Western Qinling
Mountains and the marginal zone of the Qinling Mountains and the Loess Plateau were in sub-health or unhealthy state. The
research results are of great significance for the ecological protection and management of the ecologically fragile and sensitive

zone in the Western Qinling Mountains and in prove the stability of its ecosystem.

Key Words: landscape pattern index; Vigor-Organization-Resilience model; ecosystem health; the Western Qinling

Mountains
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Fig.2 Ecosystem health indexes of the Western Qinling Mountains
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Table 1  Corresponding categories of ecosystems and their ecological value coefficients for land-use types
I 45 g2 Hiith it Fith Tt AU A SN Fofly
Types of ecosystem services Agriculture Forest Grassland Wetland Settlement Water Other
SMIEFT Gas regulation 676.39 4734.74 1082.23 2435.01 0.00 0.00 148.81
SAEWTT Climate regulation 1203.98 3652.51 1217.50 23132.57 0.00 622.28 135.28
JKIRIHFE Water conservation 811.67 4328.90 1082.23 20968.12 0.00 27569.69 40.58
i%ﬁjﬁil_i%ﬂh . 1975.06 5275.85 2637.92 2313.26 0.00 13.53 27.06
Soil formation and conservation
W hb
s 2218.56 1772.14 1772.14 24593.57 0.00 24593.57 13.53
Waste management
E‘E%g# HefR . 960.48 4410.07 1474.53 3381.95 0.00 3368.43 459.95
Biodiversity conservation
EYH T Food production 1352.78 135.28 405.83 405.83 0.00 135.28 13.53
JE#1 L Raw materials 135.28 3517.23 67.64 94.69 0.00 13.53 40.58
1SR AL Entertainment culture 13.53 1731.56 54.11 7507.94 0.00 5871.07 13.53
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Table 2  Weights of ecosystem health assessment indexes in the Western Qinling Mountains
Ekay= D2 1652 bR X A
Target Standard Indicator Meaning of indicators Weight
B RGERE N %) UL EiER RAEABRGMTEIRES 0.2447
Ecosystem ey - e BEREAHOCERE IR ST (1Y [ SR80 B, S50l B2
health assessment 1 PERPIR FEH) 0L L V4 5 MBS 38 ) s 0.0496
T RUMACE B AR e S LS TR Jmy A S 2 P, JECE R a5 1] B e 0.0253
EiT TEAR IR I )
FAE ST AN [7) BB A A0y ) 508 8 i A J e 34
2 ERE P b ’ .
—— SRR 803 BE S B e 0:1529
" - S 55 L8 S T P, A A T 5 WO o % BRE
Shannon Z#F4 e e 0.0951
SR AT S Wt 25 R G IPRIZ T 0.1854
HEERGMSS B BRGNS M (e JER ARG IR AL SR S5 1 RE 0.1405
o R 42 A
AT e VIRIEES g s 0.0799
AT A% SR N ZENT ) A AR S 0.0266

http ; //www.ecologica.cn



4 2R 4 .2000—2018 AEFHZE 04 S0 R AR AL AR 25 R Gt B VT 1343

SR AR 28 1 0 Bl A I B b v A A P 4 B5cdl YRR A [ 0,1 ] X N

P Rmax - R (6)
- Rmax - R i

P R - Rmiu 7
- Rmax - Rmin ( )

X, POV RIHESRRHEICEE R, R ZRIHEDS, R, IR E/IME, R, ZRIHE R KAE, MR
7 1) 5 A A R G B 7 ) AN RIS SR 3 (6) BEAT AR, S 2 RIS (7) 358
PRUEALAL BER B FE AR 1 255 IR BOA TR A S R G R R TR AT

EHI = ) P, x W, (8)
=1

Kb EHL 24 S R G FE A, EHL (HB R A S RGMAdRE, P, 25 i MIFM et b s 8ds, w, 25
VPN FEARIAEE , n BV R PRI S . H AT, 4 S R SR BRI 19 55 90000 o3 i HIA — 38— bR
ARSI R ™ HE PG4 (4 A4 25 R G AR B0 = A5, e T & fit e ” (EHT=0.6) | 1T
P WAREE” (0.6>EHI=0.4) ) 1T “ AR (EHI<0.4)
2.2.5 AEBRGHEFRZEISH

KA SEN BT RIS A= 28 R e fd B AR AL a2, 455 Mann-Kendall 483146 56 75 46 50 48 Ak ) 5 35 P
Fa#, SEN B SHRITHEI T,

8= Median[x; : f] . J > (9)

o, Median /R, « Flx, FoRES jAERES | R0V AE S RGERIEE, 2 B KT 0 RRASRGEEH
AIMMERRRSRE, B/NT 0 BRAEBS ARG EIR B AERESHE, B =0 £ TR,
Mann—Kendall 48314546 S it a0,

n-1 n
S = 2 ngn(xj—xi), j>i (10)
is1j=irl
1, x, —x, >0
sgn(x; — x,)40, x —x,=0 (11)

-1, x-x <0
K, n FORET B AR, FEARBES T 0 <10, B SR S -7 RGLAG K, 145 2 B E MK o T,
|S|= S, W& [a] e B AEAE .38 720 1k, B Z K « =0.05 BF, S {H M+1.96, 3£ F K A S &R
SRR EUE A N =2 BE T ( S <-1.96) o EMARL(-1.96< S <1.96) .3 ETH( $>1.96)

3 ER59M

3.1 SRS R AR LT 2 RRIE

2000—2018 4F[] , WF 57 X PN S SR RU G 11N 36 3, R E A0 S S AR b Bkt et bR M T ARy R
TR 55% L) I, 2018 4FAH LL T 2000 4F A ARk AR A7 FE 3G 0 0.78% ; #F M AT AR 5 3] 239% LA 1, 2018 4EAH LT
2000 4F FAIE D 1009.98 km?, AR A7 L T B 0.84% ; FEH AR 7 S HTBLA 19% 2247, DA 2000 4F- 5] 2018 41
TR I Je PR P T a3 TR TR BUZAE RS i, A 2000 4E A4 280.89 km? #4411 %) 2018 4EAY 311.13 km?,
BEPUE AR LU AR T 0.03% , AKARTHIFRAEIX 19 4F [ A8 Ak . dE A AR SO Ik HH b 1) T 2 AF 185 i HL
HEHAEE R A 2000 4E 1) 56.43 km? BEANF] 2018 4E11) 340.47 km?,

http ; //www.ecologica.cn



1344 xR 43 4

F3  2000—2018 FAEFIWS S WEE @AM REAR LT

Table 3  Changes of class area and percent of landscape in the Western Qinling Mountains

FOMAAY BEHLIAI B Patch area/km? BEH AL LL Patch area ratio/%

Types of landscape 2000 4F 2005 4F 20104 2015 4F 2018 4F 2000 4F 2005 4F 2010 4F 20154 2018 4F
b Agriculture 29236.59 29144.52 29169.36 29149.02 28226.61 24.24  24.16  24.18  24.16 23.40
A Forest 67378.50  67839.03 67622.85 67601.88 6831225 55.86  56.24  56.07  56.04 56.64
BHlL Grassland 23369.94 23081.76 23177.52 23148.90 23277.15 19.38  19.13  19.22  19.19 19.30
1B Wetland 280.89 283.50  298.89 31032  311.13 023 024 025 0.6 0.26
WA Settlement 56.43 134.64 198.36  278.37 340.47  0.05  0.11 0.16  0.23 0.28
K AA Water 71.64 72.54 71.46 72.72 7200 006 006 006  0.06 0.06
HiAth Other 220.41 78.21 75.96 72.99 7479 018 006 006  0.06 0.06

PEPEE PD S T 5t R A i e AL P | L (EDBS NS S UL A IR AL A BE B/ - 2000—2018 AF ]
M) PD R R, U B R | 3 = b 50U R 10 25 (R Sy A2 A P AR B 2 B i 1), HLAR 4 PR 0 BBk
WRAERIBUN (K 3) o WERBEHAE R LPT B0 AR T, VU 2 e iy DX A bR it 5% L2 446 X 0 94 S5 0L, 0F o 0
MRS, HoR SO BRI XN TR H/ N (L 3) o ARG BUINEC -2 AR T 2 AWMSI fe iy, e
UCTE A AT 5 T HL 3% = Rh OSSR B SR G T AT (B R, BB BESR A B A AR B e, ol T it e 0
AL BRI AT AT (EAOR T =Rl

i N BB o =& e Nweome [k HE

0.08 60 r
—~ 0.07 r 7
a - 50 N
£ 006 lg 7 7 ’ SN \ \ A
S BE 4t
= 0.05 L =
g< 25
'E‘i\% 0.04 = § 30
PR | K <
= _u‘f) 0.03 IS N N N N ¥ 2 20
5 0.02 5 7 7 7 7 o,
£ 001} 10+
o N o ANE . WNBo. ANEN. AN 0 8
2000 2005 2010 2015 2018 2000 2005 2010 2015 2018
100
>
K 60 N N N N N N
%.E < - c 80 tm 7 7 7 7
50 N N\ s
AN @ - e}
LE 3017 / / 7 B
®e 2= S 40
= = [ o
=0 20 &l
=S QB) ::n
Eioogof 20
< [ AN N AT AT 0 £ E
2000 2005 2010 2015 2018 2010 2015
AEAfy Year

3 REUKESWIEH S HIFE

Fig.3 Distribution characteristics of landscape indexes at class level
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Fig.4 Distribution characteristics of landscape index at landscape level

3.2 FEFMEAINShEZ

2000—2018 4F-PUZ2 047 SOOI TR IRk AR b R 1l A | B b A bR b ) TR e KA 3] 928.35 km?,
YRR B b A SR TR 401,13 k|, WRCHb-AR AT 540 720 SRy B b R 5 322 A e SIS TR0 g oA b R R e, 3%
MR AR ERTS (R 4) o PEZRIE SO AL S B R bR RN = R 2 ) BAH L RS TRt 7K
PRI 28 7Y T AR A AR

R4 2000—2018 FAFIS ML R HERL L/ km?

Table 4 Landscape type transfer matrix of the Western Qinling Mountains

B 2018

Types of landscape Bt s R0 i SR sk ik At it
Agriculture Forest Grassland Wetland Settlement Water Other Total

2000 4F BE 27769.86 928.35 278.73 0.00 256.86 0.18 2.61 29236.59

P 28422 66835.62 226.08 30.42 1.89 0.00 0.27 67378.50

Fih 169.83 401.13 22772.34 0.00 25.11 0.36 1.17 23369.94

it 0.00 0.18 0.00 280.71 0.00 0.00 0.00 280.89

W 0.00 0.00 0.00 0.00 56.43 0.00 0.00 56.43

pINN 0.00 0.00 0.00 0.00 0.18 71.46 0.00 71.64

oAy 2.70 146.97 0.00 0.00 0.00 0.00 70.74 220.41

Mt 28226.61  68312.25 23277.15 311.13 340.47 72.00 74.79 120614.40

=R BRI B KR TG T N 5, A (Al 0 A AN 5, Bt SR UL sk Bk B B A R S
(F5)  WFFE X BRI 48 B N B sk e 4 | LR sk B s b, i 29.629% 19 BEBR A9 5K 15 KL/
T 03K 5) X B sk BEHAY T AU /N T IR 19 5 9 5 ROh IR 97 5K BEBR i BUZ T IR BEBR i AU,
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Fig.5 Landscape expansion of cropland, forest and grassland

3.3 R RGEEIEEOTM

2000—2018 4F- P4 Z3 U4 Hb X (1) A= 25 ZR G fil R A8 £ 0 i 28 40 A e A AN 6 T o AR5 DX g S A AR L0 A
Ay HILIX AR S R G R TR, 24 b BRI ARG 60% 5 40 T A2 HER S 1M IX 290 37% . B &R DU 1|45 45 7Y
ZRRRERAS . A2 R G FRE R BURAR ) 1 X rR 7RI T X AR L, A b3k — M X ) A 25 R G e e A
AT 0.4—0.5 Z 0], ARG R T WARRARAS . 7E0F7E X020 B o B i Xk, 40 4 25 15 50E 0.4 LA
FAEFRS RS RS, BRI /NG R AIEE , 325 A A3 kb P Fh S0 280 | bl g
B A RGN IR AS 4 P R SRR M X 3R, KK T 5 B AR P e AR S UL A

http ; //www.ecologica.cn



4 1 ZERC 55 .2000—2018 4F Y 2RI 5 UK SR AR Ak S A 2 R G fd B VRN 1347

RS5 FEHSHRESET

Table 5 Distribution statistic of LEI on different intervals

PR BEL U BIRZRER B M BESR Tl SRS b SRR
I Yok K et/ % Pt et/ % AE Letsl/ %
Pk T . i~ . .
) JL Number of Proportion of Proportion of Number of Proportion of
Expansion model . . . Number of
LEI intervals agriculture agriculture forest grassland grassland
forest patches
patches patches patches patches patches
s . 1 1448 52.44 749 42.92 611 37.83
External expansion pattern
B FRA [0.5,1) 211 7.64 161 9.23 170 10.53
Adjacent expansion pattern [0,0.5) 284 10.29 163 9.34 173 10.71
[-0.5,0) 332 12.02 180 10.32 214 13.25
(-1,-0.5) 486 17.60 492 28.19 447 27.68

LEL; -0 5k $6 %X Landscape expansion index

NI TR] P BT, PG 25 04 b X A 25 2R G b (e BRTR 285 1) T ARLZE SR 7388 i, 2000 4F T (5 EE 60.5% 3% Jin %]
2018 4 65.6% , SR, AL F SRR ZS A AL 5 HE A 2000 4E 1 2.15% U705 2018 4114 0.49% , &2 3% i s /b
g Rb A IR 25 A T AR L ZE B /D | DA 2000 AR TRIFR (5 L 39% 820 5] 2018 4EHY 34% ., /D HI R Z
B X2 U R A A T RS 810 mp b A T S R RS DX ] A A A MR R EON 0.4—0.5 T3
0.5—0.6, Ui WA= R G AR FRR A 1 47 K&

MAEZS R G RR AR B AR AR 32 [ 0 A 7 (161 7) , PEZR 04 2000—2018 4T ], g R Hi5 Hi i i) b X 32 2L
A& HPTERIFST DX 1) PP LS A R 0TS Rt 22 () b XA T B 8, L v DU )1 4 58 PR A 26t B 8 50T e 1) L X
B2, VAZEEICHREAR A S E RS B R LR FOR S A B W ar e . B VE IS M X, A SRR R T
R A HL X AL Y 16.8% , T8 i i b DX 5 3] 83.2% , Ui BH PG Z2 4 b IX () A 25 AR G fl R 45 BOre A 7, AR 3S
REMECRES L, WS KRG EFETE BN AL W E MK R E (B 7) , FEZRI8 M X AT 13.18% 1 i IX
RN, 86.59% i M IX & T i AR L A L X, P 2208 0 3 /D i T AR B /N LA B B H L, AR
fa FREAE HI 0 25 1 I A b X 3B A AR DX HOR A 58 I8, TTH B DX e 32 3R R TG W 2 AR fk

PO ZE 08 B At PR R 5T b = A A SO R I (RS EOA LR (3R 6) o b ka0 A S AR
FEHO 2000 -1 0.5 T2 2018 41 0.54, FSRATJE T AR AR A, (FR ZR 30 L ) 48 34 MR b S5 WL A £
A RRFE E e =, 19 SR EFE 0.7 ZE AT I s B TR FEIRAS 5 7 b 5000 MR {8 32 2% Ry {2 PR 285, 2000 4F 72 0.59 3|
2010 4F L FH5 0.6, FF2E5 2018 AFASRIRFELE 0.6 2247, M 2000 2 2018 4F, = Fh L 3450 A: 8 R G filt R 45
G R) H DX Y I 809% LA L, Fir i b0l 889% 1 i IX A= 25 R S a8 B E 1 a3

*6 ARR=MABERNESREERBHSUER
Table 6 Changes of ecosystem health index ( EHI) of three dominant landscapes in the Western Qinling Mountains

s S R G A B 2000—2018 4EA1 75 R A BB L
SR The mean of EHI Trends in EHI from 2000 to 2018
Types of landscape A ) ) ) . s

2000 4F 2005 4F  20104F  20154F 2018 4F b L Wb i He
B Agriculture 0.50 0.52 0.53 0.54 0.54 0.88 0.12
ML Forest 0.69 0.70 0.70 0.71 0.70 0.81 0.19
i Grassland 0.59 0.59 0.60 0.60 0.60 0.82 0.18

4 e

2000—2018 47 Z& I by DX B sth T AR 52 B0 L0 20 0 1 [ R 32 bR b A B b T AL TR #A . 2000 4F [E 5K
BT T I HF A AR () 3R, 23 JLAF i TR] AR B 0 PR GA B i BOSOT iR 2 100 540 0k Hin 5 kg b i g o 3y 5
S5OR 55 P R A T R TIN5 184 R e R e R TC 0 5 A % RS R R I i 2 b XN 2 R
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Fig.6 Spatial and temporal distribution of ecosystem health index in Western Qinling Mountains from 2000 to 2018
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Fig.7 Trends and significance of ecosystem health index in Western Qinling Mountains from 2000 to 2018
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