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Abstract: Rapid population growth and urban expansion in the Yellow River Basin have aggravated land use transition and
landscape fragmentation, resulting in a series of severe problems, such as the degradation of ecosystem function, reduction

of biodiversity function, and the fragmentation of habitat. Exploring the spatio —temporal characteristics and causes of
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landscape fragmentation in the Yellow River Basin has important guiding significance for maintaining the stability of
ecosystem, ecological restoration, and ecological civilization construction in the Yellow River Basin. However, previous
studies lacked the knowledge of spatiotemporal characteristics and formation mechanism of landscape fragmentation, which
is difficult to provide scientific guidance for the ecological governance and landscape pattern optimization of the Yellow River
Basin. Based on Fragstats4.2 software, this study analyzed the spatiotemporal pattern of landscape fragmentation at county
level of the Yellow River Basin from 2000 to 2018, and explored the formation mechanism of spatiotemporal differentiation
of landscape fragmentation with the help of geodetector model. The results showed that: (1) patch density (PD) of the
Yellow River Basin had no significant change during the study period. The edge density ( ED), landscape shape index
(LSI), and patch area mean ( Area_AM) showed a trend of increasing at first and then decreasing. The aggregation index
(AI) showed a trend of decreasing at first and then increasing. The index of contagion ( CONTAG) continued to decrease,
while the landscape division index ( DIVISION) and shannon’s diversity index ( SHDI) increased gradually. (2) The
degree of landscape fragmentation in the Yellow River Basin increased gradually during the study period. The degree of
landscape fragmentation in the middle and lower reaches of the Yellow River Basin changed sharply, while the degree of
landscape fragmentation in the upper reaches of the Yellow River Basin tended to be stable. (3) According to the results of
geodetector, the fragmentation of the landscape in the Yellow River Basin was affected by multiple factors such as nature
and society, among which there was a significant interaction enhancement effect. The main influencing factors of different
regions are obviously different, while the intensity of human activities is the leading one. The results can provide ideas for
exploring the formation mechanism of landscape fragmentation in the river basin, and have important referential significance

to the ecological governance, ecosystem protection, and land use planning formulation of the Yellow River Basin.

Key Words: landscape pattern index; landscape fragmentation; principal component analysis; Geodetector; the Yellow

River Basin
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Fig.2 Spatial distribution of PD in the Yellow River Basin from 2000 to 2018
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Fig.6 Spatial distribution of CONTAG in the Yellow River Basin from 2000 to 2018
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S, R (TR JBE S I ARG A S A e ) R R TE WS AR, 3 B T B A BRI, S 2
SRR TR W, 350 et T RRAS DRIT s o, SRR [ T P 2R e b WL A BB A A R A W A X 5 3
R BRAB R Fh i IS IS 300 I A P K S 1 i 5 2 AR5 WS R AN W84, P 3% B B v R A 3R
SEPEA BT, 2 WK IO B 1) BICA T R LS DB o, S AL R E AN IR, i B M RO BEBR A S U AR i
BORN 73 B8 BE R BE TS 300 IR SR S 08, - P47 R e i AR R SR A B 8 s S R e i 38, S e R i B Ak
ST R BRHHORHUETE 5K R i A S LSRR B, DRI, R P 4 S 2R B B
TR 195 10 T A ) A A, 0 P R B8R 98 2 A R D e o G A 286 78 P b e 78, 40 R X D e A Wl />, 2
14 F2 AR AR AL PRI 7% 0 S LR e A A ST s P AR A B R 3 i - ST St B 0T 4 LA B A
£ BRI FH B 5, S SO A D , BEHEEZR O, T AR IR BRI 3 b B A R A,
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I K 3(1.05%) ARF FIH1(16.15%)
R (1.95%) HH(21.24%)
I B H(2.01%) B HiHh(45.70%)
I HH(11.90%)
. KI(1.13%) AR FAHE(16.16%) . K (1.32%) A FHE(14.51%)
o EH(1.94%) HFH1(20.84%) R (1.95%) #(20.21%)
R HIH(2.23%) B HH(45.59%) RV H(3.28%) I %iii(46.56%)
W ARH(12.11%) I R (12.16%)
E 10 2000—2018 F£&EAFRE L7 AL E
Fig.10 Spatial distribution of land use in the Yellow River Basin from 2000 to 2018
F2 2000—2018 F£HAFIFER K FIEHTHR
Table 2 Landscape index changes at type level of the Yellow River Basin from 2000 to 2018
¥ ¥ wHIH 1| H §
e b o Kk i AR i
Cultivated Forestry Built-up Unused
Grassland Water areas Wetland
land areas areas land
2000 4 PD 0.010 0.012 0.011 0.003 0.011 0.007 0.006
ED 3.306 1.992 5.360 0.186 0.638 1.755 0.493
LSI 206.863 167.010 228.817 52.396 129.215 126.713 101.734
AREA_AM  6149012.383 419648.336  24825132.241 138177.487 1596.897 3672854.720 15404.615
DIVISION 0.990 1.000 0.914 1.000 1.000 0.996 1.000
Al 60.900 57.824 70.520 55.766 20.576 72.599 36.408
20104  PD 0.010 0.013 0.011 0.003 0.011 0.008 0.006
ED 3.286 2.051 5.356 0.203 0.672 1.752 0.494
LSI 207.615 170.627 228.937 55.000 129.442 126.437 102.314
AREA_AM  5476437.101 414047.579  26807051.571 129293.778 2823.527 3690300.541 13956.097
DIVISION 0.991 1.000 0.907 1.000 1.000 0.996 1.000
Al 60.382 57.325 70.472 55.074 24.340 72.687 36.056
2018 4F  PD 0.011 0.013 0.011 0.003 0.012 0.006 0.005
ED 3.237 2.043 5.039 0.228 0.861 1.402 0.481
LSI 207.664 169.636 213.528 57.608 136.472 107.237 99.375
AREA_AM  4232848.396 421697.582  30619867.914 118754.030 8150.166  4171278.225 25373.289
DIVISION 0.994 1.000 0.891 1.000 1.000 0.995 1.000
Al 59.727 57.611 72.752 56.505 34.330 75.552 38.036
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VeI 5 390 0] (8 — A AT A0 1 R 5 B0 A O3 SR S Do o A 8 R 454 S O 250 940 PR R 5 2 DA B St L
WAL R AR RERE J1 , AR IR BIF 24T 2000 ,2010 1 2018 4F By SE W FE E0 i 1T Ealor 0, g6 3 al s, & F
SPSS B4 X BRI AL 2000 ,2010 F1 2018 4R SR Btk AT F L3 43 J5 , PEHL Variance KT 1 B9AE R E L
OB R T R N R DR B A R BE SR F] 49.704% F1 22.269% , WA T 843 B T kR S I R Ak A
FE RS AL S IR 5] 71.97% LA L, 6B BT PR A~ 5 140 F AF T duk S it i Ak B — 2 A9 A B, o
[ RS e R g = /N Wl N

F=0.69xF, +0.31xF, (11)
F =2, X2 py 456, X2y +20, X2 20, xZAerzLAM +265 X2 conrac 06 X2 pvision T07 X sy T8 X2 (12)
Fy=x9XZ oyt X2 gyt X2 420, XZ,\e.-a_AM +2 13X contac T 14 X2 pvision 15 XL supi 7616 X2 (13)

Hor BR5r FoF, 88 SoORFE 50 R B0CR 18 R J2 B4 AT 1) 2 B A S B AR AEAE A S AR A, R4
NEB x, 2y ox, TR 2 A ST AR R A B DL V/3.976 (/1.781 133 5 A 7R B F 4% o i) R 50
%jzﬁiﬁgﬁ uﬁ*ﬂﬁ I'_':IAW‘j/I\jEJﬁﬁj]u)é\%Z u@*ﬂﬁ E/‘] Hﬁ’fﬁ”y%% ;ZPD \ZED \ZLSI \ZAeraiAM \ZCONTAC \ZD[\‘[SIQN \ZSHDI ﬂ] ZA]
R X} S W B A TR AR bR A A B 55 f

#3 EAUREEWEHNERS S

Table 3 Principal component analysis of the landscape pattern index of the Yellow River Basin

. NHEF I % FE ALY 2R A R B g WHRFFEE
SO Common factor variance Component Matrix L%y Initial eigenvalues
te}

Landscape index : Component N

EILG] FEERL 1 2 At T % Fhn%
PEHL % E PD 1 0.626 0.428 0.665 1 3.976 49.704 49.704
% E ED 1 0.861 0.899 -0.228 2 1.781 22.269 71.972
FOMTEARFE %L LI 1 0.836 0.329 -0.853 3 0.726 9.081 81.053
T BER AL Area_ AM 1 0.527 0.388 0.614 4 0.669 8.366 89.419
LR IEEL CONTAG 1 0.534 0.625 0.378 5 0.468 5.854 95.273
3B R %0 DIVISION 1 0.860 0.910 -0.179 6 0.260 3.255 98.528
FAZHEPEFR S SHDI 1 0.693 0.830 -0.060 7 0.095 1.183 99.711
WAL PR Al 1 0.821 0.904 -0.066 8 0.023 0.289 100.000

DL RS BT S A2 A A8 B R R AIE 2000—2018 471U 8] 300 38 5 Wi s AL R B (1R 11) , A2 [B) R, 1%
PRARI O3 R ™ o A b DX AR P A s b i 7 5 H A BT RN LU VS 5 5 1 AR DA AT e (D B EL X A AR T
PEAC R BE R IS 0 s T 00 PN ST DA B D | F g e Ak R B AR G A, DA ] RUBE SR, 2000—2010 4F: 8] i
B L R A A B TG S 3 R Ak, AU P R R 5t 2 L I e R (L R B 488 I 42 ;1T 7E 2010—2018 4F[1] 3
SO R AR B R AR AR AR SR T TR R DY St R 0 B X AR AR AR AR B AR A A LA, T B B L v
TR L LU AR A5 b 34 2 R R AL R 458 T s A, LA e v R o 1 A 38 I i oAy Wl 3L BRI TS A
Tl TR A R A Al ey, LR AR A R BEE AN DRI 8 o 0 75 SR B i %o 3l A S IR A T IR
3.2.4  FOULRE R ALLRE G A8 BUE AV 5K JR T AL RRE

SRR B T S8 P S LR AL 25 G AR B I 23 A3 A R I, 56 T AreGIS #0F 20 ) 1 8 R A 25 65 48 B0
Ve SR (B 12) o 2000—2010 AF e el s LR e Ak 722 A R X IR v 78 17 B N 527l R T =4 se A
SRR, AT e L AR 38 A A T B A A 5 AR A8 A DO TR e A IO = s AL S T
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B 11 2000—2018 & &M S WM HLEE
Fig.11 Degree of landscape fragmentation in the Yellow River Basin from 2000 to 2018
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Fig.12 Spatial distribution of hot spots and cold spots of landscape fragmentation comprehensive index change in the Yellow River Basin

from 2000 to 2018

NI X35, T3 A, AR T RS =1 e Tl AL PGz 3 T 3 FEAR A A B X A Ve S X R 2 e A, 2010—2018
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3.3 BT A AT A A AR N

2 R S5 WLRRE R A P 23 A SRy ) IR, 7 B A R AR R K NDVI, AT B8
JEE N BE AR 2 0TI B 2 K AR 2/ \ A B Bl PR 7 R AT B BRI 0 AL B P A B RN 21
B, FETESCHAED BRSNS GRS E BT, 45 G SR S PR S B, R ] AreGIS10.3 K
T 1 R THTINT A5 7 12 0 i R W HE AR K i | B4 Se T I g B K (AR BE B EAT T 409, 2545 5 Db 45
SIS A O I R AR BCRFIE R 23 T A NDVI G0, 67 25 5 Y 2 BT T S A AN ) -+ b R 2
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2006 JAE = 24

BINSEFMAPE 32 00 1 P Shoi B AR Rl S5, N 17 R A BAT 25 2 PR s 245 4R, A
M XN 2 BE A RN R A SCER A PRSI A5 S B SRR A 2 A OGRS T TR
AR AU EEG A R BRI 739055k Lk 4.

F4 BIBRMSFNEINEF2RIEH

Table 4 Description of the driving factors classification of the geographic detector

LS IrIT Ik g0 gouin]
Driving factors Grading method Level Level description
iS4 NDVI IR I—6 @®=<02 ©@02—03 @03—04 @04—05 (& 0.5—06 © >0.6
W Slope NaturalBreaks 1—6 @Q0—5 @6—10 @ 11—15 @®16—20 G21—25 © >25
Vs :J:) 27 =N .
: /3511‘ Kg tati NaturalBreaks 1—5 It AreGIS10.3 /Y Are Toolbox/Spatial Analyst Tools/Reclass T EBEH

nnual precipitation
Zt*% J NaturalBreaks 1—6 iBad AreGIS10.3 1 Arc Toolbox/Spatial Analyst Tools/Reclass T. HAZH

itude

7 =
iE, fﬁsgﬁfﬁ% ter bod NaturalBreaks 1—5 It AreGIS10.3 B9 Are Toolbox/Spatial Analyst Tools/Reclass T EBEH

istance from water body

L I3 E =T
EDE‘? Eiﬁfﬁi B incial tal cit NaturalBreaks 1—5 i3 ArcGIS10.3 B9 Arc Toolbox/Spatial Analyst Tools/Reclass T.H.4#H

istance from provincial capital city
N4 % Population density HaEas il 1—5  @0—60 @61—150 @ 151—300 @ 301—500 (G >500
KT SR 0. BAkHL AR (CTE TR R e 1 TR KR BUdE LR CRIRAK
Im:sit of hjman activities Ze 2] 0—10  FATHE PEFERM 2. Ml SEFEER M 7.

Y e 8. K HB M 9. TH M 10, WTEIZ M

NDVI . A #% $84X Normalized Difference Vegetation Index

06 by
05
o 04F
Eoost 7 7 B
g F oR e 4 .
2 02 g Hi4 7 Y s g
2 K R g7 e Kb v o
= KK, B 5l w57 I 417 Y o
S ofe BY o B g RO R /
s o LM K P KA KPF KA KR 7/ ot KA el y
g Xl X2 X3 X4 X5 X6 X7 X8 Xl X2 X3 X4 X5 X6 X7 X8
s B 7 ¥ Driving factors
b
=
HX
i
B 20004
B 20104
% 20184%

Xl X2 X3 X4 X5 X6 X7 X8
3K 2 | Driving factors

13 2000—2018 £IRFNE F Rk E
Fig.13 Contribution rates of driving factors from 2000 to 2018
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SR WAL A UK S A, | AT Bl 3 ( X8) X it e L e s Ak Y s i R e S S 7, HL SR et A, B8
TR TCTFP ik Tl AR s B 25 B Z A TS sl 500As e = R R ZU 8, s i 34 oK
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5 1A PN 4 B LR AR AL R 2 REAE R HG R PR 2007

T (X3) XS RAL Ay f /), ORI B2 08 T R IX R R X AR K R R
WK SRS R Z MR/ o I P A5 SRSl R BRI D 28 SRR, B R R B2 W g B A s TAE S 2 BF IR, it
DRIAE TP i X e (X4) BORE (X2) 45 AR DN 3R Ry 8 22 e 38, %) L AR S LK Jms O JE 45 17 24 SR o
DTN N e 0 = N 2 e al=iok = o A R £ ol 127 S =X - S8 b 7 Lt S v o 7
JEXT A SRR T BN

®5 IETERETFRESHK

Table 5 The main interaction factors and associated changes

Ay Year 2738 Whole basin 3% Upper reaches #iiF Middle reaches TUi# Lower reaches
2000 4F X1MNX8(0.603) X1MNX8(0.639) X1MNX8(0.293) X1NX8(0.810)

X3MNX8(0.581)
X4NX8(0.557)
X6NX8(0.590)

X3MNX8(0.591)
X4 NX8(0.557)
X6NX8(0.630)

X2NX8(0.348)
X4NX8(0.321)
X5NX8(0.314)

X2NX8(0.814)
X3MNX8(0.688)
X5NX8(0.711)

2010 4F X1NX8(0.649) X1MNX8(0.668) X1MNX8(0.465) X1MNX8(0.818)
X3MNX8(0.586) X3MNX8(0.604) X2MNX8(0.350) X2NX8(0.707)
X4 NX8(0.545) X6MNX8(0.652) X4NX8(0.327) X3NX8(0.745)
X6NX8(0.584) X7NX8(0.557) X5MNX8(0.326) X5MNX8(0.703)
2018 4F X1NX8(0.645) X1MNX8(0.668) X1MNX8(0.362) X1MNX8(0.821)

X3MNX8(0.631)
X4 NX8(0.620)
X6NX8(0.624)

X3MNX8(0.666)
X6NX8(0.719)
X7NX8(0.658)

X2NX8(0.395)
X4NX8(0.380)
X5MNX8(0.342)

X3MNX8(0.732)
X6NX8(0.730)
X7NX8(0.751)
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N AR ER 5N S R 4 S A 5, 32 A LA ] 14 58 L5 S 4 3R # 0.68 LAE NDVI(X1) 52
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