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Dynamic change of landscape patterns and its driving mechanism in the Qinghai-
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Abstract; The alpine meadow is important to animal husbandry and serves as a key ecological barrier in the alpine region. It
is easily influenced by natural and human agricultural development factors; multi-period remote sensing images and
statistical data were used to analyze the factors influencing the landscape of the study area. With the support of remote
sensing and GIS technology, the landscape pattern index model was used to analyze the temporal-spatial characteristics of
the landscape evolvement of Hezuo from 2000 to 2016. In addition, we analyzed the driving forces of important facets of
landscape evolution through a logistic regression model from a spatial perspective. The results showed that the vegetation
cover area proportion was maintained at 80% during the study period, but various types of structural change in the
landscape were clearly apparent. The Alpine Meadow landscape pattern changed significantly from 2000 to 2016. Other
meadow areas ( mainly sub-alpine and marsh meadows) , dry land areas, and construction land areas presented a tendency

of increase and the annual rate of change accelerated. Shrub land areas, shrub meadow areas, and water body areas showed
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a tendency to decrease. The annual change in landscape area increased. The annual rate of change of the alpine meadow
landscape area was 1.118% from 2000 to 2009, while the rate was 2.067% from 2009 to 2016. The annual change in
landscape area was approximately 0.691 X 10°hm®. While the overall area change of the five major landscape changes was
not significant, the conversion of each sub-category was. At the landscape level, the change in the landscape index
indicated that the landscape fragmentation was stronger from 2000 to 2009. With the optimization of landscape status, the
overall trend was toward integration from 2009 to 2016. At the patch level, the type of pattern was quite different and the
change was clear. Natural factors are the main constraints on the formation and structural changes of the regional landscape.
Altitude and slope factors have significant effects on the landscape evolution of different grades. The vegetation coverage
factor has a significant effect on grassland landscape evolution, while distance factors have significant effects on shrub
meadows and the evolution of other meadows ; however, they had different contributions to landscape evolution from 2000 to
2016. Human-related factors played an accelerated role in grassland ecology and driving landscape evolution. Among them,
ecological protection and ecological civilization construction of the study area achieved clearly apparent results during the

study period.

Key Words: alpine meadow; landscape pattern; landscape diversity; driving factors

TR i I SR i A A A P A R DX A A R I 55 7, i S ) 1 AR ek 9 AR o A v, B e
FEX I dre BN A A SR R G, R ARSI RO BOl S IR AR, AR
I B PR 5 G 55 09 A A BB AT | R 10 A WL 305 o J8 %

SOV R AR 2B AR T A S R GEHY B w4298 25 ) B T A i M 3R 2 5 A ST il ik 5%
LA S5 LA B Bk e S WSS A8 P A 28 R G FR A TR i 0 AR 1) 25 TR B B R b, S 0UAK SR S b
T SOES R R A B ST RSOOSR e AR R R P 22 2 BISR 1 SOOI S SN Z A E L, AT
AT SR BCRUL rh A SE R4 A R S R F B T s R e WA JR) 7 Al 1 3K B ) A A A DX
St 1 DX AS AT 57 110 B A8 od ORI o ST R P X ) SRR Bl s KA AR A DR
R g ) S U AR (1) 2 B Bl g 5 AR AL X T AT G LA A B R
A1 =2 Rl At o 0 I g S P AL 40 A 78 AL 1) SR BE PR 1 A TRk, XA ] X3 Y gy SR8 ) S5 WA S
ASHEATIRTE , REME 1E— 20 1 Al L A2 A 52 2 Pk S GBI 50 ) b b A

AT LT 7 6 e S ) 2R A s N s FE ) T2 o0 T e DX ) A A R R, TR
T K R AN A 2542 4 05 TR 43 T A A 2 DX e ) o LA SIE e L ) T AR A A R
HI T MR MO 2 T R RERFERE . AR (8 A AR MG S IE AT IR S Mk A T AR
AR R 1998 AREETIT LR & AATTA 18 K-F 4R i, 0 B0 U R R HIBE I KSR ik — 20 s | 328 2 1
T IF R AN R AR AP Z (B B 2P o 5832 X 5 WL ) 75 28 RE 8463 71 e 4 e ) 5 JU7E T PR DR R A R Y
VAR SR AR AR, o B DX IR AT, ) R B S5 L A 2 X SR, B i AT D) A 355 oA 5 7P R
FOPEHLIX i AEE B+ 0 BB, BT A SCUL AR B ST X, A 50U SR 45 XUF Logistic [B11H 73
S 5 TR v A SO SR TS B CHER B T AT e b, LASHI A XSR5SRt ) o S (AR 2 Mt A
e ST,

1 REHR

A5 XA T H R R 116 PN AU FR PN RF i 7 b G VR T (33°06730"—35°3235"N, 100°44'45"—104°45'30"
), HiAb 5 5 e JSOREE 4 5 A s Y0 8 | B S K IR AN A AR ST RE X, ThiEE 6 1~ 4 M TE Ip
Fob AMEH LMY fE2ES RMES FN2g 852 G S GRREE YR EE | R SR EIE
G EBIE , BN 9.33x10° A, BT 2670 km®, i AR Bl B WS FHAE ] B, R BB K FHRREF T
0.5—3.5C , Hhe ity e i ik 28°C , M B AR —24°C . AR FIREIK i 545 mm, 4FZ8 & & 1222 mm, “F-¥TCFE
48 K, JB MLA () = FE X3, FHHEAA R AT, LAROIE R 3, B35 DL o S R fa) R E A ) R SRR I

http ; //www.ecologica.cn



17 3] SRS A5 i SR ) R S AR SR 3l A B R S L 3

e LR R A e Ll R e, TR R A MR T, A AR L DY R SR, AR AL D L U - T R )
X A 23 A S HEARINE 3 £ 4k FEAE 3000—4000 m Z (8], M X P30 A0 R, 2 R 47
A RARM ; PR AR AR I L X, SR BB TE 2 3 £ I IAR ], i 3-F- 22 AR W R sg 4L,
R LA BHIBEAT BRI A A B MOl 3 AR

2 MRBE|EFE

2.1 FdskiE S b HE

ST S IAER A5 WA SR Bl AR AR RRAE , 3R B ARUR EE BEC  HAE A KA 7.8.9 Ay, o
G 18 B 3 R AR ) R RN B AR UM, B A B HUR 5 1.T51310362000265BJC00 , LTS13103620092091KR00
1 LC81310362016229LGNOO 1) T™M %4fE ( 43 ¥ 4 30 m) , LTS5 J2& TM, LC8 J& OLI %54 | R A F[A] 43 51 >A 2000
4 2009 4EH1 2016 4, B R TR 3 hitp . //www. gscloud.en (£ 1) o K& T AL B 5 Z2 40 5 58 S AL 1IE b i 45
LR E %3859 . L2016 4E 7 H 15 H Landsat OLI i3S HESAAZ  XTRIFSE BT 85 09 A 3047 T LA A%
IE, BARZEESITE 1 METTW ; ida FIUH A TETTBUX 3 B8 i IR AR UE T 88T . T i 2 [ Bl i 5% 2
% RGNSl R A R AT , SRRy WGS84

®1 EBEEKER

Table 1 Remote sensing images used in the study
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Table 2 Landscape classification system
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Table 3 Natural driving forces index system of grassland landscape pattern change
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Fig.1 Landscape classification map of the Hezuo city in 2000,2009 and 2016
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Table 4 Area of landscape types of Hezuo city from 2000 to 2016
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Fig.3 The stacked plot of landscape types in Hezuo city from 2000—2016

http ; //www.ecologica.cn



8 S % 39 &

x5 2000—2016 F 8 & 1EH =K FIEHREFE
Table 5 Changes of landscape pattern indices in Hezuo city from 2000 to 2016

A SFIESE AR Characteristic index

Year  NP/(10*4) LP1/% TE(10*km) ED SIDI AL/ % CONTTAG/%  DIVISION
2000 9.315 7.503 3.552 84.033 0.696 87.442 56.512 0.911
2009 10.647 12.700 3.814 90.241 0.751 86.511 55.162 0.909
2016 9.935 29.376 3.607 85.332 0.682 87.242 58.138 0.892

NP BEHECE Number of patches; LPI: e KBEH 45 %L Largest patch index; TE: EiZk K Total edge; ED: 2% & Edge density; SIDI:
Simpson ZFEMEFE S Simpson’s diversity index; Al; B 45EL Aggregation index; CONTAG: & JiE & $5 %4 Contagion; DIVISION: 3t M43 25 B 48 4L

Landscape division index

Simpson ZFEMEFEEL (SIDI) HH 0.696 ¥4 %] 0.751 J5 988 0.682 , FT 52 A i1k 3 s ke H 55 W0 44 14 7
2009 IR R ARG BEHAR B — 2 AR, SO 28RS R R Ik b, SGH G K (TE) fih &%
FE (ED) B2 AL 7R UL B AE 2000—2016 4F 2 72 5o L e AL A5 B — BE e, 1 2009—2016 4F 3 72 il ik AL 72
FEVRSS . & AR R AL ( CONTTAG) BYZE Ak, 5z il tH AfF 5 X 2000—2009 45 BEHR i i A0 A5 B 14 i, (o 75 3% A ¢
LAY %2 38 BE /)N, 2009—2016 AF X PR SIS 80— el . 50053 25 2 ( DIVISION ) f% 728 £k D0 3 B S5 O sl e 1k
ACARIE, HAR A ] TS
3.3 BEHCRAIZ R LS R AR L
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TR BIFFE I B A AR At AR 2 R b 55 B %5 B2 (PD) A G %% B2 (ED) 8K, P BE B AL ( AREA _
MN) FEREEFREL(AL) B/, 2 BB T BES B AN B34, SR A2 A8 B R Wl 2D | il e AL AR B b T TR R A
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Fig.4 Changes of patch type level indices in Hezuo city from 2000 to 2016
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HoAb ) 3t AT /BRI P4 2R 346 £ ( COHESION ) {B 34 K, 760 A b 858, 3 9K 14 3 B2 15 3
P  HENR ) AR A S 2 A R, K DR HLBERR ) 19 SR 3% 38 3 0 25 , KB B AR B B i o B R L R
BEHLFREL(LPT) 2 X SoULA 488 1) S8 S, B WL 5 W00 v 22 K B 081 114 S 08, T s Pl T BRE B 19 e R B R 2 A 1), DA
LPI B ZSHE R | A ARt Al ) S0 ot A 7 58 Tt/ Rt 1) i R BRE 8 5O BT 18 A R H A e 1 K
A3 B S, S b A it AR AV 5 R B RS B s P A ek
3.4 FOULAS R ECE (1 BK S AL
3.4.1  HIRIKSI 150 Hr

2000—2009 4F[A] , 75 5 5 S 9 oS B ) A A 8 A2 1Y Logistic [MIHBEAI Y« HL #55%”

BhR sig B304 0.075,0.625 F10.450, KT 0.05, B Ge i H45 A b 2 K goid af | A7 i UL B RIOR 547 A
RUTHI LA 55853 5k 70.2% [ 75.8% F1 71.1% A3 M FE ;2009—2016 4F[0], “ HL K557 Fa bR sig. {H 43l
4 0.235,0.550 F10.632, KT 0.05, G245 A 03l il ke, A A 005 A8 R By, R AU T T 2% 43 )
67.4% 71.1%H1 74.8% KB RFE , FHOCAT T R IR 6,

®6 SIEMEMENTMIREEFREEGITHER

Table 6 Model estimation of the driving forces of grassland in the Hezuo city

Bt fi] B SO fifp Atk BIEEY4 Wald Ziiti BT
Period Landscape type Explanatory variable Regression coefficient Wald statistics Significance level
2000—2009 4 FHb 3 5 BT IR Y 0.028 9.852 0.002
PRI ot o -0.094 86.41 0.000
TR -0.082 19.211 0.000
ez 0.141 98.922 0.000
s -1.046 100.831 0.000
THE N ] B & 4H L b B 0.027 4.804 0.028
F) oS PR IE B 0.031 4.715 0.030
TR -0.104 25.235 0.000
ez 0.082 29.502 0.000
s -1.33 141.614 0.000
HoAl %ty FUHF b T -0.094 87.137 0.000
621 0.075 21.812 0.000
s -1.011 107.388 0.000
2009—2016 4F Hi b WA R -0.078 62.314 0.000
R -0.085 34.569 0.000
e 0.030 4.689 0.030
s -0.596 34.46 0.000
A FI 2 e B 0.028 4.661 0.031
5273 0.038 17.029 0.000
i1} 3 0.043 8.515 0.004
s -1.328 241.286 0.000
HoAth 2 FI Bk B B -0.077 60.949 0.000
TR 0.174 115.397 0.000
e -0.258 231.483 0.000
W -0.714 40.661 0.000

2000—2016 4F[8] | [ SR DK 3 P 1~ H g 4 -5 30k 8 Ko o b 55 00 R HE 20 43 28 N e ) A1 HL A B i i A 7 5
i 58 Sy Jib 2 WL 7 8 PR X — 0 A% e b S SO D 78 A S S5 T T P 5 P X 0 3 25 (VAR )
A A AR (R B M N (B

2000—2009 4F: (8], FHb st UL A 3% BE R 47 15 B VIR R B S R M B B DN B [ R B e
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0.141,-0.094 ,-0.082 F1 0.028 , 3% J& F1 3| £ FHIT R 25 2R AR 1E | 3 B3 B8 BT 2 b 28 A0 1) S e o, 3891 &
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2009—2016 4F[a] , B by 5% 00 Vi A8 (19 1 B 78 5 BE T R RO 32 PR 0k AR [ 15 3R 85053 53 - 0.078
-0.0857F1 0.030 , 7= BHAH Bl 7 5 B AT, VA PA R0 A1 Yy DX 38 e it e R 3 G 3 R 00 A 19 X 3 o b 2% £ o A
SOMZERIMER K, Wald Geitiat AT 1, I Bt 9l A 55 B0 6 50 b A8 A0 Y DTk it ok, SRR 62,3143
AR S W AR TR 5 R R 30 B ) S TR R B [T U 2R K035k 0.038 ,0.043 A1 0.028 , K Bk
TG, 3 TR A ) G 1 A 1 DXl T A o) B A S At S5 S B 38R K, R Wald G i1 PT0, i%
IF BV AR PR 5% A8 A B Bk B A, SRR A 17.029 5 At B ) S5 W08 720 o i B8 T 4k N B ) B g
AR [B1H 2505051 2 -0.258 ,0.174 F1-0.077 , 32 B3 B/ | Sk b 174 B 080T 1 DXl L fth e o) 2 o A 5
K, B Wald Zeit52 Al 1 12 B B PR XoF H At 0 4 728 Ak (14 BTk i e K, Dk hy 231.483
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