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Characteristic changes of landscape pattern in Yanchi,
Ningxia based on Landsat image
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(1 School of Information Engineering ,China University of Geosciences s Beijing 100083 ,China;

2 Ningxia Geological Survey Institute ,Yinchuan , Ningxia 750021, China)

Abstract: [Objective] The study analyzed the spatial-temporal evolution characteristics of regional

vegetation landscape pattern and discussed the correlation of vegetation and precipitation to provide b

asis

for eco-environmental restoration in Yanchi,Ningxia. [Method) Based on the principle of landscape ecolo-

gy,Landsat TM/OLI remote sensing data at 4 periods in 25 years (1989—2014) were used and the charac-

teristics of vegetation landscape pattern were analyzed with the support of ArcGIS and Fragstats. [Result]

The average vegetation coverage was generally low and presented the characteristics of increase —

decrease—increase. Correspondingly,the vegetation appeared the repetitive process of restoration— degen-

eration—restoration with the whole tendency of recovery. The vegetation coverage was higher in the east
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and lower in the west. At pattern level, landscape fragmentation degree of vegetation patch reduced obvi-

ously,the patch shape tended to have increased connectivity, enhanced contagion, reduced diversity, in-

creased heterogeneity and different component ratios. At class level, the patch number and patch density of

vegetation landscape declined,indicating that landscape fragmentation degree was reduced. During 1989 —

2014, gravity center of vegetation patch moved mainly on the direction of NW—SE, and vegetation patches

expanded in the southwest and northeast of the study area, but degraded in the northwest. [Conclusion]

The change of vegetation landscape pattern was the consequence of vegetation restoration measures and

precipitation,and precipitation was an important factor of vegetation coverage change, landscape pattern

variations and vegetation patches migration.

Key words: Landsat image; vegetation coverage;landscape pattern;pixel dichotomy; Yanchi, Ningxia

B A S Ml 26 A 25 R 40 1 J A T 4y, R 4
PRSP A A T mEEME Y s
6 JR) RE 8% T8 73 I WIUAR B 2 R) 43 A B AR R S o
T PR B LE A T 1 sh SRR ES . Bk,
VI 222735 o RS WAE 28 24 1 7 IR AR TR B 5 55 WA
SR AR A R DR R A SR 5 N B R AR S B
AR Ak 7 R 5 T A R AT,

TR ML T T T 5 X e, 2R
] L TR 4 o A 5 A A A M 8 X X A A Ak R 26
T Sl AR U AR AR BN R R R R T
AR B SO0 S PR Y, M R
FELE AL 1 F2 B0 B S A A . e bk A
R EB N AESSE AR R RS DL RS 1 B
BN % X S E Y IR 2 — . 3T ROk 2
HHOIEGE T AR B B 25 R IR AE DL S
I #7278 Ak A R BIK 3l T PR T X 2 DX A B
SO J 22 A DA B S0 AS SR 5 M R 22 () e A O
PERFSEA X D . AWFGE T 4 W Landsat 1 J&58
G R 22 R GIS BER 43 Hr T 1989 — 2014
A2 M XM DY T R SROUL A SR 1 AR AL HULHE TS A
Bl S A J= T AL R AE A 2 X2 2 I B A B A
BB
L BRI %

1.1 HRXEER

By BAL T T E R BIE KA, BRI BE
M. 5NN AR BEVEE H A B, S
296 757.6 km®, HUIE AR 5 L AL A, Hr B
T AR P ARG 1 o A GRS B R 2 10 R M g
WK TN B X IR, S
B20S 0 T I N ) e (N W 7= G SR T
Pk 1 2 KU s 8 A T R0 R T 2L 4R - 3
Ak 8.4 CLAETC AR 160 ds 24 T K &

250~350 mm;, 2 )\ g [m] At 2R e 1] PG b 3 s 1)
POAESEI IR KR 2 403, 7 mm., 3 B KA
+ B EFR £ A KR R TR R R X
S P DX A A T RS VRS RE JEL vb AE RR
S A A T G v S YR AR R A 2 R
T AR 73.5%
1.2 BIERSLE

F 52 36 FH 1 28 JR B 2 22 o U T 56 [ b, o 9
Jai W B AL Landsat RA0AR . MRS H A
SAG T, YEIL 1989-08-24,1999-08-12,2006-09-08
i Landsat 5 TM 512 Fil 2014-07-28 1 Landsat 8
OLI 1%, JEmEE R IEEZAEE 1 50 000 HJE
B AT B X A 1B Sk & A, SR R ENVI 5. 0
Xt 4 38 S AR U HE AT 8 5 8 A L KRR E LA
REAEFISEAR Y, b JUAAT 452 1E 28 07 AR 4% 22 (RMS)
FEHIFE 0. 5 B ITIN B 58 T B4 35 5k FH v e 8 4%
i 105°E My s i vd B A 05 . KR EIE 451989 —
2014 A ER B CER v L RR B 1L B R i (R F M
)0 L 58 1L SR FE v m A 36 7 AN E e Bt .
ArcGIS HR ] Kriging J7 % H E AT 4 {1 e 4 4E
I R A B R A R4 R R B R AR R 5
1.3 ®WRAE
1L.3.1 A=A Roc Bt g Ig b
TR A S TG/ R AT O LRk i — Rl T R A B B 35 1Y
. Gutman 280 F1 Gillies 28090 % 30 1 4
B 55 B 5 0 — LA B4 (NDVD Z ] 1) > & 50
FFLHRE T N NDVI A48 B ol 3 36 0% IR &
BT RL Z RN Rk A

f.=(NDVI—NDVI_))/(NDVI,,—NDVI_),
(D

Ao f MR S NDVI g0 — A W s g,
NDVI,., 46 f5 %% NDVI {f, NDVI 46 #f +



%63

HKIBEZR .45 JE T Landsat f R H T B 40 ELAE A S UL JR 78 AL R AL 77

NDVI {4,

NDVI... 5 NDVI . #E WAR 35 A [5] 6 58 X 11
ARG SR e . AUF5E 3% 4 1 NDVI 5%
B8 AT B o B St B € NDVIL, fil NDVI,
B 7 I AE RBUESR 95 20 F0 5004k . 2 R [H Ml
JRI AT R €5 DY AR 4 5 I AR A VD A W B R B
TE ) s I 45 A it B Bl = 0 S BRAE O E AT IX
TP E TR/ R 5 9. T . 0<<f.<<0. 1, K Ak
BHX D 1T 9. 0. 1< f.<C0. 2., g W Al 4 o 78
SR K. 0. 2<C f.<<0. 3, My Il e 7 26 5 IV 2%
0.3/ <<0.4, PR B V. f.=0.4. K
o HE B
1.3.2 ®MMEBHAEAREFHE M H
K6 Jr 2 48 7 DX IR AR 0 I 4% ) AR SRR AIE 1 A 8T
B, 2 B Bl 5 00 45 4 20 B R L 743 [ T R AIL 1
FE R AR o TR AT DX L 1 4 s AR 5T
T IR SOURAR S 4 FU0A 45 S5 KT S ALK 2 A
JEU e Hp S 0 K S b B S AR A S BE B 5

(NP) 5 W MR 46 50 (LSD F- # B B i L (AREA

MN) (EE % B (PD) | & %E B2 (CONTAG) ¥4 5] B
FEBC(SHED | £ 4 1 45 %t (SHDD #1 5R 4£ JF (AD 8
AFE R 5 5o M T K - 1 B 98 b f 45 i — 28 Al
BEHe 5 WL AU 43 e (PLAND) (BEHe 308 (NP) |
BEY R B (PD) 5O R 8 80 (LSD | Jie K BB 45 %L
(LPD F1°F- 2 B e i FL (AREA_MN) 6 N E4Rr., |
AR bR B B S ARG )5 vk . 2 1 Fragstats 4. 0
F P 48 e K OocHk19],

1.3.3 MHAZTCEBER AP HE.OTBEA
DAAR L7 Hin DA 25 [] 41 AR AN [ A B 7 5 S T A o) 28 |
(A8 At A o 38 2 TSRS [ B 4% 28 R A kA s
Bk B 4 A T O, AT DL R BRI I B A 2 ) AR Ak
PO AR AT B B B O AR AR ST RS BE ESTR
253508 -

(0, X X))
X=- 2
>C,
i=1
(G, XY )
lel:luia (3)
%G,
i=1
D= /X FY7, 4

A XY, 2000 O ¢ AR SRR B B R O ) 2 4
JEAR KR Co 8 ¢ AFRZ R R AE ¢ A BES A T AR
Xi\Y: o390 N 5 ¢ ARAZ R MR « A BESR Y LA
ORS¢ AR Z AR BB D RN T

iR
2 AR5

2.1 HHBEEEBEESENTREETL

MG oC — o BRI Rt B 4 I S0 1 A
B 55 B IE X FLHEAT 43 G, A5 20 it B[R] B A ) AR
wEEESR S AEE D, B 1 £, R X E
BT i 3 R A R B AR R R A T PR AR 1 R
S PR T SR U B A A T A AR S X AR R Y
JR B 1L 1 XL R AR b % kv B R . 1989 —
2014 AFAH B 7 5 BE R AR 2 B0 1S ke A, 7R R AR RN 7Y
A AR B 3 I, G M XA R b . 1989 — 1999
A AE DT 55 BRI A KA A TP AR ST X R
VG P 0 A JRR B Lt DX D BT R R B
1999 — 2006 4 A8 ¢ 41 w5 B T B Al o th PR Ak, iR
A DX Jf = B0 A7 A 6 3t B 7Y P4 ER DL S R 5 2006 —
2014 AFAE B AT o B 3 L M AR AL K AT IX B
I ATTEMT ST X ZR AL VG R LA K2R R vl i X
2.1.1 HMBEZEFELTH X E 1989 —
2014 4% 5 A9 5 AE A 55 BE 1A% 0 BURN AR BT 1
a5 B oy o AT 480t A% 2] 1989, 1999, 2006 F
2014 4F 9 7 ¥ 38 35 BE 4> Bk 0. 21, 0. 23, 0. 19,
0. 24 MR 45 LA b B8040 iV BIF 78 DXAS [ Bsf 300 A 9k A 3
BEEHAEE 2), K 2 v, b 58 XA 9 8 55
SRR, FEAE R AE 0~0. 3, 4 WA b7
FREH 0. 1~0. 2 MR IT I & L ¥ o JoR.
1989—1999 4 M 9 7 35 FE#E 0~0. 2 R T B0k
A TR B B 26 BE R 0.2~ 0. 4 918 70 5038 in
1999—2006 4F , A ¥ B 36 BEAE 0~0. 2 (1% 050 =
R 14 T 7 A B A R B R 0.2 DA AR oT RO D
2006 —2014 4F  fH M 55 BETE 0~0. 2 IR K
W/ T R B R A 0.2 DL b R 45 T B Jn i
. 1989—2014 4, B 1 34 B 55 FE 52 S5 1 s ek
INFRXE N B RRAE AR BN IR A — B — R W
AL R
2.1.2 MAkaA X B A A B 5 R 0 R 6
BTG 5 R (6 D R ,1989—1999 4F T % #f
ML I &%l kAL A L I B B 6. 1906
2.76 %05 9N IV 9% A Bk 18T BB i b6 1 43 53 b T
6.20% Fl1 3.37% ., 1999—2006 4F T 2. Il At Bk i
RO 38 s e 61 43 590 b T 15. 44 % 16, 32 %5 11l
RN IV A B 1w AR D . BB 43 BT R 14, 16 Y0
11.62%, 2006 —2014 4F T 2 #f A % il AL /D B
Z BT 16.57%, M V&MV 908



78

PU LA AR} 2 2 4l CH SR RO

46

RO b T A 1w AR I de £, e BT 1103500,

% T HUX10°

Pixel number

N
)

W 7 # No-coverage, MR @5 E Lower-coverage; [ & /£ Low-coverage; 0 10km
0 7 35 B Medium-coverage; ®8 # # # FE High-coverage

P 1 1989— 2014 4 5 £ itb ELAR 08 15 2 1 =5 R 0 A A )=y

Fig.1 Spatial-temporal patterns of vegetation coverage in Yanchi.Ningxia from 1989 to 2014
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Fig. 2 Vegetation coverage in Yanchi, Ningxia from 1989 to 2014
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Table 1  Vegetation coverage area and change rate in Yanchi, Ningxia from 1989 to 2014
ititoE 1989 1999 2006 2014 A5 fk# / (km? « 42~ 1)Rate of change
FEA
V;emion WR/km? B/ % WA/ km? W/ % @A/ km? B/ %0 WAL/km?  L#/ % 1989 — 1999— 2006 —
covera Area Ratio Area Ratio Area Ratio Area Ratio 1999 2006 2014
age
4
(‘IEiiT 1 308. 34 19. 36 890. 10 13.17 1 933.55 28.61 813.75 12. 04 —41. 82 149. 06 —139. 98
4
(‘ll:&ﬂ 2 366. 14 35.01 2179. 21 32.25 3 281.98 48. 57 2 919. 37 43. 20 —18.69 157. 54 —45. 33
4
]]1"& 1 656.35 24,51 2 074. 65 30.71 1118.17 16. 55 1 885.13 27.90 41.83 —136.64 95. 87
Class Il
/Y
1\ % - 802. 84 11. 88 1 030. 83 15.25 245.13 3.63 687.70 10. 18 22.80 —112.24 55.32
Class IV
/ 4
. V& . 623. 95 9.24 582.83 8. 62 178.79 2. 64 451.67 6.68 —4.12 —57.72 34.11
Class 'V
2.1.3 Mpscatf2 & 2 W0, 1989—1999 A #E.46. 77 XM IV A WL AL R 1T A B, 59. 50%
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Table 2 Transition matrix of vegetation coverage in Yanchi, Ningxia at different periods %
i L 5 8 :
Year Vegetation coverage L4 114 e IV 2k . VR
Class [ Class 1[I Class I Class [V Class V
1 %% Class [ 35.50 10.76 5.58 5.08 5.76
I % Class 1[I 36. 29 41. 20 29.53 19. 69 13.19
1999 % Class I 17.19 31.71 39.09 36. 28 25.69
V& Class IV 7.08 11. 85 18.02 24. 45 26.21
V4 Class V 3.94 4.48 7.78 14. 50 29.15
p i 2 Sl : :
Year Vegetation coverage 1% 1 % Il %% IV ) V& -
Class [ Class Il Class Il Class IV Class V
1 % Class | 40. 61 33.65 26. 20 20.42 14. 30
I % Class 1[I 45. 84 51.98 51.05 46.77 34.11
2006 Il %% Class Il 10. 24 11. 74 18. 21 23.78 25.39
V4% Class IV 1.85 1. 64 3.12 5.98 11.44
V& Class V 1. 46 0.99 1.42 3.05 14.76
R ot g S 2006
?ezjr Vzij%jfoj;l Egi%irgjge L% 1 % I % IV %% V&
Class [ Class [l Class Il Class [V Class V
I % Class [ 20. 38 9.77 6.99 6.43 2.79
1 % Class 11 50.41 48.93 26.72 12.94 4. 60
2014 Il %% Class Il 22.51 29. 56 35.91 25.61 8.61
IV %% Class IV 4.77 8. 86 20. 08 25.22 10. 27
V& Class V 1.93 2.88 10. 30 29. 80 73.73
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Table 3 Variation of vegetation landscape indices in Yanchi, Ningxia at landscape level from 1989 to 2014
Ay Year NP PD/ (4 « hm~?) LSI AREA_MN/hm? CONTAG/ % SHDI SHEI Al/%
1989 4263 0.63 47. 64 158.13 13.50 1. 46 0.91 43.73
1999 3 856 0.57 46.19 174.99 15. 64 1.43 0. 89 45.51
2006 1 807 0.27 30. 40 373.51 35.98 1.17 0.73 64. 96
2014 2674 0. 40 39.12 252.43 24. 05 1.33 0.82 54. 21

T NP. BEHLRCE s PD. BEH % B ; LSL ST IR 35 80 AREA_MN. -3 B i AL ; CONTAG. £ 3iE B ; SHDIL £ FE P 5 %0 SHEL 5 4) B 45

BOAL RERE. TR,

Note: NP. Number of patches; PD. Patch density; LSI. Landscape shape index; AREA_MN. Mean patch area; CONTAG. Contagion index;

SHDI. Shannon’s diversity index; SHEIL Shannon’s evenness index; Al. Aggregation index. The same below.

2.2.2 RABKF AT WA R FAE RIE
KA b6 s A RO Rt B 4 A I A s 0
x4

IR AT 0B R ILER 4

1989—2014 FXREKFT FTEHBEERIUBBIEHNETL

Table 4 Variation of vegetation landscape indices in Yanchi, Ningxia at class level from 1989 to 2014

i fy

Vear Type PLAND/% NP PD/(A4> « hm™?%) LPI/ % LSI AREA_MN/hm?
[ % Class | 17. 69 877 0.13 1. 64 38.52 136. 00
I % Class II 38.76 640 0.09 28.12 47.91 408. 28
1989 M%% Class 1M 25.33 980 0.15 4.36 49. 54 174. 23
IV 4% Class IV 8. 46 940 0.14 0. 30 37.04 60. 66
V% Class V 9.75 826 0.12 0.27 35.72 79. 60
T 2% Class | 11.41 779 0.12 1.13 34. 14 98. 81
1% Class I 35.19 645 0.10 15.16 46. 24 368. 14
1999 M4 Class I 34.03 789 0.12 10. 79 49. 80 291.06
V4 Class IV 11.83 912 0.14 1.12 39. 06 87.55
V% Class V 7.54 731 0.11 0.35 31. 86 69. 56
1 %% Class | 27. 40 488 0.07 13.21 26. 60 378. 89
Il % Class II 51.81 266 0.04 47.43 34. 69 1314. 66
2006 MM %% Class I 15.76 624 0.09 3.57 36. 21 170. 51
V% Class IV 2. 40 243 0.04 0.38 18. 35 66.67
V %% Class V 2.63 186 0.03 0.61 15. 35 95. 30
I 9% Class [ 9. 80 663 0.10 1. 89 30. 60 99. 74
Il %% Class Il 45.99 460 0.07 38.33 39. 00 674. 84
2014 M%% Class I 29.56 628 0.09 9.26 45.51 317.72
V4 Class IV 8. 49 529 0.08 0.53 32.03 108. 32
V % Class V 6.17 394 0.06 0.91 24,37 105. 65

H  PLAND. B3 5 5000 1 BUA 4 b s LPLL e KBRS 50

Note; PLAND. Percentage of landscape; LPI. Largest patch index.
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