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Analysis and forecast of landscape pattern in Xi’an from 2000 to 2011

ZHAO Yonghua' " ,JIA Xia®>,LIU Jianchao' ,LIU Geng'
1 College of Earth Science and Resources ,Chang'an University ,Xi'an 710054 , China

2 School of Environmental Science and Engineering ,Chang'an University ,Xt'an 710054 , China

Abstract: Landscape pattern analysis is an important topic of landscape ecology. The ultimate goal of landscape pattern
analysis is to link spatial patterns of landscape with ecological processes, and detect status of processes using landscape
pattern information. Landscape metrics can represent the spatial distribution of landscape and it has been used as a common
tool in landscape pattern analysis. There are some inherent limitations of landscape metrics. Multi-distance spatial cluster
analysis based on the Ripley’'s k-function can fetch up the landscape metrics faults. Based on the image data of Land
Resources Satellite TM (2000) , China-Brazil Earth Resources Satellite (2004 ) , and Environment Disaster Monitoring and
Forecasting Small Satellite (2011 ), future landscape change were forecasted with bringing forward simplified process on
data transform of landscape pattern change prediction and multi-distance spatial cluster analysis, via analyzing landscape
characteristics and its spatial pattern in Xi'an city, using ENVI 4.7 ARCGIS 9.2, and IDRISI 15 in this study. . Results
showed that, tremendous landscape patterns changes have taken place in Xi’'an during the past two decades. Complex
landscape matrix consisted of forest land and cropland accounted for 67.98% of the total landscape in 2000 and 54.46% in
2011 in the study area. Built-up land area increased from 33213.91 hm’ to 68380. 79hm’, and amount of increased area
between 2000 and 2004 was more than that between 2004 and 2011. The area of forest land decreased insignificantly. The
shift of water and unused land area was insignificant. Patch number in the class and landscape level decreased obviously,

which showed that decreasing landscape fragmentation, enhancing connectivity of forest landscape, and reducing
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connectivity of farmland was taking place during the study interval. Landscape spatial pattern had a significant aggregation
in the expected maximum distance (40 km). The critical thresholds discrepancy of clustered, random, and dispersed
distribution between different landscape types in different years were relatively evident; the spatial aggregation levels of
water and unused land were significantly higher than those of farmland, woodland, grassland, and built-up land ; there were
the largest characteristic scale of heterogeneous spatial distribution of aggregated distribution, random distribution, and
dispersed distribution for cropland and grassland. The effect of landscape pattern characteristic study via coupling landscape
index analysis and multi-distance spatial cluster analysis is better than that of using single landscape index analysis. The
simulation of CA-Markov model could basically reflect the future landscape changes. The method and the simplified step of
multi-distance spatial cluster analysis by ARCGIS and data conversion for landscape pattern forecasting by IDRISI were

proposed in this paper.
Key Words: landscape pattern; multi-distance spatial cluster analysis ;forecast; CA-Markov model

SO R A R LS b B AN e R H A R R SO R S A S AR R IR A S R
SRS A B4 S DR - T A R 4T ST S O SR AR PRI B, N TS g A [ AR SR KK AR BB I
JEWRTT S Eh AR AR H TSRS SR8 2R FH TM ETM ,SPOT , Quickbird %532 B A% 1 N 55
PR A R L YR R AR 5 ¢ T W AR S T SRR T S UL SR AR AR A e L SRS SR 2
RIEWFRELEE" | ZH RIS T0F7T , (H R 8 B — 2 A 55 50" 1530 45 4 5 WA Je iiF 2
PRI, SR A AR BT Ripley K pRECSE B 22 RUBE S0 J5 0BT , BEAS ELULI e LA Jm
TiF Je AR ) 5 S L B 45 0 FH T Rl 2 U B AR AR 3SR 5 S S o SR AR AR AR 58 8 2R FH Maarkov |
CA ,CA-Markov ZFFL R Hikf CA-Markov # A HAT CA ARG 24 2 4025 [R] AR AL i fE o220 A
Markov #5575 7 s Ak T A O 40101 JRASTHDUIAR TIT S5 XA o 28 Tl e BHLAEUR 7R (L B A5 25040 Ak A0 R A R T,
Al AR AL JEF BRI, AP iE XA AFSE X, 265 T™M LS8R 2 5 TR AT 5 ¢ 3 W I 4 /)
TR SR IESAGNE BRI, 7E GIS FAR HE T, A SO AS JR T B 22 B 12 2 (8] 207 15 43 M 30 43k 52 00
s ey 1) 22 ROBEAR AR, FF 3T CA-Markov A5 I FFIN 2K SH 9 5 ULAK JRPIR B0, Sk 6 22 T 10 ] 35 6 2 i o s LAY 412
BERLEAR A
1 HREHR

PO T REPa 48 S P I il B Ik RBUPR T MERE IR RO AR IR K UM TR X
M E =z A8 SRR R SErE AR 5 SR LR DU AR 78 5 S AR 6 S RH TR
TIAHEE , SF3TEEK 400—450 m, Hb 3 m R AUAR , SRR 24 s R 2 2308 vh BE iy bk, DUIMRHE R Hh R
FIFH MR 32, 7 3R 4 S TR 54. 6%  JLER T, LIBEHh | Fel bb | 3ok 1 P B A S st bk R 47
F, G A MR TR 45. 4% s BN 54 2%, FRERET YT R PET e R, DL G B R R
WSIER, KRS 31.46 12 m®, #uk 2010 4FJK, i # A B AN H 846 J7 A, WFSE IX R UL T EEIX
H B30 BERR SEET) S B R ST R A 7 XA AR, T AR 1900. 41 km® , BFSY IX @ 2R 0B T KBl 14 22
KA, =10°C FRIE R 4400°C |, A F S0 6. 4—14. 9°C |, AR -3 K Bt 537. 5—1028. 4 mm , 4557 24740 X0 1 i
70% —T73% ,44F H FEIF %L 1983, 4—2267. 3 h, i 4407 555K 30. 06%

2 MRFE
2.1 ki wak s

SR JE 2000 4F 5 A () TM 5248 2004 4 5 H i BT TR AR M 2011 4F 5 A A PREE 5 3% Wil
TR/ N TG, Hod TM S5O IR T 55 B 22 R | v T W VR T2 5 1% R BR B 5 0 3 W 4R /s TR 150k
Vb R RN PG, SRR AR B i A RIEHEGE (UTM) |, 2B FR ARS8 WGS84, X F3RHL
B =515, B IR IR RS AL BREE ENVI 4.7, 5% 1:10 T OB, R A =k 0k A7 JLDRS A% 1E 3

http ; //www. ecologica. cn



2558 A E = 33 %

b PHEFZR BT PRAS BIMFFTIX 3 IRAZ; P A IE NG FE o TM RIS 5 9 3 W i /s TR 25/ TF 0.5
MGG P EEHIE D ERG/NT 1 AMEoT, MG E LR 28 R G0, 0058 X A 50050 R B i |
M KR R AR R T 6 28 o SR 0 2 5 i MR, FITAT clump D) B I #— S8 /NS X —
LU AR DR BEHEA T B AE R BRI ] Kappa F8ECEM R IERG L . 3 0108 BS80S AR 4 2K B2 A Kappa 48
BT 81% —83% H10. 809—0. 829 Z [a] I /&L /M HrEsk
2.2 W
2.2.1 ZHREEZSEIRIE ST

ZIE B8 2 (B R A v LA R Ripley K BREL, AXUNF .

1Y T ki)
L(d) = Lo Ri Vil (i,j=1,2,-,n)

mn(n —1)

A A AT IR, n RSB, d ITURE, b, WA L(d) > d FRsoWRBI R RESM, L(d) <d
FORFOMARIN S0, L(d) = d Fon oM SR FEHL I

HRAE 5 DX T RURI 43 28 de /N R BR BT, R AreGIS REAE K 1900 ARl EZ Kz B2 43 315 3 1
SHP 4% 32K 12 (5] B A ff e A A B S R 28 TR 8K I ) FH 22 B 88 235 ] 3R 28 T LA 7 AN [) Bsf A AN [) 5% 00 288 78 £
Ripley K pREMT S i ZERG I . BIFST X Hb B Bl K 20 2% E B A0 B e e B R B8 IH B8 A5 K B BUE 2000 m;
T E R FHRE A2 M | 8 550 25 B AL 1) A B 99%
2.2.2  CA-Markov 5B A5 0R

CA-Markov #2155 iy FH MG B — S AH 2 T — A>T HE, XA [ A SR Y o P T FR e A% 4
AN R MG I8 55, P 41> J0 M X R S5 UL A8 ) e B IR 2 DT ASS 401 1R AF 5 [X 55 LA sy 119 25 (1]
AR

(1) B TR J5) T FR G B 0 MR RS R R G KA B A 5% DX 5o W2 7R 2 it (BT 46 B IDRIST 4
Mo A 2, SR FTTFIZ R @ A 2%, R L 1 2k o B BIHA% 54 AL Dy B 2B A 30 mx30 m M, 113 FH Markov
PRI A s U 2 PR TR A I A R 3 R o R % R O 1 P AR

(2) FE37 CA PYFEHRALIN  HJE CA BRI, JUE T CA IYShASFEALIT R 380 5 4 50005 T G 2
FAMENFEALFN], AT DL e fg— o M 4R ml BB 1) oW B & A AR B 2 ) B T AN

TR, =1, + |D,|+V,

X, TR, R ICHUA AR TE B i A ROWRTY ) 1 D, 435I SR ¢ B RS i g 1+ | D, |
TN | RO AR I AR LRE ST, V., N 2 A SR 22 0 e Ak, B IE SRR R RE 1 s T H R Y
TR, {EHPRE R 0—255 fH)5 , 25 CA-Markov BARIRILZ T

(3) FEREUEWLAT (DR I A AR PR T IR AH SR M BT, OS2 BT RS . AR
K HH 5x5 HBEDERS

(4) B B AR I ZIRIE PR R, 04T TOINASE 4L

(5) THOAS 3 B oL R 5 2011 4FSERBR SEULIE Y Kappa 35 80RME IE ) Lee-sallee JEAR 48 501 74
FERES i e A A
3 ER55H
3.1 SOUAK R AR

AIFGE DX FAAAH T AR e K, — 300 T AR L 3517 309% DL s B i ALK 2, U BIITE 16. 24 % —24. 69% Z ], 2
TR B b PR 0 AR ST X AR Y 64. 17% (2011 4E)—80. 13% (2000 4E) (F 1), @i
T AL B IR F I 2000 4R 16. 69% 383 2011 4F11) 34. 36% , HJ5— o8 sk Bedd im0 & o T — 4>
BF B KSR e R A 38, A b T R R R AR B T 2011 AR bR AR DLk e 4 R AL, R

http ; //www. ecologica. cn



8 1 BUKAE A5 T 2 PR R B SOULMS JRy S P 5 2559

WRE W XA SR —A~ B AR AR A B 2 5 55
WL SR, 5 K 3 75 T b AR R ) T e D L B ke 5 i
BB G, NSRS RE , TTie &t
FE DR B BRSBTS 25 S R ) B g A
ANTRIRR B A0 [ 5 8 158 FH b A9 B B 50 DA 2000 4F )
3537 ANE/LE] 2011 4EAY 1348 4, BE N 4714 b = N >
‘ B kB EEBORML R

BN 777 A AL 6157 A~ 2] 2182 A4, 3% 3 Bl FENL ST Landscape types
FRBEHE T B Le e B S, PR B T AR R e A
FERT AT RIS X 1 F b bt B b 55 X0 9 322 30 1 A
I, AR L S LI AR (14 322 3 A 9 s T X e L B
PEAEFF A EEAEH . XA SORAR L 54k SE ) — RN R R BOR A —E MR, i 1i&-KK&
T DX SRR ) A 1 [ A AR T PR X T X 4
3.2 FOUA%RAEfE

T Ripley’s K pREUH 22 1 88 25 [0 R IS4 B T 1 — 2 I 8 V1 il R ) 25 TR AR OGP (R R BRI R
) WFFT S5 5 AT AU A B2 500 1) 2 [ B2 2 [ BOAE AR IR /N & AR AR A st (i A N AR Ak, e T3 i
A IR 5 0 285 AR A < AN SR I B R OB T (/N T ) TIUIEL, U S50 B 25 (BT RS ) ) Bt L
SIATAHEE 25345 B SRS (B H0) R R B 5 A R R T (/T B A5 XA BRAE (R BRAE) |, IR s 1 =5
[ SR (B i) B gt by 2k ULIIME A 55— WA (BT T 10 1 /2 7 S5 O 288 704 i) 2R 42 1 AR Ak 25 i) IR
JBEBCBEHA B W] R B o A A S B s BT

2000—2011 4F , W78 X kb 2000 45 9 R AL 28 (Bl K RUE N 16 km , HoJ5 BRAEME BB REAIC, AL 8 A
WT AR AT, , 7 SR A ) i R B8 PR A o B0 B A g, ORI {1 B i 3 815 DX ) L B A, SR IR B i 2 [ SR R
A Gt E i T 2004 AR B AE S [l KRB N 18 km, 5 2000 4F B AH A B8 0, BE 2 0 RS R
W, SRAR TR B R S |, R IR %) 38 km B BRBEAL /3415 ,40 km B, H B0 T B0 40 ;2011 4R %5 [H) 5
B R RJE 18 km, G REIRF] 36 km I HIFEHL 345,40 km B, B0 T B8O A, U BIB9S0 P Atk 1)
23 [A) 43 AT Y A BT/ 45 BEAR — e B EE R AIG, BIE T oWl Bt ai i (R 1,18 2)

wn
(=]
1

@ 20004§
8 20044F
20114

N
S

W
(=}
T

T FR LL 5] Area percent/%
s 8

%
&
=
=

1 EHEBER LG
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Table 1 Max cluster distance and dispersed values for landscape types/km

Bt et i IR s dathii] A T
Cropland Forestland Grassland Water Built-up land Unused land
Clustered Dispersed Clustered Dispersed Clustered Dispersed Clustered Dispersed Clustered Dispersed —Clustered Dispersed
2000 16 18 24 12 18 2 20
2004 18 40 22 18 16 20 6 22
2011 18 40 22 14 40 2 6 30
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Fig.2 Multi-distance spatial cluster for different landscape types in 2000, 2004, and 2011
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