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Dynamic change analysis of landscape pattern in a typical karst watershed: A

case study of Xiaojiang watershed of Yunnan Province,China
JIANG Yong-Jun!, YUAN Dao-Xian'®, KUANG Ming-Sheng', WANG Jian-Li',ZHANG Gui?, HE Rao-

Shengz , ZHANG Cheng3 (1. College of Resources and Environment Science, Southwest China Normal University, Chongging 400715,
China; 2. Institute of Geology Investigation in Yunnan province, Kunming 650041, China;3. Institute of Karst Geology, CAGS , Karst Dynamics
Laboratory, M L R Guilin 541004 ,China)Acta Ecologica Sinica,2004,24(12):2927~2931.

Abstract : The landscape maps of Xiaojiang karst watershed, Yunnan province in 1982 and 2003 were obtained by interpreting
aerial photo in 1982 and Landsat TM image in 2003. Supported by GIS, and through analyzing the landscape maps, the
landscape pattern change maps from 1982 to 2003 were achieved. The dynamic change in spatial pattern of landscape and the
driving force of landscape change during the past two decades in Xiaojiang watershed were analyzed. The results indicate; (1)
The total landscape transformed area covers 610. 12 km?, of which cultivated land increased by 268.5 km? or 132.27%, but
unused land decreased by 280.5 km? or 54.36% during the past 20 years. (2) The change of landscapes was very rapidin the
past 20 years. The overall landscape change percentage was 2. 95% in Xiaojiang watershed. Especially, the landscape change
percentage for orchard and cultivated land were 34.09% and 10.55% respectively. (3) The amounts of landscape patches
increased from 1014 to 1889, but the average area per patch decreased from 1.02 km? to 0.55 km?®. The spatial pattern of
landscape patches has changed from dominant large and scatter patches mosaic to dominant medium and scatter patches mosaic,
and the types of dominating patch have also been changed from unused land and forestland to cultivated land and forest land.

(4) When the spatial pattern of landscape was analyzed quantitatively by introducing the diversity index and broken index, a
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clear picture of the interference degree caused by human activities can be achieved. As the increasing of disturbances from
human, the diversity index increased by 4.14% ; and the broken index increased by 84. 6%. Also, the isolation of unused land.
landscape and forestland landscape increased by 114.58% and 69. 64% respectively, but the isolation of cultivated land
landscape decreased by 45.86%. By analyzing the\shifting in the centers of unused land, forestland, or cultivated land, the
change of landscape spatial pattern was very obvious during the past 20 years in Xiaojiang karst watershed. Centers of different
landscape type have changed towards different direction in different speed. The distance in the shift of unused land landscape
center was farthest, which is 2. 08km from northwest to southeast, and the distance in the center shift of forestland landscape
was 1. 338km from northeast to southwest; but the distance in the shift of cultivated land landscape center was only 0. 222km
from southwest to northeast. Finally, through quantitative analysis by introducing social and economic data, it was clarified
that the rapid growth of population and the economic development were the main driving forces of cultivated land landscape
change, and that the comparative economic benefit and the macro-policies such as ecological and environmental protection were
important driving forces of forestland landscape change in Xiaojiang watershed during the past 20 years. So the human driving
forces were direct factor of landscape pattern change in the studied.

Key words :typical Karst watershed; Xiaojiang watershed; GIS; landscape dynamic change; human driving forces
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1 MRERER

INTHBAFZEERETE D, KE 103°32' ~104°00" , 46 4 24°12" ~24°45' , E L 1034km?, EE N F I BH P, KL
BAMAGBRTHEZE . AEBNIBLETRBE, ABEITATEESASE, T80 b SR b L8 208 F0 2 8
S b B R R P R, M R 2 1638m ML RIBAM R, S AT E AR R L R A, SR ERMN
46. 6% ;MBS ZHB =L . _BLAKERE AKAEEH ELRBEHL 65% b — HEME B RS
2 BBRBRERARKZ
2.1 BERBERLE

B 5T BT A0 3B R ACHE /NI, 1982 4F 1 H A9 1:35000 i 5 25 8. 2003 4F 9 [ TM #48., 1982 FHLER B =HH WL
JR & A 4 R0 B AP R 4B A A 52 AR 1:50000 M o A IR (&L L AR B (4 [ 4 R FE IR A A B R AR DR E Y s R A
SR G, FE MapGIS 5K 4 v 52 13t B B9 B0 A 3% 8 v 2 BV B O PR PR 26 3R L R8N TL R 1982 E R AR WS 8 5 B K
52003 £ 19 TM #1482 F F§ ERDAS IMAGE B {& &b 22 400 1 1:50000 % [ 5 i BF 0 B T 40 18 2 3t 47 78 R 1R 0L B A
FoRE(ZE LA HIRAEEARABR R EN LA AL RLE T ArcGIS H i # 3 2 RUEE W H ML R KB /D
LW, 2003 SE MBS B SIBULUE . B BB SR W R EME /DN T BUR IR 4y # b bRt | 13t 2 IR 3 L oK SR SR
PR 6 MRELBREHFERNAE —HWARRENBRERLE.

HEBERET 1+ 50000 #IE B (10m FREE) AN LHIE 1982~2003 FHITTEL L E RUERETHAEE.,

2.2 BRI

F BB FE R RWKB R RE,#d GIS M M &M, BB HR 20 ERBWERNHEBER MR NE
SRR 3 R MBS B A4, A A — R AR GA R USSR SRR R EER SR
O RBELHEBEBOI RN SR RS EEARTERS N (AR EARE) Bl ERM E L EARBRES.
LT KR TE SPSS 844 3T, 4 1T M R LG B IR RS LA .
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3.1.1 REBFEBAMERWEL LGS IXHFT,. AWPRBEIMELBERITRER M BIIHIR 202 REYFWE DL

E@E ODMBEREREBERF G D.
) 1 /NTHIE 1982~2003 EBWE R B (%)

Table 1 The change matrix of landscape elements in Xiaojiang watershed from 1982 to 2003

1982
i B Ttem B S bEl st i K3 E ik BAED
Cultivated land Forestland Fruit land  Construction =~ Waterbody  unused land percent
#$f #h Cultivated land 60. 64 18.32 0.22 2.77 0. 84 17. 21 19.63
F# Forestland 46. 64 39. 83 0.14 1. 04 0.57 11.78 27. 84
FE #1 Fruit land 54. 55 0 0 0 0 45.45 0.02
2003 E i Construction 0 0 0 100 0 0 1. 89
7K 18, Waterbody 54. 07 15. 45 1.76 1.08 14.23 13.41 0.72
% F| A3 unused land 40.7 25. 39 0.1 1.03 0.7 32.08 49.9
B 4r % Y percent 45.6 27. 47 0.15 3.24 0. 77 22.77 100

MEREEEBERR T AW, 1082 4, /NIRRT WA EEA R G R A b AR RB, 25 5 7 WS EmE M
49.94%.27. 84 % F1 19. 63% , 2003 4F i 458 5 M8 A £ TSR Ay B 3tb AR b A SR ) B, 43 B0 o5 R OULE T AR K 45. 6%6.27. 475
22.77% . BI,1982~2003 4F , I B MK B i ISR F) T3t F bRtk o 3 948 R B 28 S BF s Ak E AR R .

3.1.2 WESEWEAMZOLER HERWNEREBERTH, R 202 ERWAAN BEFRY 610 12km?, 5 RHEFE WS ©
TR 59% ; BT, 30 38 5 X0 25 B4 #9725 4k 35 B 2 o ) F 3 v 9 b R PR ot 109 % 4k, B AL TR AR 341 km?, S MR L E K
55.89% ; FLyk B Ak b 1 # b RO B 4L, AL ET B 134. 29 km?, G MM BWA L B E R 22. 01% . BRI\ R WL RALERM AN,
4 U g S 1R H 3  h  H  BR b 56 £ O B | SR I P kAR b B it 8 A g Rt B 3t R 1 DR SR R M L bR b R AL S R
FAH %, X 6 R RS R AR E AR & AR R WAL B E M 95.29%.

3.2 RERWELDSE

BB Zh 72575 4k AT F UL AS AL 9 0 B L Ok R AE L WL B AR Ak BE VT RO R AR Ak Y B B LR A BE AT R — 5
MAELNEEMGEERWELTERER.

3.2.1 B_BRTAHEE B-RULLHBEFERMRME—-ERHBINRBESRRRLBYFELE BELRNTFT LR
4% T UR 2 AU 0 AR Ak B 7S BE L AR UK - IR (34. 09 % ) >H #8 (10. 55 %) > /K IR (9. 00 %) > Hh #1 (5. 95 % ) > R Fi| F # (4. 08 %)
S>HFEAMG.59%).

3.2.2 ZARMALDEE SEENTAHSERMTE—ErEHNRREREETHYEE  BREARITEHRERMHE
AR L2, 45 S 2 B L SR R B LR 1 U B K L B AR AR , 1982~2003 4R Bl IR A S EI S E R 2. 95% .

3.3 WEEWEEE R EL

3.3.1 FBRBEHRmEA

(DHSRFERSHRERBEL FRANBRUI K EE, £ GIS HAZHT , B Z Mgt 40, 7 LIRS A R B
FEMBEHRKEMBERER LR 2), FREH 20a &, R UE SRS E 1014 -3 I0 %] 1889 4, 370 86. 3%, BEHF B i
1. 02 km?/ @B 0. 55km?/ 4>, Wi/ 46. 1% 5 BEPL A I e 22 =2 B A, B 331 A, BF b m 229 A, kb Ig A 179 4,
Tk R AN 143 A, B M3 A0 1 A, T SR AR A BE S W 55 /b 8 A4 5 7 4 B S 1R A B a4 1 i K, SF 3 BEER T AR in T 0. 302km?*/ 4,
BEME K 413. 7%, IR E BN T 0. 241km?/ 4>, 8408 & 46. 44 %%, Ho 4 5 00 B e 1 A2 U0 G A m) B2 B 0 0 20, AR M SR S BE B T
BB T 1.861 km?/4, WA 18 B K 64. 64%, KA A L B P BER @AM A T 1. 154km® /A, 3 2 8 B 3K 52. 7700, K IF
YRR E R T 0. 226 km?/4, Wi I8 3% 82. 78% , R A F I BEIRE B A T 0. 019 km®/A, B EIX 25% .

OWHBEMFERB B, 1982 FEHHMBWBEREAKATF 1 km? BARBER K 552 4, HHR BN 54. 5%, W F
M 23 ) 4% SR O 2 A M B LR BE SR 0 B 4, o N RUBE S B L P L T 2003 FERMBIRE AT 0.5 km® M F 1 km* KR RIBTER
1025 4>, o5 BB B A 54 294, 3 35 5 X0 2% ) A% SR H9 B 0 R A b BUBE SR O A, Y K RUBE SR 4 i B 5 1982 AR M R
F R AR KR R A B A AR b R, BESR B 3L 5 2003 454 U UR 3 (R 9 R B st BE SR MG BE SR, T BE R ik
He,MBSBEROBEFBHEE ., RTHRBZAEF b 8 A K4 AZTE 3R IE %R REE.

3.3.2 ZRMAEREMNEL REASITESBRREAR R 2R %R 1982 F /M 2003 415124 1. 159.1. 207, 202 R Fi
RMEHEEHRREMT 4.14%.

3.3.3 WEREHEENTA REARTES RS Rt PR, 1982 470 2003 44524 0. 981.1. 827,20 R FIK
BB E IO KT 84. 6%, X R BEHE A D AR, A SR WO ER , xf 800 F Y0 3R B (3 0K, 3 IR B WA e A
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Table 2 The change of spatial pattern of landscape in Xiaojiang in 1982 and 2003

it it 5 3t iR 7k 3, R H R 3t
Cultivated land Forestland Fruit land  Construction = Waterbody unused land
poih> 34 1982 391 100 3 257 27 236
Patches %) 38.56 9. 86 0.3 25.35 2.66 23.27
2003 620 279 4 588 170 228
[§79) 32.82 14.77 0.21 31.13 9 12. 07
AF 4L ¥’ Change quantity +229 +179 +1 +331 +143 —8
A5 4k, 2 (% )Change percent 58.57 179 33.33 128.79 529. 63 —3.39
PR 1 1982 0.519 2.879 0.073 0.076 0.273 2.187
(km?) Average area 2003 0.76 1. 018 0. 375 0. 057 0. 047 1. 033
of patches 7 4k 2 (% )Change percent +46. 44 —64. 64 +413.7 —25 —82.78 —52.77
aEE 1982 1.57 0.56 126. 58 13.12 36. 39 0.48
Isolation 2003 0. 85 0.95 21.44 11.69 26-2 1.03
75 4k % (%) Change percent —45. 86 +69. 64 —83. 06 +4-10. 90 —28. 00 +114. 58

3.3.4 SEEHRENTA AEEEBESNERNGELRE 2):1982 F R EWE R 1408 ERREUAKBN/IME K 3> K
320> 2 1 4 > B b > b > SR ) 5 2003 4F S SR IR R 9 43 8 B 18 O R B /MR U 2K 80> I ot > R 5 R > R R 3
>ph > B MR R B R A R A B R BB BN T 114.58% . AR R M A B AR BN T
69. 64 % , M BF LAY 2B EHBR A T 45.86% . KU 1982 4B, Fl A D/, 3 F B YR B FF & 1 BE AR K Wi A B SR S
I, R F A AN bk A 4R P, 3 BB SR AR BOK ; BEE A T A1 I, X R 3t BT IR A R 7 B N K, Bt 2R 48 T R R A
o A0 AR BN R A, 3 BB 3 3 B e T AR K B P B 40 A 40 B AN TG A P R bR 2 BE SR T AV D, o A
SELAEERBOEK.

3.3.5 EOEB RUBELCESUHELRZXY.RESHRERECHRILT RS 0 222km, BRBELOMAILT @HWE
0. 436km , T bk # F .C» [ 5 450 76 25 [ PR 5 1. 338 ke, K ) FH 3t B0 19 R 0R 2R 10 R 4% 2. 08 ke, il 3 T .00 (6] JL AR 4. 76 km, K
BELEKEH AMB 0. 782 km, P8 20a &, Hilld T AL SR, 3 FEAR AR A0 AR R A 3t i K BT B DL RS R E
B PR 3 R B BR AR, LA 35015 90 3 A8 B A K . DR, P 25 R IR B S R S B ot A R R FEO B R AR L O T R TR b R
FA M B9 0 W 16) B VG O e MR AR O R .

4 RERATHHORZPLE S

RUBREENES NEEARRI HMAIES L., KRR HAESE M R L REEF AR HELEA
AL HRBS BEAF AN EE XAMERSREERT. AR/INEHSRET, LB EN B AR FHRUEFHE
HEBARER MEHEHH A EFRESE BT A TR S,

R4 X 9 35 T WK R A B 4 o B 3t SR SR P e R bR b UL £ 2 4 R 9 S R U AR A B B s 3 L SR R S ) o v
b F bR A B9 55 1k DA B bR b 1) Bt B s Ak . R, B A PR S R A A L R B 4 T O R B AL A AT B BT L
4.1 FRiEBhth R AR AL A 3R B AL
4.1.1 WEHA DMK R WALMIKS  1982~2003 48, B 98X A i 17. 3 5 ARBIM®) 22.7 A, A DB
W AT EEIRE . XS 202 #8028 40 500 R L AR AL BIE 7 SPSS B P TR RLA L BRI T R T B X
=X y=1034.12—130. 072+ 4. 7328 R?=0.988 .

R,y BEIESMER .- BHEADSHK.

EHE A RIPEERE AP ARKTARX E SRR T it S8 88K 9\ O B A L3 0 4 8 £ 7 R 25 AN B 0 7 SR AR
W™ K, WA T 5 B SR SR ) i B SRR D, TR B R R SRR O, A B BB A B . R, A T 8K R W 20 4F SR Y
5 SRR F s AR5 R IR W ELRARE .

4.1.2 REHSL2FEBEMNFHMB/NELHES 2003 FRH|/AYEREZLBRER 147 E, ZEETRELENZEEN
ABEREEBENFHKE,BTFRENZFRAEX ;B AEFEHXE 2003 £ E N A BE 3. 34 25T AR LK
FEAHIL 2. 27 4270, S B FEMEK 67. 96 %, R T RAEMRKRIKX.

it IR 202 S B A P A PR R ROk A 7R BB ZE SPSS B R AT AR AT B S E A B E R A BETE
0.01 BB EKF EMAEXRE N 0.782,0.855, RHAMBLFE N EESHHENEX HHEERLUBAREFNERLN
K, UT ABHERAENAFREFIRABEFREN EER R, XM EFUE T R RS BB b WL, i
SIEHERAEAN EERE.
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4.2 VB WAL fh i K 3 L

St R 208 b M 5 W 69 G5+ 4047 R 99 L W AR A B URAE 20 48 80 4R AR AR, 20 HEAE 90 4R AR F LA XA BTN
S 25 T 0 2 L 0 B A L ST kIR B R S b . B R M SRR R AE TR R B R R LR K
(RILA LB B 5. 95% . 20 HE4E 80 4F AL 19 MR A 446 32 [ SR (R4 A B 7 5 PR ) AR R 178 TF 00 0 B 42 B 2
25 B AF , IR U , B 4R T 20 K 9 1 AL B TF B L MG 5 0 2k SR B0 — 4 AL TSR £ 2R | 0 AL
SHE A4 E, Ll THA FERIT W, X AR ILR R A SH R AR ENEW., FHik,20 #2 90 FREZAEK RS
78 TR 0 8 FE 6 1 5 0 “B B TR0 S0 O SR AR B K L 3 28 7 AP A B A3, S 30K R R 3t B 0 b
BB, BRARTE 2 B AK T 27 476, IR S TR B WL . [, Db 5 U B 25 s e % ) B 8 R 43 A T AR S 3E
ERP BRI,

L bR, AT AL 2 G UF R R LA B T B A 7S BB AR 50 B /D UL R VLR A R B M R BB )
5 &ip '

(1)1982~2003 4% , /NI 38k 610. 12km? 9 R RAE T AL, 5 &I BV EBLEG 59% 5 WA 1A E BRI N KA
FE 15 4 L B4 6l DA b B 1L = A A TR 475. 20km? , (5 2 WL SR A AL ER B9 77. 9% . (2) TR TR
A 4R L 55 A A AL B A 3K 2. 959 , 36— B R AL 30 A LA D M B MR TR IR A, 4 B 34. 099601 10.55%.
(3930 58 25 1R R 2 2 A A2 A BB WL BRE SR M R 80 86. 396 P399 BE BRI AL B 46. 1% 5 W5k 5 TR 25 16 s J3 0 25 2 A 2
FeBEH b, o /B B i L o R S L o S B A, /N R S LR A R R RO K T 84.6% .5
BEPERS SO AN T 4 149 5K R M bR B 55 25 BE SR B0 BN T 114. 58960 69. 6496 , T B 4 0 4 B8 JE 49 40 4 45. 86 % s B
L H i P T 80 R AL 7 RS o T R PR bR B T T R R RO R T LR . (O A SO R R R UL R AL
SR F7 , WA T 5 3 R 0 T B R DA B A £ 5 U 0 2 B R O B WL AL T 5 R 8 R 31 8 R A R AR 5
b e 2 7 ) 2 0 TS 0 A5 T B4 B R U b R R A AL 1 R
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LU Chun-Xia,et al : Ecosystem diversity and economic valuation of Qinghai - Tibet Plateau
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Plate I Ecosystem types of Qinghai - Tibet Plateau(See table 1)
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