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Effects of land use change on landscape pattern of a typical arid watershed in the
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Abstract; The mechanism of interaction between land use change and landscape pattern have been regarded as the research
pivot in the field of global environment change. The quantitative evaluation on land use change as well as the influence of
which on landscape pattern caused by land exploitation and reorganization at a large scale is significant to the sustainable
utilization of local land resources. The objective of this research is to evaluate the influence of land use change on the
landscape pattern of a typical watershed in the arid area at a long time scale, which could provide useful information for

making decisions on economical development and environmental protection. The study area in this research, the Manas
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River Watershed in Xinjiang, belongs to a typical area with dramatic exploitation and use of water and land resources in the
arid area of the northwestern of China. Required data consist of topographic maps in 1962 and remote sensing images taken
in 1976, 1989, 1999 and 2008. Based on these data, we use mathematical models and index of landscape pattern to
rebuild the process of changes in land use and landscape pattern, and analyze the influence of land use change on the
landscape pattern. The results show that; (1) the land use in Manas River Watershed changed dramatically in the recent
50 years. Cropland and built-up land obviously increased with the trend and status index of 0.83 and 0. 81, respectively.
The unused land and woodland presented decreasing trends with the trend and status index of — 0. 67 and - 0. 51.
However, the grassland and water decreased following an increase, the trend and status index of which is 0.2 and 0.45,
respectively. In the study period, the comprehensive trend index is 0. 55, and the land use change was overall in
unbalanced status dominated by one-way transition. (2) The fragment and diversity of the landscape increased in the study
area, and the fragment index increased from 0.2 x 10 ®in 1962 to 0. 116 x 10 * in 2008, the diversity increased from
1. 2568 in 1962 to 1.4358 in 2008. Both the heterogeneity and the complexity of the landscape experienced an increase
during this period. In contrast, the dominance decreased from 0. 5350 of 1962 to 0. 3559 of 2008. (3) The land use
change drives the landscape pattern of the watershed developing towards diversity and fragmental structure. As a
conclusion, developing intensive agriculture reduced the negatively ecological effects on landscape pattern evoked by land

use changes.
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12008 4 ETM #5214 (£ 1) , FIF ERDAS IMAGE E{§ALBRER {41 1:100000 % EXF iR HAT JLAT
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0 - b ) FF TR 50008 S5 AR L ) B B o 1962 A = 3R FBCHE LA 1962 4 1:100000 HuJE EIVE B4R 8 , R
BEEAIRE AT A AR R B IR, 1962 F1 1976 4F 4 R FEHE LA 70 454X, 1:47000 2B H LA PF4T,
Kappa ZRE41 5|2 66.44% F171. 88% ,1989 4+ H F| FiHE LA 80 4E4K, 1:47000 M1 i #4714 , Kappa R
¥y 81.88% 71,1999 i1 2008 4E43-51I3R ] 2002 F1 2008 45 Bf 5% 2% 45 B 17K B VEHY , Kappa R34 51K
85.45% F1 87.56%
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Table 1 Information on the data sources
i BdRRR HTE B 22 i E)/ B RS (PSRRI TE])
Year Data type Time topographic mapping/remote sensing images( path/row, collection time)

1:100000, 1958 4Efji4%, 1959 4EJAL , 1962 4E iR, 3t 35 2k

1962 HEIB Bl Topographic data Derived from aerial photography in 1958 , mapped in 1959, published in 1962 ,including 35 maps in total

1976 MSS (79m x79m) 155/29,1976-07-15

1989 TM(30m x30m) 144/29,1989-09-10; 143/29,1988-01-26; 144/28,1989-08-09 ; 144/30,1989-09-10
1999 ETM(30m x30m) 144/29,1999-07-04 ; 144/28,1999-07-04; 144/30,1999-10-17

2008 ETM + (30m x 30m) 143/29,2008-08-06 ; 144,29 ,2008-08-29 ; 144/30,2008-08-29
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Ub - Ua AUin _AUout
N, = U, x100% = U, x 100% (1)
U, +AU,
T, =wx100% (2)
Ua
Nc AUin _AUout
PS:FC_AUin +AU0m’(AUin +AUout;é0E_lsPssl) (3)
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A OB TR BE 48 BOR 70 S LG54 R 2 (8] 22 A , FFARIT VA J5y 0 B 25 28 S ML, 25 S VL6 R 4
2EFRIBAAT

SREMES R H=- lip,,lnpk (7)
AR D=H,, + gpklnpk (8)
R LIS FN = (N, - 1)/N, 9)
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1976—1989 435 44 Hir i It 35k 1 #tb 1] FH 28 4k Ak F #% o A - 85 2, DABR ) e ¥ Oy 2 Bk oth T R e 3
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Fig. 1 The spatial pattern of the land use in Manas River Watershed from 1962 to 2008
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PR IR, FEFI A EIE BRI . 5 1962—1989 4EAH EL, B BRI A s fin, E2 2
F AR B AR S AR | BB AL BT, R bRk (A A I T AR LR A

1999—2008 4F [ B 44134 1ol e Skl st W 73 8K , TEO AR LU P 21. 84% 3 /%) 25. 52% , Bl 770. 07km”
“PRE B BT A E KA, TEAUAY 46. 88km” ; HA FIRAL 230/, JU LA B R 47
B3 9a [H 3/ 573. 59km® . Tt A FIARALTE BRI AR SE Y , B 1 JL BBt AR BEE i AR M, T AR e AR
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Table 2 Changes in different land use types of Manas River Watershed between 1962 and 2008
= st BHi ot iy Kk A
Year Statistic type Cropland Woodland Grassland Water Jand Jand change
1962 B/ km? 1902.95 1750. 62 5794.53 719.81 59.98 10699.73 -
LB/ % 9.09 8.37 27.69 3.44 0.29 51.13 -
1976 B/ km? 4186.41 960. 25 8068. 04 1145.55 269.45 6297.96 -
BN/ % / 20.00 4.59 38.55 5.47 1.29 30.09 -
1989 B/ km? 4432.45 959.32 7848.94 1615.67 283.60 5787.67 -
LB/ % 21.18 4.58 37.51 7.72 1.36 27.66 -
1999 B/ km? 4571.15 904. 35 7416. 14 1160. 54 320.52 6554.96 -
LB/ % 21.84 4.32 35.44 5.55 1.53 31.32 -
2008 B/ km? 5341.22 853.81 6842.56 1135.35 367.41 6387.27 -
LB/ % 25.52 4.08 32.70 5.43 1.76 30.52 -
1962—1976  Agfk & /km? 2283.46 -790.37 2273.51 425.74 209.47 —-4401.77 -
G/ % 120.00 -45.15 39.24 59.15 349.23 -41.14 0.25
B/ % 173.79 102. 86 98.98 129.19 470.01 59.98 0.44
FaRIEE 0.69 -0.44 0.40 0.46 0.74 -0.69 0.56
1976—1989  Agfk & /km? 246.04 -0.93 -219.10 470.12 14.15 -510.29 -
G/ % 5.88 -0.10 -2.72 41.04 5.25 -8.10 0.03
B/ % 6.75 0.52 3.04 47.48 5.26 9.09 0.04
FaRIEE 0.87 -0.18 -0.89 0.86 1.00 -0.89 0.88
1989—1999  Apfk i/ km? 138.69 -54.97 -432.80 —-455.13 36.92 767.28 -
G/ % 3.13 -5.73 -5.51 -28.17 13.02 13.26 0.05
WA % 24.16 12.43 15.31 35.75 54.83 20.60 0.10
FaRIEE 0.13 -0.46 -0.36 -0.79 0.24 0.64 0.44
1999—2008  A¢{ &t/ km? 770.07 -50.54 -573.59 -25.19 46.88 -167.69 -
G/ % 16.85 -5.59 -7.73 -2.17 14.63 -2.56 0.04
WA % 30.33 34.49 15.44 5.53 31.36 14.95 0.10
FaRIEE 0.56 -0.16 -0.50 -0.39 0.47 -0.17 0.41
1962—2008  A¢f &t/ km? 3438.27 —-896. 80 1048.02 415.54 307.43 -4312.46 -
G/ % 180. 68 -51.23 18.09 57.73 512.55 -40.30 0.25
WA % 223.83 100. 64 89.29 127.74 617.88 59.85 0.45
FaRIEE 0.81 -0.51 0.20 0.45 0.83 -0.67 0.55

3 T BE AR Bk BE A A PR 2 A 2 B, BRI I 1962 4 LASK A i e 15 Pt 2 R G20 i
e, Horp LU B 9K 3 ol B3, S B A LA T AP, B e B % . FEHRE
H 20 42 50 4EAQRASK B iR A 7 E B S 7R B A I AR BEA T R MUK 17 %, JUHR T /K BB 3K
(R DB SR (1 wh RO X B R A P B AR 27, BRI b s 15 P b st 18, ) ef s A
R R AR 3t A T BRI
3.2 ARSI R AL T

3.2.1 SWLEARSRE

FOLSITIR] PEIR WREE A Fp, SR P st R LU IR, — 3 TSR X B AR 60% LA L, Xof DX 3 WA A% SR
IR, B, A KRR B R 3 BT o BB/ (181 2) o
MBI B F , BREE— i Bobksts KRR ST , S 7 1976—2008 4 (8] H BLE 3h41, HoR 5l
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Fig. 2 Characteristics of the landscape in Manas River Watershed between 1962 and 2008
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Fig. 3 Formational characteristic and spatial structure of the landscape in Manas River Watershed from 1961 to 2008
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MR T B 43 20BN 1962 4R 159 9. 09% A1 S51. 13% A2 4k 2008 47 () 25. 52% H130. 52% , Fe W2 FEE:
FIR R EEFE B AN 1962 FEfY 1. 2568 1 0. 5350 ZE 4k >k 2008 4E [ 1. 4358 Fi1 0. 3559 , 5t WA ¢ B 38 B
1962 4R 0.2 x 10 ™° EF+4 0. 116 x 10 ™* , G5 SR B Pl 57 W8 25 186 5 A% i oA 7 ot T i/ B St T AR 14
InE BT AL EEE BT RS, O R R AN T 2R AL R 3, TSR VLA BE b T+ R IIE S
T iR LR AR ZE R o SRR PR 32 BRI i 7 3t P AR A AR v i e SR A XAz, T B
Hb 1962 AELIRFFEIE I, BOA PR EZ AR Z — , HE R R A A R R B 2L, TS B0 5
WA HEETH R o SRS BE R AR A P BT o BB W B B3 45 2R, S B X IR 37 O 4 ] 112 P 8 3 Dok
55, 00 UL B 0 5, T B B b EG B B T B o AARHIRIRUBETR, 1976 4F LA S 35 4909 310 37 ek R MAR A
WFF R B, FEE S BEFFR , REAR 50 ARARAR A RIBR3E” 3 2 st K T B RS 2, ok — Bk B A B s K
T o R B Pt KRR T S s FE [+ - B8R A P st K T BR D 20>, 5 497 3 9 ELHR 25 RJ: 1962—1976 R[] It
BRI RGE R, R R T M. 1976—1999 4R [ KA FE4E sk AZ BIFTEMH ™ FFoek
TFH, W TR A OB S R MR B8  ERIRBETT R , B AR e B ARG 0 KR, RS A1
SIH BRI A ZNRLWRE . 1999 45 WRBEIEE T BT K , RIRHIGREEEIT & , Bh A B B K, &
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