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RELATION OF LAND USE AND COVER CHANGE TO TOPOGRAPHY IN
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Abstract Aims Land-use and land-cover changes are important in the study of global change. Our
objective is to understand the impact of topography on land use and cover change in Xishuangbanna,
Southwest China, from 1976 to 2007.

Methods Based on GIS techniques, we used six periods of Landsat MSS/TM/ETM images and 1:50 000
digital elevation model (DEM) to analyze patterns of land use and cover change and transfer rates as af-
fected by topography.

Important findings The magnitude, pace and spatial reach of land use and cover changes in
Xishuangbanna were unprecedented. The most significant changes were a decrease of forest area from
13 193 to 8 336 km” and an expansion of area of rubber plantations from 249 to 2 256 km? at low eleva-
tion. Topographic features, especially elevation and slope, exerted significant influence on the distribu-
tion pattern, intensity and velocity of land use and cover changes. Changes varied along elevation gra-
dients, slope gradients and aspects. Forest cover continuously decreased below 1 600 m, while the upper
limit of rubber plantations increased continuously from 1 000 to 1 400 m and was dominant between
400 and 1 000 m. Farmland was dominant below 600 m and decreased rapidly with increasing eleva-
tion. Along all slope gradients, forest cover decreased gradually, while rubber plantation increased, but
shrubland and dry land first increased and then decreased. Rubber plantations and farmland were mainly
on gentle slopes, while forest occupied the majority of steep slopes. After 1988, rubber plantation cover
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was unchanged below slopes of 5°, but continuously expanded above slopes of 5°. Aspect had large in-
fluence on the distribution pattern of cash crops and agricultural land. Rubber plantations on south as-
pects rapid expanded in comparison to a trend of general increase on north aspects, where forests
reached a maximum and dry lands a minimum. Economic interests and population growth lead to ex-
cessive deforestation and reclamation in this region. Especially in recent years, the continuous conver-
sion of forests to both rubber plantations and tea gardens has yielded negative effects which have led to
further fragmentation affecting the biodiversity and security of natural ecosystems. For local sustainable
development, the government must control the expansion of rubber plantations into forest and higher
elevations, safeguard relatively intact of tropical ecosystems and manage land sustainably over the long

term.

Key words land use/cover, DEM, elevation, slope, aspect, spatial pattern, rubber plantation, deforestation
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F1 2007EZTHR/BEELBZBIREER
Table 1 Error matrix of all land use/cover types in study area
FH Type Al A2 A3 A4 AS A6 A7 A8 A9 Al0 Al Xi+ UA (%)
Al 69 5 1 2 1 78 88.5
A2 1 27 1 29 93.1
A3 11 43 1 1 2 58 74.1
A4 1 75 7 83 90.4
As 1 6 1 8 75.0
A6 1 40 1 42 95.2
A7 1 9 1 11 95.2
A8 1 2 2 31 3 1 40 81.8
A9 1 1 25 27 77.5
Al0 1 13 14 92.9
All 2 8 10 80.0
X+i 70 49 47 78 9 41 9 42 29 16 10
OA=86.5
PA (%) 98.6 55.1 91.5 96.2 66.7 97.6 100 73.8 86.2 81.3 80.0

Al: fi bkt Forest

A2: #EARMR Shrubland A3: %G Tea garden A4: ¥ X[E Rubber plantation

AS5: Jikith Grassland

A6: JKH Paddy field A7: /KPeHi Irrigated land AS8: F#h Dry land A9: M Construction land A10: K& Water body
All: W Mudflat X+ 552800 SRR R RV, U4 P B X+ 3528 2 R UM R 0 B M8 PA I FRAG BE; 040k 3%

AR5 Xi+ is total of samples on type i, U4 is user’s accuracy, X+i is total samples on reference type i, P4 is producer’s accuracy, O4 is

overall accuracy
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BT AR B s 5. Wik PR B S
JER 773 B A2

*2 HMEEFHIR
Table 2 Classification of different topographic factors
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Table 3 Annual changes in percentage of land use/cover at various altitude gradients from 1976 to 2007

R B S MR 7 R AR # Annual change in percentage (%)
Altitude (m) Total area (hm?) Land use/cover types
1976~1988  1988~1992  1992~1999  1999~2003  2003~2007
<600 56 162 Fi Mkt Forest -0.85 0.49 -0.39 -1.38 -0.95
HEAR MM Shrubland 0.05 0.95 -0.43 0.85 -0.28
%@ Rubber plantation 0.61 2.76 0.34 0.27 0.39
Al s Farmland 0.02 -3.77 0.22 0.09 0.56
B Construction land - 0.04 0.26 0.24 0.14
600~1 000 735 674 1 bkI Forest —0.94 0.37 -1.76 ~1.48 -3.04
HEA MM Shrubland 0.06 0.22 0.50 0.63 1.86
#ZE Rubber plantation 0.47 0.81 0.80 1.55 1.10
Al FH 1 Farmland 0.38 -1.50 0.55 —0.74 0.19
@M Construction land - 0.05 0.00 0.02 0.00
1 000~1 400 820 524 F MM Forest -0.47 ~0.04 -0.21 -0.40 —2.24
HEA MM Shrubland 0.04 0.69 0.27 0.16 1.92
# 2l Rubber plantation 0.00 0.00 0.01 0.01 0.11
AV Farmland 0.34 —0.76 0.19 0.16 0.27
AW Construction land - 0.01 0.00 0.01 0.00
>1 400 302 905 M Forest —0.84 —0.41 0.18 -0.59 0.56
HEA MM Shrubland 0.18 0.92 -0.49 0.63 -0.68
¥ Rubber plantation 0.00 0.00 0.00 0.00 0.00
A Farmland 0.14 -0.58 0.44 -0.29 —0.45
¥ L Construction land - 0.01 0.00 0.00 0.00

A AL FE AT I . F i K RIK G Farmland includes tea garden, dry land, paddy field and irrigated land

3.2.2 LUCCHBERIKR
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Fig. 4 Area percentage of land use/cover types in different slope gradients
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Table 4 Annual changes in percentage of land use/cover along different slope gradients from 1976 to 2007

Y RE pyiigiA MR R HEARE# Annual changes in percentage (%)
Slope (%) Total area (hm®) Land use/cover types 1976~1988  1988~1992  1992~1999  1999~2003  2003~2007
<5 136 664 Mt Forest -0.92 0.48 —-0.72 —0.43 —0.85
HEAM M Shrubland -0.09 0.49 0.10 0.33 0.72
#iZ i Rubber plantation 0.27 1.11 0.10 0.03 0.19
AT Farmland 0.57 —-2.14 0.47 —0.04 -0.22
B Construction land - 0.12 0.13 0.14 0.06
5~15 347 156 H MM Forest -1.14 0.11 —-0.91 -0.85 -1.76
HEAR MM Shrubland 0.08 0.49 0.15 0.41 1.39
¥zl Rubber plantation 0.36 0.64 0.38 0.68 0.45
AT Farmland 0.54 -1.35 0.54 -0.32 0.00
@M Construction land 0.01 0.04 0.01 0.01 0.00
15~25 793 236 4 hkH Forest -0.78 -0.03 —0.74 -0.98 —2.04
HEA MM Shrubland 0.15 0.56 0.15 0.47 1.36
¥ Rubber plantation 0.20 0.32 0.37 0.70 0.52
AT s Farmland 0.28 —0.94 0.41 -0.32 0.15
B Construction land - 0.01 0.00 0.01 0.00
25~35 505 351 A hkHs Forest -0.43 -0.01 —0.72 -0.90 -2.50
HEAM M Shrubland 0.04 0.60 0.34 0.42 1.62
¥l Rubber plantation 0.11 0.21 0.32 0.62 0.53
AV Farmland 0.17 -0.87 0.25 -0.21 0.27
¥ Construction land - 0.01 0.00 0.01 0.00
>35 132 858 4 bkt Forest -0.15 0.54 —0.52 -0.65 -2.68
HEAM M Shrubland -0.16 0.53 0.45 0.43 1.79
K@ Rubber plantation 0.05 0.10 0.21 0.34 0.46
AT s Farmland 0.22 -1.22 0.05 -0.15 0.27
B Construction land - 0.00 0.00 0.00 0.00

A A E . M. K IHAIK B Farmland includes tea garden, dry land, paddy field and irrigated land
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Table 5 Annual changes in percentage of land use/cover at different aspects from 1976 to 2007

Y BYiE Al bR /2 2R Y FARME# Annual changes in percentage (%)
Aspect Total area (hm?) Land use/cover types 1976~1988  1988~1992 1992~1999 1999~2003 2003~2007
it Flat 6904 4 Mt Forest -0.78 0.48 -0.59 —0.45 —0.54
HEAAMK Shrubland -0.16 0.84 -0.11 0.22 0.42
B hE Rubber plantation 0.16 0.45 0.13 0.11 0.16
AT Farmland 0.51 —1.64 0.47 0.03 —0.44
d63 North 493 468 Bk Forest -0.67 0.06 -0.45 -1.26 -1.90
M Shrubland -0.09 0.70 0.00 0.59 1.82
B hE Rubber plantation 0.19 0.40 0.46 0.35 0.44
ATt Farmland 0.45 -1.22 0.16 0.13 -0.32
ARY East 447 575 4 Mt Forest -0.70 -0.10 -0.80 —0.60 -2.29
HEARAM Shrubland 0.25 0.43 0.32 0.19 0.79
I Rubber plantation 0.23 0.38 0.26 0.67 0.56
Vs Farmland 0.11 -0.87 0.42 -0.30 0.86
B South 508 489 M Forest -0.79 0.07 -1.09 -0.53 -2.23
HEAAM Shrubland 0.25 0.45 0.45 0.28 1.13
Bz bE Rubber plantation 0.21 0.40 0.24 0.82 0.53
ATt Farmland 0.18 -1.00 0.54 -0.58 0.48
FEd West 458 829 H Mt Forest -0.72 0.26 —0.64 ~1.11 -1.89
WEAM Shrubland -0.14 0.62 0.10 0.67 1.94
Bz Rubber plantation 0.17 0.41 0.35 0.52 0.40
A I3t Farmland 0.51 ~1.34 0.34 —0.24 —0.44

A A . . K IHAIK B Farmland includes tea garden, dry land, paddy field and irrigated land
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1) Jia KX (3{JF.0) (2006). Study on growth change of the rubber
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