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Land use dynamics in Weibei upland in China’
— A case study of Heyang County

LIU Jing, CHEN Tao, CHANG Qingrui", GAO Yimin, LI Fenling

(College of Natural Resource & Environment, Northwest A&F University / Key Laboratory of Plant Nutrition and Agricultural En-
vironment of Northwest, Ministry of Agriculture, Yangling 712100, China)

Abstract Spatial-temporal evolution of land use and landscape pattern has become a core component of research on land use
and cover change. In order to understand the spatial and temporal change characteristics of land use of Weibei upland, Heyang
County, we used the geo-informatics TUPU, land use transfer matrix and the Markov model to evaluate quantitative character-
istics of changes and spatial transfer of the land use types in this area based on interpretation data form TM image in 1990 and
2000 and SPOT image in 2010. The driving forces of land use change were also analyzed in this research. The results showed
obviously hierarchical distribution of land use types. Crop land, mining and construction land and water body were distributed
in area of terrain relief under 25 m as well as slope of slope (SOS) less than 3°. During the past 20 years, crop land was the
dominant land use type. Grass land and forestry land mainly distributed on middle or high terrain gradient. Forest land and

unused land were the dominant land use types on the area of high terrain gradient. From 1990 to 2010, the area of arable land
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decreased continuously, from 893.13 km? in 1990 to 861.88 km? in 2010, and arable land mainly transformed into grass land,
forest land, mining and construction land and water body. Area of orchard increased obviously, from 14.54 km? in 1990 to
35.76 km? in 2010, mainly transformed from arable land, grass land and forest land. There had 5 land use change TUPU types:
the stable type, anaphase type, prophase type, transform type and constant type. Stable type and anaphase type were the domi-
nant types in the study area from 1990 to 2010. The areas of stable type and anaphase type accounted for more than 86% and
7% of total area, respectively. The other land use change TUPUs occupied low proportions of total area. This indicated that
land use changes were gently in this area, land use changes mainly occurred during 2000 to 2010. Landform and anthropogenic
activities was the main factors driving land use cover change (LUCC). Moreover, the policy guidance and market demand for
LUCC also had a greater impact on LUCC. The study provided scientific theoretical basis for the dynamic optimal configura-
tions of land use pattern and the decision support of construction of eco-environment of Heyang County.

Keywords Land use change; Remote sensing; Spatial pattern; Change TUPU; Driving factor; Weibei upland
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Table 1 Classification and area proportion of landform factor

2
Classification Area proportion (%) ’ 9.89 km ’
Py 5795 1990 6.04%; 3.28 km’,
Landf(()rrnn)l relief 2550 10.57 4.94%,
50~100 19.01 2000—2010 , 10 a 4.16 km’
100~150 9.11 ( 2 4),
>150 3.36 ,
<1 66.89 1998
2
Slope chjmge rate 13 15.08
©)
3~5 9.11
b
5~8 6.39
; ,  869.50 km’
>8 2.54 5
861.88 km”, 0.88%;
Sunny slope 57.03 2
Aspect , 6.25 km’, 6.53%:
Semi-sunny slope 24.60 )
o/.
Semi-shady slope 12.81 12.89 k', 56.39%;
2 .
Shady slope 5.56 0.23 km ’ ’ ’ 2000
2.76% , R
2.51%; 11.34 kn?’, 1.86 km?, 2.17%,
38.91%; 17.71 kn?, 26.05%,
F2 ABAE 1990 £, 2000 FF0 2010 &+t E R IR K AT & LLBHIT 1L
Table 2 Areas and percentages of different land use types in 1990, 2000 and 2010 in Heyang County
1990 2000 1990-2000 2010 2000-2010
Land use type Area  Ratio  Area  Ratio  Area change Change range  Area Ratio  Area change Change range
km?) (%) (km®) (%) (km’) (%) km?) (%) (km’) (%)
Grass land 163.88 1233 173.77 13.08 9.89 6.04 168.97 12.72 —4.80 -2.76
Crop land 893.13 67.22 869.50 65.44 -23.63 -2.65 861.88 64.87 -7.62 —0.88
Construction land 67.96 5.12 85.67 6.45 17.71 26.05 87.53 6.59 1.86 2.17
Forest land 66.54 5.01 63.26 4.76 -3.28 -4.94 67.41 5.07 4.16 6.57
Water body 9349  7.04 95.83 7.21 2.34 2.51 89.58 6.74 -6.25 —-6.53
Unused land 29.16 2.19 17.81 1.34 -11.34 -38.91 17.58 1.32 -0.23 -1.30
Orchard 1454 1.09 22.86 1.72 8.32 57.22 35.76 2.69 12.89 56.39
“r “—” means area decrease of land use type.
&3 1990—2000 F5MHE L1 AEEHIEM
Table 3 Transfer matrix of land use types from 1990 to 2000 in Heyang County km?®
1990 Year 1990
2000 2000
Year 2000 Sum in 2000
Grass land ~ Crop land  Construction land Forest land Water body Unused land  Orchard
Grass land 161.82 3.50 0 3.86 0 4.59 0 173.77
Crop land 0.13 865.81 0.19 0 0 3.09 0.28 869.50
Construction land 1.93 13.85 67.77 0 0.30 1.79 0.04 85.66
Forest land 0 0.46 0 62.68 0 0.11 0 63.25
Water body 0.01 0.87 0 0 93.19 1.76 0 95.83
Unused land 0 0 0 0 0 17.81 0 17.81
Orchard 0 8.64 0 0 0 0 14.23 22.86
1990 Sum in1990 163.88 893.13 67.96 66.54 93.49 29.16 14.54 1328.71
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Table 4 Transfer matrix of land use types from 2000 to 2010 in Heyang County km
2010 Year 2010
2010 2010
Year 2010 Sum in 2010
Grass land  Crop land  Construction land Forest land Water body Unused land Orchard
Grassland 149.60 13.01 1.28 3.27 0.39 0.66 0.76 168.97
Crop land 15.24 823.20 9.95 3.78 4.67 0.64 4.41 861.88
Construction land 1.35 9.52 73.66 0.10 2.53 0.14 0.22 87.53
Forest land 5.55 3.48 0.11 51.46 0.39 6.24 0.18 67.41
Water body 0.37 2.76 0.31 1.75 81.40 3.00 0.00 89.58
Unused land 0.16 2.67 0.05 1.12 6.45 7.15 0.00 17.58
Orchard 1.49 14.88 0.31 1.78 0.00 0 17.30 35.76
2000 Sum in 2000 173.77 869.50 85.67 63.26 95.83 17.81 22.86 1328.71
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Table 5

x5

1990—2010 A E AR ER L b F) A RE D HIFE

Distribution characteristics of land use types on differenct landform relief gradients in 1990—2010

Classification of

Distribution index

. Cropland Orchard Froestland Grass land Construction land Water body Unused land
landform relief (m)
1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
0~25 1.14 1.14 0.80 1.04 070 0.58  0.09 0.07 1.00 1.07 1.54 1.58 1.00 1.33
25~50 .19 1.19 0.82 097 021 022 058 0.58 1.68 1.50 0.23 0.23 0.34 0.41
50~100 084 083 153 116 098 1.04 231 2.34 1.03 0.93 0.22 0.15 0.52 0.61
100~150 0.51 0.53 1.46 0.75 1.78 2.00 3.80 3.87 0.46 0.41 0.23 0.14 1.67 0.62
>150 0.32 0.32 0.65 0.25 6.35 7.49 2.65 2.71 0.23 0.29 0.65 0.55 3.82 0.36
Area proportion (%)
Class1f1cat1pn of Cropland Orchard Froestland Grass land Construction land Water body Unused land
landform relief (m)
1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
0~25 65.75 65.80 46.47 59.88 40.69 33.55 5.49 4.08 57.71 61.85 89.03 9143 57.86 77.06
25~50 12.41 1237 8.54 10.09 222 227 6.08 6.05 17.54 15.65 2.37 2.41 3.52 4.28
50~100 16.02 15.86 29.23 22.17 18.75 1991 44.10 44.68 19.68 17.68 4.24 2.93 9.96 11.67
100~150 473 487 1352 698 1647 1851 3520 3586 4.26 3.82 2.11 1.33  15.50 5.74
>150 1.08 1.10 224 087 21.87 2577 9.13 9.33 0.80 1.01 2.24 1.90 13.16 1.25
3.3.2 ,
b
4 Wit 54t
( 6 0°~3°
N > 2
0°~3° , ; ;
3° ’
20 a ’
: 0°~1° »
0°~1° ’
, o 3°
b
b
. b
13 2 N
b b
[32]
b
, LUCC
3.33 (3] 20a 39.8
43.6 , 9.5%
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Table 6 Distribution characteristics of land use types on differenct slope change rates in 1990-2010

Classification of

Distribution index

slope change rate Cropland Orchard Froestland Grass land Construction land ~ Water body Unused land
©) 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
0~1 1.14 1.14 077 1.00 066 056 017  0.15  1.11 115 137 140 094  0.81
1~3 0.86 0.86 1.53 1.11 1.15 1.29 2.03 2.07 1.06 0.96 0.27 0.17 0.89 0.70
3~5 0.66 0.66 1.51 1.00 1.80 2.00 2.97 3.01 0.68 0.59 0.24 0.18 1.23 1.64
5~8 0.57 0.58 1.45 0.85 2.25 2.55 3.32 3.35 0.44 0.40 0.27 0.26 1.38 1.40
>8 0.43 0.43 1.05 0.69 3.14 3.35 3.89 4.00 0.24 0.20 0.12 0.11 1.43 1.67

Area proportion (%)

Classification of

slope change rate Cropland Orchard Froestland Grass land Construction land ~ Water body Unused land
© 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
0~1 76.28 76.24 51.20 67.02 43.88 37.58 11.20 9.85 74.39 77.11  91.68 93.85 62.89 55.95
1~3 12.98 12.96 23.09 1672 17.39 19.40 30.67 31.19 1597 14.48 4.08 2.57 13.42  10.53
3~5 6.00 6.03 13.78 9.07 16.37 18.18 27.02 27.40 6.21 5.34 2.22 1.66 11.24 15.85
5~8 3.64 3.68 9.28 5.43 14.38 16.33  21.24 21.41 2.82 2.55 1.72 1.63 8.84 12.25
>8 1.10 1.09 2.66 1.76 7.97 8.50 9.87 10.15 0.61 0.51 0.30 0.29 3.62 5.42

=17

1990—2010 £ A~ [E1 3 B 3T 40 i - #b F B 28 5 F 454

Table 7 Distribution characteristics of land use types on differenct slope change rate gradient in 1990-2010

Distribution index

Classification of

aspect Cropland Orchard Froestland Grass land Construction land Water body Unused land
1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
1.10 1.10 1.00 1.04 0.63 0.70 0.71 0.69 1.14 1.09 0.77 0.76 0.86 0.66
Sunny slope
Semi-sunny 0.90 0.91 0.85 0.90 1.52 1.43 1.28 1.29 0.89 0.85 1.25 1.18 0.52 0.77
slope
Semi-shady 0.84 0.81 1.20 1.00 1.31 1.20 1.40 1.43 0.75 1.02 1.36 1.49 2.58 2.64
slope
0.76 0.73 1.19 1.03 1.83 1.70 1.83 1.90 0.63 0.68 1.42 1.51 0.98 1.68
Shady slope
Area proportion (%)
Class;fs“l]:ea;on of Cropland Orchard Froestland Grass land Construction land Water body Unused land
1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010 1990 2010
62.80 63.01 57.04 59.22 3576 40.04 40.29 3945 65.04 62.17 43.85 4336 4881 37.89
Sunny slope
Semi-sunny ~ 22.25  22.50 20.93 2221 37.37 35.09 31.53 31.67 2191 21.01 30.86 29.14 12.75 18.97
slope
Semi-shady 10.71 1041 1542 12.85 16.72  15.41 17.99  18.32 9.55 13.06 17.42 19.10  33.01 33.77
slope
4.23 4.08 6.60 572 10.15 9.46 10.19  10.55 3.51 3.76 7.87 8.39 5.43 9.36
Shady slope
, 1998 ; ,20a
b b
, , 10 a 1 20
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