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Impact of landscape changes on environment due to 60 year’s land use in a small

catchment in Loess Hilly Region on the Loess Plateau
WEN Zhonnging, JIA() Feng, ZHANG Xiao—Ping N YANG Qiane (The Institute of Soil and Water Conservation

CAS and MWR. and Northwest Sci-Tech University of Agriculture and Forestry. Yangling, Shannzi 712100, China). Acta Ecologica Sinica .
2004,24(9):1903~1909.

Abstract:Land use can have impacts on landscape patterns thus affecting many ecological processes and functions, such as soil
erosion, soil water and nutrients and hydrological process. Understanding the environmental responses to the changes in these
ecological processes is crucial to the sustainable land use planning and environmental construction. Using the GIS techniques
and AHP method, the landscape changes and its environmental impact in Zhifanggou catchment were analyzed and evaluated
using the data from aerial photos and field data in the past 60 years. Social and economic factors were also taken into the
evaluation since the land use is a kind of social and economic activities and changes with social and economic environment. The
results showed that the environmental changes were closely related to the landscape changes. In 1938, the landscape had the
biggest vegetation cover. The soil erosion was slight and soil condition was kept in natural state, and the land had higher
productivity due to the rotation farming system. The environment was in the best state according to the evaluation. However,
when the landscape changed from one dominated by the trees and grasses uses to another dominated by the slope farmland, the
landscape diversity and evenness decreased, and the landscape became simple. With these changes, the soil erosion increased,
the soil functions degraded and the soil productivity decreased. The environment degraded gradually and reached to the worst
point in 1958. This situation changed little until 1975 when the watershed management activities initiated. After 1975, the

trees and grass restored gradually and reached to a balance with farmland in 1995. The landscape became complicated with the

“ ” 5 (KZCX3-SW-421);
(40301029)
:2003-07-213 :2004-04-05
(1969~), s s . E-mail:zmwen@ms. iswc. ac. cn

Foundation item: The talent cultivation program “Western Light” of CAS; Knowledge innovation program of CAS (No. KZCX3-SW-421)and
National Natural Science Foundation of China(No. 40301029)

Received date:2003-07-21; Accepted date:2004-04-05

Biography : WEN Zhong-Ming, Ph. D. , Assistant professor, mainly engaged in land use and ecological restoration. E-mail: zmwen@ms. iswc.

ac. cn



1904

24

highest landscape shape index and edge density during the period from 1990 to 1997. The soil properties improved; soil erosion

decreased; land productivity increased. These changes improved environment to a new stage. After 1997, great land use

changes taken place due to the “Converting Slope Farmland to Trees and Grasses Policy”. More slope farmland has been

converted to trees and grasses. With this change, the landscape diversity decreased and dominated by trees and grasses again

although the vegetation cover did not restored the level in 1938. The environment reached the best point since 1938 but not

restored to the level in 1938. The changes in social and economic factors showed that the eco-environmental restoration is not

just the ecological restoration. but a process involved the ecological restoration and social and economic sustainable

development.

Key words :land use; landscape; environmental impact; loess hill region
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Table 1 The classification system of landscape in Zhifanggou catchment
The first class The second class Land use types included
. Orchard N Apple, Chinese date, walnut etc.
Land for production
Forest Mainly refers to trees
Shrub Natural and man-planted shrubs
Grassland Natural and man-planted shrubs
Basic farmland N Terraces and irrigated farmland
Slopping farmland Slopping farmland
Land for other uses Residential area Residential area for farmers
Water area . . Rivers, reservoir and pond
Unused land . Steep slopes &. gullies
2.2
D o 1958.1975.1978,1987.
1990 5 (1:10000), ;1991

o 1: 10000,
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Table 2 The structure of indexes for the evaluation of environmental impact

Sub-objectives Indexes

Integrative ecological (t/(km? + a)) Soil erosion index
The overall environmental impact the ratio of the slopping farmland
evaluation of the dominance index of vegetation

environmental impact Landscape diversity

Soil environmental (mm/min) Steady soil infiltration rate
impact (%) Organic matter content
(mm) Average diameter of aggregate

(1. min/g) Soil anti-scourability

Social and economic Index of quality of farmland structure
environmental impact (% )Realization rate of basic farmland per person
(% )Realization rate of farmland productive potential

(%) Self-support ratio of food per person
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Table 3 The weighting value of different indexes to higher hierarchies
U, U, U, M
U highest hierarchy U Order of lowest
0.43 0. 31 0. 26 hierarchy
(M1)Soil erosion index 0.24 0.103
(M2)The ratio of the slopping farmland 0.23 0. 099
(M3)The dominance index of vegetation 0. 45 0.194
(M4)Landscape diversity 0. 08 0. 034
(M5)Steady soil infiltration rate 0.12 0. 037
(M6)Organic matter content 0. 42 0.130
(M7)Average diameter of aggregate 0. 25 0.078
(M8)Soil anti-scourability 0. 21 0. 065
(M9 Index of quality of farmland structure 0.13 0. 034
(M10)Realization rate of basic farmland per person 0. 29 0.075
(M11)Realization rate of farmland productive potential 0.12 0. 031
(M12)Self-support ratio of food per person 0.46 0.120

4

Table 4 The dominance index of landscape patch type and average area of Zhifanggou catchment

Year Orchard Forestland Shrubland Grassland Basic farmland Slope farmland Unused land Residential area
1938 A H 40. 40 15. 54 26. 88 2. 87 12. 65 H# 0. 66
B # 7.10 1.32 3.82 1. 65 1. 89 H 1. 86
1958 A 0. 80 H# 0. 44 28.29 5. 14 56. 05 6.51 2.19
B 0.41 H# 1. 09 8. 07 1.53 5.90 30. 04 1. 05
1975 A 1. 86 1.88 2.71 28. 77 7.07 49. 62 5.70 1.59
B 0.99 1.07 1.48 5.85 2.05 3.73 91.41 1.15
1978 A 2. 88 3.42 1.93 27.31 7.88 48. 67 5.29 1.58
B 1.24 1. 60 1.27 5.82 1. 87 3.95 84.53 1.15
1987 A 6.63 13.22 5.95 24. 84 8. 10 34.01 4. 39 1. 33
B 1.56 1.74 2. 30 4. 37 1. 69 2.69 5.58 1.03
1990 A 6. 37 16. 55 6. 37 25.73 9.37 29.72 3.70 1.25
B 1. 64 1.62 2.62 3. 88 2.44 2.11 7.88 1.03
1995 A 7.27 17.02 6.23 27.21 10. 44 27.74 1.90 1. 26
B 1.59 1. 92 2.50 4.54 2.39 1. 87 3. 88 1.03
1998 A 8. 74 16.72 8. 81 31.23 11.76 16. 21 3.98 1.47
B 1. 64 2. 64 2. 60 5. 94 2.24 2.58 2. 06 1.03
2000 A 8.76 23.76 10. 40 30. 50 10. 75 9.62 3. 65 1.48
B 1. 64 2. 85 3. 36 5.29 2.54 1. 65 3.70 1.03
* A Dominance index of different patch type in one year;B
Average area of different patch type in one year
3.2
s o S,
o (1958 ),
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) 1990~1995 5
s L. Table 5 Changes of landscape indexes of Zhifanggou catchment
b b
Edge
’ ° .gc Shanon .
Year Landscape density diversit Dominance E -
. ’ ; shape index  (km/km?) o0 index e
¢ index
’ 1938 24.67 34.07 1. 61 0.79 0. 67
’ ° 1958 23.13 31.96 1. 60 1. 04 0. 60
° s s 1975 25.55 35. 31 1.93 1.07 0. 64
s 1978 26.13 36.11 1.97 1.07 0. 65
1987 29. 06 40. 15 2.41 0.76 0.76
’ ° 1990 30. 29 41. 86 2.58 0.56 0. 82
3.3 1995 29.92 41. 35 2. 60 0.57 0.82
1998 26.90 37.17 2.43 0.75 0.76
2000 27. 31 37.73 2.54 0. 68 0.79
s o 6 1,
s s : (1)1938 s
) ;1938 ’ ’ ’ ’
0. 87 1958 0.42;(2) 1958 s 20 70 80 ,
s s ;(3) 1978 . 80 s
s , 1990 s
1997 (41998 , (G s s s s
2000 1938 B
6
Table 6 Environmental changes due to the impact of landscape changes in Zhifanggou catchment
Year
Indexes 1938 1958 1975 1978 1987 1990 1995 1998 2000
M1 0.662 0.12 0.132 0.13 0. 155 0.174 0.189 0.292 0. 493
M2 0.184 0.042 0.036 0.036 0. 05 0.062 0.071 0.115 0. 254
M3 1. 226 0. 425 0.494 0. 484 0. 652 0.72 0.747 0. 84 0.903
M4 0.615 0.611 0.737 0.752 0.92 0. 985 0.992 0.927 0. 969
M5 0.958 0.6 0. 707 0.707 0. 807 0.832 0. 882 0. 925 0.917
M6 1.102 0.539 0. 639 0. 645 0.758 0. 801 0. 864 0. 909 0.978
M7 1. 002 0.598 0. 686 0.692 0.8 0.813 0.873 0.93 0. 946
M8 1. 244 0.188 0.243 0.241 0. 507 0.577 0.626 0.726 0. 905
M9 0.161 0. 047 0.09 0. 094 0. 155 0. 254 0.3 0. 402 0.592
M10 0.789 0. 381 0.509 0.526 0. 603 0.821 0.784 0.758 0. 846
Mi11 0.135 0. 039 0. 052 0. 041 0.063 0. 097 0.183 0. 305 0. 254
M12 1. 00 1.00 1. 00 0.998 1.00 1. 00 1.00 1.00 0. 944
Overall index 0. 87 0. 42 0.48 0. 48 0. 57 0.63 0. 65 0.71 0.78

* M1 Soil Erosion Index;M2 the ratio of the slopping farmland; M3 the Dominance Index of Vegetation; M4 Landscape Diversity.
M5  Steady Soil Infiltration Rate ;M6 Organic Matter Content; M7 Average Diameter of Aggregate; M8 Soil Anti-scourability; M9 Index
of Quality of Farmland structure; M10 Realization rate of basic farmland per person;M11 Realization rate of Farmland Productive Potential ;
M12 Self-Support Ratio of Food Per Person
4
60a
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