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Fig. 1 Soil erosbn map n Longjie Township, Yiliang County in 1960, 1980 and 2000
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2 1960~ 1980 ( hm?)
Table 2 The changes of each grade of soil erosin from 1960 to 2000 in Y liang County (hm?
1960 1960~ 1980
131011. 5 104 196. 3 7 982.2 8 958.0 1659. 5 4352.2 3684.7 178. 6 26 815.2
86 286. 8 4567. 7 68 976. 0 44027 2154.5 2643.3 33281 214.5 17 310. 8
23 697. 7 660. 1 7 357. 8 8914. 2 1031.7 4873.9 437.0 423.0 14 783. 5
5912. 8 619. 2 27.7 2529.3 745. 6 0.0 1 696. 8 294.2 5167.2
28 784. 8 899. 2 698.2 1177.0 1607. 8 24 255. 8 0.0 146. 8 4 529.0
2694. 8 0.0 308.2 453.3 0.0 924. 8 1 008. 5 0.0 1 686.3
1187.7 0.0 1.1 50. 5 8 8 0.0 65. 1 1 052.2 135. 5
6746. 2 16 385.2 17 570. 8 6462. 3 12794. 2 9211.7 1257.1
- 20 069. 0 - 925.6 + 27873 + 12951 +82652 + 75254 +1121.6
1980
279 576. 1 110 942. 5 85 361.2 26 485. 0 7207.9 37 050. 0 10 220. 2 2 309.3
« o o
1980~ 2000 (hm?)
Table 3 The changes of soil esion from 1980 to 2000 in Yiliang County ( hm?)
1980 1980~ 2000
110942. 5 86 727. 1 5654.0 9109. 0 3577.2 4 159. 1 1 446. 6 269. 5 24 215. 4
85361. 2 2575. 4 75 022 4 337.0 2064. 0 3126.2 2 236.2 0.0 10 338. 8
26 485. 0 1398.3 1342.0 18 501. 6 263. 0 3 346. 9 1519.5 113.7 7 983.4
7207.9 461. 4 23.9 786. 3 3055.0 296. 9 2 584. 4 0.0 4 152.9
37 050. 0 26l11. 6 236.5 367. 3 845. 3 32878.5 0.0 110. 8 4 171.5
10 220. 2 90. 0 480.3 14.9 0.0 405. 6 9 229. 4 0.0 990. 8
2309. 3 0.0 0.0 63.3 0.0 0.0 41. 6 2 204.4 104. 9
7136.7 7 736.7 10 677. 8 6749. 5 11334.7 7 828.3 494. 0
-17078.7 -2602.1 +26944 +2596.6 +7163.2 + 68375 + 389. 1
2000
279 576. 1 93 863. 8 82 759. 1 29 179. 4 9804. 5 44213.2 17 057. 7 2 698.4
4 1980~ 2000
T able 4 Transition probability matrixes of varbus soil erosion grades from 1980 to 2000 in Y iliang County
1980 1980~ 2000 (%)
(%) ~ = = = > = = )
39. 682 78. 173 5. 096 8 211 3.224 3. 749 1.304 0. 243 100
30. 533 3.017 87. 888 0. 395 2.418 3. 662 2.620 0. 000 100
9. 473 5. 280 5. 067 69. 857 0. 993 12. 637 5.737 0. 429 100
2. 578 6. 401 0. 332 10. 909 42. 384 4. 119 35. 855 0. 000 100
13. 252 7. 049 0. 638 0. 991 2.282 88. 741 0. 000 0. 299 100
3. 656 0. 881 4. 700 0. 146 0. 000 3. 968 90. 305 0. 000 100
0. 826 0. 000 0. 000 2. 741 0. 000 0. 000 1.802 95. 457 100
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5 (%)
Table 5 T he predictive value of the proportion changes of various soil erosion grades with Markov model in Yilang County (%)
1980 2000 2000 2020 2060 2100 t oo
1 39. 682 33.574 33. 573 29. 082 23. 281 20. 043 15. 412
2 30. 533 29. 602 29. 602 28. 656 26. 885 25. 368 19. 879
3 9. 473 10. 437 10. 437 10. 739 10. 309 9. 446 6. 878
4 2. 578 3.507 3.507 3. 749 3. 649 3. 449 2. 944
5 13. 252 15. 814 15. 814 18. 082 21. 693 24. 205 28. 510
6 3. 656 6. 101 6. 102 8. 597 12. 854 15. 957 23. 027
7 0. 826 0. 965 0. 965 1. 095 1. 329 1. 532 3.350
100 100 100 100 100 100 100
6 (hm)
Table 6 Thepredictive value of the changes of various grades of soil erosion areas with Markov model in Yiliang County (hm?)
1980 2000 2000 2020 2060 2100 t oo
1 110942. 5 93 863. 8 93 863. 0 81307. 4 65 087. 2 56 036. 7 43 087.1
2 85361. 2 82 759. 1 82 760. 0 80114.3 75 165. 1 70 921. 6 55 578.3
3 26 485. 0 29 179. 4 29 179. 3 30024. 4 28 820. 6 26 407. 5 19 228.5
4 7207.9 9 804. 5 9 804. 1 10 481. 3 10 201. 0 9 642. 1 8231. 8
5 37 050. 0 44 213.2 44 212. 5 50552.3 60 648. 5 67 670. 8 79 706.0
6 10 220. 2 17 057.7 17 058. 8 24 035. 1 35938.4 44 612. 9 64 378.0
7 2309.3 2 698 4 2 698.4 3061. 3 3715.3 4284.5 9366. 4
279 576. 1 279 576. 1 279 576. 1 279 576. 1 279 576. 1 279 576. 1 279 576. 1
7
Table 7 T he dynamic changes of annual average il erosion amount and soil erosion modulus and their
predictive value with Markov model in Yiliang County
1980 2000 2000 2020 2060 2100 1 oo
(10%) 733. 51 1 004. 50 1 237.37 1 444. 39 1 771. 61 2 000. 13 2 558.50
(Vkm>a™ 1 2623.7 3592.9 4425.9 5166. 4 6 336. 8 7 154.2 9151. 4
(mm/ a) 21 2.9 35 41 5.1 5.7 7.3
40 , (
4.1 1960 62 277. 8 hm’
2
2 3 , 40 1980 832724 hm", 2000

102 953. 2 hm?, 40

( )
40 65.31%
1960 23 697. 7. hm”

40 675. 4 hm>:

)

2000
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40 ,
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4. 09% ,
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28. 35% ,
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A Change of Soil Erosion from 1960 to 2000 in the Lower Reaches of
Jinsha River: A Case Study in Yiliang County, Yunnan Province

YANG Zisheng" % LIU Yansui', LIANG Luohui’, HE Yimei', ZHANG Yilin>, WANG Y unpeng’
(1. Institute of Geographic Sciences and N atural Resources Research, CAS, Bejing 100101, China;
2. Institute of Land & Resources and Sustainable Development, Yunnan University of Finance and Economics, Kunming 650221, China;
3. Environment and Sustainable Develop ment, the United Nations University, Tokyo 150- 8925, Japan;
4. College of Higher Vocational Technology, Yunnan University of Finance and Economics, Kunming 650101, China;
5. School of Resources Environment and Earth Science, Yunnan University, Kunming 650091, China )

Abstract: T he lower reaches of Jinsha River in Yunnan Province, which are one of the areas in China with most
severe soil erosion, have been on the Chinese Government’ s list of the nation’s key areas to be improved ecologi
cally. T his paper is to reveal the basic law of this area’ s soil erosion change and provide a basis for the future soil
and water conservation as well as sustainable use of land resources by studying Yiliang County, a typical place in
this area. Based on the County’ s soil erosion map in 1960, 1980 and 2000 drawn with the aid of aerial photo-
graph interpretation, filed investigation and GIS mapping techniques, the paper is to study the County’ s soil
erosion change during the period from 1960 to 2000. By using the M arkov model, the paper is also to forecast
what the County’ s soil erosion change will be like if the County’ s current land use continues, so as to provide an
important basis for the future formulation of the County’ s soil and water conservation measures and land use
planning. The main conclusions in the study were:

1) The dynamic changes of soil erosion in Yiliang County during the period form 1960 to 2000 were very
considerable. According to our measurement and calculation in the paper, the County’s annual average soil ero-
sion amount reaches 1 237. 37 x 10* tons in 2000, meaning an increase of 23. 18% over the County s average
soil erosion amount in 1980, which was 1 004. 50% 10" tons, and an increase of 68. 69% over the County’ s av
erage soil erosion amount in 1960, which was 733. 51x 10* tons. Accordingly, the County’s annual average soil

erosion modulus, which refers to the annual average soil erosion amount of per unit of area, increased from

2623. 7.t/ km>*a” " in 1960 to 3 592. 9 t/ km>*a” ' in 1980 and 4,425.9,t/ km>*a~ ' in 2000. The main causes of
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the County’ s soil erosion changes were the rapid increase of sloping field (especially the sloping field with a gra
dient> 15’) at the price of the remarkable decrease of forest, which arose from pressure of population growth on
grain and fuel supply and miscarriage in policy. T he changes of soil erosion not only undermines the County’ s
sustainable development, but also exposes the middle and lower reaches of the Yangtze River to the danger of
floods.

2) In the sense of ecological improvement and soil conservation related to land use, apart from afforesting
and rehabilitating the existing secondary bush, sparse forest and bare grassland, the County should conduct com-
prehensive treatment of the serious soil erosion of the County’s 12 063.9 ha of sloping field with a gradient >
25°(accounting for 15.08% of the cultivated land) and the County’ s 49 283. 0 ha of sloping field with a grad+
ent of 15"~ 25 (‘accounting for 61. 61% of the cultivated land) by doing the follow ing: re-vegetating with trees
or grasses as appropriate the County’ s field on the slope > 25° and some of the fields on the slope between 15°~
25° that have very thin soil layer through tree planting or natural succession so as to improve such fields’ ground
cover; terracing the cultivated field on the slope 15°~ 25 and combining agronomic measures ( mulching, zero

tillage, etc) for transformation of the field with heavy loss of soil, water and fertility into the field with well

conservation of soil, water and fertility.

Key words: soil erosion; dynamic change; M arkov model; soil and water conservation; the lower reaches of Jin

sha River
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