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Comparison on changes and their driving forces of farmland in oases of middle and

lower reaches: The case of Liangzhou and Mingin oases in the Shiyang river basin
LI Xiae- Yu'’, XIAO D Ning'’, HE Xing-Yuan' , CHEN Wei, HU Zhi Bin', SONG Dong-Mei (1. Institue o Applicd
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Scenas, Larchou 730000, China; 3. College f Earth Resources and Information, China University  Peroleun , Dongying 257061, China) . Acta Ecologica
Sinica ,2006, 26( 3) :671~ 680.

Abstract: The development and utilization of water and land resources in the Shiyang river basin is the highest among the 3 inland
rivers in the Hexi Corridor of Gansu province, northwestern China. Based on field investigation and social economical data, in
combination with TM images of the study area i 1986 and 2000, this paper analyzed the changes of famland and their driving
forces in Liangzhouqu and Mingin oases in the middle and lower reaches of Shiyang river basin in the last 20 years.

Famland inareased in both oases, while Mingin oasis incareased more quickly. Most of the increased farmland was distributed
on desert oasis ecotones. But it was mainly converted from desert in Liangzhou oasis, and from woodland and grassland in Minqin
oasis. In view of driving forces, the population inarease was one of the most important factors, and improvement of agricultural
technique and economic development provided conditions for farmland expansion in both oases. In addition, the expansion of
farmland was closely related to the amount of surface waer in Liangzhou oasis, but was effeded by ewlogical environment such as
gale and dust storm, and weather conditions such as rainfall and evaporation in Mingin oasis. With the development of human

adtivities and expansion of farmland in Liangzhou oasis, the need for surface water is ever growing fram year to year, resulting in
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a decrease of annual discharge to the Hongyashan reservoir from 5 x 10® m® during the 19505 and 1960s to only 1. 0x 10° m® or so
a present. Therefore overuse of groundwater in these regions, especially in the downstream Minqin oasis is very notable. All these
indicated that the development of oases in the middle and lower reaches of Shiyang River had already lost the balance to a great
extent, and the economic increase of Liangzhouqu oasis is at the cost of environment deteriorat ion of Mingin oasis.

In order to realize rational resource utilization and sustainable development of Shiyang river basin, the surface water should be
allated at a reasonable proportion in the whole watashed, recovering the runoff in the lower reaches to 18% of the total runoff
(about 2.5x 10°m?/ a) of Shiyang river, which used to be the level in early 1980s. In addition, the charge for transfer of water
from other watersheds should be allocated according to the proportion of runoff utilization, and thus reduce the cost of water use in
the lower reaches such as Mingin Oasis.

Key words: oasis; farmland changes; driving forces; Shiyang river basin; water resource
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Fig. 1 Total area and mean area per person of farmland i Liangzhou and M nqin oases
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Table 1 Spatial changes of farmland area in Liangzhouqu oasis
Ttem - .
Forest land Grassland Residential area Sandy land Salinized land Total
(h?) 2040. 5 3930 3 730. 9 8800. 2 — 15501. 9
Area of famland come from the other types ’ ) ) '
(hr?) 894 4 3132 4 2564. 2 264. 1 — RN45 1
Area of farmland converted nto the other types ) )
2
, (hen?) + 1191 1 +797.9 - 18%.3 +6146. 1 — + 6301 8
Net increment of farmlind come fran other types
Unchanged area of fammland( hm?) 144820. 9
Relative rate of farmland changes( % ) 4.9
1986 Fammland area in 1986" ( hm?) 154021. 0( 115498. 0)
2000 Famland area in 2000 (hm?) 160322. 8( 118209. 5)
* 1986 2000 The area of 1986 and 2000 in parenthesis was come from investigation of land resource by local

authorit ies; the same below
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Fig. 2 Distribution of increased farmland from other land use types in Liangzhouqu and Mingin oases
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Table 2 Spatial changes of farmland area in Mingin oasis

Ttem

Forest land Grassland Residential area Sandy land Salinized land Total
2
(fm?) 8608. 0 22307. 9 237.0 4800.2 4494.6 40456.7
Area of faimland come from the other types
(hm?)
. 4976 1801 2 515.1 933 8 274.8 4022 4
Area of fanmland converted into the other types
2
. (fm) +8110.4 + 205006. 8 - 27181 + 3875.5 + 4219.8 + 36434.3
Net increment of Fammland come fran other types
Unchanged area of famland( hm?) 65225 6
Relative rate of farmland changes( % ) 52.61
1986 Fammland area in 1986( hm?) 69248 0(74333 3)
2000 Fammland area in 2000( hm?) 105682. 3( 87631. 5)
2 2
2
4.1
2
2 2
19, 10]
2 2 2
2 2 2
2 2
, 17
(Y, (X1);
(X2), (X3), (X)( 80%  N%
)s
(X4), (Xs), (Xo), (X7);
(X 3) ’ (X9) 5
(X1), (X12), (XnB);
(Xl4)9 (X15)7 (X16)7 (X17)

17 1980~ 2000 , SPSS11.0
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Table 3 Correlation matrix of driving force variables of farmland changes in Liangzhou oasis
Yy X, X, X3 Xy Xs X Xy Xg Xy Xo Xu X X Xy X Xy Xy
Yy 100
X, 0% 1.
X, 0.12 011 100
X; 098 0.9 012 1.00
X4 0.8 0.8 012 0.8 1.00
Xs 0.4 042 010 052 079 1.00
Xeg—0.%-0.97-0.19-0.89-0.90- 0.47 1.00
X; 08 0.8 032 076 0.52-0.01-076 1.00
Xg 0.8 0.8 012 08 0.8 0.60-091 060 100
Xo 0.8 092 008 0.8 094 0.61-092 057 085 100
Xio 097 09 013 093 0.8 0.39- 094 0.80 0.81 0.90 100
X;p 0.8 0.8 003 0.8 094 0.68-08 046 0.8 098 08 100
X, 00% 097 007 091 094 056-0.96 068 090 097 095 09 100
X3 027 013 022 044 036 056-015 006 020 022 014 019 018 100
X4 0.3 0.3 042 034 0251 0.12-0.33 051 028 0.23 027 Q17 02 015 100
Xi5-0.59-0.5-0.60-0.59-0.50-0.25 0.54-066-045-0.44-062-040-051-021-060 100
Xi6-0.68-0.66-015-0.62-0.45-0.02 0.61-0.74-0.45-0.49-062-042-057-026-013 040 1.0
Xi7-0.43-0.39 0.08-039-0.24 0.05 043-049-0.33-033-036-027-036 0B -005-001 038 1 00
Y, Farmland area; X |, Population; X,, Amount of surface runoff; X, Number of pumped wells; X,

Total crop production; X,
Percent of planted cash crop; X,

eledric power used in agri alture; X,

Mean crop production per person; X,
Amount of fertilizer application; X g,

Total product of ndustry; X ,,

Percent of planted grain crop; X,
Total power of agricultural machine; X,

Total product of agriculture; X 5,

Ratio of income to expemses in rural; X 4, precipitation; X 5, evaporation; X g, Number of gale days; X, Frost
free days, the same below
« 9, 3 1, 82. 13%
84.97%, 3 ( 0,
9 Xl X3 X4 XS X() XIO Xll XIZ ) X6 s
X2 N X 15 5 XS B
3 (1) :(2) :(3)
’ Xl X3 X4 XS X9 XIO Xll XIZ 5 XIG
’ X 14 ’ X 15 ’
3 (1) :1(2) :(3)
4.2
4.2.1 55. 20% R

0.98, ,
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Table 4 Correlation matrix of driving force variables of farmland changes in Mingin oasis
Yy X, X, X3 Xy Xs X6 X7 X Xo  Xio X X2 X Xu X X Xy
Yy 1.0
Xy 0.9 1.0
X, -0.8-08 100
X; 079 0.8 -075 1.00
Xy 091 0.9%6-087 075 100
Xs 077 0.8-076 052 0.94 1.00
X6-0.89-0.83 069-068-0.79-0.68 1.00
X; 0.8 0.8-071 067 0.83 0.72-0.97 1.00
Xg 093 0.98-0.8 0.8 092 0.75-0.81 0.85 100
Xy 092 09%-087 093 092 074-0.78 079 0.98 1.00
X 09 09%5-09 078 094 082-077 078 091 092 100
X, 0092 0.%-084 091 090 0.73-0.77 077 0.96 0.98 089 100
X2 095 09-08 087 096 0.82-082 0.8 097 098 095 098 100
X13-0.19-0.42 042-031-038-0.28 0.02-0.16-0.42-0.45-032-041-038 10
X4 0.3 0.31-024 031 019 005-060 053 030 026 026 024 027 012 10
Xi5-0.16-0.00-0.05-0.07-0.09-0.10 0.33-0.34-0.13-0.05 002-004-00-021-051 10
Xi6-0.53-052 046-0.15-0.56- 0.57 0.47-0.50- 0.47-0.39-056-036-047 00 -006-003 1.0
X17-0.58-0.57 0.56-0.33-0.60- 0.59 0.41-0.52-0.59-0.55-052-049-052 039 001 018 0.47 100
5
Table 5 K genvalues and contributing rate of primary factors
Liangzhouqu oasis Mingin oasis
Principal component . (%) . (%) . (%) . (%)
Eigenvalues % of Varance Cumulative Eigenvalues % of V ariance Cumulat ive
1 9. 39 55.20 5520 8. 80 51.74 51. 74
2 2. 72 16.02 71 23 3. 4367 20.40 2. 13
3 1. 8 10.90 82 13 2. 1832 12.84 &. 97
6
Tahle6 The matrices of primary factor loadings
Liangzhouqu oask Minqin oasis
1 2 3 1 2 3
Component 1 Component 2 Component 3 Component 1 Canpornent 2 Component 3
X, Q% 0.23 - 011 08 0.43 01
X, -00 0.81 0.17 - 081 - 0.41 0 m
X3 091 0.29 0.05 Q0% - 0.02 010
X, 093 0.13 0.32 08 0.57 008
X5 036 -0.02 0.78 058 0.70 003
X -09% -0.24 0.06 - 067 - 0.40 -05
X, 064 0.58 - 0.46 a 67 0.47 049
X Q9% 0.14 0.12 08 0.38 0114
X, Q9% 0.08 0.13 QH 0.30 006
X0 093 0.26 - 0.11 08 0.49 0 o7
X QN - 0.00 0.22 QN 0.27 006
X2 Q98 0.15 0.04 090 0.39 010
X3 Q19 0.26 0.59 -0 - 0.02 051
Xy Q15 0.75 0.04 030 -0.13 08
Xis - 039 - 0.81 - 0.07 004 - 0.07 -07
X6 - 058 -0.32 0.38 -013 - 0.87 -0o
X5 - 045 0.08 0.54 -035 - 0.67 00
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[11,12]
, 1. 5¢/L
8 152 hm’, 1.5~ 2.0 gL 32 805 hm’,
3.0gL 19 334 hm’( 7.03%)
39 339 hm’( 14. 32%) , > 4.5/ 1987 337 hm’, 2001 11 042 hm’
, 3.0 g/L , 0% ",
7 500 m/hm’ , , 1987
1.2x 10 t,2001 20.7% 10 t, 16. 7¢/hm’>  18. 9 t/hm’
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