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ORIGINAL ARTICLE

The temporal change of driving factors during
the course of land desertification in arid
region of North China: the case of Mingin

County

Abstract Taking the key research
area in the arid region of North
China—Mingqin County—as a case,
this paper analyzes the main factors
impacting land desertification. Based
on factor analysis method and the
collection of data in the last

50 years, this paper researches the
spatial changes of driving factors
during the course of land desertifi-
cation in Minqin, Gansu Province.
The results of factor analysis indi-
cate that the driving force of human
factor on land desertification ac-
counted for 56.33% in 1956-2004
and for 66.19% in 1981-2004, the
driving force of nature factor on
land desertification accounted for
11.29% in 1956-2004 and 8.11% in
1981-2004, and the synthesis of
driving forces of human and natural
factors accounted for 11.19% in
1956-2004 and for 14.88% in 1981—
2004. This indicated that human

driving force on land desertification
was increasing in Minqgin County
gradually.

Keywords Mingin - Land
desertification - Factor analysis -
Driving factors - Spatial change

Introduction

Land desertification of China is chiefly prevalent in 12
provinces (Autonomous Region) of North China
(Fig. 1), namely Gansu Province, Ningxia Hui
Autonomous Region, Inner Mongolia Autonomous
Region, Qinhai Province, etc. (Wang et al. 2004).
Owing to the rapid spread of land desertification, it
has become the hot spot of academe (Wang et al.
2004; Brogaad and Zhao 2002; Ho 2000; Wu and Ci
2002). Currently, the cause of land desertification is
the basic and most central problem considered in

research on the control of land desertification (Jia
et al. 2003; Dong 2001a, b); however, the dispute of
academe on the question is relatively obvious, which
can be summed as human cause, natural cause, or
synthesis of human and nature. In fact, the conclusion
that the rapid spread of land desertification results
from excess economic activity of humans is accepted
by academe in the last 10 years (Fan and Gao 2000;
Mortimore and Turner 2005; Zhao 1993; Zhao et al.
2005a, b; Wang and Zhu 2001). Because the driving
factors of land desertification are diverse in different
areas, a quantitative assessment standard has not yet
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been agreed upon. Up to now, the research methods
on driving factors of land desertification mainly indi-
cate two aspects: one adopts the mathematical model
from system dynamics (Fan and Yang 1989; Zhang
and Sun 1999; Yang and Fan 1991), or fuzzy sets
(Sasikala and Petrou 2001); because there are some
limitations, this method is not widely used in practical
research (Zhao 1993; Sasikala and Petrou 2001). An-
other method adopts principal component analysis
based on collecting data on humans (Jia et al. 2003;
Dong 2001a, b), such as area under cultivation, agri-
cultural population, the number of livestock and so
on, and meteorological data. Though the latter is
widely used as it has a well-knit mathematical base, it
lacks ample variables (Dong 2001b; Zhang 2000) and
long-term data (Dong 200la; Liu and Dong 2003),
and is short of correlation test of factors selected and
collinearity test of extracted factors (Li et al. 2004;
Dong et al. 1994; Whap et al. 2004). More impor-
tantly, the method researches little on temporal change
of driving factors of human and nature impacting on
land desertification.

This paper takes Minqgin County of Gansu Province,
the key research area of land desertification in North
China, as a case. On the basis of socioeconomic and
meteorological data collected in the last 50 years, the
driving forces of human and natural factors and their
temporal changes are researched using factor analysis
method during land desertification. In addition, the
paper attempts to assess the driving forces of human and
natural factors impacting land desertification, which
could provide theoretical basis for the government to
regulate human economic activity.

Analyzing the driving factors impacting
land desertification

General survey of study area

As a key research area of land desertification in North
China, Mingin County is located in the lower reaches of
Shiyang River in Northwest China; except for a part of
the southwest borders on Wuwei and Jinchang, others
are surrounded by Badain Jaran Desert and Tengger
Desert (Fig. 2). So Mingin is representative of a des-
ert—oasis of semi-isolated inland. Desert and desertifi-
cation land measures 1,520,000 hm?, accounting for
94.5% of total land area.

In prehistoric times, Minqin was covered with water;
the geographical environment was everglade (Feng
1963). However, from the exploitation of Xihan dynasty
to the reclamation of Ming and Qing dynasties, great
changes had fundamentally occurred there, i.e. land
desertification intensively spread. In the last 50 years,
especially in the late 1970s, there was large-scale devel-
opment in Shiyang River basin. Three well irrigation
areas were built, namely Wuwei, Minqin, and Jinchuan-
Changning, which provided 36% of foodstuff and sup-
ported 48% population in Hexi region. It became one of
the most important barns of Gansu Province (Zhu and
Chen 1994). Owing to the abundant irrigation of Wuwei
oasis, located in the middle reaches of Shiyang River
basin, the amount of water pouring into Mingin con-
tinued to reduce. In order to offset water resources,
Mingin began to exploit groundwater in great force,
forming three large-scale groundwater fillers, causing
vegetation to perish, farmers to disperse, and the culti-
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Fig. 1 The distribution map of land desertification in North China
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Fig. 2 Location of Mingin
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vated land to be abandoned. As a result, the fecund land
that was once suitable for cultivation and fishery became
a scene of “deserts occupying 90% of the area” and “‘no
irrigation, no planting” (Xie et al. 2004).

Research (An and Ding 2000) indicates that land
desertification of Minqin County accelerated spread in
the last 30 years. The area of land desertification
(including desert) was 1,487,620.45 hm? in 1977 and
1,496,391.03 hm? in 1993, increasing by 8,770.58 hm”.
It further became 1,525,528.3 hm” in 1998, the area of
land desertification increasing by 9,137.27 hm?, com-
pared to 1993.

Human driving factors

The impact of population pressure

Population increase results in more demand for farm-
land and food, which has an impact on the spread of
land desertification (Ci and Liu 2000). This mainly
manifests as excess reclamation, overgrazing, and water
overdraft. Though the ecological condition of Mingin
County was fragile, the population increased to 307,200
in 2004, increasing by 107,468 compared to 1949. At the
same time, farm population increased from 193,209 to
248,600 (Fig. 3). More farm population meant more
demands, which resulted in the continuing increase of
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farmland. There were two large-scale reclamations of
wasteland. The first happened in the end of 1950s and
early 1960s. The farmland increased by 2,253 hm?. An-
other excess reclamation happened when the price of
seed melon began to rise in the mid-1990s. The farmland
increased by 1,700 hm?. The grain output had increased
due to the increasing farmland, e.g. it was 31,000 t in
1949 and 167,600 t in 2004 (Fig. 4), increasing by 2,484 t
per year.

In order to supply the irrigation demand of grain and
commercial crop, farmers had to pump groundwater
because the demand for irrigation water for agriculture
far exceeded the amount of water supplied from the
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Fig. 3 The changes in farm population and area under cultivation
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Fig. 4 The change in sheep numbers and grain output

upper reaches of Shiyang River. By the end of 2003, the
number of motored wells had added up to 16,000 in
Mingin. About 9,649 motored wells were still used at
that time. The amount of groundwater overexploited
was 270,000,000 m® every year. Water level descended
by 0.5 m and the degree of mineralization ascended by
0.04 g/l per year (Li et al. 2005). In Easthu village and
Zhongqu village, farmers pumped groundwater from a
depth of 300 m. This activity led to the death of
shrubbery and arbor. Till 1999, Minqgin had planted
17,000 hm® Eurasian trees and 27,000 hm? shrubbery,
but 6,000 hm? Eurasian trees and 8,000 hm? shrubbery
died due to water overdraft (Shen et al. 2005).

The impact of overgrazing

There are 1,360,500 hm? desert steppe and semi-desert
steppe in Mingin, including 850,000 hm? of available
grassland, accounting for 62.5% of the total area of
the steppe (Li 1995). The number of livestock, espe-
cially the number of sheep, increased rapidly since the
1980s. It was 916,098 in 2004, while it was 133,677 in

Table 1 The annual runoff of Shiyang River and the amount
pouring into Minqin

Year Annual runoff The amount of water pouring
(x10* m?) into Mingin
(x10® m) Proportion (%)
1957 13.31 4.64 34.5
1969 13.05 3.94 30.2
1976 14.04 2.68 19.1
1980 13.00 2.21 17.0
1990 14.09 1.70 12.1
2000 13.03 0.98 7.2

Data source: Institute of Survey and Design of Water Conservancy
and Hydroelectric Power Research, Qinghua University, 2005.
Planning for short-term regulation, 33

1980 (Fig. 4). The amount of precipitation also de-
creased gradually at the same time, which led to the
decrease in productivity of grassland. In such cir-
cumstances, the grazing capacity was far beyond the
bearing capacity of grassland. According to our
investigation, the number of sheep grazing was 200%
more than the bearing capacity of grassland in dry
years. Overgrazing was one of the most important
factors that led to the desertification of grassland
(Zhao et al. 2005a, b).

The management of water resources

Water resources are devoid of centralized management
in Shiyang River basin. Upper and middle reaches of
the river are misused and overused, which induces
industries to seize the water needed by environment.
Hence, the water utilization is out of balance
(Table 1). In the last two decades, the amount of water
reduced in large scale from top reaches to Minqin, e.g.
from 542,000,000 m® in 1950s to 116,900,000 m® in
2003. It was dangerously less, only 65,000,000 m?, in
2004 (Fig. 5). Owing to decrease of water input, on the
one hand, the soil salinity increased every year under
the condition of intense evaporation, the area unceas-
ingly expanded, the land productivity dropped, and
land degeneration started to occur. On the other hand,
some farmland was abandoned to culture when irri-
gation water was insufficient. According to our inves-
tigation in 2003, because of less availability of water,
the area of abandoned farmland was 466.67 hm? in
Weijie Village of Mingin County (Table 2), which
equals as much as 82.35% farmland under cultivation.
The activity resulted in the spread of land desertifica-
tion.

Natural driving factors

The fact that serious drought begets land desertifica-
tion becomes a cause for concern in arid region
(Nicholson et al.1998). Hence, climatic factor is com-
monly taken as the most important natural driving
force on land desertification. Land desertification of
Mingin is not an exception. The annual precipitation
is 110 mm, but the annual evaporation is 2,644 mm;
the latter is 24 times as much as the former. Mingin is
one of the most arid regions in China (Li et al. 2000).
Annual precipitation and annual evaporation are the
important factors driving land desertification. In
addition, some research studies indicated that mean
annual temperature, the number of days with sand-
storm, and the number of days with strong wind per
year were influential factors for land desertification
(Yang et al. 2005; Sun and Li 2002).
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Fig. 5 The changes in the amount of water from upper reaches and
the number of motor-pumped wells

Table 2 The situation of abandoned farmland in Donghu Town of
Mingin County, in 2003

Village The area of Area under The proportion
abandoned cultivation between abandoned
farmland (hm?) farmland and
(hm?) farmland

area (%)

Weijie 466.67 566.67 82.35

Xiarun 313.33 400 78.33

Method

Data sources

Data sources of investigation include: (1) social eco-
nomic data, from 1956 to 2004, obtained from compi-
lation of statistics about national economy and social
development from Mingqin Statistical Bureau; (2) data of
natural factors such as annual precipitation and evapo-
ration, obtained from Minqin weather bureau.

Limited by the source of information, the impact of
policy factor on land desertification is difficult to be
quantified. In addition, as Minqin was selected as a key
county of Shelter forest in the three northern areas of
China in 1978, the economic reformation, household
contract responsibility system with remuneration linked
to output, was implemented in 1981. Hence the research
period was divided into two periods: 1956-2004 and
1981-2004.

The variables selected and research methods

Selected influential factor variables of land
desertification

In the last 30 years, the research field of land degrada-
tion in North China indicated desertification due to sand

blown by the wind activity as the main factor caused by
the man-land relationship out of line, which happened
in arid, semi-arid, and some semi-humid regions (Wang
et al. 2004). Hence the choice of influential factors of
land desertification needs to consider both human and
natural factors. Similarly, the synthesis of the nature and
human needs to be considered too. According to the way
of human activity impacting land desertification and the
possible impact of natural conditions on the land
desertification, considering long-term data collected and
the correlation among data, 14 variables impacting land
desertification were selected, in which the human factor
included nine variables, i.e. size of farm population (Py),
natural growth rate of population (P,), area under cul-
tivation (Ps), sheep size (Py), large livestock size (Ps), the
amount of water from upper reaches (Pg), total grain
output (P;), planting area (Pg), and the number of mo-
tor-pumped wells (Pg). The natural factors included five
variables, i.e. the number of days with strong wind (P;),
the number of days with sandstorm (P;;), mean annual
temperature (P;,), annual precipitation (P;3), and an-
nual evaporation (P).

Research method

This paper adopted the factor analysis method using
SPSS (Statistical Package for the Social Sciences) soft-
ware, Version 11.5. During the course of land desertifi-
cation of Mingqin, the driving forces of natural factor,
human factor and the synthesis of forces of natural and
human factors were quantified by factor analysis. First,
we judged whether selected variables were suitable for
carrying out factor analysis according to Bartlett test of
sphericity and Kaiser—-Meyer—Olkin. Secondly, factors
were extracted according to the scree spot and the initial
solution of factor analysis, and then the correlation of
extracted factors was tested by the variance matrix of
variables; the design object of factor analysis was veri-
fied. Lastly, according to the component matrix and
factors explaining the population variance of the origi-
nal variables, human factor, natural factor, and the
synthesis of nature and human, impacting on land
desertification, were summed up H, N, and S, respec-
tively. If the driving forces of human factor, natural
factor, and the synthesis of nature and human are,
respectively, denoted as DH, DN, and DS, the impact of
human factor, natural factor, and the synthesis of nature
and human impacting land desertification could be ex-
pressed as:

i=1 Jj=1 h=1

where n stands for extracted component, m and ¢ are the
components of the human and natural factors (m < n,

(1)
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g <mn), 4 (=12,..m)and 4 (j = 1,2,..,9) are the
driving forces of m human factors and ¢ natural factors
separately, p (p < n; m + ¢ + p = n) is the compo-
nent of synthesis of human and nature, 4, (h = 1,2,...,h)
is the driving force of synthesis of human and nature.

The results: output and analysis
The driving factors of land desertification analysis

The correlation test of original variables
and factors extracted

Factor analysis should be adopted where there is a cer-
tain linear relation among the original variables. This
paper examined the applicability of factor analysis
through KMO (Kaiser-Meyer—Olkin) test and Bartlett
test of sphericity (Table 3).

Table 3 shows the measured values of Bartlett test of
sphericity in two periods, 1956-2004 and 1981-2004, are
741.26 and 332.074; accordingly, the probability values
were close to 0, smaller than the significance level o
(a = 0.05). The null hypothesis should be refused, and
the correlation is considerably significant. Synchro-
nously, the KMO values of the periods were 0.807 and
0.812, according to Kaiser test standard (Xue 2004). So
the original variables were suitable for carrying on factor
analysis.

According to the coefficient correlation matrix of the
original variables, the principal component analysis was
adopted to extract factors, and latent roots were chosen
bigger than 1 (Table 4). The second and third ranks of
Table 4 are the initial solutions of factor analysis ap-
pointed to extract four latent roots in the period 1956—
2004. The third rank indicated that the common degrees
were relatively high for all variables; each variable lost
less information. The fourth and fifth ranks of Table 4
are the initial solutions of factor analysis appointed to
extract five latent roots in the period 1981-2004. The
fifth rank indicated the common degrees were relatively
high for all variables; each variable lost less information.
Consequently, the overall result is that the extracted
factors were relatively ideal in these two periods.

In order to prove the validity of the extracted factors,
the covariance matrices were adopted to test the linear

Table 3 KMO and Bartlett’s tests

Test index 1956-2004 1981-2004
KMO 0.807 0.812
Bartlett’s test of sphericity

Approx. Chi-square 741.26 332.074
df 91 91

Sig. 0.000 0.000

correlation of the extracted factors. Table. 5 and 6
indicate that the covariance of extracting factors was 0
in the two periods, 1956-2004, and 1981-2004. We could
conclude there was no linear correlation among these
extracted factors in the two periods; thus the aim of
factor analysis was realized.

Calculation and analysis

In order to make the factors explanatory, the quartimax
method was adopted to practice orthogonal rotation to
the component matrixes. Component matrixes for the
two periods were extracted for analysis (Table 7). For
some original variables, size of farm population (P;), the
amount of water from upper reaches (Pg), total grain
output (P;), planting area (Pg), and the number of mo-
tor-pumped wells (Py), there was a higher load on the
first principal component, which mainly explained the
variables of human factor. For some original variables,
mean annual temperature (P;,), annual precipitation
(P13), and annual evaporation (P4), there was a higher
load on the second principal component, which mainly
explained the variables of natural factor. For some ori-
ginal variables, natural growth rate of population (P,),
number of days with strong wind per year (P;g), and
number of days with sandstorm per year (Py;), there was
a higher load on the third principal component,
including human and natural factors, which mainly ex-
plained the variables of human and natural factors. For
some original variables, area under cultivation (P3),
sheep size (P4), there was a higher load on the fourth
principal component, which mainly explained the vari-
ables of human factor. The period for which the above
were analyzed was 1956-2004.

Table 8 displays the component matrix for 1981—
2004. For some original variables, size of farm popula-

Table 4 Communalities

Influential factor 1956-2004 1981-2004
Initial Extraction Initial Extraction

P, 1.000 0.885 1.000 0.841
P, 1.000 0.879 1.000 0.831
Ps 1.000 0.955 1.000 0.924
P, 1.000 0.898 1.000 0.933
Ps 1.000 0.768 1.000 0.940
Pg 1.000 0.868 1.000 0.899
P 1.000 0.956 1.000 0.974
Py 1.000 0.969 1.000 0.930
Py 1.000 0.897 1.000 0.926
Py 1.000 0.856 1.000 0.819
Py 1.000 0.853 1.000 0.867
Py 1.000 0.934 1.000 0.820
Py 1.000 0.802 1.000 0.870
Py 1.000 0.858 1.000 0.911

Method of extraction: the principal components analysis
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Table 5 Component score covariance matrix (in 1956-2004)

Component | 11 111 v

I 1.000 0.000 0.000 0.000
11 0.000 1.000 0.000 0.000
111 0.000 0.000 1.000 0.000
v 0.000 0.000 0.000 1.000

Table 6 Component score covariance matrix (in 1981-2004)

Component I II 111 v v

I 1.000 0.000 0.000 0.000 0.000
11 0.000 1.000 0.000 0.000 0.000
111 0.000 0.000 1.000 0.000 0.000
v 0.000 0.000 0.000 1.000 0.000
v 0.000 0.000 0.000 0.000 1.000

tion (P;), sheep size (P4), the amount of water from
upper reaches (Pg), total grain output (P5), planting area
(Pg), and the number of motor-pumped wells (Py), there
was a higher load on the first principal component,
which mainly explained the variables of human factor.
For area under cultivation (P3) and annual evaporation
(P14), there was a higher load on the second principal
component, which mainly explained the variables of
human and natural factors. For the natural growth rate
of population (P,), there was a higher load on the third
principal component, which mainly explained the vari-
ables of human factors. As to annual precipitation (P;3),
there was a higher load on the fourth principal compo-
nent, which mainly explained the variable of natural
factor. There was a higher load on the fifth principal
component as to large livestock size (Ps), which mainly
explained the variable of human factor.

Table 7 Rotated component matrix (in 1956-2004)

Factors Component Component Component Component
I II I v
Py 0.903 0.162 0.189 —0.083
P, —0.329 0.380 —0.649 —-0.072
P 0.195 0.033 0.032 0.956
Py 0.723 —-0.017 —0.110 0.601
Ps 0.362 0.150 —-0.118 0.000
Ps -0.927 0.089 0.013 0.002
P, 0.970 0.112 —0.030 0.038
Py 0.970 0.007 —-0.097 0.135
Py 0.930 0.050 0.149 —0.082
Py -0.402 0.060 0.830 —-0.042
Py —0.668 0.100 0.539 —0.082
Py 0.647 —0.542 0.107 0.101
Py —-0.218 —-0.766 0.233 -0.412
Py 0.142 0.685 0.072 —0.091

From the information of the principal components
(Tables 9, 10), four components could explain the total
proportion of information accounting for 45.13, 11.29,
11.19, and 10.80% in 19562004 (Table 9), and five
components could explain the total proportion of
information accounting for 48.29, 14.88, 10.32, 8.11, and
7.58% in 1981-2004 (Table 10). In light of the formula
(1), the contribution rate of human factor, natural fac-
tor, and the synthesis of nature and human in the two
periods could be calculated to find their impact on land
desertification (Table 11).

The results indicated the driving force of human
factor on land desertification accounted for 55.93% in
1956-2004 and for 66.19% in 1981-2004. The results of
factor analysis indicated that the impact of human fac-
tor on land desertification was complicated, mainly
manifesting as follows: size of farm population, area
under cultivation, sheep size, the amount of water from
upper reaches, total grain output, planting area, and the
number of motor-pumped wells. Our research finds
human activity strengthened constantly, e.g. a fast
growth of farm population, sheep, and large livestock
every year. In addition, since the household contract
responsibility system with remuneration linked to out-
put was implemented in Mingin in 1981, in the case of
amount of water from the upper reaches reducing con-
stantly, a large number of motor-pumped wells were
exploited to guarantee the constant increase of total
grain output and income of cash crop, which were the
important driving factors impacting land desertification
in Mingin (Figs. 3, 4). The driving force of natural
factor on land desertification accounted for 11.29% in
1956-2004 and for 8.11% in 1981-2004. The results of
factor analysis also indicated that the natural factors
mainly impacting land desertification were annual pre-
cipitation and annual evaporation. On the basis of
analyzing meteorological data, we also find that it
mainly resulted from increase in annual precipitation,
reduction in annual evaporation, and reduction of
strong winds since 1981 (Fig. 6). The synthesis of nature
and human impacting land desertification accounted for
11.19% in 1956-2004 and for 14.88% in 1981-2004; it
weakened too, reducing by 3.69%. The temporal varia-
tion of driving factors, as mentioned above, confirmed
the viewpoint that excessive human economic activity is
the main cause of land desertification (Zhu 1998; Ma
et al. 2003; Sheey 1992).

Conclusions and discussion

Land desertification is the worst ecological and envi-
ronmental problem in the arid region of North China.
The causes of occurrence and spread are problems in
which scholars are interested and need to solve. The
conclusions of this study are as follows:



1006

Table 8 Component matrix (in

1981-2004) Factors Component I Component I1 Component III Component IV Component V
P, 0.818 -0.390 0.007 0.128 0.059
P, —-0.540 -0.347 —-0.636 0.095 -0.074
P; 0.418 0.788 —-0.232 —-0.273 0.012
Py 0.830 0.470 0.001 -0.150 -0.006
Ps 0.275 —-0.106 —-0.247 0.191 0.869
Pg —-0.942 0.052 —-0.032 0.078 —-0.049
P, 0.979 —-0.104 -0.044 -0.033 -0.032
Py 0.962 0.036 —-0.053 0.003 —-0.021
Py 0.848 —-0.035 0.420 0.080 0.152
Py —0.585 0.356 0.471 0.153 0.323
Py —-0.758 0.281 0.400 —-0.225 0.051
Py 0.748 -0.304 0.181 -0.339 —-0.143
Py 0.296 0.043 0.291 0.783 —-0.288
Py —-0.308 -0.728 0.391 —-0.351 0.100
Table 9 Total variance explained (in 1956-2004) the number of gale days per year
Component Total % of variance Cumulative %  day,mm —@— annual precipitation mm
250 —&— annual evaporation capacity - 3500
Component I 6.32 45.13 45.13
Component 1T 1.58 11.29 56.42 200
Component III 1.57 11.19 67.61
Component IV 1.51 10.80 78.41 150
100
Table 10 Total variance explained (in 1981-2004) 50
Component TOtal 0/0 Of Variance Cumulative % 0 0 S N S .. A B N
° 2 8 ¥ 8 &g 2 8 F 8 8 & 8 2 °
Component | 6.76 48.29 48.29 2 2 2 2 2 2 & &2 2 2 =2 5 8
Component II 2.08 14.88 63.17
Component 11 1.45 10.32 73.49 Fig. 6 The temporal changes in natural factors
Component IV 1.14 8.11 81.60
Component V 1.06 7.58 89.18

Table 11 Dynamic nature of driving factors of land desertification

in Mingin (%)

Influential factors Periods Rate of change (%)
1956-2004 1981-2004

Human 55.93 66.19 +10.26

Nature 11.29 8.11 -3.18

Synthesis 11.19 14.88 +3.69

(1) On the basis of analyzing the driving forces of hu-

man and natural factors, this paper selected 14
variables impacting land desertification of Mingin
County, including 9 human factors and 5 natural
factors. The result of factor analysis indicated the
contribution rates of human factor, natural factor,
and the synthesis of nature and human on land
desertification accounted for 5593, 11.29, and
11.19%, respectively, in 1956-2004. Nevertheless,

)

(€)

their contribution rates accounted for 66.19, 8.11,
and 14.88%, respectively, in 1981-2004.

Restricted by availability of data, though this paper
analyzes the temporal change of driving factors
impacting land desertification by factor analysis, it
fails to analyze spatial change. The population
pressure in all villages and towns is not quantified
either. Hence the quantization standard on shifting
rural redundant labor force is not proposed. When
this paper analyzes the driving force of human
activity impacting land desertification, though policy
factor is referred to, it is not separated from the
human activity; the policy role of planting forestry
and protecting environment is not quantified. And
the impact of the household contract responsibility
system with remuneration linked to output on land
desertification is not appraised, while it promotes
development of agriculture.

Because natural conditions and social economic
factors are complicated in land desertification areas,
the same index could be not adopted to quantify the
driving forces of human and nature factors on land
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desertification. So the same kind of method could
not be adopted to explain the driving factors on land
desertification in different desertification areas.

(4) Rural redundant farm population of Minqin plays a
very heavy driving force on land desertification (Ma

and Fan 2006; Ma et al. 2003); the pressure of
population on the land is still the main factor
impacting land desertification. Therefore, the means
for the control of land desertification is releasing the
pressure of population on land; this deserves re-
search in advancing rural industrialization, improv-

ing the added value of the agricultural byproducts,

increasing per capita net income of farmers, and
reducing ecological destruction by reducing the
claim of farmers to land step by step.
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