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Abstract  Karst rocky desertification mountain areas are regarded as main positions to wipe out poverty for their large poverty population, wide

poverty area, high rate of poverty, etc. This paper takes Liupanshui city as an example where the situation of rocky desertification is very seri-

ous. We build the indicator system of poverty alleviation and development by analyzing their poverty and using the AHP method and also find

the limiting factors which restrict the development of this area then put forward the recommendations to alleviate poverty.
Key words AHP, Rocky desertification areas, Poverty, Liupanshui City

Southwest karst areas are the most concentrated contiguous areas
featuring karst landform in China. Due to fragile ecological envi-
ronment, it was identified as one of the eight ecologically fragile
areas — the southwest ecologically fragile karst area with rocky de-
sertification, in the National Program for Ecologically Fragile Area
Protection introduced by the Ministry of Environmental Protection
in 2008'".

traffic inconvenience, lack of information, backward agricultural

In the ecologically fragile environment coupled with

production technologies and other social factors, the severe prob-
lems exist here, such as low level of per capita income, wide area
of poverty, a large population in poverty, high incidence of pover-

[2-4]

ty and high rate of falling back to poverty . All these can trig-
ger a vicious cycle " population increase-excessive reclamation —
vegetation destruction-economic backwardness-living in poverty —
low education levels — population increase" '

Southwest rocky desertification contiguous area with special
difficulties is one of the fourteen contiguous destitute areas, which
is designated by the State Council. Extending across Yunnan,
Guizhou and Guangxi, the region covers an area of 228000 square
meters, and becomes the major battlefield for a new round of pov-
erty alleviation in China, with a total of 91 poverty-stricken coun-
ties (cities, regions) included in the planning list.

This article selects Liupanshui most widely distributed with
rocky desertification as the research sample. Through the study of
the sample city, we aim at finding out the bottleneck in its devel-
opment and putting forward recommendations for poverty reduction
so as to provide a theoretical basis for the development of Liupan-

shui City. Meanwhile, other southwest rocky desertification areas

Received: May 12, 2014 Accepted; June 12, 2014

Supported by National Natural Science Foundation of China (71163007) ;
National Science and Technology Project in the Twelfth Five-Year Plan Period
(2011BAC09BOL ).

# Corresponding author. E-mail; renxiaodong@ hotmail. com

can draw lessons from it for further development.

1 Overview of the study area

Liupanshui is a city in western Guizhou province, People’s Repub-
lic of China. The name Liupanshui combines the first character
from the names of each of the city’s three constituent counties: Li-
uzhi, Pan, Shuicheng. As a prefecture-level city with an area of
9965 square kilometers, Liupanshui has a total population of
3100000, making it the second largest in the province. The city is
known locally as "The Cool City" or " Cool Capital" due to its low
average summer temperature.

It is an important node in the combined area of four provinces
(Yunnan, Sichuan, Guizhou and Guangxi), and also an impor-
tant part of " Panxi-liupanshui Resource Comprehensive Develop-
ment Zone". Liupanshui City is rich in mineral resources, and it
is an important resource reserve and supply base in Southwest Chi-
na.

Liupanshui City has superior geographical advantages and
rich natural resources, but due to the karst mountains and high de-
gree of rocky desertification, the poverty problem is outstanding.
There are 50 key development-oriented poverty alleviation counties
in Guizhou Province at the new stage, 3 of which in the 4 adminis-
trative districts ( Liuzhi Special District, Shuicheng County and
Pan County) under the jurisdiction of Liupanshui City are listed as
key development-oriented poverty alleviation counties.

According to the latest statistics of Liupanshui Municipal Bu-
reau of Poverty Alleviation and Development, there are a total of
975200 rural poor people in Liupanshui City, and the rural poverty
rate is 38. 3% , accounting for 8.49% of rural poor people and
114.67% of the rural poverty rate in Guizhou Province, respec-
tively. According to the national classification standard of poverty,
the number of three types of poor townships in Liupanshui City is

shown in Fig. 1.
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Fig.1 The number of three types of poor areas in Liupanshui
City

In Zhongshan District, the poor townships account for
55.56% of the total townships in the district. There are a total of
30 poor villages in the district, accounting for 56.61% of the total
administrative villages. In 2011, the region’s rural per capita net
income was 5789 yuan, only equivalent to 82.97% of the national
average (6977 yuan). According to the new national poverty
standard, there are 47605 farmers with the per capita net income
of below 2300 yuan and the poverty incidence is 29.1%.

In Liuzhi Special District, the poor townships account for
68% of the total townships in the district. There are a total of 229
poor villages in the district, accounting for 58% of the total ad-
ministrative villages. In 2011, the region’s rural per capita net in-
come was 4026 yuan, only equivalent to 57. 70% of the national
average. According to the new national poverty standard, there are
190900 farmers with the per capita net income of below 2300 yuan
and the poverty incidence is 33.8%.

In Shuicheng County, the poor townships account for
72.73% of the total townships in the district. There are a total of
220 poor villages in the district, accounting for 72.85% of the to-
tal administrative villages. In 2011, the region’s rural per capita
net income was 4010 yuan, only equivalent to 57.47% of the na-
tional average. According to the new national poverty standard,
there are 347000 farmers with the per capita net income of below
2300 yuan and the poverty incidence is 45.4%.

In Pan County, the poor townships account for 43.24% of
the total townships in the district. There are a total of 308 poor vil-
lages in the district, accounting for 68.4% of the total administra-
tive villages. In 2011, the region’s rural per capita net income was
4305 yuan, only equivalent to 61.70% of the national average.
According to the new national poverty standard, there are 389700
farmers with the per capita net income of below 2300 yuan and the

poverty incidence is 37% .

2  Building the evaluation model for development-
oriented poverty alleviation using AHP

Liupanshui City is rich in mineral resources, but there is the phe-

[6]

nomenon of "robust finance but poor people" in such region”’. In

order to systematically and hierarchically analyze the causes of this

[7]

phenomenon'”’ | this paper uses AHP ( Analytic Hierarchy

Process) to build the development-oriented poverty alleviation

evaluation indicator system, to analyze the current situation of
poverty in the regions under the jurisdiction of Liupanshui City. It
is conducive to the comprehensive consideration of the relationship
between various systems so that the development-oriented poverty
alleviation more targeted.

2.1 Building the evaluation indicator system for develop-
ment-oriented poverty alleviation The sluggish economic de-
velopment and poor people’s living standards in the rocky desertifi-
cation areas are the result of many factors. Economy, society and
ecology are the three core indicators which reflect the sustainable
development in an area.

This paper divides the evaluation indicator system for regional
development-oriented poverty alleviation into the following three
layers

(1) The first layer is the goal layer where there is one indica-
tor, namely the evaluation indicator system for regional develop-
ment-oriented poverty alleviation.

(ii) The second layer is the criteria layer where there are
three indicators, including three subsystems ( economy, society
and ecology) .

(iii) The third layer is the indicator layer where there are 18
specific indicators highly correlated with poverty levels, affiliated
with the three sub-categories of the criteria layer according to the
category.

2.2 Building the comparison matrix and calculating the
weight of various layers of indicators In this paper, this paper
uses the Delphi method to build comparison matrix.

In the first place, there is a need to carry out the pairwise
comparison of various layers of indicators, and determine the
weight of the indicator relative to the indicators in the upper layer
based on its importance. In order to carry out the quantitative de-
scription of the importance of various indicators in the matrix,
there is a need to introduce the matrix judgment scale (1 —9 scale
method) ™ | and assign the value based on the importance (im-
portance degree gradually increased from "1" to "9" )",

In the second place, it is necessary to ensure that the matrix

is the positive reciprocal matrix with diagonal product of 1. The
calculated weight of criteria layer and indicator layer is shown in
Table 1.
2.3 Consistency test of comparison matrix The comparison
matrix built using AHP is usually inconsistent, but in order to use
the eigenvector corresponding to the largest eigenvalue as the
weight vector of the factors to be compared, so there is a need to
carry out consistency test of comparison matrix .

The method for consistency test of comparison matrix is as
follows: Let A
matrix, and n be the sum of diagonal elements of comparison ma-
-n)/(n-1), the val-
ue of average random consistency indicator RI can be derived from
the table, and the consistency ratio CR = CI/RI. When CR <0.1,

it shows that the comparison matrix passes the consistency test.

be the maximum eigenvalue of the comparison

max

trix. The consistency indicator CI = (A

max

In the first layer (AB), the weight of economic system, so-
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cial system and ecosystem relative to the goal layer is 0. 633 7, It indicates that the comparison matrix satisfies consistency.
0.191 9 and 0. 174 4, respectively, and the consistency test result Similarly, the consistency test result in the second layer (B,
is as follows: —C) is also obtained as follows :
Cl=0.008 8, RI =0.580 0, CR=0.0152<0.1, A, = Cl=0.006 6, RI =1.240 0, CR=0.0053<0.1, A, =
3.009 2. 6.0415.
It indicates that the comparison matrix satisfies consistency. It indicates that the comparison matrix satisfies consistency.
In the second layer (B, — C), the weight of 8 indicators is The consistency test result in the second layer (B; — C) is as
0.2714,0.071 9, 0.0421, 0.1459, 0.078 4, 0.078 4, 0.122 follows ;
7 and 0. 189 2, respectively. The consistency test result is as fol- CI=0.003 9, RI=0.900 0, CR=0.004 3<0.1, A, =
lows : 4.010 4.
Cl1=0.0132, RI=1.4100, CR=0.009 4<0.1, A, = It indicates that the comparison matrix also satisfies consis-
8.130 2. tency.
Table 1 The evaluation indicator system for the regional development-oriented poverty alleviation
Goal Criteria Weight Indicators Weight
The evaluation indicator Economic system (B, ) 0.6337 GDP (C,) //10* yuan 0.271 4
system for the regional Per capita GDP (C,) //yuan 0.071 9
development-oriented Farmers’ per capita net income ( C,) //yuan 0.042 1
poverty alleviation (A) Fixed assets investment (C,) //10* yuan 0.1459
General budget revenue (Cy) //10* yuan 0.078 4
General budget expenditures (Cy) //10* yuan 0.078 4
The proportion of the secondary industry (C,) /% 0.122 7
The proportion of the tertiary industry (Cy) //% 0.189 2
Social system (B,) 0.1919 Total population at the end of the year (C,) //10* people 0.174 9
Total retail sales of consumer goods (C,,) //10* yuan 0.302 2
Above-scale industrial added value (C,,) //10* yuan 0.3196

Total output value of farming, forestry, animal husbandry

and fishery (C,,) //10* yuan 0.0817
Food production (C ;) //t 0.076 4
Per capita share of grain (C,,) //kg 0.045 2
Ecosystem (B;) 0.174 4 The area of commonly cultivated farmland (C\;) //ha 0.344 8
Woodland area (C,q) //ha 0.1852
Forest coverage (C,,) // % 0.370 5
Total energy consumption for regional production (C,s) //t 0.099 5
ce/10* yuan )
2.4 Normalization of the indicator layer data In the evalua- Z;=(X; —minX;)/(maxX; —-minX;), i=1, 2, -+, m; j
tion indicator system, the original dimensions of the selected indi- =1,2, -, n.
cators are inconsistent, and the indicators can not be directly cal- where Z, is the normalized value of sample; X is the original val-
culated, so it is necessary to normalize the indicators. In this pa- ue of indicator; maxX,, is the maximum value of sample; minX; is
per, we use the extreme value method to conduct the dimension- the minimum Valu(; of sample b
. . .. . [11] . T . :
less processing of the original indicators *. The direct indicator is The values before and after normalization are shown in Table 2.
as follows:
Table 2 The values before and after normalization of original data
Original indicator data Dimensionless indicator data
Indicators Zhongshan Liuzhi Special Shuicheng Pan Zhongshan Liuzhi Special Shuicheng Pan
District District County County District District County County
Cl 2 182 987 678 722 890 583 2499 770 0.826 0 0 0.116 3 1
c2 35312 13723 12 649 24 145 1 0.047 4 0 0.507 3
C3 5789 4 026 4 010 4305 1 0.008 9 0 0.165 8
C4 1120 785 502019 956 755 1653 224 0.5375 0 0.3950 1
C5 110 302 49850 98 937 258719 0.289 4 0 0.2350 1
C6 189 019 215664 261 376 487 797 0 0.089 2 0.242 2 1
C7 1221 187 330844 585 582 1 850 041 0.284 6 0 0.673 0 1
C8 941 704 277878 215 001 509 725 1 0.903 3 0.163 9 0
c9 61.88 49.36 70.29 103.47 0.2314 0 0.386 8 1
C10 873 439 195 945 92 208 414 477 1 0.132 8 0 0.4125
Cl1 746 488 150 196 658 513 1 264 882 0.5349 0 0.4560 1

(To be continued)
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(Table 2)
Original indicator data Dimensionless indicator data
Indicators Zhongshan Liuzhi Special Shuicheng Zhongshan Liuzhi Special Shuicheng Pan
District District County County District District County County

C12 47 335 110 261 171 266 236 148 0 0.333 0. 6564 1

C13 19 482 153 097 165 874 226 148 0 0.646 5 0.7084 1

Cl4 119 271 217 214 0 1 0.644 7 0.625
C15 3373 25 829 33 097 45 842 0 0.528 8 0.699 9 1

Cl6 18 521.91 51 249.09 137 939 168 435.27 0 0.218 3 0.796 6 1

C17 30.4 33.00 36.63 39.00 0 0.302 3 0.724 4 1

Cl18 4.87 2.31 3.79 2.04 1 0.095 4 0.618 4 0

Note: The original data are from the statistics of Guizhou Statistical Yearbook (2012) , Poverty Alleviation and Development Bureau of Liupanshui City, and Devel-

opment and Reform Bureau of Liupanshui City.

After the di-

mensionless processing of the original data, we can use the weigh-

2.5 Calculation of the total score of sample

ted summation formula to calculate the total score of each subsys-
tem in accordance with the indicator system from bottom to top:
Q. =3Z,C(i=1,2, -, m5j=1,2, -, n)"
where C; is the weight coefficient of the following layer indicator
relative to the previous layer indicator.
By the weighted summation, we can derive the subsystem
scores and overall strength scores of the comparison samples, and

the comparison results are shown in Table 3.

Table 3 Comparison of the comprehensive regional development indica-
tors in Liupanshui City

. Economic Social Overall Overall

Regions Ecosystem .
system system strength ranking
Zhongshan 4 45040 0.09856  0.01735  0.536 31 2
District
Liuzhi
Special 0.11513 0.031 08 0.060 04 0.206 25 4
District
Shuicheng
0.15221 0.06722 0.12535 0.344 78 3

County
Pan 0.46909 0.15458 0.15705 0.780 72 1
County

3 Evaluation of the study results
3.1 Analysis of economic system In terms of economic devel-
opment, the economy of Pan County is the strongest, followed by
Zhongshan District, and the economy of Shuicheng County and Li-
uzhi Special District is weaker. From the specific indicators, Pan
County has the highest GDP, followed by Zhongshan District,
Shuicheng County and Liuzhi Special District, and the GDP of the
four regions accounts for 40.72% , 35.56% , 14.51% and
11.06% of the total GDP of Liupanshui City. From the per capita
GDP and farmers’ per capita net income, the two indicators in
Zhongshan District and Pan County are higher than in Liuzhi Spe-
cial District and Shuicheng County.

In terms of the fixed assets investment, the total investment
in Pan County and Zhongshan District is high, while the total in-
vestment in Shuicheng County and Liuzhi Special District is low,
only equivalent to 57.87% and 30.37% of total investment in Pan
County, respectively, indicating that the growth momentum of re-

production of fixed assets is weak in Liupanshui City.

In terms of the industrial structure, the GDP of the three in-
dustries in Liupanshui City accounts for 5.2%, 62.7% and
32.1% of total GDP, and the proportion of primary industry and
tertiary industry significantly lags behind secondary industry, indi-
cating that the industrial structure is not sound in Liupanshui City,
and it needs further adjustment.
3.2 Analysis of social system In terms of the social system,
Pan County and Zhongshan District rank in the forefront,
Shuicheng County ranks third, and Liuzhi Special District ranks
last. From the total retail sales of consumer goods, Zhongshan
District and Pan County are the highest, while Liuzhi Special Dis-
trict and Shuicheng County are weak.

However, there are large differences between them, and es-
pecially the total retail sales of consumer goods in Shuicheng
County are only equivalent to 5.85% of the city level, indicating
that the purchasing power of goods is weak in Shuicheng County,
and the material and cultural living standards of residents need to
be improved.

In terms of the above-scale industrial added value, it grows
rapidly in Pan County, while Liuzhi Special District lags behind,
equivalent to only 11.87% of that of Pan County, indicating that
the scale of investment in Liuzhi Special District still needs to be
expanded, and there is an urgent need to introduce new strategic
industries to support the development of the region.

From the food production and per capita share of grain, the
overall output value and owning amount are low, and especially for
Zhongshan District, the per capita share of grain is the lowest,
equivalent to only 28.07% of the national average (424 kg).
3.3 Analysis of ecosystem In the ecosystem criteria layer,
Pan County ranks first, followed by Shuicheng County, Liuzhi
Special District and finally Zhongshan District. In terms of the en-
ergy consumption per unit of GDP, the total energy consumption is
the highest in Zhongshan District, and 4. 87 tons of standard coal
will be consumed per 10000 yuan of GDP, equivalent to 171.89%
of the city’s energy consumption (2. 8332 tons) ; the total energy
consumption is the lowest in Pan County, equivalent to only
14.89% of that of Zhongshan District, indicating that Zhongshan
District is facing severe ecological problems, and low levels of en-
ergy efficiency.

In terms of woodland area and forest coverage, Pan County is

the highest, while Zhongshan District is the lowest, but the overall
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level of the city is low, which also explains the reason for the
prominent rocky desertification in the region.

3.4 Analysis of comprehensive strength Through the analy-
sis of three systems in the criteria layer, it is found that the re-
gional development is good in Pan County, followed by Zhongshan
District, and finally Shuicheng County and Liuzhi Special District.
As the strong economic counties in Guizhou Province, Pan County
and Zhongshan District should give full play to the role of regional
economic growth pole in driving the economic development of the
surrounding areas; Shuicheng County and Liuzhi Special District
should speed up industrial restructuring based on their own advan-

tages to achieve rapid economic development.

4 Recommendations

4.1 Crystallizing the regional positioning and creating eco-
nomic growth pole In Regional Development and Poverty Allevi-
ation Plan for the Rocky Desertification Areas of Yunnan, Guizhou
and Guangxi (2011 - 2020) promulgated by the State Council ,
Liupanshui City is regarded as the main battlefield for poverty alle-
viation, and in the spatial structure of " Eight Centers, Six Corri-
dors" , it is not only one of the "Eight Centers" , but also an im-
portant node city in the " Six Corridors" .

Based on their own geographical advantages, Liupanshui City
should rely on Guiyang — Kunming Railway, Neijiang — Kunming
Railway, and other major arterial trunks as well as GZ65 National
Highway and other highways to speed up the development of cen-
tral cities and the clustering of industries along the line; enhance
the leading role of " Panxi-liupanshui Development Zone" , active-
ly promote the interaction between this region and other regions
(such as Central Yunnan Economic Zone; Chengdu — Chongging
Economic Zone; Central Guizhou Economic Zone; Beibu Gulf E-

" economic engine" role of Li-

conomic Zone) , and highlight the
upanshui City in Southwest China.
4.2 Adjusting the industrial structure to achieve compre-
hensive upgrading The optimization of the industrial structure is
the core of structural change in the social productive forces, and

31 it drives the transfer of labor, labor

as a resource converter
materials and other economic resources between the three indus-
tries, to make the industrial structure become more rational. In
the current industrial structure of Liupanshui City, the secondary
industry occupies the largest proportion, and the primary and terti-
ary industries lag behind.

In the future, it is necessary to rely on the strength of sec-
ondary industry, to form the advantage complementation between
industries and achieve the coordinated development of three indus-
tries; fully tap the economic growth point of the tertiary industry
based on the market, according to market demand.

Meanwhile, relying on abundant coal resources, it is neces-
sary to focus on the development of energy, equipment manufac-
turing, coal chemical industry, trade logistics and other pillar in-
dustries, and establish an industry system platform based on eco-

logical agriculture with mineral economy as the center.

4.3 Seizing the policy opportunities to enhance the coordi-
nated development In order to promote balanced regional devel-
opment and strengthen the development-oriented poverty allevia-
tion, the State Council issued some important documents such as
China Rural Poverty Alleviation and Development Program (2011
—-2020) , and Several Opinions on Further Promoting Sound and
Rapid Economic Development in Guizhou Province'™

Liupanshui City should fully tap the favorable policies based
on resource carrying capacity,, environmental carrying capacity and
population carrying capacity, to promote the development of recy-
cling economy, and build Liupanshui City into a demonstration ar-
ea of circular economy in Southwest China. At the same time, it is
necessary to increase efforts to support poor towns, rely on the
government to implement the preferential agricultural policies for
the purpose of sound and rapid economic development in Liupan-
shui City.
4.4 Seeking both temporary and permanent solutions to
break the vicious cycle of poverty'”’ Regional poverty not on-
ly relies on the external aid but also relies on internal develop-
ment. Poverty is a trap of vicious cycle of ecological environ-

[16]

ment . The poverty results in the population explosion in the

karst areas, while population explosion, in turn, leads to the rock-
y desertification in the karst areas.

In order to break the vicious cycle of poverty, on the one
hand, it is necessary to strengthen the sustainable development ed-

ucation for farmers and the environmental monitoring of rocky de-

]

. pe . e 17 o
sertification communities'”’ | enhance forest conservation, and

change farmers’ lifestyles and energy use structure in the rocky de-
sertification areas; on the other hand, it is necessary to increase
rocky desertification control, protect the areas where rocky deserti-
fication has not yet occurred, and comprehensively control the are-

as where rocky desertification has already occurred.
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( Continued Table 2)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Guizhou 1047.7923  1042.5998  1030.2234  1055.2168 1093.9476  1045.1371 1057.4824 1063.4690  1027.9800 1042.2357
Yunnan 1198.7608  1166.1510  1137.2375 1152.8736 1128.6333 1135.2466 1167.0948 1199.5937 1186.4715 1240. 6038
Tibet 53.9963 56.2796 56.0280 54.2673 52.3198 49.5661 49.6543 51.1665 47.4696 55.7666
Shaanxi 700.5662  661.4844  654.5618 650. 3628 638. 2608 634.1490  630.4205 652. 1591 651. 8365 651.4056
Gansu 403.0873 396. 7605 405.8502  405.6918  427.1990  441.7881 440.8939  496.2415 508.2110 539.0929
Qinghai 81.4522 89.9909 88.4123 89.3323 95.6736 97.1744 94.5751 92.4035 86.3367 91.2471
Ningxia 85.7273 81.0776 83.9606 84.1457 88.9108 91.5075 88.4002 88.2263 80. 6361 85.0862
Xinjiang -95.7810  -73.0057 -99.2052 -77.5873 -70.7653  -71.2054 -47.8264 -27.4452 -102.8750 -13.0030
Total 13747.96 12607.74 11102.77 11766. 63 12214. 88 12477.40 12449. 53 13008.21 12042. 20 13071.20

Note: The negative value in the table means that the agricultural labor is relatively insufficient.

3 Conclusions

When the agricultural production technical efficiency is very low,
the output with the same amount of factor input is very low, or at
the same level of output, the amount of factor input is excessive.
Conspicuously, the excess amount of factors is closely related to
the production technical efficiency. The excess amount of factors
will increase along with the increased technical efficiency.

In other words, if output remains unchanged, with the in-
creasing technical efficiency, the number of factors required will
be smaller. In terms of the agricultural labor force, with the in-
creasing agricultural production technical efficiency, the agricul-
tural labor needed will be less and the surplus labor will be more.
The existing calculation methods for the number of agricultural
surplus labor all fail to reflect the impact of technical efficiency
changes in the agricultural production on the surplus labor.

In this paper, we use the basic principle of stochastic frontier
production function to calculate the agricultural production techni-
cal efficiency of various provinces and cities. And we select the
province (Jiangsu Province) with the highest technical efficiency
to assume that its agricultural labor is fully utilized, and there is
no agricultural surplus labor.

With the ratio of agricultural labor number to agricultural out-
put value in this province as a reference, we calculate the number
of agricultural surplus labor in other provinces. It turns out that
the national agricultural surplus labor is about 126 million in re-
cent years. This calculation method makes up for the shortcomings

of the existing calculation methods, and it reflects the relationship

between the number of agricultural surplus labor and production

technical efficiency.
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