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Abstract: In this study, the ecological footprint (EF) from 2004 to 2013 of a poor county chosen from Central China was
measured and analyzed by using the methodology and theory of EF.  The results showed that in the past 10 years, the county’s
ecological footprint per capita was growing gradually, increasing from 0.7053 hm? in 2004 to 1.4473 hm? in 2013, with growth
clearly accelerated in recent years.
0.6351 hm?to 0.5018 hm?. Additionally, regional development had been in a state of ecological deficit, per capita ecological
deficit increased from 0.0702 hm? to 0.9456 hm?.

and sustainability of natural ecosystems, meaning the development of the region is unsustainable.

During the same period, the ecological carrying capacity per capita reduced from

This led to contradictions between regional socio-economic development
Measures to reduce the
ecological deficit were proposed to coordinate regional industrialization, urbanization, ecological environmental protection, and
to promote the sustainable development in the region (e.g. adjusting industrial structure and consumption structure, promoting
economic transformation, scientific planning and management of land). The results could provide a scientific basis for studies
on ecological carrying capacity of the poor areas in Central China.
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1 Introduction

With the rapid development of the urbanization and
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The

five development concepts, “innovation, coordination,

economic development is increasingly prominent.

green, open, sharing” were put forward in the fifth
plenary session of the 18" Congress of the Chinese
Communist Party. Thereinto, coordination means to
promote the coordinated development between urban and
rural areas, between material progress and cultural and
ideological progress.  Coordinating the relationship
between social/economic development and resource
protection plays an essential role in the sustainable
development of the region. Therefore, it is of great
practical significance to evaluate and analyze the
dynamic eco-environmental situation and to monitor
sustainable development of the region.

Since the ecological footprint (EF) theoretical model
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and calculation method was proposed by William Rees in
19921 it has attracted extensive attention, recognition
and application from academia. This theory and
methodology can be used to calculate the degree of
natural resource use and the life-support services
provided by nature for humans. It can evaluate and
analyze carrying capacity and evolution states of the
regional ecological environment, as well as sustainable
regional development. Antonio and Manuel™ evaluated
ecological footprint in 771 regions of Spain Andalusia.
Debrupa and Joyashree!™ found that the industry based on
the data set is beneficial to the sustainable development
of social production strategy by evaluating ecological
footprint. Hao et al.”*) assess the ecological footprint in
the farm and animal husbandry of Inner Mongolia in
northern region of China.

County regions, an important part of the national
economy and social structure, are the basic administrative
unit, and play an important role in the support and
foundation of China’s social/economic development™.
At present, there are 592 counties meeting the standards
for poverty established by the Chinese government.
concentrated

Poverty populations in China have

continuous distribution.  There are 11 concentrated
continuous poor areas in China, as divided by the
government. The total area of concentrated continuous
poor areas is 3.92 million km”, accounting for 40.8% of

the country's land area!®.

In recent years, the Chinese
government has made poverty alleviation in contiguous
poverty-stricken areas a priority. The new policies have
been combining socio-economic development in poor
areas, an increase in support and financial investment,
and implementing infrastructure and livelihood projects.
The Government’s welfare work has made great progress,
rapidly developing the poor areas and reducing the
poverty population. Meanwhile, the struggle between
socio-economic development and carrying capacity of
eco-environment in poor areas increased, with regional
ecological pressure increasing.

Ruyang County was determined as one of state-level
poverty-stricken countries by the Chinese government.
It is located in the central region of China, and is the

traditional agricultural mountainou area. This county

has big mountain areas, poor natural conditions,
inconvenient traffic, and lagging social and economic
development for a long time. So it was determined a
concentrated especially poor areas in Qinba mountain
areas by the Chinese government. This study has a

certain  reference value for eco-environmental
construction and poverty alleviation in poor Qinba
mountain areas in central China. According to statistics
of social and economic development released by the
Chinese government, in seven state-level poverty-stricken
counties in Luoyang areas of Henan province, natural
geographical conditions and regional development in
Ruyang County are belong to the intermediate level, and
this county has certain representativeness of the poor
areas in Qinba mountain areas. At the same time, the
data about the economic development and poverty
alleviation in Ruyang County are complete, so we
selected Ruyang County as the sample in the research on
the development in the poor areas of Central China.

Before 2000, because of traffic block, investment
promotion and capital introduction of Ruyang were
serious influenced by poor traffic, and the economic
development was slow. After 2000, with improving of
regional traffic condition and increasing of the national
poverty alleviation and development strength, society and
economy of Ruyang entered a rapid development stage,
Ruyang County entered a rapid transformation of
economic development, and the economic strength of the
county enhanced obviously. The development path and
characteristics of Ruyang County has certain typical
significance the seven mountainous counties of Luoyang,
Henan province, even in Qinba mountain areas,
designated poor areas by the Chinese government.
During the study, the latest comprehensive regional social
and economic development data of 2013 years in Ruyang
County was obtained, but the related data about 2000
years ago were incompleted. The study on ecology is
often selected the time of five or ten years for the basic
research time, and from 2004 to 2013, ecological
environment change in Ruyang County was the biggest,
so this study selected the data of the 10 years for research
and analysis.

Ruyang County, as a key county of state-level county
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and the national poverty alleviation, is a traditional
agricultural county, the county economy is dependent on
the consumption of resources, energy resources, and the
leading industries are processing of mineral resources,
building materials and chemical industry. During the
period of the tenth five-year plan, the average annual
growth rate of GDP in Ruyang County was 21%. GDP
in 2004 was 2.32857 billion Yuan (RMB), and increased
to 11.55195 billion Yuan (RMB) in 2013, the average
annual growth rate of GDP was 17.37%. County
economic output per capita was 5518 Yuan (RMB) in
2004, was increased to 24320 Yuan (RMB) in 2013, and
10 years of average annual growth of economic output
per capita was 16%. The local fiscal revenue of Ruyang
County had a high-speed increase, the local financial
general budget revenue was only 83.66 million Yuan
(RMB) in 2004, and reached 567 million Yuan (RMB) in
2013, which increased 6.8 times in 10 years.

As a traditional agricultural county, agriculture has an
important role in the economic structure in Ruyang
County for a long time. Since the reform and opening,

Ruyang County has accelerated the process of
industrialization, and achieved significant results. The
total output value of first industry was 0.6569 billion
Yuan (RMB) in 2004, and increased to 1.565 billion
Yuan (RMB) in 2013.
industry was 0.96 Yuan (RMB) in 2004 and increased to
6.953 billion Yuan (RMB) in 2013.

of the tertiary industry was 712 million Yuan (RMB) in

The total output value of second

Total output value

2004, and increased to 3.033 billion Yuan (RMB) in 2013.

Transformation and upgrading in regional economic
structure is obvious, and the development situation of
industry leading county economy had formed.

The main problems of Ruyang County economy was
industry transformation and upgrading. In Ruyang
County, industrial supporting ability was not strong,
agriculture foundation was weak, the third industry
development was lags, and the rural poverty was difficult.
The overall level of industry was low, and high added
value of leading enterprises was lack. The problems of
industry development was facing the multiple pressures
of efficiency gains, transformation and upgrading. The

task, which speeded up the transformation of the mode of

economic development, was very difficult.  Starting
from the supply and demand relationship of ecological
carrying capacity and applying the ecological footprint
model, Ruyang County, a representative impoverished
county located in the Henan province, Central China, is
chosen to conduct the research. The research will
evaluate and analyze the dynamic evolution of the
ecological environment and sustainable development of
social economy in this region in the past 10 years by
ecological footprint theory and methodology. This will
result in a fuller understanding of the balance between
ecological

social-economic development and

environmental protection in the central county.
2 Overview of the study area

Ruyang County, located at longitude 112°8'-112°38'E,
latitude 33°49'-34°21'N, in the west of Henan Province in
Central China (Figure 1), is 74 km away from Luoyang,
which is the ancient capital of nine dynasties in Chinese
history. Ruyang County is one of 25 key forestry
counties in Henan province, also is a government
established poverty-stricken county and a key county for
national poverty alleviation and development. This

county is also representative of concentrated continuous

arcas.
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Figure 1  Site map of the research area

The total area of the county is 132807.8 hm®. The
2013 census-registered population is 475 000, the resident
population is 414 000, and the rural area population and
non-rural area population are 399 000 and 76 000,
In 2014, there was 14 800 recorded

households in this region, 51 900 people whose annual

respectively.

per capita net income are less than 2736 Yuan (RMB),
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and a poverty incidence rate of 13%. The region has a

warm temperate continental monsoon climate, with

sufficient sunlight, mild climate, and four distinct seasons.

The annual average temperature is 14 degrees centigrade
and the average annual rainfall is 690 mm. Ruyang is
made up of mountainous areas, hills, and plains. The
area is also rich in mineral resources; more than 10 kinds
of minerals have been discovered in the county. The
superposition of three characteristics, resource-rich,
economic poverty and areas of ecological protection,
make the relationship between economic development
and ecological environment in these areas more complex.

China’s reform and opening up policy has spurred
governments at all levels to push hard for poverty
alleviation and development. Since the reforms, the
county’s economy has maintained steady and rapid
The county’s GDP increased from
2328.57 million Yuan (RMB) in 2004 to 11 551.95
million Yuan (RMB) in 2013, with an average annual

growth rate of 17.37%.

development.

Meanwhile, key ecological

restoration projects (e.g. returning farmland to forest, soil
management, and water conservation), were implemented
by China in Ruyang. The county has resolved a large
part of the food and shelter problems that plagued it in the
past and has moved into to the next phase of development.
The next steps include accelerating poverty eradication,
improving the ecological environment, enhancing the
capacity of development, and narrowing the development
gap with developed countries.

Potential land resources of Ruyang are limited.
During the study period, the potential land resources,
which belongs to less investment, quick effects, and high
benefit, has gradually get the development and utilization,
and the difficulty of land development and consolidation
is getting intensified year by year. Land use exist
extensive and inefficient phenomenon in this area.
Resource of new construction land is limited, the
contradiction between supply and demand of land

becomes apparent.

Table 1 Land use of change during 2004-2013 in Ruyang County

Year
Land types
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Arableland 33 641.33 33 619.96 33 568.26 33 558.65 33532.15 33 520.05 33 509.32 334925 33 483.90 33 470.40
Woodland 63 816.90 63 858.10 63 870.70 63 886.90 63 902.40 63 922.10 63 937.70 64 287.93 64 367.30 64 517.60
Grassland 14 928.70 14 931.20 14 939.90 14 947.50 14 954.00 14 946.90 14 962.50 15023.10 15 145.60 15 096.70
Water areas 4557.69 4550.37 4537.27 4533.67 4549.27 4569.57 4714.70 4412.03 4323.17 422293
Buildings land 10 836.10 10 828.50 10 878.20 10 873.60 10 868.10 10 857.50 10 706.90 10 686.23 10 605.40 10 565.10
Unused land 5027.10 5019.70 5013.50 5007.50 5001.90 4991.70 4976.70 4906.03 4 882.47 4935.10

3 Methods

3.1 Related theory and calculation of EF
3.1.1 Theory of EF

The concept of EF was first presented by Canada
ecological Economist William Rees in 1992!"] and later
he improved his theory and method with the help of
Wackemagel[7]. Based on the measurement of
biophysical quantity, EF can be used to evaluate the
utilization of natural resources by humans and the
life-supporting services provided by nature for humans!’.
This methodology judges quantitatively whether regional
developments are within the scope of its ecological

carrying capacity. EF also analyzes and studies the

region’s ecological environment and sustainability of
development by converting regional resources and energy
that people consumed into the biologically productive
land area necessary to supply these materials. This area
is then compared with the biologically productive land
area supplied by the region.

The research method of EF is to calculate the amount
of resource and energy demand necessary to develop the
regional social economy, and calculate the ecological
carrying capacity supplied by the region. Then the
sustainability of regional development can be analyzed by
comparing the two quantities.

3.1.2  The calculation of the EF

The EF is the amount of biologically productive area
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necessary to supply the resources a human population

. . 8
incorporate associated waste'.

consumes, and to
Biologically productive area is the land/water that has the
ability to generate the materials necessary for the survival
and development of living things, and it is classified into

six typesm.

These types are Fossil energy land, Arable
land, Grassland, Woodland, Buildings, and Water areas.
The ecological and biological productivity of the six
types of land varies considerably. In order to translate
the calculated results into comparable values, each type
Then the

regional EF can be calculated by with the weighted sum

of land is multiplied by an equivalence factor.

of the equivalent bio-productive land areas. The
globally consistent equivalent factors are used in this
paper (i.e. Arable land and Buildings areas is 2.8,
Woodland and Fossil energy land is 1.1, Grassland is 0.05,
and Water areas is 0.02[7]).

as follows:

The calculation formula is

EF:N-ef:NiA.:NZn:(r,»Ci/p,») (1)

where, EF is total ecological footprints; N is population,
ef is per capita ecological footprints; A4; is the per capita
ecological footprint component converted by the ith type
of consumption; i is the input type of consumption of
goods and resources; N is the number of consumption
items; r; is the equivalence factor corresponds to the ith
type of land; ¢ is per capita consumption of goods; p is
average productivity of goods consumed by people; p; is
the average world production corresponds to the ith type
of goods or services, kg/hm?; ¢; is per capita consumption
corresponds to the ith type of goods, kg.
3.2 Calculation of ecological carrying capacity
Ecological carrying capacity, also called ecological
supply footprint, is the total bio-productive land area
necessary to supply resources and energy, and to
assimilate associated waste. The difference of resources
endowment and land productivity between different
countries and areas leads to the big difference of
production per unit in the six area types. To compare
and summarize the real area of the same type of
bio-productive land from different countries and regions,

standardization with a yield factor for different types of

bio-productive land is used. Yield factor is a parameter

that can convert the same type of bio-productive land
from different countries and regions into a comparable

area[g].

We can define yield factor as the ratio of
average productivity of a certain country or region to the
world average productivity of the same type land.

When calculating the ecological carrying capacity, all
types of bio-productive land area studied in the region
shall be multiplied by the corresponding equivalence
factor and yield factor and sum them. The expression is
as follows:

EC=N-ec= NZ;(ajrjyj) = NZ:‘(E]. [Py, (2)

= =

where, EC is the total regional carrying capacity; N is the
population; ec is the per capita ecological carrying
capacity; j is the bio-productive land type; g; is the total
real areas of the bio-productive land corresponding to the
ith type; 7; is the equivalence factor; y; is the yield factor;
E; is the total production of the bio-productive land
corresponding to the ith type, kg; P; is the production of
per unit of world bio-productive land corresponding to
the ith type, kg/hm’.

Yield factor is the common yield factor value in
China at present calculated by Wackernagel, namely:
Arable land and Buildings is 1.66, Woodland is 0.91,
Grassland is 0.19, Water is 1.0, and Fossil energy land is
0.617.

The World Commission on Environment and
Development (WCED) released a report called ‘Our
Common Future’. According to the proposals in the
report, 12% bio-productive land area should be deduced
in the calculation of regional ecological carrying capacity
for the protection of biodiversity in the region[lo].

3.3 Ecological deficits and remainder

Ecological footprint and ecological capacity are
quantified through biological indicators of the
bio-productive land area, so that it has a certain degree of
comparability. After comparing calculation results of
the regional ecological footprint and ecological carrying
capacity, we refer to difference in area as ecological
remainder (ER) if the EF is less than the EC. Similarly,
we refer to difference in area as ecological deficits (ED)

and its development is unsustainable if the EF exceeds

the EC. We refer to a region as ecologically balanced
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(EB) if its development is in a critical state; the EF is
equal to the EC. The regional ED and ER represents the
utilization of natural resource by human population in this
region, which can be used to comprehensively judge
whether the production and consumption activities are
within the EC, and to measure the sustainability of
regional development. It can be expressed by the
following equation:

ED(ER)=EC—EF =N -(ec—ef) 3)
where, N, ec, and ef are population, net per capita EC, per
capita EF, respectively.

4 Results of regional EF

4.1 Regional EF

According to the principle and method of calculating
EF, the regional EF of the study area is calculated from
2004 to 2013.

biological resource consumption and energy consumption.

Calculation of EF in this paper includes

Consumption of biological resources is classified into

varieties of agricultural products, forest products,

livestock products, and seafood consumption. Using the
world average yield of the biological resources calculated
by the United Nations Food and Agriculture Organization,
consumption of biological resources of the study area can
be converted into biologically productive land area
(Arable land, Grassland, Woodland) and biologically
productive water areas. The calculation of Energy
consumption includes select raw coal, gasoline, diesel,
kerosene, and electric energy consumption items''.
This consumption of energy in the area is converted to the
area of fossil fuel energy consumption, using the average
calorific value of the world’s fossil fuel-producing land
area per unit as a standard!"?.

Based on EF theory and calculation method above
and according to Henan Statistical Yearbook and
Luoyang Statistical Yearbook of 2004-2013") and
literature data, the EF of study area for the past ten years

are calculated (Tables 2-4).

Table 2 EF per capita of the biotic resource during 2004-2013 in Ruyang County

Year Grain Cotton Oil Vegetable  Tobacco Fruit Pork Beef&lamb  Poultry Milk Egg Fish Total
2004 0.4116  0.0006  0.0102 0.0101 0.0103 0.0017  0.0358 0.0156 0.0167  0.0103  0.0035  0.0012 0.5278
2005 0.4132 0.0007 0.0108 0.0102 0.0115 0.0026 0.0536 0.0187 0.0218 0.0107 0.0052 0.0016 0.5606
2006 0.4153 0.0008 0.0114 0.0102 0.0126 0.0038 0.0765 0.0256 0.0265 0.0114 0.0050 0.0020 0.6010
2007 0.4106 0.0008 0.0126 0.0103 0.0135 0.0040 0.1068 0.0272 0.0327 0.0106 0.0060 0.0022 0.6373
2008 0.4115 0.0009 0.0137 0.0106 0.0156 0.0041 0.1166 0.0317 0.0457 0.0113 0.0071 0.0025 0.6714
2009 0.4107  0.0008  0.0277 0.0117 0.0217 0.0042  0.1239 0.0440 0.0490  0.0122  0.0124  0.0029 0.7211
2010 0.4256  0.0010  0.0315 0.0126 0.0213 0.0050  0.1279 0.0455 0.0501 0.0124  0.0131  0.0031 0.7491
2011 0.4362  0.0009  0.0316 0.0114 0.0216 0.0052  0.1364 0.0477 0.0511  0.0138  0.0153  0.0021 0.7732
2012 0.4661  0.0009 0.0335  0.0141 0.0225  0.0065  0.1400 0.0530 0.0572 00174 0.0177 0.0032  0.8320
2013 0.4165 0.0009 0.0363 0.0131 0.0257 0.0072 0.1779 0.0528 0.0657 0.0322 0.0188 0.0054 0.8522
Average 0.4217 0.0008 0.0219 0.0114 0.0176 0.0044 0.1095 0.0362 0.0417 0.0142 0.0104 0.0026 0.6926
Ratio 60.89%  0.12%  3.16% 1.65% 2.55% 0.64%  15.82% 5.22% 6.01% 2.05% 1.50%  0.38%  100.00%
Table 3 EF per capita of energy consumption during 2004-2013 in Ruyang County
Year Coal Gasoline Diesel oil Coal oil Power Total
2004 0.1630 0.0033 0.0107 0.0001 0.0004 0.1775
2005 0.1730 0.0051 0.0128 0.0001 0.0006 0.1917
2006 0.2065 0.0062 0.0137 0.0001 0.0007 0.2273
2007 0.2573 0.0076 0.0151 0.0001 0.0009 0.2810
2008 0.2769 0.0092 0.0161 0.0002 0.0009 0.3033
2009 0.2653 0.0110 0.0192 0.0002 0.0011 0.2968
2010 0.3167 0.0121 0.0214 0.0002 0.0013 0.3517
2011 0.3374 0.0132 0.0254 0.0002 0.0016 0.3778
2012 0.3817 0.0190 0.0284 0.0003 0.0017 0.4311
2013 0.5157 0.0472 0.0311 0.0004 0.0018 0.5961
Average 0.2894 0.0134 0.0194 0.0002 0.0011 0.3234
Ratio 89.47% 4.14% 5.99% 0.06% 0.34% 100.00%
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Table 4 EF per capita during 2004-2013 in Ruyang County
Year Arable land Woodland Grassland Water areas Fossil energy land Buildings land Total
2004 0.4429 0.0017 0.082 0.0012 0.1771 0.0004 0.7053
2005 0.4464 0.0026 0.1100 0.0016 0.1910 0.0006 0.7522
2006 0.4503 0.0038 0.1450 0.0020 0.2266 0.0007 0.8284
2007 0.4479 0.0040 0.1833 0.0022 0.2801 0.0009 0.9183
2008 0.4523 0.0041 0.2126 0.0025 0.3024 0.0009 0.9748
2009 0.4726 0.0042 0.2414 0.0029 0.2957 0.0011 1.0179
2010 0.4920 0.0050 0.2490 0.0031 0.3504 0.0013 1.1008
2011 0.5016 0.0052 0.2643 0.0021 0.3762 0.0016 1.1510
2012 0.5371 0.0065 0.2852 0.0032 0.4294 0.0017 1.2631
2013 0.4924 0.0072 0.3472 0.0054 0.5933 0.0018 1.4473
Average 0.4735 0.0044 0.2120 0.0026 0.3222 0.0011 1.0159
Ratio 46.61% 0.45% 20.87% 0.25% 31.72% 0.11% 100%

4.2 Regional ecological capacity

According to survey data in Ruyang County of

Ruyang County can be calculated by multiplying

bio-productive land area per capita by equivalence factor

2004-2013, and using the calculation model of ecological and yield factor, then subtracting 12% area of
capacity (EC) described above, the EC per capita in biodiversity protection (Table 5).
Table 5 Ecological capacity per capita during 2004-2013 in Ruyang County
Year
Land types
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Arableland 0396152 0375261 0332573 0327512 0301562 0299312 0297615 0290716 0289544  0.28715
Woodland 0.111353  0.111752  0.112137  0.112531 0.11367  0.113561  0.118731  0.119675  0.119871 0.12352
Grassland 0.002012  0.002013  0.002067  0.002094  0.002175  0.002115  0.002316 0002569  0.002677  0.002637
Water areas 0.003215  0.003165  0.002535  0.002516  0.003132  0.00352  0.006782  0.001637  0.001609  0.001573
Buildings land ~ 0.120758  0.118357  0.150679  0.149963  0.149371  0.130296  0.099906  0.097629  0.091708  0.085171
Unusedland ~ 0.001636  0.001587  0.001573  0.001511  0.001415  0.001377  0.001365  0.001136  0.00109 0.00171
Total 0635126  0.612135  0.601564  0.596127 0571325 0550181 0526715 0513362  0.506496  0.501761
4.3 Regional ecological reserves/ecological deficit - —#—PerEC —@—PerEF —M—PerED e
Based on the calculations described above, using . 14}
ecological reserves/ecological deficit (ER/ED) calculation § :(2) I o ;E
Equation (3), the ED and ER in Ruyang County from % 0:8 L 17%¢ %
2004 to 2013 can be acquired by comparing the EF with g 061 1704 §
EC (Table 6). 20 102

Table 6 Ecological deficit and reserves during 2004-2013 in

Ruyang County
Year Per EC Per EF Per ED
2004 0.6351 0.7053 -0.0702
2005 0.6121 0.7522 -0.1401
2006 0.6016 0.8284 -0.2268
2007 0.5961 0.9182 -0.3221
2008 0.5713 0.9748 -0.4034
2009 0.5502 1.0179 -0.4677
2010 0.5267 1.1008 -0.5741
2011 0.5134 1.1510 -0.6376
2012 0.5065 1.2631 -0.7566
2013 0.5018 1.4473 -0.9456
Average 0.5615 1.0159 -0.4544

O 1 1 1 | 1 1 L 1 1 0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year

Figure 2 Dynamic change of ecological footprint in Ruyang
County (2004-2013)

5 Results analysis

5.1 Structure and trends of EF per capita

In terms of EF trends, the EF per capita was growing
from 2004 to 2013 in Ruyang County, from 0.7053 hm®
in 2004 to 1.4473 hm’ in 2013.
reached 0.7402 hm’, with an average annual growth rate
of 12.86%.

of human activity was increasing during the study period

The rate of increase

This meant that ecological land occupancy



March, 2017 Wang J, et al. Evolutions of ecological carrying capacity in poor areas using ecological footprint model Vol. 10 No.2 147

in Ruyang County.

Table 2 indicates that food consumption per capita EF
occupies the largest area (60.89% on average) among all
average consumption terms of biotic resources in Ruyang
County. The consumption trend of biotic resources
shows that food consumption of ecological footprint of
the region occupies a constant areal'*. Food
consumption EF is further dived into several categories,
with grain and other plant foods taking up the largest
proportion. Pork, poultry, red meat occupies a moderate
proportion, while consumption per capita EF area of
cotton, oilseed, vegetable and fruit is the least.
Interestingly, pork, poultry, beef, vegetables, fruit, dairy
consumption of EF occupies the fastest growing area.
With the development of economy, the proportion of
grain and other plant foods consumed daily is reduced,
while the proportions of meat, dairy, and other animal

foods consumed daily is increased'”.

As the economy
shifts and standard of living improves, the shift in diet
will be evident in the EF. Since animal food production
requires more EF, the demand for EF of biotic resource
consumption is increasing'®.

The rapidly expanding ecological footprint of fossil
energy had an average EF area of 31.72%, and the
percentage of arable land and grassland’s area of EF was
67.5% on average. This suggests the acceleration of
urbanization and industrialization in Ruyang, albeit still
relatively low compared with the developed regions in
China.

It can be seen from table 3 that coal consumption per
capita ecological footprint occupies the largest area
among all the energy consumption terms, with the
average being 89.47%.  This energy consumption
dominated by coal has caused tremendous stress on the
region's ecological environment. The EF area of all the
energy consumption terms has gradually increased in
recent years, suggesting that Ruyang is in a stage of rapid
development at present, and that the pace of development
is accelerating, with an increasing demand for energy!' "\

From Table 4, we can identify that fossil energy land
occupies the largest area (31.72%) among all kinds of
ecologically productive land area in Ruyang County

except arable land, followed by grassland, the ecological

footprint per capita of which covers an area of 20.87%.
During the study period, the grassland, woodland,
Buildings, and fossil energy land per capita occupy an
increasing EF area, with the largest increase in fossil fuel
land.

5.2 Analysis of ED

According to Figure 3, per capita ecological footprint
of Ruyang County showed an upward trend overall, while
the per capita ecological carrying capacity had a
gradually decreasing trend during 2004 to 2013. In the
study period, per capita ecological footprint in Ruyang
County expanded greatly, but the change in per capita
ecological carrying capacity was small, so per capita
ecological deficit increased with per capita ecological
footprint!'*'*,

Socio-economic development of Ruyang County was
rapid from 2004 to 2013. The County’s GDP increased
from 2.3 billion Yuan (RMB) in 2004 to 11.5 billion
Yuan (RMB) in 2013, with an average annual growth rate
of 17.37%.
hm? in 2004 to 1.4473 hm?® in 2013 (per capita), with a

net increase of 0.7420 hm?.

The EF per capita increased from 0.7053

Meanwhile the regional EC
per capita showed a declining trend, decreasing from
0.6351 hm’ in 2004 to 0.5018 hm” in 2013, a net decrease
of 0.1334 hm’.

increased over the study period, with rates of growth

The absolute value of ED per capita

accelerating in later years.
from 0.0702 hm” in 2004 to 0.9456 hm® in 2013, a net
increase of 0.8754 hm®.

development is not sustainable and is getting worse. In

The ED per capita increased

This suggests that the regional

order to achieve long-term development of the region and
to adapt to China’s economic growth, Ruyang County
must change from extensive high-speed development of
the past, into a more efficient, low cost, sustainable
development.

The EF results calculated in this paper reflects the
effects of economic development on ecological
environment in study area, but is not all encompassing.
The data does not take into account other important
factors in land use, such as land degradation caused by
pollution, erosion, and industrial

rapid enterprise.

Therefore, its calculation results may overestimate

regional ecological status, and the estimation of the
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regional ecological footprint and ecological deficit are
optimistic.

As one of poverty-stricken counties in China targeted
by the poverty alleviation and development program, the
government of Ruyang County has a strong desire to
develop the economy and surmount poverty. Ruyang
County has made great strides in poverty alleviation and
development; regional rural poverty population has been
reduced significantly, income levels has steadily
increased, and infrastructure was substantially improved.
In the decade of 2001-2010, 160 million Yuan (RMB)
anti-poverty funds were invested in Ruyang County for
rural infrastructure construction. The money was used
to build 521 km of village roads and construct 472 safe
The stimulus lifted 78000
people out of poverty, and the county’s per capita net
income rose from 1897 Yuan (RMB) in 2001 to 4028
Yuan (RMB) in 2010, with an annual growth of 17.56%.
Then, in 2011-2013, 33.57 million Yuan (RMB) was
invested in the county. This funding provided 71.5 km

750 new

drinking water projects.

of new road that connected villages,
methane-generating pits, 9 chain supermarkets, 15 green
ecological projects, 7 irrigation/water conservancy
projects, as well as medical resources in the poor villages.
The average income of the poverty-stricken population
increased by more than 1500 Yuan (RMB), and the
region’s poverty population dropped by 14 100 people.
These developments were reinforced by an influx
Infrastructure ~ was

businesses and investments.

constructed to support industrial projects. The number
of large industrial enterprises (annual revenues are above
5 million Yuan) increased from 20 in 2004 to 62 in 2013.
The industry and infrastructure occupies large portions of
land, especially arable land, which has a highest
kinds of land®"?'.

Therefore, the increase in occupying arable land is bound

ecological supply among all
to lead to the reduction of regional ecological supply.

Additionally, due industrial expansion, the local
government introduced a number of energy-intensive
mining operations in order to expedite the production of
mineral resources. Several heavy industry projects have
also been built (e.g. steel works, coking plants, and

cement plants), creating a growing need for coal, oil, and

electricity. The region’s coal consumption has increased
from 224 000 t in 2004 to 334 000 t in 2013, and
electricity consumption increased from 211.75 million
kW-h to 736.94 million kW-h.

The simultaneous reduction of ecological supply and
the increase in ecological footprint has led to rapid
increase in regional ecological deficit and an increasingly
evident struggle between socio-economic development

and environmental resource management.
6 Conclusions and suggestions

6.1 Conclusions

Ruyang County is developing rapidly, and showing
signs of early stage industrialization and urbanization.
Its most striking feature is its resource-intensive
industries whose economic output depends on regional
Through EF and EC

calculations in the study area, we can see that while

energy and resource consumption.

socio-economic development, poverty relief, and
development work in Ruyang County have been very
successful, it puts great strain on the region’s ecological
environment. This is glaringly evident in the large
ecological deficit that is rising rapidly. The existence of
ED indicates that consumption demand for human life
and production exceeds the carrying capacity of the
ecosystem. The ecosystems are under the pressure of
excessive  exploitation by  humans, and the
social-economy development is unsustainable.  This
indicates the need to adjust the manner in which
development is taking place. The development of
Ruyang County has resulted in rapid growth of regional
EF and aggravated ED, caused by industrialization and
urbanization. Balancing between the development with
decreasing the EF, and sustainably expanding Ruyang
County are critical problems.
6.2 Suggestions

In order to ensure the safety of regional ecosystem, and
achieve sustainable long-term social and economic
development, effective measures should be taken in
Ruyang County:

(1) Government environmental policy needs to be
strengthened. This can be achieved by refining the

relevant  taxation and  environmental  policies,



March, 2017 Wang J, et al. Evolutions of ecological carrying capacity in poor areas using ecological footprint model Vol. 10 No.2 149

strengthening the regulations on environmental pollution
treatment, and increasing government and business
investment 1in ecological environment protection.
Pollution treatment should also be implemented by law.
The implementation of such policies and regulations have
an important influence on handling the relationship
between resource exploitation, economic development,
and ecological protection during the development process
of resource-rich economically-poor areas like Ruyang
County.

(2) Modern agriculture needs to be

22]

actively
developed' Developing agriculture that is more
effective and adjusting conditions to improve biological
production per unit area of land will enhance the
ecological supply capacity of land. The government
should develop sustainable agriculture by combing the
use of modern science, technology, and management
tools with useful experience of traditional agriculture.
Agricultural resources need to be used reasonably to
restore the environment, while increasing productivity
within the region. The carrying capacity in the region
would be improved, while simultaneously bestowing
economic benefits, energy efficiency, and environmental
protection.

(3) The structure of energy consumption in the region
needs to be optimized®!. The coal-dominated energy
consumption ought to be converted to electric power,
natural gas, and other clean energy. Once the region’s
social-economic status is stabilized, and poverty has been
greatly alleviated, industrial projects with high-energy
consumption can be limited. Traditional high
energy-consuming industry should be substituted with
conservation-oriented low carbon industrial projects.
Shutting down the industrial projects with high-energy
consumption and heavy pollution will improve energy
efficiency, save resources, and thereby reduce the
ecological footprint of energy.

(4) Management of land resources needs to be rational
and scientific. Industry and infrastructure occupy large
plots of land, usually on the most ecologically productive
areca—arable land. The construction planning should
take EF into consideration by protecting existing arable

land area and utilizing undeveloped land such as sand,

saline, and nude land. Land-intensive operations should
be encouraged to improve the productivity of land and
EC.

(5) Urbanization and development needs to be
planned more efficiently. The local government should
systematically plan region layout of urban and rural areas,
combining urban construction with the implementation of
returning farmland to  forest/grassland. Rural
populations who live in ecologically fragile areas should
be concentrated into cities and towns, and funding should

actively support ‘ecological migration’.

Acknowledgments

The authors thank the financial support by the
Shaanxi
Innovation Project of China (No.2016KTCL03-18) and
of China
(N0.31670713). We also thank the anonymous reviewers

Science & Technology Co-ordination &

National Natural Science Foundation

and editors for their great help in improving the quality of

the manuscript.

[References]

[1] Rees W E. Ecological footprint and appropriated carrying
capacity: What urban economics leave out. Environment
and Urbanization, 1992; 4(2): 121-130.

[2] Antonio C, Manuel D. Local ecological footprint using
Principal Component Analysis: A case study of localities in
Andalusia (Spain). Ecological Indicators, 2015; 57:
573-579.

[3] Debrupa C, Joyashree R.  Ecological footprint of paperboard
and paper production unit in India. Environment
Development and Sustainability, 2015; 17(4): 909-921.

[4] Hao H G, Zhang J P, Li X B, Zhang H'Y, Zhang Q. Impact
of livelihood diversification of rural households on their
ecological footprint in agro-pastoral areas of northern China.
Journal of Arid Land, 2015; 7(5): 653—664.

[S] NBS survey office of rural economy. The development road
for counties. Beijing: China Statistics Press, 2004. (in
Chinese)

[6] Lu H W, Cao H M. Historical opportunity and strategic
innovation in the development of poverty alleviation.
Jianghan Tribune, 2014; 5: 130-135. (in Chinese)

[7] Wackernagel M, Rees W E.
Reducing human impact on the Earth.
Gabrioala, B C, Canada, 1996.

[8] Rees W E.

Our ecological footprint:

New Society,

Ecological footprint analysis: merits and



150

March, 2017 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 10 No.2

(9]

[10]

[11]

[12]

[15]

[16]

brickbats. Ecological Economics, 2000; 32: 371-374.
Wackernagel M, Onisto L, Linares A C, Falfan I S L, Garcia
J M, Guerrero A 1S, et al.

Toronto:

Ecological footprints of nations.
International Council for Local Environment
Initiatives, 1997; pp.10-21.

Xie G D, Cao S Y, Lu C X, Xiao Y, Zhang Y S. Hunan’s
consumption of ecosystem services and ecological debt in
China. Journal of Natural Resources, 2010; 25(1): 43-51.
(in Chinese)

Liu D, Feng Z M, Yang Y Z. Ecological balance between
supply and demand in china using ecological footprint
method.  Journal of Natural Resources, 2012; 27(4):
614-624. (in Chinese)

Mathis W, Larry O, Patricia B, Alejandro C L, Ina S L F,
Jesus M G, et al.
the ecological footprint concept.
1999; 29(3): 375-390.

Statistical Yearbook of Luoyang. Beijing: China Statistics
Press, 2004-2013. (in Chinese)

Fang K.

theoretical

National natural capital accounting with

Ecological Economics,

Footprint classification,

Act

family: Concept,
and
Ecologica Sinica, 2015; 35(6): 1647-1659. (in Chinese)
Ma Y, Huang C, Zheng W.
analysis on ecological footprint in Gansu Province.
of China Agricultural University, 2011; 16(6): 174-178. (in
Chinese)

Zhou J, Guan W H. Study on sustainable development in

framework, integrated  pattern.

Sustainable development

Journal

Nanjing based on ecological footprint model. Act Ecologica

[17]

[18]

[19]

[20]

[22]

[23]

Sinica, 2012; 32(20): 6471-6480. (in Chinese)

Jia J S. Hierarchical Partial Least Squares (Hi_PLS) model
analysis of the driving factors of Henan’s Ecological
Footprint (EF) and its development strategy. Act Ecologica
Sinica, 2011; 31(8): 2188-2195. (in Chinese)

Tian J, Yao S B.

development based on ecological footprint model in Shanxi

Dynamic analysis of sustainable
Province. China Science and Technology Forum, 2014; 1:
114-120. (in Chinese)

Wang S Y, Cui H P, Wang S N. Study of the ecological
carrying capacity of the Hainan Province based on the
ecological footprint model. Research of Soil and Water
Conservation, 2014; 21(6): 218-221. (in Chinese)

Costanza R, d’Aarge R, de Groot R, Farber S, Grasso M,
Hannon B, et al. The value of the world's ecosystem
Nature, 1997; 38(7): 253-260.
He F, Zhang Q F, Wang L, Zhang K P.
ecological sustainability assessment based on improved
Transactions of the CSAE,
2011; 27(5): 320-328. (in Chinese)
Fu B, Qi Y B, Chang Q R.

management modes on soil properties and vegetation

services and natural capital.

County-level

ecological footprint model.

Impact of revegetation

ecological restoration in degraded sandy grassland in the
farming-pastoral ecotone. Int J Agric & Biol Eng, 2015;
8(1): 26-34.

Zhou J, Guan W H. Study on sustainable development in
Nanjing based on ecological footprint model.

Sinica, 2012; 32(20): 6471-6480. (in Chinese)

Act Ecologica




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


