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Stainability of Cultivated Land in Henan Province
Based on Ecological Footprint

LI Ying-chao”~

College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China

Abstract This paper summarizes the regional situation of Henan Province, China, and introduces the principle of ecological footprint mode, as well
as computing formulas of ecological footprint and ecological capacity. According to the related data of Henan Province from 1998 to 2007, this paper
firstly calculates the per capita ecological footprint and per capita ecological capacity of Henan Province. Result indicates that cultivated land in
Henan Province shows ecological surplus with sustainable land use. And ecological surplus has increased since the year 2003. Secondly, dynamic
analysis of ecological footprint of arable land is carried out in Henan Province. Thirdly, this paper also studies on the per capita ecological demand
and supply in 18 districts and cities of Henan Province in 2007. And cultivated land in these areas is sustainable. Zhumadian City has the highest
ecological surplus and per capita ecological capacity, while Nanyang City has the highest per capita ecological footprint. Based on this, this paper

puts forward five proposals on ensuring the increase of grain yield.
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Population, food, energy, resources and environment are
the top five issues confronted by human beings. These five
problems are closely related to land resources and their utiliza-
tion. Cultivated land resource, the essence of land resources,
is the most basic means of food production. Limited resource of
cultivated land determines that the use of cultivated land re-
sources must implement the strategy of sustainable develop-
ment. At present, there are 3 types of evaluation index system
for sustainable development, which are index system based on
system theory and method instruction, index system based on
method of environmental economics, and specific measure in-
dex of biophysics. Ecological footprint mode is a sustainable
evaluation method based on biophysics, which is put forward by
an ecological economists, professor William - Rees in Canada,
and improved by his student doctor M - Wackernagel. Calcu-
lation result of this mode is intuitive and has regional compara-
bility, which is recognized by relevant international agencies,
government departments and research institutions. And this
mode has become an important method for measurement of in-
ternational sustainable development. This paper tries to apply
this method in researching and discussing sustainable use of
cultivated land in Henan Province.

1 Research area and method

1.1 Overview of the research area Henan Province is loca-
ted in 31°23’' -36°22’' N, 110°21' —116°39’ E with 530 kilome-
ter in length from south to north, 580 kilometer in width from
east to west, connecting Anhui and Shandong provinces in the
east, Hebei and Shanxi provinces in the north, Shanxi Province
in the west, and Hubei Province in the south. Henan Province
is mostly located in warm temperate with subtropical zone in
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south, belonging to continental monsoon climate, a transitional
region from subtropical zone to warm temperate zone. It also
has the characteristics of transition from plain climate to hill and
mountain climate from the east to west with distinct four sea-
sons, diverse and frequent weather disasters and synchroniza-
tion of high temperature and ample precipitation. Annual aver-
age temperature from south to north in Henan Province is 15.7
—12.1 °C, with annual average precipitation of 1 380.6 —532.5
millimeters, annual average sunshine of 1 848. 0 —2 488. 7
hours, and annual frost-free period of 189 —240 days suitable
for the growth of many crops. Henan Province has complete
stratum, complex geological structure, and abundant mineral
resources. Thus, Henan Province is one of the largest mineral
resources in China.

Total land area of Henan Province is 167 thousand square

kilometers, accounting for 1. 73% of the national land area,
and governing 17 cities and 1 city administrated by province.
Total area of cultivated land at the end of 2007 is 7 926. 1 thou-
sand hectares, accounting for 6.5% of the total cultivated land
in China. Per capita cultivated land area is 0. 08 hectare. And
the grain output is 52 452 thousand tons, accounting for
10.46% of national grain output.
1.2 Research method Starting from the concrete situation,
ecological footprint uses bio-productive land area to represent
the human consumption of natural resources and ecosystem
services function of natural system. Thus, the utilization degree
of resources by human can be analyzed effectively. This meth-
od classifies bio-productive land area into 6 types, which are
farmland, forest land, grassland, fossil energy land, water are-
a and construction land. The accounting formula for ecological
footprint is

EF=Nxef=Nxr,x = (c/p,)
where EF is total ecological footprint, N is population number,
ef is per capita ecological footprint, r;is equivalence factor, c; is
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the per capita consumption of product /, p; is the world average
production capacity of product i. Accounting formula for ecolog-
ical carrying capacity is

EC=Nxec=Nx X (axr,xy,),
where EC is regional total ecological carrying capacity, ec is
per capita ecological carrying capacity, a; is per capita bio-pro-
ductive land area, y; is yield factor.

After comparing the calculation results of ecological footprint
and ecological carrying capacity, ecological deficit occurs if eco-
logical footprint is bigger than ecological carrying capacity, indica-
ting that human pressure on natural ecosystem exceeds the eco-
logical carrying capacity of this region, and vice versa'' ™.

2 Calculation and analysis of ecological
footprint of cultivated land in Henan Prov-
ince

2.1 Calculation of ecological footprint of cultivated land
in Henan Province This paper obtains relevant data from the
1998 —2007 Henan Statistical Yearbook by using the top-down
method. According to the corresponding relationship between
resource consumption and required bio-productive land, corre-

Table 1

sponding consumer goods of ecological footprint of cultivated
land in Henan Province are mainly the consumption of agricul-
tural products. Combining with the actual situation of Henan
Province, consumption projects of major agricultural are food,
oil, cotton, hemp, tobacco, vegetable, fruit, carbohydrate
(sugarcane), tea, and fruit. But in this research, there are
only statistical data of main food consumption. Therefore, pro-
ject data not listed in statistical data is converted by the ratio of
existing main food consumption to regional output of corre-
sponding products in current year (consumption ratio). World
average output in the conversion of production area of biological
resources is obtained according to relevant biological resources
data offered by the Food and Agriculture Organization. Equiva-
lence factor of arable land adopted now is 2.82, and yield fac-
tor is 1.66"%', Table 1 reports the demand and supply of culti-
vated land ecological footprint in Henan Province from the year
1998 to 2007.

Table 1 indicates that cultivated land in Henan Province
shows ecological surplus within the ten years. Cultivated land
use is in the state of sustainable development. And ecological
surplus has been in a state of sustained growth ever since the
year 2003.

Demand and supply of per capita cultivated land ecological footprint in Henan Province from 1998 to 2007

Per capita ecological footprint //hm?

Per capita ecological carrying capacity //hm?

Year Per capita ecological demand Equilibrium area Per capita ecological supply Equilibrium area Ecological surplus,//hm*
1998 0.099 7 0.2812 0.073 4 0.343 4 0.062 2
1999 0.1017 0.286 9 0.0727 0.340 4 0.053 5
2000 0.1135 0.320 1 0.072 5 0.3392 0.019 1
2001 0.100 2 0.2825 0.072 3 0.338 4 0.055 9
2002 0.1059 0.298 5 0.075 6 0.3537 0.055 1
2003 0.101 1 0.285 1 0.074 3 0.3480 0.062 9
2004 0.095 4 0.269 1 0.074 0 0.346 2 0.077 2
2005 0.085 8 0.242 1 0.081 1 0.3799 0.137 8
2006 0.084 8 0.239 2 0.080 7 0.377 9 0.1387
2007 0.077 0 0.217 1 0.080 3 0.376 0 0.158 9

2.2 Dynamic analysis on ecological footprint of cultivated
land in Henan Province It is calculated that the ecological
footprint of total cultivated land in Henan Province is
26 195 542.31 hectares in the year 1998, 21 423 808. 83 hec-
tares in the year 2007, a decrease of 4 771 733. 48 hectares
within 10 years. The highest ecological footprint of cultivated
land reaches 30 369 582. 03 hectares in the year 2000; and the
least is 21 423 808. 83 hectares in the year 2007. Ecological
footprint of cultivated land basically shows a decreasing trend, in-
dicating that peoples’ dependence degree on regional cultivated
land is decreasing. Ecological carrying capacity of cultivated land
is 31 991 320.8 hectares in the year 1998, and 37 103 659.32
hectares in the year 2007, up by 5 112 338. 52 hectares within
ten years. Cultivated land in Henan Province has shown eco-
logical surplus in the ten years. Per capita ecological surplus is
above 0.05 hectare, except the year 2000, showing a increas-
ing trend year by year.

2.3 Spatial analysis on ecological footprint of cultivated
land in Henan Province Zhengzhou, Kaifeng, Luoyang,

Pingdingshan, Anyang, Hebi, Xinxiang, Jiaozuo, Puyang,
Xuchang, Luohe, Sanmenxia, Nanyang, Shanggqiu, Xinyang,
Zhoukou, Zhumadian and Jiyuan Cities all belong to Henan
Province. Table 2 reports the per capita ecological footprint de-
mand and supply of cultivated land in the 18 cities in the year
2007.

Table 2 shows that (1) cultivated land ecology of 18 cities in
Henan Province shows sustainable development in 2007.
Among them, Zhumadian City has the biggest ecological sur-
plus of cultivated land, followed by Shangqiu, Kaifeng, Xin-
yang, Xinxiang, Xuchang, Hebi and Luohe, which are all high-
er than the average ecological surplus of the whole province.
Jiaozuo City has the least ecological surplus of cultivated land,
followed by Pingdingshan, Jiyuan, Zhengzhou, Puyang, Luoy-
ang, Sanmenxia, Nanyang, Anyang and Zhoukou. 2 Zhuma-
dian City has the highest per capita ecological carrying capaci-
ty, followed by Xinyang, Nanyang, Kaifeng, Shanggiu and
Xinxiang, which are all higher than the ecological carrying ca-
pacity of the whole province. Zhengzhou City has the lowest
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per capita ecological carrying capacity of cultivated land, fol-
lowed by Jiaozuo, Jiyuan, Pingdingshan, Luoyang, Hebi, Luo-
he, Puyang, Xuchang and Anyang. (3 Nanyang City has the
highest per capita ecological footprint, followed by Xinyang,
Sanmenxia, Xhumadian, Puyang, Pingdingshan and Kaifeng,

which are all higher than the per capita ecological footprint of
Henan Province. Zhengzhou City is lowest in per capita ecolog-
ical footprint, followed by Hebi, Xuchang, Luohe, Luoyang,
Xinxiang, Shanggqiu, Jiaozuo, Jiyuan, Zhoukou and Anyang.

Table 2 Per capita ecological footprint demand and supply of cultivated land in 18 cities of Henan Province in the year 2007

City Per capita ecological footprint //hm? Per capita ecological carrying capacity /hm? Ecological
Per capita ecological demand Equilibrium area Per capita ecological supply Equilibrium area  surplus //hm?
Zhengzhou City 0.051 0 0.143 8 0.050 0 0.2339 0.090 1
Kaifeng City 0.077 9 0.2196 0.088 8 0.4156 0.196 0
Luoyang City 0.067 5 0.190 2 0.065 4 0.3059 0.1157
Pingdingshan City 0.081 4 0.229 7 0.063 2 0.2959 0.066 2
Anyang City 0.076 7 0.216 3 0.075 8 0.354 8 0.138 5
Hebi City 0.062 5 0.176 4 0.0727 0.340 3 0.163 9
Xinxiang City 0.068 1 0.192 1 0.081 4 0.3810 0.188 9
Jiaozuo City 0.072 3 0.204 0 0.055 8 0.2612 0.057 2
Puyang City 0.083 1 0.234 4 0.0747 0.3499 0.1155
Xuchang City 0.064 7 0.182 4 0.075 8 0.3547 0.172 3
Luohe City 0.064 9 0.183 1 0.0737 0.344 9 0.161 8
Sanmenxia City 0.089 7 0.253 1 0.079 8 0.3734 0.120 4
Nanyang City 0.103 2 0.291 1 0.091 6 0.428 9 0.137 8
Shanggiu City 0.071 2 0.200 7 0.087 4 0.409 0 0.208 4
Xinyang City 0.096 5 0.272 2 0.099 0 0.463 6 0.1914
Zhoukou City 0.074 9 0.2111 0.079 0 0.369 9 0.158 8
Zhumadian City 0.089 3 0.2518 0.1050 0.4915 0.2397
Jiyuan City 0.0747 0.2107 0.0612 0.286 4 0.0757

3 Conclusion

Emepirical calculation and analysis on the ecological foot-
print of cultivated land in 18 cities of Henan Province shows that
cultivated land in Henan Province and its cities shows a state of
sustainable development. Per capita ecological surplus of culti-
vated land has been increasing since the year 2000. According
to the calculation result mentioned above, under the current
consumption level and structure, Henan Province not only can
feed the existing population, but also can import grain to other
provinces and is able to accept ecological footprint of cultivated
land from other provinces. This is in accordance with its status
of big grain province. To become the core area of national grain
and to ensure increase of food production, Henan Province
needs to do a better job in the following areas. Firstly, further
carry out intensive use of land; and deal with contradictions be-
tween economic development and occupation of cultivated
land. Secondly, strengthen the development, sorting and rec-
lamation of reserve resources; and increase the amount of cul-
tivated land. Thirdly, strengthen the research and application of
agricultural science and technology; implement large-scale op-
eration; and improve the output efficiency of cultivated land.
Fourthly, greatly improve low or middle yield field; enhance the
quality and utilization of cultivated land; and improve the eco-
logical carrying capacity of cultivated land. Fifthly, establish
land dynamic monitoring and management system; enhance
the dynamic monitoring of land resources; implement the most
strict land management system; and promote the sustainable

use of cultivated land resources.
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of Huaihe River, valley and tableland in southern hills of Shan-
dong Province. If we accept the theories of Holocene’s cataly-
sis on Neolithic Age and the agriculture originating in woodland,
the earliest origin time of broomcorn millet in sandy loess zone
should be the middle or the end of early Holocene in eastern
Qinghai, which is along the line of mid-eastern Gansu, Ningx-
ia, northern Shaanxi, mid-northern Shanxi, northern Hebei,
eastern Inner Mongolia, and mid-western Liaoning.
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