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Difference between Supply and Demand of Land
Consumption Function in Huadu District,
Guangzhou City, China

ZHENG De-ben'* , ZHAO Guan-wei’
1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 2. School of Geographical Science,
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Abstract Ecological Footprint Method is introduced to define the range of biological resource consumption account and fossil energy consumption
account. According to the relevant data of land use and ecological environment in Huadu District, Guandzhou City, Guangdong Province, China
from the year 1990 to 2005, ecological footprint analysis method is used to research on the demand and supply of land consumption function of Hua-
du District, as well as the difference variation between supply and demand. Result shows that per capita ecological footprint and total ecological
footprint have increased sharply from 1990 to 2005. Biological resource consumption has an absolute advantage of proportion compared with fossil
energy. Growth speed of fossil energy footprint is faster than that of biological resource footprint. However, structure of total ecological footprint has
not changed significantly. Demand of land consumption function is far beyond the ecological carrying capacity of Huadu District. But land use inten-
sity has not exceeded the ecological threshold produced by supporting consumption function of land use system, indicating that ecological environ-

ment system is still relatively safe in Huadu District.

Key words Land consumption function; Ecological footprint; Ecological deficit; Ecological capacity; Huadu District, China

Ecological Footprint Method is a quantitative method devel-
oped in recent years, which measures the ecological sustain-
able development. It uses biophysical unit to measure the de-
mand of a certain region for natural resources, as well as the
ecological support for human survival, reproduction and eco-
nomic activities provided by natural resources''®'. As a sus-
tainable assessment method of quantitative measurement, it
has relatively more scientific and complete theoretical founda-
tion, simplified index system, and methodological universality,
which lead to widespread attention of the academic circle.
Scholars have done a great deal of researches on the theories
and methods and have applied them widely in different regions,
spaces and social aspects'*™"*'. But when comparing the re-
gional ecological carrying capacity with the ecological footprint,
Ecological Footprint Method only pays attention to the land con-
sumption functions that can be quantitatively and materially ob-
tained, but seldom concerns about the land service functions
that can hardly be quantified and expressed™~*!. Therefore,
objectives used to measure the regional sustainable develop-
ment should be reduced only to the supply and demand analy-
sis of regional land consumption function. This not only can o-
vercome the shortcomings in Ecological Footprint Method, but
also can manifest the supply and demand of land consumption
function to a large extent under the support of regional eco-en-
vironment, which provides scientific basis for the regional gov-
ernment to develop feasible land-use policy.

Huadu District in Guangzhou City used to be a city at
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county level administered by Guangzhou City. In June, 2000,
Huadu District is directly governed by Guangzhou City, which is
a typical outskirt of large city greatly affected by the central city.
Research on the supply differences in land consumption func-
tion is undoubtedly typical, which is conducive to the regional
future development and overall urban planning.

1 Data source and calculation method

World average yield, yield factor, equilibrium factor, ener-
gy conversion factor, global energy footprint and other indices
used in this research are from relevant literatures and statistical
sources of FAO!"2~"" | which will not be described in detail. Da-
ta of various ecological footprint accounts are from 1999 —2001
and 2003 —2006 Huadu Statistical Yearbook, The Fifty Years of
Huadu (1949 —1998) and The First National Economic Census
Data Compilation.

Calculation of ecological footprint is composed of energy
consumption, biological resources consumption and trade ad-
justment. Among them, trade adjustment is not analyzed in this
paper due to the lack of relevant data. Biological resources
consumption account includes grain, vegetable, peanut, fruit,
aquatic product, pork, beef, mutton, poultry and egg. And the
consumption of timber is not analyzed in this paper due to the
limited statistical data. Fossil energy consumption account in-
cludes coal, coke, gasoline, kerosene, diesel, fuel oil, lique-
fied petroleum gas and electricity.

2 Calculation result and analysis
2.1 Land consumption function demand in Huadu District
from the year 1990 to 2005 Table 1 reports that per capita



32 Asian Agricultural Research 2009

ecological footprint and total ecological footprint in Huadu Dis-
trict have increased rapidly from the year 1990 to 2005. And per
capita ecological footprint has risen from 1. 93 hectares in the

Table 1

year 1990 to 2. 88 hectares in 2005, an increase rate of
49.46% ; while total ecological footprint has risen from 971 397.
24 hectares to 1 817 675. 12 hectares, up by 87.12%.

Variation of ecological footprint in Huadu District from 1990 to 2005

v Biological resources consumption account Fossil fuel consumption account Total
ear Footprint per capita Total footprint Footprint per capita Total footprint Footprint per capita Total footprint

1990 1.73 872 624.91 0.20 98 772.33 1.93 971 397.24
1991 1.55 791 868.18 0.19 97 505.74 1.75 889 373.92
1992 1.94 1003 700.25 0.20 102 616.87 2.14 1106 317.12
1993 2.35 1243 519.20 0.20 108 153.02 2.55 1351 672.22
1994 2.72 1484 296.20 0.31 167 848.17 3.02 1652 144.38
1995 2.69 1499 025.42 0.59 327 888.04 3.27 1826 913.46
1996 3.18 1801 023.60 0.53 300 283.87 3.71 2101 307.48
1997 2.63 1528 873.84 0.49 284 902.47 3.12 1813 776.31
1998 2.92 1716 918.65 0.47 276 661.86 3.39 1993 580.52
1999 3.04 1806 992.54 0.62 369 957.57 3.66 2176 950.10
2000 3.16 1899 323.59 0.65 392 945. 81 3.81 2292 269.40
2001 2.83 1712 553.76 0.58 349 712.27 3.41 2 062 266.03
2002 2.61 1615 644.80 0.58 358 338.05 3.19 1973 982.85
2003 2.35 1 460 857.97 0.67 413 097.82 3.02 1873 955.78
2004 2.25 1412 558.30 0.67 419 431.11 2.92 1831 989.41
2005 2.28 1436 619.45 0.60 381 056.37 2.88 1817 675.82

According to the internal structure, proportion of biological
resource consumption in total ecological footprint is relatively
larger than the proportion of fossil energy consumption. Ac-
cording to the growth speed, biological resource consumption is
different from the fossil energy consumption. In the years 1990
—2005, both total and per capita ecological footprint, which are
caused by human consumption of biological resources, grow
slowly in Huadu District. Among them, total ecological footprint
has increased from 872 624.91 hectares to 1 436 619. 45 hec-
tares, an annual increase of 1.68%. And per capita ecological
footprint has risen from 1.73 hectares in 1990 to 2.28 hectares
in 2005, up by 2.10% annually. At the same time, Huadu Dis-
trict has shown rapid increase in total and per capita ecological
footprint caused by fossil energy consumption in the years 1990
—2005, which has greatly supported the rapided growth of re-
gional total and per capita ecological footprint. Total fossil ener-
gy footprint has enhanced by 285. 79% from 98 772. 33 hec-

tares in 1990 to 381 056.37 hectares in 2005, an annual in-
crease of 19. 05%. Percentage of fossil energy consumption
footprint in total ecological footprint has risen from 10.17% in
1990 to 20.96% in 2005, increased by 10 percentage points.
However, since the percentage of biological resource consump-
tion footprint still plays a dominant role, difference in growth
speed has not changed the structure of total ecological footprint
significantly.

2.2 Consumption function supply of land in Huadu Dis-
trict from the year 1990 to 2005 Land consumption function
supply in Huadu District has declined slowly due to the variation
of land use structure. Total supply has reduced from
200 968. 88 hectares in 1990 to 193 083.59 hectares in 2005, a
decrease of 3. 92%. Supply of per capita land consumption
function has declined greatly due to the population growth in
Huadu District. It has reduced from 0. 40 hectare in 1990 to
0.31 hectare in 2005, a decrease of 23.25% (Table 2).

Table 2 Variation of ecological capacity in Huadu District from 1990 to 2005 hm?

Year Ecological capacity of land use Total ecological capacity
Cultivated land Woodland Grassland Construction land Water area Total quantity Per capita

1990 113 929.69 12 564.97 348.22 73 050.71 1075.30 200 968.89 0.40

1995 87 428.01 8 657.80 621.84 75 498.41 1944.19 174 150.24 0.31

2000 79 864.04 15 944.52 182.79 76 791.88 2706.52 175 489.75 0.29

2005 75 051.21 8 480.17 254.53 106 287.37 3010.30 193 083. 59 0.31

From the view of the internal structure, cultivated land and
other low intensity land-use type has changed rapidly into the
high intensity construction land, which is the main reason for
the total supply reduction of land consumption function in recent
years. Among them, total supply has reduced from 113 929. 69
hectares in 1990 to 75 051. 21 hectares in 2005. And its per-
centage in total land consumption function has decreased by
17.82% from 56.69% in 1990 to 38.87% in 2005. And con-
sumption function supply of construction land has risen from

73 050.71 hectares in 1990 to 106 287.37 hectares in 2005. Its
percentage in total land consumption function has increased
from 36. 35% in 1990 to 55. 05% in 2005, an increase of
18.7%. Besides, woodland, grassland, water area and other
land use consumption function supply have also fluctuated dur-
ing this period. Woodland has declined from 12 564.97 hec-
tares in 1990 to 8 480.17 hectares in 2005, a decrease of
32.50% ; grassland has reduced from 348.22 hectares in 1990
to 254.53 hectares in 2005, a decrease of 26.90% ; water area
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has increased from 1075.29 hectares in 1990 to 3 010.30 hec-
tares in 2005, an increase of 179.95%. Since their proportions
in total supply are relatively small, impact of these land use
types on total amount is not great.

Conversion of land consumption function structure caused
by the conversion of land use structure has brought certain
threat to the ecological stability of land use system. According
to the principles of system theory, entropy can be used to re-
flect the system stability and the order degree. Information en-
tropy of system, which is close to 0, indicates a stable system.
Bigger entropy value leads to greater disturbance degree and
more unstable system. Therefore, calculating the information
entropy of ecological footprint structure can reflect the ecologi-
cal stability of land ecosystem. Hence, the equation of informa-
tion entropy is;

H= -3 PP,

where P; is the percentage of the fth land type in total ecological
footprint. According to the above equation, information entropy
from supply system of land consumption function in Huadu Dis-
trict are 0.90, 0.93, 1.01 and 0.91 in the years 1990, 1995,
2000 and 2005, respectively.

Calculation result indicates that information entropy from

supply system of land consumption function has shown certain
increase in Huadu District in the years 1990 —2005. Information
entropy has risen from 0.90 in 1990 to 0.91 in 2005 along with
certain fluctuation. This indicates that in the past 15 years, rap-
id socio-economic development and increasing ecological foot-
print demand have greater impact on the supply system of land
consumption function supported by ecological environment,
which has affected the system ecological safety to a certain ex-
tent. But the range of fluctuation is small in general and the
supply system is still stable at present.
2.3 Supply and demand difference of land consumption
function in Huadu District Table 3 reports the supply and
demand difference of land consumption function in Huadu Dis-
trict in the years 1990 —2005.

Table 3 Calculation of ecological deficit in Huadu District from

1990 to 2005 hm?

Ecological footprint  Ecological deficit Total quantity of

Year . ) .

demand/supply per capita ecological deficit
1990 4.83 1.53 770 428.36
1995 10.49 2.96 1652 763.21
2000 13.06 3.52 2116 779.65
2005 9.41 2.58 1624 592.23

Table 3 shows that there is a strong upward trend in the
demand-supply ratio of ecological footprint, ecological deficit
per capita and total quantity of ecological deficit in Huadu Dis-
trict from 1990 to 2005. Demand-supply ratio of ecological
footprint has enlarged from 1:4.83 in 1990 to 1:13. 06 in the
year 2000, showing a rapid increasing trend. Then, it slows
down in the years 2000 —2005 but is still as high as 1:9.41.
Total quantity of ecological deficit has enhanced from
770 428.36 hectares in 1990 to 2 116 779.65 hectares in the
year 2000, up by 1.75 times. In the year 2005, it declines

slightly to 1 624 592.23 hectares, increased by 1. 11 times
compared with that in the year 1990. Ecological deficit per ca-
pita has increased from 1.53 hectares in 1990 to 2. 58 hec-
tares in 2005, up by 0.68 time. It reaches to 3.52 hectares in
the year 2000, increasing by 1.3 times compared with that in
the year 1990.

Calculation result of ecological footprint in other cites by
Professor William and his research group shows that almost all
cities have much larger ecological footprint than their own ad-
ministrative area; and ecological footprint in developed cities
are even several times, or more than ten times, of their own
area'™ . In the year 2003, demand-supply ratios of per capita
ecological footprint in Beijing, Shanghai and Wuhan are as
high as 106. 50, 10. 15 and 8. 62, respectively. In the year
2005, demand-supply ratio of per capita ecological footprint in
Huadu District is 9. 41, which is lower than those of Guang-
zhou City in the year 2000 and Shanghai in the year 2003, and
belongs to a relatively lower ratio of city in the same period a-
mong the same development level of regions. Land use inten-
sity in Huadu District has not exceeded the ecological environ-
ment threshold produced by the consumption function of land
use system.

3 Conclusion and discussion

(1) Per capita and total ecological footprint in Huadu Dis-
trict have shown the trend of rapid growth from the year 1990
to 2005. According to the structure, proportion of biological re-
source consumption in total ecological footprint is larger than
that of fossil energy. Although growth of fossil energy footprint
is far faster than that of biological resource footprint, structure
of total ecological footprint has changed significantly.

(2)There is a strong upward trend in the demand-supply
ratio of ecological footprint, ecological deficit per capita and to-
tal quantity of ecological deficit in Huadu District from 1990 to
2005. However, information entropy of land consumption
function supply system has not changed significantly and land
use system is still relatively stable. This indicates that demand of
land consumption function in Huadu District has far exceeded its
ecological carrying capacity in the past 15 years. But the ecologi-
cal environment system is still relatively safe in Huadu District.
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there are usually some misunderstandings about these relation-
ships. Without correct understanding of these relationships,
performance of land circulation would be affected, which may
even lead to a series of contradictions and problems that affect
the economic development and social stability.
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