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ABSTRACT  Optimization of land use
structure consists of economic and social
ard ecological optimization. Applying the
minds of system engineering and principles
of ecology, this paper presents such
thoughts: the optimal forest-coverage rate
calculated according to the reality of a dis-
trict is set as main standard of ecological ra-
tionality in the district; through considering
the value of ecosystem services of the land
with GREEN equivalent (mainly cultivated
land and grassland) and based on the rule,
GREEN equivalent, this paper introduces
the area conversion between woodland and
cultivated land, also between woodland and
grassland; this paper establishes a multi-di-
mension controlling model of optimization
of land use structure. In addition, a multi-
objective linear programming model for op-
timization of land use structure is designed.
In the end, this paper tests and verifies this
theory of ecological optimization, taking
Qionghai city in Hainan Province as an ex-

ample.

1 Introduction

The general goal of land use is to get continuously increasing
and integrative benefits with social, economic and ecological
features. Land use planning must be carried out according to the
demands of social and economic development and, environment
protection to realize the optimal allocation of land resources.
Optimization of land use structure means to find the best land
use structure (components and proportions of all kinds of land
uses) which can bring better or best social,economic and eco-
logical benefits by some methods', Therefore when we deal
with land use decision-making, we should make overall plan and
take all factors into consideration and hamonize the correla-
tions of all kinds of land use in the light of developmental plan-
ning of regional economy and society. Only in this way, sustain-
able land use and regional development can be guaranteed.

In recent years, with the rapid growth of the economy and the
population, and the continuous development of industrialization
and urbanization, the problem in land use in China is getting
more and more rigorous. Especially as a populous country with
relatively short of land resources, China must pay great atten-
tion to rationality of land use. Therefore optimization and ad-
justment of land use structure is the key point to enhance land
use management, as well as the hot point for the research of
land use.

Now in researches on rationality of land use structure, the
methods of system engineering to discuss the economic output
of the land use are mostly adopted, but not attach enough im-
portance to ecological benefit and reasonable way 10 practise
it. In the performance of the imégrate system of society-econo-
my - ecosystem , we must realize its complex characteristics. !t
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is necessary to figure out the standard of ecologi-
cal performance and to set down a specific way for
measuring it.

2  “GREEN equivalent” and the e-
cological standard of optimiza-
tion of land use structure

2.1 About “GREEN equivalent”

The concept of “GREEN equivalent” is introduced
to the quantitative research of ecological standard.
As the pillar of the earth ecosystem, forest plays
an important role, viz. keeping water and soil, im-
proving climate, maintaining landscape and purifying
the pollution, and so forth, i, e, ecological perfor-
mance of forest. But nowadays, it is inevitable to
destroy the forest ecosystem on account of ex-
ploitation and construction. At the beginning some
scholars brought forward that compensation for the
ecological function of destroyed forest should be
executed. It was necessary to compare the equiva-
lent of ecological function to set down the compen-
sating ways. Thus the concept of “GREEN equiva-
lent” was produced.

“GREEN amount” is the equivalent of ecological
function as forest, and its main body can be other
plants In brief, “GREEN amount” is the value that
measures the intensity of ecosystem services of
forest and other plants in a unit area. “GREEN e-
quivalent (related to GREEN amount)” stands for:
the GREEN amount that can guarantee coegual pho-
to-synthesis and befitting layout which can commute
the ecological function of quantitative forest!?!,and
its essence is a ratio of “GREEN amount” between
one land use type and forest.

2.2  Ecological function of all kinds of ecosystem

From the points of view of the botany and ecolo-
gy, all kinds of plants take on ecological function as
forest. According to the principles of “GREEN e-
quivalent”, land use types can be classified as fol-
lows:

1) The land use having GREEN .equivalent in-
cludes cultivated fand, garden plot, woodland,

grassiand and part of unused land. The value of e-
cosystem services can be assessed, for their
mechanism is similar to the forest’s.

2) The land use with implicit GREEN equivalent
primarily contains the water area. Water area takes
on ecological function, such as being landscape,
regulating the constitution of atmosphere, decon-
taminating air pollution,etc. But this function is diffi-
cult to be analyzed qualitatively.

3) The land use without GREEN equivalent in-
cludes residence, industrial land or mining area,
traffic land and part of unused land. The value of e-
cosystem services is regarded as zero.

Now there are many methods of assessing the e-
cological function of forest, for example, the substi-
tute method of engineering, integral method of ex-
penditure and benefit,and cost method of foresta-
tion, and so onf3!, Because of the countabitity of
this value, there is a possibility to do a guantitative
research on GREEN equivalent of other plants.

2.3 Ecological standard of optimization of land

use structure

The U N set the forest-coverage rate of 20 per-
cent as the average minimum standard. But in dif-
ferent areas, due to the difference of terrain, relief,
precipitation and siuice ability of soil, the most suit-
able forest-coverage rate is not the same, In our
country, the research on the lowest forest-cover-
age rate was paid attention to until the 1980’ s. In
1995, Zhangjian presented the thoughts that the op-
timal forest-coverage rate should be calculated ac-
cording to the reality of a district starting off with
the attribute of forest, On the basis of the data
from the region of low mountains and hills in
Sichuan Basin, they applied certain method 1o elicit
that the optimal forest-coverage rate for districts
of middle-low mountains, low mountains, hills,
hillocks, and plains should reach 57% ,46% ,44%,
31% and 13%!*). The case verified that their
methods are rational and doable.

Zhangjian’ s method(ways and means of calculat-
ing the optimal forest-coverage rate according to
the amount of precipitation, the sluice ability and
moisture content of soil in this district) is used for
reference here. Limited by the length of the paper,
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its concrete principles and calculating formulae are
omitted (please consult it in Reference [4]). The
calculated result is set as main standard of ecolog-
ical rationality of the district.

Of course, it is not all-around that the ecological
rationality of land use structure is measured only by
the optimal forest-coverage rate. But in a sense,
the forest-coverage rate may reflect the ecological
condition of a district, such as the virescence lev-
el,amount of soil and water loss, quality of atmo-
sphere,and so on. Furthermore, in order to simplify
the problem, the optimal forest-coverage rate is
only set as an advised index.

In reality, the average forest-coverage rate of our
country is only 11, 5%[51, aven in some area it is
less than 11. 5%. So it is necessary to adopt
means to increase the forest-coverage rate. In ad-
dition, the value of ecosystem services can not be
removed or saved and benefits only by indigene

_and the contemporary. But any one at any time and
in any district has the rights and interests of eco-
lonical consumption. Thus the value of ecosystem
services of other land should be developed fully to
meet people’ s need of GREEN consumption. So the
forest-coverage rate is based on GREEN equiva-
lent here. It can be stated as Eq. (1) :

r = (Sf+ S.gy)/S, (1)
where r represents the forest-coverage rate based
on GREEN equivalent; Sy denotes the area of forest
of the district; S, &, denotes the area of forest con-
verted from cultivated land and grassland in light of
the rule of GREEN equivalent,

The so-called “conversion” means calculating the
area of cultivated land or grassland that takes on
the same ecological function as forest in a certain
area. Therefore, the key of this research is to seek
the conversion between woodland and cultivated
land, also between woodland and grassland, se-
quentially to assess their value of ecosystem ser-
vices, This is actually the innovation of this re-
search combined with ecology.

3 Assessing method of GREEN e-
quivalent of cultivated Jand and
grassland

3.1 Principles and feasibility of assessment

In recent years, the environment is worse and
worse, Man has attached much importance to eco-
logical research. Scientists have gained some fruits
in research of accounting the value of ecosystem
services of forest and can convert this value to
cash currency. From the points of view of biology
and ecology and using the foregone results of re-
searches on forest ecosystem services for refer-
ence, this research will assess the value of ecosys-
tem services of other land with GREEN equivalent
(mainty cultivated land and grassland).

Because of the composition and machanism of e-
cosystem services action of crops and grass are
similar to that of woods, this method for assessing
is reasonable and doable.

3.2 Assessing method of GREEN equivalent of
cultivated land and grassland

3.2.1 Total score of ecosystem services of for-
est,cultivated land and grassland

1) Choosing and marking the index

Index system of ecosystem services is a complex
soft system, and the index must be typical, repre-
sentative and systemic. {t is comprehensive to con-
sider the aspects of atmosphere, water, space,
soil,and biont in choosing the index of ecosystem
services!®’,

The ecological functions of different ecosystems
are not the same. Japanese experts compared
them according to a survey result. Their conclusion
is made based on the research in the same area, it
is forest that takes on the strongest ecological
function, and afterwards is natural meadow, paddy
field, grassland, garden plot and common glebem.
The detail data is listed in Table 1.

2) Calculating the total score of ecosystem ser-
vices of forest,cultivated land and grassland

Because the weight of all kinds of ecological
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Table 1 Score of ecological function of different ecosystems

Common Natural

Function Woodland ~ Paddy field glebe mmeadow Grassland
Improving the composition of atmosphere 9.54 6.15 5.80 6.04 6.44
Purifying atmosphere 9.05 6.30 5.80 5.28 5.33
Atmosphere K .
Moderating climate 9.37 6.20 5.40 5.23 4.90
Preventing noise 9.10 4.10 4.00 4.13 3.70
Warding flood off 9.67 7.80 5.80 7.18 6.30
Wat Keeping water 9.74 7.40 5.30 6.85 6.20
“€ Purifying water 9.05 7.30 6.70 8.15 6.43
Preventing sands and soil from cracking 9.27 8.13 5.40 7.73 7.18
Preventing the earth surface from being eroded 9.31 8.75 5.30 8.38 7.73
Soil Preventing the earth surface from sinking 6.76 8.05 5.25 6.78 6.20
Purifying contamination 8.27 8.00 8.10 7.28 7.40
Averting calamity 9.24 7.90 7.30 7.50 7.60
s Providing refuge 8.77 7.00 9.50 9.25 6.75
ac
P8¢ Muintaining landscape 9.22 7.40 7.00 9.45 7.93
Maintaining space for amusement 8.88 3.73 4.70 9.45 8.70
Biont Protecting biofacies 8.92 4.90 4.60 6.63 5.10
on Averting baneful creatures and plants 6.30 6.00 6.00 5.68 6.18

Note: D This table was made according to the result of agricultural environment evaluation by Japanese survey team. @The values in the
table are relative because the weight of all kinds of ecological functions have been penetrated through marking. @) This table is based on
the assumption that all kinds of plants are in the average growing state and grow the whole year in the same area. @ The meanings of
these values are: 10 means that the ecological function is huge; 7.5-big; 5-lesser; 2. 5-tiny; 0-noneffective.

Table 2 Average GREEN equivalent of cultivated land and grassland

Southeast and

North of China southwest of China

: Northeast and
Region northwest of China
Frequency of ripening Once a year

Parameter of growth period relative to the

. 0.46
period of one year
Average GREEN equivalent of paddy 0.35
field (radix = 0.77) ’
Average GREEN equivalent of glebe 0.29
(radix = 0.68) ’
Average GREEN equivalent of natural 0.35
meadow(radix = 0.76) )
Average GREEN equivalent of grassland 0.34

(radix = 0.73)

Twice a year Thrice two year Twice a year ~ Thrice a year

0.67 0.50 0.67 0.83
0.50 0.38 0.50 0.62
0.42 0.32 0.42 0.52
0.51 0.38 0.51 0.63
0.49 0.37 0.49 0.61

Note: D The parameter of growth period relative to the period of one year = length of growth period (month) /12 {month). @The fre-
quency of ripening and length of growth period are made in light of experts’ advice.

functions have been penetrated through the marks
in Table 1, the total score of each kind of land is

the sum of these marks and can be expressed in
Ea. (2).

17

P=2F, (2)
i=1
where P is the total score of ecosystem services;
F is the mark of each index; { is the number of in-
dex,

From those values, the total score of ecosystem

services of forest, cultivated land and grassland in

the same area can be calculated, which are
150, 46,115, 11, 101, 95, 114. 16 and 110. 07 re-
spectively.
3.2.2 Calculating the average GREEN equivalent
of cultivated land and grassland

On the basis of the precondition of growing all
year and according to the calculating result of
GREEN equivalent of ecosystem services, if the
GREEN equivalent of woodland is set as 1, then
those of paddy field, commen glebe, natural mead-
ow and grassland are 0. 77,0. 68,0. 76 and 0. 73,
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respectively. But the climate is discrepant, in differ-
ent regions, so the GREEN equivalent of the plants
in different districts is different, either is those of
plants in the same district and at different time.
Taking the difference of length of growth period
and the frequency of ripening into account, it is
sound to multiply the above result of the GREEN e-
quivalent by the parameter of growth period rela-
tive 1o the period of one year, so that the average
GREEN equivalent of cultivated land and grassland
can be numerated.

4 A multi-dimensional controlling
mode of optimization of land use
structure based on ecological
standard

From the point of view of sustainable develop-
ment, the optimization of land use structure is multi-
dimensional, On one hand, it is both temporal and
spatial. On the other hand, it is both in guantity and
in quality. These aspects can be recapitulated as
follows.

4.1 Optimization of land use structure based on

different spatial administrative levels

Optimization of land use structure based on dif-
ferent spatial administrative levels can be ex-

pressed by Fig. 1.

]
[ Province (or coequal district) J
j

f
Town (township)J

i ]

Fig.1 Bilateral optimizing process of land

use structure based on different spatial
administrative levels

This is a bilateral optimizing process because it
consists of not only decomposing and setting down
of index but also gathering and feedback of perfor-
mance. Traditional optimization of tand use struc-
ture usually adopts the former, and how to combine
the latter with the former is being studied, so it is a

key problem o seek the balance between them.

4.2 Optimization of land use structure at differ-

ent time

Some factors that influence land use are varia-
tional with the lapse of time,and they are unknown
in advance, So the control of variable should be al-
tered while optimizing the land use structure. It can
e comprehended that in different time slot T and
T,, the aggregation of influential factors changes
(K{— K;),and the aggregation of index also
changes (B;—B,) , sequentially the land use struc-
ture should be adjusted accordingly (G —>G,) that
is shown in the sketch man (Fiq. 2) below.
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Fig.2 Optimization of land use structure at different time

7

4.3 A model of optimization of land use struc-
ture based on the standard of GREEN equiv-
alent and optimal forest-coverage rate

Ecological optimization is mainly taken into ac-
count in this model frame (Fig. 3).

In this frame, the steps of ecological optimization
are described as follows.

The mathematic mode! of ecologica! optimization
of land use structure is assumed to be established
in a region. Supposing S, is the total area of the
district; 7o, is the optimal forest-coverage rate; Sy
is the area of forest calculated in accordance with
Tt Sy 1S the real area of forest; s; is the area of
land use type whose number of land use type is i (¢
isan integer, i €[1,4]), then the model can be
expressed as follows:

1) Sy=S8, X Topt» T =1
where Z is the GREEN equivalent related with S;.

S
2) zy=2L x100%
EANNS f 0
where z represents the actual GREEN equivalent
of forest of the region.

Here, = is the GREEN equivalent of the region,



LIU Yanfang, et al. /Optimization of Land Use Structure Based on Ecological:

and it is the sum of all the land with GREEN equiva-
lent.

3) x=2%

The meaning of this formula is to compare x with

65

Z.if x =7, the land use structure of the district
comes up to the ecological standard. If z < Zx, the
land use siructure should be adjusted , and the steps

r f‘;]‘“
GDPZ=the nadi g
—1 Cultivated land m = ] g
g Agricultural output meets the need =4
! S =
Garden plot ’_ A Devotion of capital<superior limit 1 ’§ ]
E] 2
_{ Woodland J B Efficiency of resources utilization=>the nadir %

o — STl e
2‘ LL Grassland ] — N gE
E | L v r—*r Make maximal use of labour force §7 | é :g
g —{ Water area T X Control of gross population ":— < 2
g L= - B
3 3 Area of cultivated land= d 5 7]

! K Residence, industrial u% ea of cultivated landParranged arca _' %

s and mining land - Area of land for constructionsiarranged area é |

5
L _

r—! Traffic land ’

Economic
target

S

“ Unused land

Tops

Calculating

Ecological
optimization

Calculating
x

Adjusting cultivated land J

Adjusting woodland

Adjusting
land use

Adjusting grassland

I

Fig.3 Systemic frame of optimization of land use structure based on the fixed ecological standard!”]

from 1) to 4) should be redone until z=%.

4.4  Multi-objective linear programming model
Jor optimization of land use structure

It has been proved in practice that linear pro-
gramming is a valid method for optimization of land
use structure, Considering the optimization and uni-

fication of the three profit, this paper designs a
multi-objective linear programming model(Fig. 4).

This mode! will put stress on maximization of e-
clolgical benefit based on GREEN equivalent,as an
unified scale, While without it, this model only pays
attention to maximization of economic benefit in
normal cases,

General Objective Composing Constrained Optimal land
objective cluster; factors conditions: use scheme:
X 11 Gross output value of production Y
X t2 Demand for agri-products Y
fr=max . Ly
X3 Financial inverstment Y
X 14 Resource use rate Y
X3 Gross population Ya
X213 Labour resource Y2
F=1f1,fu. f3l frrmax X3 Protection of basic formland Y
or . . Scheme F
F=fi+fit+ f3 X3 Maximum of constraction land Yo 1
X3, Forest-coverage rate Y3
f3~max }< X352 Per capita green land Y
X33 Amount of soil and water loss Yis
Other Y
Constrained Y
Conditions -

Fig.4

Multi-objective linear programming molde for optimization of land use structure
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It is necessary to explain that “other constrained
conditions” are composed of the sum area of land,
the land suitability evaluation and non-negative
constrain, etc.

5 An application example of ecolog-

ical optimization based on

GREEN equivalent

Ecological optimization is the emphases of this
paper,so only that of the above modet is validated
through example. Qionghai city in Hainan Province
is chosen as the case of this experiment. The
towns of Qionghai city are regarded as samples of
the experiment and the actual data of land use are
set as sample data. In order to illuminate the
thought and method of ecological optimization
clearly, exceptional samples (viz. farms, forestry

centers, backwoods in the west of Qionghai city,
and the three towns where the downtown lies) are
eliminated, and Chaoyang town, in which the forest-
coverage rate is the lowest among the surplus
towns, is appointed as the idiographic object of the
experiment. The process is described as follows.

1) General situation of Chaoyang town: Chaoyang
town lies beside the lower reaches of Wanguan
River and is close to South China Sea. The water
resources of Chaoyang town are in abundance and
the forest-coverage rate was 17. 01% (including
the part of garden plot of lignecus plants) accord-
ing to the survey result in 1996, Actual data of land
use of Chaoyang town are also taken from the sur-
vey result, listed in Table 3. Limited by the service-
ability of the data,only the area of agricultural land -
is listed here.

Table 3 Actual data of land use of Chaoyang town (1996)

Land type Cultivated land Gardon plot  Woodland  Grassland ~ Total area Note
Area/ha 899.47 37.78 471.34 4] 2913.66 Cultivated land includes:
Paddy field: 666. 76 ha;
Percentage to total area/( %) 30.89 1.30 16.17 0 100 Glebe:232.71 ha.

2) By using the correlative data about soil and
precipitation provided by the agriculture bureau and
adopting Zhangjian’ s method of calculating the op-
timal forest-coverage rate of a district, rpy, of
Chaoyang town is calculated to be 36. 78% 4. But
Chaoyang town is close to the sea and the require-
ment of protective belt is large, the calculated re-
sult should be corrected by multiplying parameter
1.05(=1+z",where 2" is the GREEN equivalent
of protective belt commanded by the country). Ulti-
mately the optimal forest-coverage rate of
Chaoyang town is confirmed, » = 36.82% .

3) Calculating the GREEN equivalent of Chaoyang
town £ =0.92.

4) z<Zz.So0 it is required to adjust the land use.

5) In light of the strategy for development and
the actuality of Chaoyang town, the area of grass-
land remains no changing, and only the woodland
and cultivated land can be adjusted, the adjusting
plan includes: @ increasing woodland for ecologi-
cal commonweal by 129. 5 ha to keep soil and wa-
ter and to maintain ecological balance; increasing
land of ligneous plants by 14. 29 ha to provide

wood, fruits and industrial raw material; decreasing
woodland by 13. 09 ha due to construction. In fact,
woodland will increase by 130. 70 ha. @ Area in-
dex of agricultural land in 2010 will be 901, 72 ha.
During this period, the decreased area will be
11. 40 ha because of construction and destruction
by disaster (6. 67 ha glebe and 4. 73 ha paddy
field) , and the increased area (mainly glebe) is
14. 9 ha owing to exploitation and the reclamation.
In fact, the cultivated land will only increase by
2.25 ha,

6) Calculating the GREEN equivalent again that
x=1.03.

7) x> z. The land use structure comes up to e-
cological standard.

Verified by the experiment, this model of ecologi-
cal optimization can control the ecology of a region
efiectively. While the process can be executed by
computer programming and is very simple to be put
into practice.
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6 Conclusion

1) This research demonstrates the concept of
“GREEN equivalent” applied to ecological opti-
mization of land use structure first and brings for-
ward the thoughts that ecological standards of dif-
ferent regions are not the same. It is of significance
on the condition that the land use structure is un-
reasonable and forest-coverage rate is low in our
country.

2) This research gives some modification to the
model based on economic output by applying
GREEN equivalent, And it can be applied to im-
prove the rationality and accuracy of land use
structure optimization.

3) The model based on GREEN equivalent can be
used to establish an ecological warning system in
order to improve land use management.
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