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Abstract — The theoretical focuses of emerging landscape ecology are spatial heterogeneity and ecological
holism. The ultimate aim of agrolandscape sustainability is the harmonious relation between man and his envi-
ronment , that is, the human ecological holism. The study on agrolandscape sustainability deals with an exten-
sive arca, and the rcalization of agrolandscape sustainability must depend on a spatial approach. Thercfore,
landscape ecology could be taker as a theoretical foundation of agrolandscape planning and design.
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1 Landscape ecology

European scientists have long ago recognized the important value of systematical landscape
study and have applied it successfully 10 a number of local and national plannings (Ahern, 1991).
The working Group of Landscape Eco - Planning which has been established recently by 1ALE
(International Association of Landscape Ecology) encourages the application of landscépe ecology
to land use decision. American scientists have founded their landscape ecology on the basis of bi-
ology within receit ten years. A lot of landscape architects, regional planners and policy makers
have currently discovered the value of the landscape ecological perspective to planning and design
researches and practices.

Landscape ecology is different from the ecosystem ecology with spatial and temporal scales.
To landscape ecologists, landscape refers to a cluster of ecosystems with a repeating patten in a
heterogeneous area, Its spatial scale is significantly large than that of ecosystem ecology and simi-
lar to that of the regional planning practice. Although the primary scope of landscape ccology is
the landscape scale, the discipline also considers other systems with larger or smaller scales.

Hierarchy theory studies of several levels and the relations among elements on each level or
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between levels. The function of each element contributes to and is controlled by the large sys-
tems. When hierarchy theory is applied to landscape studies, the function of landscape as a mosaic
system could be predicted by its component parts, Some ecological processes present only at larger
spatial and temporal scales, for example, the movement of many species among various landscape
parts. This process studies are the theoretical basis of the landscape eco - planning and design.

It is an universal means for describing the landscape mosaic that classified, landscape spatial
units into pateh, corridor and matrix, and it facilitates the landscape studies by other disciplines
( mathematics, information theory and so on). The matrix present a landscape spatial element
with a extensive space, and has the main rale in determining landseape funetion. The carridor is a
linear spatial element of landscape, its function is the effects on various landscape ecological pro-
cesses. The patch is 2 non - linear spatially clement of landscape, and its function provides habitat
island for species, This spatial classification facilitate to describe landscape spatial structure, ana-
lyze the relation betweén landscape pattern and process by GIS (Geographical Information
System) and modelling.

The study of landscape function is the main part of landscape scology. The function is the
flows of energy, species and nutrients between landscape elements. These flows are natural or ar-
tificial. The landscape functional analysis is a useful means of the effects of land use changes. The
flows between landscape elements are the essential part of integrated landscape. If they are inter-
rupted by human activities, some negative effects will be produced, For example, soil erosion is a
natural process that provides needed energy and nutrients to lowlands and fluvial ecosystems, But
when land uses disrupt this process, rates of flow can become excessive, resulting in siltation of
lowlands and fluvial ecosystems. A key challenge in landscape ecology is to design optimal land-
scape pattern on the base of process studies, and to realize sustainable land use.

Landscape and its mosaic changes forever. So, landscape ecologists must study landscape
structure, function and their relation with dynamic process. This is one of the study characteris-

tics in thegretical and applicational landscape ecology.,

2 Pattern - landscape spatial structure

Landscape pattern, generally refers to its spatial pattern, is an arrangement of various land-
scape element which have different sizes and shapes. It presents the landscape heterogeneity is the
consequence of different ecclogical processes on different scales. The contemporary ecological and
environmental problems demand systematic recognitions about the larger areal units and their
spatial heterogeneity. In landscape ecology, the studies on ecological functions at landscape are
based on the assumption that the spatial arrangement of landscape elements has special implica-
tions. For example, landscape pattern may influence the dispersion of various disturbances, the
movement and location of species, flows of nutrients, net primary productivity, runoff and ero-
sion(Fu, 1994).

The relationship between landscape pattern and process is a focus of landscape ecology. It in-
cludes changes of landscape pattern, control factors of landscape pattern, effects of landscape pat-

terns on the dispersion of disturbances, measuring landsccape pattern, modelling and predicting
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landscape changes and so on. Clearly, landscape pattern should be measured and described before
the relation between pattern and process is recognized. Landscape ecology develops rapidly in this
aspect in the USA(Table 1).

Table 1 Measurement indexes of landscape pattern (Turner,1550)

Index Description
Pk Proportion of the landscape occupied by each category
54! Size (s} and perimeter (1) of each patch
d Fractal dimension of each patch
Ei,j Edges between each pair of category
Qi j Probabilities of adjacency (vertical and horizonal) between category
H .Diversity index
D Deminance index
C Contagion index

There are a lot of measurement indexes and methods of landscape, However, the current in-
dexes focus on three kinds, diversity (J{), dominance(D) and contagion(C) from the informa-

tion theory.
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where, P, is the proportion of & category, m is the number of all categories. The greater H val-
ve, the more landscape diversity. Higher values of D indicate a landscape that is dominated by
one or a few categories, and low values indicate a landscape that has many categories represented
in a proximately equal proportions. The index is not useful in a completely homogeneous landscape
(i.e. , m=1) because D then equals zero. C is the contagion index. K., = 2m log(m) when m=
1, C=0; when m>22, value of C approaching 1 will indicate a landscape with a cluster pattern of
landscape units,

The studies (Turner, 1988) show that there are greater fractal dimensions diversities and
patchiness in mountain area, and there are a greater dominance and contagion value in the plain

area. So, landscape pattern is controlled by the physiogeography to a greater extent,

3 Pattern and process - the key of theoretical studies on landscape

ecology

The processes on the landscape scale which include naturzl and artificial aspects have a deter-
minant effect on landscape structures. Relevantly, the formed structures has also a controlled ef-
fect on ecological processes or flows (Turner, 1990). Flows which result from factors, such as

wind, water, animal and human activities are the essential structural parts - functional relations.
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In fact, it is various ecological processes that constitute the holism theory of landscape ecology.

A agrolandscape pattern is a spatial mosaic with many patches, corridors and matrixes. To a
great extent, the characteristics of patches are determined by the effects of neighboring environ-
ment. For example, the amount and types of insects and birds in a farming patch are related to
surrounding forest networks and forest lands. '

Forman and Gordon(Forman, 1986) have put forward five driving forces such as wind, wa-
ter, flying animals, ground animals and human activities of ecological flows between landscape
units, To landscape ecology studies, this is a good beginning, however, the more important task
is analyzing the integrating features of a whole landscape with concrete conditions and their gen-
eral implications. Studies of flows on landscape scale can recognize following ideas of landscape -
cology, all flows change with long - and short - term, studies about long - term changes are more
important, the interaction between long - and short - term flows is very important, landscape e-
cology . especially emphasizes the flows which are caused by natural and artificial factors ; ecolog-
ical studies on the landscape scale are based on concepts of structure and function and so on.

Peterjohn et al. (Peterjohn, 1984) have investigated the changes of N, P, K within water
flows through a farming river basin. The result is as expected, the N cycle is much higher in a
riverside forest(89%) than in a farming land(8%); P has similar results(80%7, 41%) as N. The
important pheromenon is that they have different ways through landscape. Underground water
flow are the main of N transformation and losses, and surfacial water flows are the main way of
P transformation and losses. These results demonstrate some assumptions of landscape ecology.
the spatial mosaic of landscape units can affect various flows; different landscape units have dif-
ferent effects on nutrient transformation; different nutrients, such as N,P,K and so on, have
different transformation ways in a landscape.

Landscape ecology is now moving past the early, descriptive stages, which focused on the
structure of landscape, to analysis of the processes in landscape systems. Although most of stud-
ies on ecological flows or processes are empirical, it is these empirical information that will be the
foundation of principles of future landscape ecology. Next development of landscape ecology will
depends on the establishment of concepts and principles systems and the improvement of tech-

nologies,

4 Sustainable development

There are more and more evidences which demonstrate that human demand to environment
has been greater than the biosphere capacity. In high degree, the present model of economic
growth and social development has been damaging the sustainable stability of biosphere. The iso-
lated pursue to ecological sustainabilities could not resist the deteriorated trend of global environ-
ment. It is the considerations to for human beings in the future that result in such concepts as sus-
tainability and sustainable development,

Sustainable development is a concept which has its origins in the natural resource conserva-
ticn movement in the past 25 years. Unlike earlier conservation paradigms, primarily based on

environmental factors, the sustainable development paradigm recognizes the critical interdepen-



No. 3 Landscape ecclogy: the theoretical foundationsss s+ 293

dence of environmental, social and economic factors. Sustainable development offers a challenge to
the current economic pzradigm of growth - based economic development ; economic growth, social
equity, and environmental stability are complementary and not incompatible. On the other hand,
while growth - based models may result in environmental degradation, technology will solve these
problems before the viability of the biosphere is ultimately threatened. The cost of environmental
degradation is a basic part of the sustainable development paradigm which is always neglected by
the traditional economic model. Without the long - term envirenmental and soctal benefits, there
will be not real economic growth.

In many different definitions of sustainable development, there are a number of points;

(1) Option for reasonable utilization of regenerative resources, and ensuring regenerative re-
sources not to deteriorate.

(2) The utilization of non - regenerative resources should facilitate a stable transition from
the present utilization to sustainable unitization of regenerative resources.

(3) One objectives of the bicsphere ecosystem or a region exploitation is the improvement of
human living standards.

(1) Encouraging various social - equity policies, such as the equity among different countries
or regions, the equity between present and future humanities and so on.

The first objective of sustainable development is not an isolated conservation of natural envi-
ronment. Its development model is to alleviate as far as possible human environmental deteriora-
tion and damage. The aim of sustainable development invalves securing more material products for
the human society, to adjust various contradictions in natural rescurces exploitation, to equili-
brate ecological costs and benefits which result from human activities, and to reach a harmonious
sttuation between man and his environment.

Sustainable development is a global problem as well as a regional one. The biosphere is a spa-
tial mosaic of regions or landscape units, so its sustainability is to depend on the sustainabilities of
its parts. Generally, the effectiveness of a planning and management is greater with smaller
study - scales. A sustainable management of landscape units with facilitate the achievement of the
whole biosphere sustainability. Therefore, 7 think globally, act locally * is becoming a common
principle of sustainable development.

Sustainability and sustainable development are such concepts that it is difficult to give defini-
tion in practice. The comprehensive, complex and interdisciplinary characteristics make the sus-
tainable development study a multi - fields and multi - levels one. Tt is one of those studies that

base on landscape ecology -emphasizing agrolandscape sustainability and sustainable development,

5 Agricultural sustainability

In the past decade, agricultural sustainbility and sustainahle agriculture, heing sustainability
and sustainable development concepts, are also becoming familiar terms at home and abroad.
However, sustainable agriculture is considered an alternative model of the modern conventional a-
griculture which is described as highly specialized and capital intensive, heavily dependent upon

synthetic chemicals and other off - farm inputs (Donglass, 1984).
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The ideal of sustainability, at least in the agriculture and natural resource fields, is not cre-
ative. Through out world agricultural history, human being has not always escaped the contradic-
tion between food production and environmental protection(Schaller, 1993). In recent times, in-
terests in agricultural crises and health hazards. These problems, such as contamination of ground
and surface water from agricultural chemicals and sediment, hazards to human and animal health
from pesticides and feed additives, adverse effects of agricultural chemicals on food safety and
quality , loss of genetic deversity in plants and animals, reduced soil productivity due to soil ero-
sion and loss of soil organic matters, and over - reliance on non - renewable resources and so on,
have the pursue of an alternative model for the conventional agriculture a practiczl option.

Sustainable agriculture can become a popular concept duc to is integrating environmental in
teracts, health farming, economic and social factors (Farshad, 1993). It is not only an objective,
but also a special farming practice to reach the ohjective. As an objective, agricultural sustainabili-
ty has a clear meaning but is difficult to be given a simple definition as are equity and truth. Also,
it is not easy to determine which farming is the most sustainable farming due to different sites and
environments. In effects, a lot of problems could have different answers at different times. It has
extensively been recognized that the alternative management, human wisdom and isolated conser-
vation for natural environment can enhance agricultural sustainability. For example, crop rotation
can break the cycle of pest living and maintain soil nutrients, integrated pest management can
protect ercps from plant deseases and insect pests without chemical materials. These methods
may be incorporated into a sustainable farming. Certainly,an ideal sustainable farming must de-
pend on much more and new information of agricultural technologies.

Since researchers have different knowledge backgrounds and value ideas, there are two
viewpoints about agricultural sustainability, The first one is that the sustainable agriculture is a
conventional agriculture with intensive management. The conventional agriculture is an essential
stage of agricultural development, and includes a lot of sustainable factors. These problems, such
as environment, health and food safety, which result from the conventional farming will be fully
solved by various agricultural technologies. Economic benefits are the main parts of agricultural
production forever. The second is that a sustainable agriculture is entirely to reform a convention-
al agriculture, from ideals to technologies. The main problem of a conventional agriculture is to
neglect the importance of social and environmental benefits. The social value judgement, equity
idea, eco - ethics and technology development all are essential parts of a sustainable agriculture.
Various problems of a conventional agriculture result from not only technology but also ideas of a-
gricultural development, the latter is more important. If took the first as a question of ” how to
reach the agricultural sustainability ", the second as " what is the agricultural sustzinability ",

we would find that this two ideas are not contradictions.

6 Agrolandscape and its sustainability

Landscape is a concept of areal entity, a structural land - functional unity with human and
natural factors in a spatial unit. As an areal entity, landscape do not have a determinate scale,

and it follows the spatial hierarchical rule, that is, a landscape unit is not only a part of a higher
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-level landscape but also a spatial mosaic of lower - level landscapes. Landscape is a complex sys-
tematic unity , and has a series of factors or elements. So, there are two divisional approaches to
landscape strueture, the factoral and elemental approaches. The factoral approach takes land-
scape parts as geology, geomorphology, vegetation, soil, hydrology, climate and human prod-
ucts and so on. The elemental approach takes landscape part as various spatial units with lower -
levels. Agrolandscape is an extensive landscape type on the earth surface and has common charac-
teristics of general landscapes. It will be one of the main researching direction of global sustain-
able development that agrolandscape sustainability and sustainable development are studied on the
basis of landscape ecology.

An agrolandscape is a spatial expression of agricultural activities and their products. The ob-
iective of a sustainable agrolandscape also includes three aspects, that is, environmental, social
and economic. In detail; (1) economic benefits of farmers; (2) the sustainable conservation of
natural resources; (3) the tiniest negative effect on the environment; (4) a little other input{non
-agricultural) ; (5) to meet the food and other products needs of the people; (6) a favorable rural
social environment.,

From landscape ecology, a sustainable agrolandscape must have following features: diversi-
ty, hierarchy, heterogeneity , and harmonious relations between various spatial units. Since a nat-
ural landécape is often considered sustainable, the comparison of the natural landscape to the

agralandscape is 2 fine way to reach the agrolandscape sustainability (Table 2).

Table 2 The structural and functional attributes of natural and agrolandscapes

Auributes Natural landscape Agrolandscape
Net productivity Low to medium High

Food webs Complex Simple
Biodiversity High Low

Stability High Low
Sustainability High Low

Nutrient cycles Closed Open

Spatial heterogeneity Complex Simple
Phenology Seasonal Synchronized
Ecotone (edges) Obscure or clear Clear

7 Conclusions

Landscape ecology belongs to the macro - scale ecological study, its theoretical focuses are
the spatial heterogeneity and ecological holism (Golley, 1991). The ultimate aim of agrolandscape
sustainability is the harmonious relation between man and his environment, that is, the human
ecological holism. The study on agrolandscape sustainability deals with an extensive area, and the
realization of agrolandscape sustainability must depend on a spatial approach. Therefore, land-
scape ecology could taken as the theoretical foundation of agrolandscape planning and design.

In the sustainable agrclandscape planning and design, the effects of landscape ecology zre as

follows: (1) landscape ecology provides the planners and designers with a conceptual framework,
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and with a lot of landscape ecological principles, especially the spatial and temporal scale, hiera:-
chy, and interactions between landscape patterns and processes, (2) landscape ecology provides a
set of tools, methods, data and experiences to the planners and designers, For example, fraction-
al geometry can be applied to landscape boundaries, the interactions between shape and size.
The planning and disign of sustainable agrolandscapes are a comprehensive procedure
(Haber, 1990). Its content includes four interrelated parts, studies on agrolandscape patterns
and processes, an ecological assessment of agrolandscape units, a reasonable arrangement of
agrolandscape patterns and managing proposals for a sustainable agrolandscape. These relate to

all aspects of theoretical and applied landscape ecology.
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