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Abstract: Ecological restoration is a process of selective regeneration and redevelopment of degraded
ecosystems at multiple scales (degraded natural ecosystems and/or human ecosystems), which has two
essential types: human-dominated vs natural-dominated ecosystems restoration.

Based on the principles of ecological economics,the authors in this paper discuss the following issues
on the principles of integration for ecological restoration engineering :

Firstly. the authors present an inverse-S type relations between degree of ecosystems degradation and
degree of ecosystems restoration, which shows that to the more extent the ecosystems degrade., and the
less the degraded ecosystems can restore.

To effectively describe quantitatively an overall process of ecological restoration, a scale of vector
value to gauge the progress of degraded ecosystems restoration is presented and a mathematical expression
of an ecological restoration progress with such an identical scale of vector value is established. From this
mathematical formula, the restoration progress of degraded ecosystems depends upon its initial position or
state to start its restoration, the speed or period of restoration, the constraints of costs, benefits,
efficiencies and scales from physical, biological, chemical and human dimensions. The overall vector value
of ecosystems restoration consists of three components: the value of restored ecosystems composition, that
of restored ecosystems’ structures and that of restored ecosystems’ functions. The final endpoints where
the process of restoration can arrive at may be identified as 4 types: (1) the level of homogeneity:
degraded ecosystems may get to the position where it has the same/similar compositions, structure and

functions as before its degradation; (2) the level of homotype: degraded ecosystems may get to the
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position where it has the same/similar structure and functions but the different compositions from before
its degradation; (3) the level of iso-functionality: degraded ecosystems may get to the position where it
has the same/similar ecological functions but the different compositions and structures from before its
degradation; (4) the level of heterogeneity: degraded ecosystems may get to the position where it has
different compositions, structures and functions from before its degradation. Based on the quantitative
formula of the progress of ecosystems’ restoration, a set of determinant criterions for the success of
ecosystems’ restoration are also discussed, which include a 4 components as restored ecosystems’
capacities of self-maintenance, ecological integrity, sell-regulation and self-organization. The {ormer 3
components may be integrated as the capacity of restored ecosystems’ health, and the last one as the
capacity of self-developments.

Ecological restoration is a kind of ecological integrated engineering, its procedure includes:
investigations and diagnosis of degraded ecosystems, multiple ecological feasibility analyses of degraded
ecosystems restoration, integrated planning and design of restoration engineering, integrated
implementation of restoration engineering, post-restoration evaluation and ecological integration
management system; one emphasized point is that the ecological integration management system should be
essential to the overall process of restoration engineering.

Ecological restoration should be rooted in some essential principles, for definite objectives of
ecological restoration, these principles should be grouped, and be further integrated or combined. From
this point of view, a grouping system of these principles are presented as follows:

(1) Temporal related group: eco-niche principle, mesial effect principle., hierarchy principle,
successional series principle, social equity principle etc. ;

(2) Spatial related group: edge effect principle. eco-niche principle., mesial effect principle, hierarchy
principle, successional series principle, etc. ;

(3) Structural related group: key ecological factors ( there are some ecological factors that dominate
the ecological restoration process). eco-niche principle, edge effect principle, mesial effect principle.
successional series principle, hierarchy principle, etc. ;

(4) Functional related group: restriction &. tolerance principle, mesial effect principle, eco-niche
principle, population density dependent and interspecies interaction principle, multi-uses and recycling &.
regeneration principle, ecological security principle. ecological flow chains &. ecological networks principle,
cost-benefit principle.ecological cultural principle, human health principle. ecological aesthetical principle,
social equity principle etc. ;

The above groups of principles can be further combined into an integrated principle system. In
addition, special attention should be paid to the principle of mesial affect. This effect indicates the
multiplicity or uncertainty of temporal ,spatial and quantitative midpoints (or mesial parts) of components,
structures and functions within ecosystems, which always have much greater variability. adaptation and
creativity than the other points or parts to ecosystems’ derelopment.

Based on current development of restoration technologies, the authors discuss the integrated
technology system for ecological restoration. This system consists of 5 parts: (1) integrated technologies
for detecting, diagnosing, reporting, forecasting of ecosystems changes (degradation or restoration); (2)
integrated technologies for the re-organization or assembly of degraded ecosystems at different scales; (3)
integrated technologies for the ecological economic values restoration of degraded ecosystems; (4)
integrated technologies for the ecological information network re-organization of degraded ecosystems; (5)

integrated technologies for the management system of degraded ecosystems restoration. These
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technologies are interlocked and together form a nature-human integrated technology system for ecological
restoration.

From the anthropogenic principle, ecological restoration can be divided into 4 categories of model:
natural restoration, low human-assisted restoration, medium human-assisted restoration and high human-
assisted restoration. Different models usually affect or determine the extent to which degraded ecosystems
may finally restore, pathways., speed and overall costs, benefits and efficiencies of restoration. In
addition, human-involved the temporal and spatial sequences of different species ’s colonization into the
successional process of restoration are the key to the validity of restoration models. In the implementation
of ecological restoration engineering, the use of single model often have little validity, and integrated uses
of multiple models are more effective for achieving the objectives of restoration. So the integration of
different models with the support of ecological integration management system focusing on the constraints
of cost, benefits and scales time .space and quantity to achieve the definite restoration objectives is greatly
significant for ecological restoration engineering.

Overall, there is a mutual coupling of value among the objectives, models and costs/benefits/
efficiencies of restoration, which forms an endpoint-model-costs/benefits/efficiencies coupling chain of
value. The integrated endpoints of restoration affect the models of restoration that depend on the pathways
and speeds of restoration, and the latter determines the costs, benefits and efficiencies of restoration. If
the endpoints are different, the costs, benefits and efficiencies of restoration appear quite differently. For
4 types of endpoints of restoration. their costs of restoration are respectively: the level of homogeneity is
the most, the level of homotype is the less, and the level of iso-functionality is much less, and the level of
heterogeneity depends on its concrete process of restoration but less than the level of homogeneity. An
important point is that the ratio of the natural vs artificial costs/benefits/efficiencies is significant for
restoration, so. for a fixed endpoint of restoration, to effectively regulate or optimize this ratio by an
efficient way of transformations between natural and artificial costs/benefits/efficiencies under ecological
integration management system is necessary for improving restoration implementation.

Key words :ecological restoration engineering; principles of integration; theoretical approaches
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Fig. 1 Theorectically assumed negative relations
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Fig. 2 The integrated procedure of ecological restoration engineering

(1)Integrated surveys and diagnoses for degraded ecosystems The dynamics of degraded ecosystems: the extent,

category, degree (components., structure and functions), process., speed and tendency of degradation; Driving forces:

human/natural factors of disturbances, the key disturbing factors for degradation, properties of the factors (the
frequency, intensity and spatial pattern of disturbing factors ).

(2) Multiple ecological feasibility analyses for the restoration of degraded ecosystems Objectives of restoration;

Establishment of criteria, indicators and evaluation methods of restoration; Ecological requirements of restoration such as

matrix, water, nutrients, climate,solar and other radiation, sources of species, other related biota and their temporal &.
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spatial pattern; Ecological economic, social. cultural impacts &. risk analysis of engineering, technology, management;
Ecological uncertainty analysis; Determination of technological alternatives and ecological-economic-social compatibility
analysis; Human guarantees for restoration such as policy, public ecological education &. participation, laws &
regulations, cultural inheritance &. innovation, managerial institutional innovation, etc.

(3)Integrated planning and design for degraded ecosystems restoration Combinations of fundamental principles;
Matrix preparation; Limitations and availability of physical-chemical factors; Selection and manipulation of species;
Identification of restoration model (paths, speed and time of restoration); Determination of scales of restoration;
Efficiencies, costs and benefits of restoration; Technological integration &. optimization for ecosystems assembly (food
webs, mass recycling &. energy regeneration) ; Classification and integration of models of restoration; Objective-model-
cost/benefit/efficiencies coupling chains of value; System risks reduction and transformations; transference, conversion
and availability of ecological uncertainty; Prediction of trends of restoration.

(4)The integrated implementation of ecosystems restoration engineering Technological procedural integration for
ecosystems’ mass, energy and information restoration ( procedural structural and functional configuration for temporal
and spatial heterogeneity and connections of restored ecosystems’ mass, energy and information); Integration of
manpower, intelligence, finance and mass input ( raw materials, equipments. etc. ); Ecological testing, checking and
examining for restoration success.

(5)Post-evaluation of ecosystems restoration engineering implementation Cost/benefit analysis after restoration;
Social, cultural, psychological impacts after restoration; Environmental, biotic and ecological impacts or effects after
restoration; Establishment of integrated management model after restoration.

(6) The ecosystems restoration integrated management system Plans, organizing. training, monitoring,
simulating , predicting, supervising and public participation supported by 3S-aided eco-restoration integrated management
information systems (compared with control or standard ecosystems).
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Fig. 3 A simplified descriptions on disparity of costs
for different ecological restoration endpoints

I Restoring to the state of heterogeneity
(Reclamation): degraded ecosystems may get to the
position where it has different compositions, structures
and functions from before its degradation, in the
meantime, human cultural, social and economic positive
effects are emphasized; I1. Restoring to the
state of iso-functionality: degraded ecosystems may get
to the position where it has the same or similar
ecological functions but the different compositions and
structures from before its degradation; ITI.

Restoring to the state of homotype: degraded
ecosystems may get to the position where it has the
same or similar structure and functions but the different
compositions from before its degradation;IV.

Restoring to the state of homogeneity (Restoration) :
degraded ecosystems may get to the position where it

has the same or similar compositions, structure and

functions as before its degradation
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Table 1 A comparison of different ecological restoration models under specific integrated objectives
Natural restoration Restoration with low Restoration with Restoration with high
human intervention moderate human human intervention
intervention

1.

1.1 ( ) (100~1000a) (50~100a) (20~50a) (5~20a)
Very long Long Short Very short

1.2

( )

Diversified &. Diversified Diversified or simple Relatively simple
complicated
Hierarchical chains Hierarchical chains Simple or Hierarchical Relatively simple
or webs or webs chains or nebs chains or nebs
Continuous &. discrete Continuous &. discrete Discrete-dominated Continuous or discrete
interactively interactively interactively interactively synergizing,
synergizing,coupling  synergizing, coupling synergizing, coupling coupling and conversion
and conversion and conversion and conversion

11.

- High or Moderate High or High or very
very High/ or higher/ much higher/ high/ low or zero
low or zero Higher or much higher  low or higher

- @ Low or Low or Lower or Low or high
higher much lower higher

111. Uncertain Moderate Higher Higher
V. /
4.1 ( ) High or High or Moderate Lower or
very high higher or lower much lower
4.2 ( )
Low or high Moderate Higher or Low or high
or higher much higher
Low or high Moderate High or Higher or
or higher higher much higher
( Less Specific
) Diversified Diversified or more diversified effectiveness
effectiveness effectiveness effectiveness
* (1) N . (2) s .

. 1. Key indicators of restoration models: 1. 1 Time(speed) of recovery; 1. 2 Pathways

of recovery: Human-involved temporal &. spatial combinations of biotic species; Structural configuration; Integration &.

coupling of ecological functions and accumulation &. emergence of ecological information. II. Economic cost (Natural to

human ratio) ; Ratio of Cost-benefits; III. Degree of recovery. IV. Benefits and efficiencies of recovery: 4. 1 Natural

benefits (efficiencies) ;4. 2 Human benefits (efficiencies) : Ecological services; Economic output; Cultural efficacy.
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