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A B S T R A C T

Ecological restoration is a comprehensive engineering field that involves multidisciplinary and

multisectoral efforts. More and more research works have been focused on ecological restoration since

the 1980s. However, until now, most studies pay attention mainly on ecological technology, ecological

policy, restoration of some certain ecosystem, and so on. There are few studies regarding the restoration

plan of regional or the entire ecosystem. The objects of present research studies are mainly natural

ecosystem; however, ecosystem is a complex system that encompasses natural, economic, and social

sectors. Human society has great intimidation on nature, and if the degenerate social and economical

systems do not get restored, the vicious cycle of degeneration will continue and the effects of natural

ecosystem restoration cannot possibly be guaranteed.

In this article, the author puts forward conjugate ecological restoration based on theories of complex

ecosystem and restoration ecology. The connotation is scientifically described and an evaluation system

is established. Natural, economic, and social ecosystem restoration plans are presented and made based

on the comprehensive evaluation. Conjugate ecological restoration plan in Mentougou district, Beijing, is

taken as a case study. The plan includes three parts: nature, economy, and society. Moreover, ecological

restoration technologies and demonstration projects are designed for different types of degradation.

The author modifies the Full Permutation Polygon Synthetic Indicator Method and uses it in the

comprehensive evaluation. Compared with the original method, the weight parameter is added into the

evaluation system, which makes the method more scientific.

� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

The history of ecological restoration research dates back to the
1930s. Cairns made a systematic research on ecological restoration
at around 1980 in his book The Recovery Process in Damaged

Ecosystems and from then on restoration ecology became a branch
of ecology. There are many concepts related to ecological
restoration in research and practice other than just restoration;
these include rehabilitation, reconstruction, renewal, reclamation,
and so on. Although there are some slight differences among these
concepts, they all mean recovery and development, that is, recover
the damaged ecosystem so that it can develop and service human
beings sustainably.

Ecological restoration is the exact opposite of ecological
destruction, which means that the structure, function, and
relationship of ecosystem suffer damages. Thus the main task of
ecological restoration is to recover the ecosystem so that it has a
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reasonable structure, efficient function, and harmonious relation-
ship. Jordan posits that ecological restoration means recovering the
ecosystem to the original or historical (natural or not natural) level
(Jordan, 1994). Cairns considers ecological restoration as the
recovery of the structure and function of ecosystem to the state
when it has not been disturbed by its surroundings (Cairns, 1995).
The US Natural Resource Council defines ecological restoration as
the process that returns the ecosystem to, or close to, its historic
trajectory (Peng, 2003). The Society for Ecological Restoration puts
forward three definitions for ecological restoration in 1994 and
1995, and the final definition is that ecological restoration is the
process of assisting in the recovery of an ecosystem that has been
degraded, damaged, or destroyed (Jackson et al., 1995). These
definitions mostly emphasize on the recovery of the natural
ecosystem through various techniques and measures to allow it to
return to its former state.

An international conference with the theme ‘the recovery of
damaged ecosystem’ was held at University of Virginia in March
1973. It focused on the ecological issues of recovery and
reconstruction of damaged ecosystems. In 1985, Aber and Jordan
put forward the scientific terminology ‘restoration ecology’.

http://dx.doi.org/10.1016/j.ecocom.2011.01.005
mailto:wangrs@rcees.ac.cn
http://www.sciencedirect.com/science/journal/1476945X
http://dx.doi.org/10.1016/j.ecocom.2011.01.005
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Restoration ecology has been gaining rapid development since the
1980s and many international organizations and countries have
developed research in this field. The central issue of the Man and
Biosphere Program (MAB, the United Nations Educational,
Scientific and Cultural Organization) is to study the relationship
between nature and humans especially the impact of human
activities on the ecosystem through ecological methods. The
Sustainable Biosphere Initiative (USA) sets restoration ecology as
its main research content. Furthermore, many great international
programs include research on restoration ecology, including the
International Geosphere-Biosphere Programme (IGBP), Interna-
tional Human Dimensions Programme on Global Environment
Change (IHDP), Global Environment Monitoring System (GEMS),
and so on. The Society for Ecological Restoration (SER) Interna-
tional has held 17 International Conferences on Ecological
Restoration and has greatly promoted the development of
restoration ecology.

Ecological restoration has become a research hotspot of ecology
and has achieved special attention from the ecology academia.
Recently, many studies have been carried out and some of those
are relatively active such as soil restoration (Zhou et al., 2007;
Ravindran et al., 2007; Mitchell, 2008), forest restoration (Lamd,
1994; Maginnis and Jackson, 2002; Barrow et al., 2002), mine
restoration (Hart et al., 1999; Jolanta, 2006; Majer et al., 2007),
grassland restoration (Navarro et al., 2006; Willems, 2001), river
restoration (Tennant, 1976; Poff et al., 1997; Boon et al., 2000), lake
restoration (Sagehashi et al., 2001; Hupfer and Hilt, 2008; Gulati
et al., 2008), wetland restoration (Selby, 2000; Sparks, 2001;
Verhoeven et al., 2008; Dolinar et al., 2010), biodiversity
protection(Cornelia et al., 2010), and so on (Patten, 2010).

The ecological restoration studies are mainly focused on
restoration techniques or some ecosystem restoration programs
at present. Very few research works, however, are concerned with
regional ecological restoration plan (Li and Wang, 2007). Many
problems are still unresolved, including how to carry out ecological
restoration with measured strokes in a region and how to apply
ecological restoration technologies. In cases where there are
ecological plans, most of such plans are made based on urban
planning methods or the subjective intentions of decision makers.
The restoration object is primarily the natural ecosystem, rather
than social and economic ecosystems, which have great influence
on natural ecosystems (Zurlini et al., 2006), thus the effects of
restoration are not guaranteed. In addition, there are many
research attempts regarding the standards of restored ecosystem,
however, there has not been a unified standard; most studies try to
compare an ecosystem after restoration with an undisturbed
ecosystem, and their evaluation objects include abundance and
Fig. 1. Conjugate relationships
behavior of key species, rebuilding of key ecological processes,
recovery of abiological characters as hydrological process, and so
on (Cairns, 1977; Rapport et al., 1998; Ren et al., 2000).

2. Connotation of conjugate ecological restoration

Ecology is the study of the relationship between organisms
and environment (Haeckel, 1866). As early as the 1980s, Ma and
Wang summarized ancient Chinese practices of natural protec-
tion, ecological agriculture, and ecological engineering and
pointed out that human society is a social-economic-natural
complex ecosystem, which is led by human activities, and that it
depends on the natural environment, takes the resource flows as
its lifeline and social institution as its meridian (Ma and Wang,
1984; Wang, 1988). The essence of sustainable development is
the coordinated development of relationship between humans
and their inhabitation, labor, material production, and social–
cultural environments.

Ecological restoration means the restoration of the structure,
processes, and functions of ecosystems, and shows the restoration
of the ecosystem service functions in a macroscopical view. The
ecosystem service functions are characterized by double facets and
double directions: the positive factors provide humans with air
conservation and biomass production, among other things. On the
contrary, the negative factors cause natural damages and disasters.
Ecosystems provide humans with service functions, while humans
also provide ecosystems the social services of ecological construc-
tions and improvements. When we assess the effects of ecological
remediation, a double-win mechanism between human society
and natural ecosystem is important; it means that ecosystem
service functions could evolve, and the double facets and directions
of eco-services could bring cost–benefit balance.

Conjugation means a relationship where both factors are
opposite but complementary and maintain coordinate symbiosis
with each other. When the conjugation theory is applied to
ecology, it refers to the balance between social and ecological
services, economic and natural productions, coordination of space
and time linkage, and harmony between physical and spiritual
states. The key factors of ecological conjugation include: (1)
adjusting the natural processes of water, soil, air, energy biology,
and geochemical circulation; (2) adjusting the primary economic
processes of production, circulation, consumption, restoration,
regulation, and control; (3) adjusting the social processes of
technology, institution, and culture; (4) adjusting the coupling
relationship among natural economic and social processes in the
scale of time, space, quantity, structure, and order; (5) promoting
the technical system of ecological planning, ecological engineering,
in ecological restoration.



Fig. 2. Connotation of conjugate eco-restoration.
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and ecological management in the bases of integer, cooperation,
circulation, and self-sustainability. These key factors are applied to
realize the high-speed social economic development premised on
the conservation of the activity of nature. Thus ecological
restoration includes three factors, namely, natural ecology,
economic ecology, and cultural ecology. The basic objectives start
from the rethinking of concepts; reform of institutions and
renovation of technologies; restoring, conserving, and strengthen-
ing of social, economic, and natural ecology services; promoting
the co-evolution of nature and humans; and guaranteeing the
maximum protection and development of regional ecology
security, urban and country construction, industries and inhabi-
tants’ somatopsychic health. The conjugate relationships in
ecological restoration are shown in Fig. 1.

Thus, conjugate ecological restoration consists of the following:
(1) restoration by natural force and human-induced restoration;
(2) landscape restoration and industry restoration; (3) green
(vegetation and forest), blue (rivers, lakes, and other water) space
restoration, red (construction lands), and brown (landfills, traffic
lands, wastelands, etc.) space restoration; (4) mountain ground
restoration and water root restoration; (5) industrial, mining, and
residential point restoration as well as water and road network
restoration; (6) restoration led by government for public welfare
and restoration by enterprises as their feedback; (7) internal self-
adjusting restoration and restoration from external compensation;
(8) space-order restoration and time-order restoration. (See in
Fig. 2.)

3. Approach for conjugate ecological restoration plan

Conjugate ecological restoration plan has three aspects: natural
ecological restoration, economical ecological restoration, and
Table 1
Conjugate Eco-restoration Indicator System (CERIS).

First-layer indicator Second-layer indicator Third-layer i

Indicator of ecological

restoration importance

Development indicators Natural serv

Economical

Intimidation indicators Natural intim

Economical

social intimi
social ecological restoration. The restoration of every subsystem
impacts other subsystems

3.1. Indicator system

An indicator system is an aggregation of indicators that follow
scientific, feasible, independent, integrated, succinct, hierarchical
and stable rules, among others.

According to the scale and connotation of conjugate ecologi-
cal restoration previously mentioned, the indicator system in
this research has four layers, considering mainly the develop-
ment and intimidation aspects, and containing indicators of
three subsystems, namely, nature, economy, and society.
Indicators are selected by experts and local officials using the
game process method. If more than half of the experts consider
the indicator of no importance, the indicator would not be
selected. Indicators that have much relativity will be unified or
the easily obtained indicators will be selected. Indicators
considered by 80% of the experts would be selected after three
turns of consultation with them. The finally constituted
indicators are shown in Table 1.

3.2. Evaluation method

3.2.1. Study unit selection

Using the grid method, the study area will be divided into net
grids and the average value of each indicator in each grid will be
calculated using the data processing function of Arcgis9.2 and
Matlab7.1. The net grid (study unit) can be a regular square or
some other shapes depending on the management preference, e.g.,
watershed grid. The size and quantity of the net grid will be
decided by the scale of study area.
ndicator Fourth-layer indicator

ices NDVI indicator

Nutrition concentration in soil

Quantity of water resource

Quantity of minerals

and social services Transportation accessibility

Location advantage

Integrity of infrastructure

Degree of economy development

Degree of resource exploitation

Density of population

idation Degree of vegetation degradation

Frequency of geologic hazard

Degree of soil and water loss

and

dation

Degree of main economic activity ‘‘1’’ destruction

. . .. . .

Degree of main economic activity ‘‘n’’ destruction



Fig. 3. An indicator and its weight angle.
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3.2.2. Indicator synthesis

Wu et al. developed the Full Permutation Polygon Synthetic
Indicator Method (FPPSI) to synthesize indicators and evaluate the
comprehensive level (Wu et al., 2005; Li et al., 2007; Cheng et al.,
2007; Wang and Bian, 2007). When used in evaluation, the FPPSI
method has the following advantages over other methods: (1) it
requires analysts to set upper and lower limits and critical values
(by referring to correlative thresholds); all indicators form a vector
F(R1, R2, . . ., Rn). By doing this, we can directly see the level of each
indicator and the distance between the present level and the
critical, upper, and lower level; (2) the vector F(R1, R2, . . ., Rn) = R is
the comprehensive indicator combined by all indicators and reflect
the overall level; (3) the approach provides not only a geometri-
cally intuitive visualization of the status of each indicator, but also
precise algebraic values. It provides both static indicators and the
ability to portray dynamic temporal trends; (4) the FPPSI method
alters the traditional additive approach to combining indicators by
using a multidimensional approach that better reflects the
integrative system principle that the whole is more than the
sum of its parts.

This approach is imperfect because it takes the equal weights
when synthesizing the lower layer indicators. In this article, the
author ameliorates the method by adding a parameter as the
weight of an indicator and uses the Improved Permutation Polygon
Synthetic Indicator Method (IFPPSI) to evaluate the importance of
ecological restoration.
Fig. 4. Hierarchical st
The weight of indicator Ri is vi, corresponding to angle ai, and
the change in ai reflects the change of the weight of Ri(vi) (Fig. 3)

The following requirements must be met:

(1) vi ¼
ai
2p ;

(2) ai < p/2, because under this condition, sin ai is an increasing
function and the area of the triangle that contains Ri and ai has
the same monotonicity with vi. That is, when an indicator has a
larger weight than before (the value of Ri is unchanged), it has a
larger area.

Thus,

(1) n � 5, ‘n’ means the number of the indicators;
(2) vi � 0.25, i = 1,2,3, . . ., n.

3.2.2.1. Standardization process of indicators. The standardization
process can be described as follows:

FðxÞ ¼ a
xþ b

xþ c
a 6¼0; x�0 (1)

where F(x) meets the following conditions:

FðxÞjx¼L ¼ �1; FðxÞjx¼T ¼ 0; FðxÞjx¼U ¼ 1 (2)

where U, L, and T represent the upper limit, the lower limit, and the
threshold for parameter x respectively. Thus:

FðxÞ ¼ ðU � LÞðx� TÞ
ðU þ L� 2TÞxþ UT þ LT � 2LU

(3)

When x 2 [L, U], F(x) has the following characters:

(1) F(x) has significance, that is, it has no singular value in its
domain;

(2) F0(x) � 0;
(3) When x 2 (T,U), F00(x) > 0;
(4) When x 2 [L,T], F00(x) < 0.
ructure of CERIS.



Fig. 5. Improved Full Permutation Polygon Synthetic Indicator Method (IFPPSI).
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The equation can then be standardized for each indicator:

Ri ¼
ðUi � LiÞðxi � TiÞ

ðUi þ Li � 2TiÞxi þ UiTi þ LTi � 2LiUi
(4)

An outer regular n-sided polygon can be formed by n indicators,
where n vertices represent the instance of Ri = 1; the central point
represents Ri = �1; and the radius from each vertex to the central
point represents the value of the corresponding standardized
indicator. An inner polygon that lies midway between the outer
polygon and the center of the polygon represents the threshold
values of the indicators, where Ri = 0 (xi = T). Inside the inner
polygon, the values of the standardized indicators are less than their
thresholds and are negative; outside the inner polygon, the values
are greater than their threshold values and are positive (Fig. 5).

3.2.2.2. Weight of indicator. The weight of each indicator is
calculated by consulting several experts through the group
Fig. 6. Location of Me
decision method based on the Analytic Hierarchy Process (AHP).
The hierarchical structure of conjugate ecological restoration
indicator system (CERIS) is then constructed (Fig. 4). Then, 3–5
experts are consulted on the importance of each indicator in the
same layer, and matrixes are built and the weight of each indicator
will be calculated.

3.2.2.3. Indication integration. The n indicators can form (n � 1)!
different polygons containing n! triangles; in all these triangles,
the number of different triangles is n(n � 1), and the total area of all
these different triangles can be calculated as follows:

SD ¼
1

2

Xi; j

i 6¼ j

ðRi þ 1ÞðR j þ 1Þ sin ai (5)

where Ri represents indicator i, and (Ri +1) represents the distance
from the endpoint of indicator i to the central point. The
standardization interval is [�1, +1].

Thus, the sum of (n � 1)! areas of the polygons is:

St ¼
n!

nðn� 1Þ
1

2

Xi; j

i 6¼ j

ðRi þ 1ÞðR j þ 1Þ sin ai (6)

The areas of the (n � 1)! regular outer polygons (with a side
length equal to 2 units) can be calculated as:

Sst ¼ ðn� 1Þ!� 1

2
� 4�

Xn

i¼1

sin ai (7)

Thus, the value of IFPPSI is obtained by calculating the following
ratio:

R ¼ St

Sst
¼ 1

4ðn� 1Þ

Pi; j
i 6¼ jðRi þ 1ÞðR j þ 1Þsin aiPn

i¼1 sin ai

(8)
ntougou district.



Table 2
Weights of indicators.

Indicator Weight Angle

Quantity of minerals 0.0188 0.1181

Nutrition concentration in soil 0.0486 0.3052

NDVI indicator 0.0690 0.4333

Quantity of water resource 0.0886 0.5564

Degree of economy development 0.0261 0.1639

Degree of resource exploitation 0.0390 0.2449

Density of population 0.0270 0.1696

Integrity of infrastructure 0.0460 0.2889

Location advantage 0.0377 0.2368

Transportation accessibility 0.0492 0.3090

Frequency of geologic hazard 0.0667 0.4189

Degree of soil and water loss 0.0814 0.5112

Degree of vegetation degradation 0.0994 0.6242

Destruction degree of road project 0.0641 0.4025

Destruction degree of sand mining 0.0641 0.4025

Destruction degree of quarry 0.0783 0.4917

Destruction degree of coal mining 0.0957 0.6010
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where R is the value of the synthetic indicator, which represents
the sum of the values for all indicators at a lower layer in the
hierarchy and can be standardized to account for the immediately
higher layer in the hierarchy.

See the improved FPPSI in Fig. 5.

4. Case study

4.1. Introduction of research area

Mentougou is an ecological protective barrier of Beijing
city located at the west terminal vertex of Chang’an street
extension (Fig. 6). It has a superior position of water and wind
of Beijing, and thus has excellent ecological qualification.
It provides ecosystem services to Beijing including water
conservation, soil conservation, air cleaning, climate regulation,
leisure and healthcare, and others. It has abundant and high-
quality resources including organisms, geology, climate, culture,
coal, sand, stone, and so on. It is the energy base of Beijing
with its invaluable contribution to the energy and ecology
security of Beijing. Currently, Mentougou has developed an
extroverted arterial industry system which will lead to seriously
destruct on ecosystem after a long time of exploitation of
resources.

In order to maintain its function as ecological protective barrier,
the development of Mentougou has been restricted. Longtime
exploitation of resources has ravaged its geologic structure,
destroyed the landscape and led to frequent geologic hazards,
serious vegetation degradation, hydrology damage, soil and water
loss. Slags and calxes from mining areas are the main sources of
dust. Hazardous materials seep down to the groundwater during
the rainy season and contaminate it. Mentougou has a serious
ecological degradation at present.

4.2. Data source

The original data are mainly sourced from the Mentougou local
government and others are sourced from remote sensing data.

4.3. Data processing method

4.3.1. Study units

In this study, we take a small watershed as the study unit for
convenient restoration implementation and management. Using a
digital elevation model (DEM) data, Mentougou is divided into 375
Fig. 7. Study units.
small watersheds by the watershed function of Swat2000 software
(Fig. 7).

4.3.2. Weights of indicators

The weights of CERIS indicators are calculated by the AHP group
decision process. See Table 2.

4.4. Result

4.4.1. Indicator of ecological restoration importance

Based on the method introduced above, indicators are
synthesized and the ecological restoration importance indicator
of each unit are calculated; the Arcgis9.0 software is then used to
classify all units into five classes representing five different levels
of importance. Different color tones are used to express varying
importance – the deeper the color, the higher the importance
(Fig. 8).

From Fig. 8, the following areas in Mentougou have higher
indication of conjugate ecological restoration importance:

(1) Eastern mineral scale exploration areas. In these areas, there is
a long history of mineral exploration and the destructions
caused by the exploration activities are very serious. At
the same time, there are abundant water resources, flat terrain,
convenient traffic, advantageous position, integrated infra-
Fig. 8. Evaluation result.



Fig. 9. Time and space arrangement of ecological restoration in Mentougou.
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structures, high density of population and strong economical
strength. All these reasons lead to the higher importance of
ecological restoration.

(2) Regions along Yongding River and Yanchi agriculture areas in
middle Mentougou. These areas have fertile soil and relatively
abundant water resource. No. 109 national road passes through
these areas along Yongding River. Thus, the area has natural
advantages to develop ecological agriculture, which benefits
the higher importance of restoration.
Table 3
Restoration techniques for different types of degradation.

Degradation types Techniques

Coal mining Utilization of coal gangue

Recovery of coal mining subsiden

Techniques of vegetation rehabili

Technique of waste coal mining s

Quarry Vegetation repair groundmass spr

planting technique, ecotypic grou

Sand mining Ecotypic vegetation blanket plant

Road project Medium-spraying technique, soi

honeycomb gridding mode revege

Natural degradation Situ young tree foster technique,

planting species planting techniq

Table 4
Eco-restoration demonstration projects.

Location Project site

Tanzhesi town Nancun, Beicun, Lujiatan

Miaofengshan town Da Heyu, Xiao Heyu

Taoyuan

Haungtutai

Yanchi town Qinyukou

109 national road section

Zhaitang town Huangchengyu

Qinglongjian

Huocun

Langhugou

Jiulongtou

Qingshui town Shang Qingshui

Baihua Mountain Roads to mountaintop

Wangping town Wangping wetland

Longquan town Zhongmensi – Zhaojiawa
(3) Ecological barrier region, including Baihua Mount and Lingshan
Mount. Levels of Normalized Difference Vegetation Indicator
(NDVI) and elevation in this area are very high, which makes
this area the western ecological barrier of Beijing; there are
some ecological degradations in this area because of the
unregulated tourism development in recent years. It is
therefore necessary to restore them preferentially.

4.4.2. Natural ecosystem restoration

According to the evaluation result, considering the convenience
to management and the difficulty of restoration, the natural
ecosystem restoration is given a time-order plan, that is,
Immediate plan: 2007–2010; Medium plan: 2011–2020; and
Future plan: 2021–2050.

See the time and space arrangement in Fig. 9.
A detailed restoration plan in each lower layer region is

designed according to the evaluation result, and the development
plan for the restoration area is done. Considering the character of
degradation and status of indicators in each region and based on
field experiments, the techniques are integrated, the technique
combination for each type of degradation in Mentougou is
designed. The eco-restoration demonstration projects are likewise
designed (Tables 3 and 4).

4.4.3. Economical and social ecosystem restoration

The existing industrial structure of Mentougou district will be
regulated according to its functional orientation, existing condi-
Technique of gangues backfilled to subsidence

Technique of gangue recycling

Technique of coal gangue dump greening

ce Incremental filling technique

Technique of full depth filling

tation

haft utilization

ay technique, ecotypic vegetation bag protecting technique, rock surface upright

ting technique, technique of sewage sludge matrix

ing technique, hanging net + vegetation repair groundmass spray technique

l-spraying revegetation technique, hydraulic-speeding revegetation technique,

tation technique

soil amelioration technique, artificial seed bank technique, local tree alternate

ue, zonal vegetation simulation technique

Type Restoration area (h m2)

Lime mining 3.80

Quarry 22.67

Quarry 2.67

Road slope 0.13

Sand excavation 8.67

Road slope 0.27

Coal mining 0.67

Coal mining 3.00

Coal mining 1.33

Coal mining 15.33

Waste coal mining shaft 0.07

Waste coal mining shaft 0.13

Road slope 2.53

Degradation wetland 10.00

Bare rock 0.07
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tions and present industry status. The following options are
selected as the leading industries: (1) the ecological restoration
industry; (2) the logistics industry of ecological products; (3) the
transaction industry of ecological technology; (4) the health
products and health services industry; (5) the ecological leisure
and tourism industry; (6) the ecological culture and exhibition
industry; (7) the consulting industry of ecological construction; (8)
the industry of characteristic ecological agriculture-forestry; (9)
the vein resources recovery industry.

The scientific ecological management can guarantee the
efficiency of the economical and ecological restoration plan.
According to the existing problems of the ecological assets
management in Mentougou district, a series of related mea-
sures/policies should be made and taken, including: (1) manage-
ment system, investment and financing mechanism, policy,
technique research on ecological restoration and other external
supporting conditions; (2) talent introduction, (3) industrial
incubation mechanism, (4) assets management, and (5) manage-
ment capability construction. Meanwhile, the policy of ecological
compensation and the management mechanism should be made.

4.5. Scenario analysis

There are six drive indicators as follows: (1) the policies for eco-
environment management, (2) the direction of industrial devel-
opment, (3) the regional eco-risk, (4) the financial support from
government, (5) the financial policies of market, and (6) the human
resource support, which could contribute more to the positive
effects of ecological restoration than the other indicators. Among
them, the policies for eco-environment management and the
regional eco-risk are more stable, while the direction of industrial
development, the financial support from government, the financial
policies of market, the human resource support are full of
uncertainties. Because there is co-relationship between different
scenarios, this study refined three special scenarios as follows:
gradual restoration within the practical capacity (GR Scenario),
forced restoration led by the government (FR Scenario), and
conjugated restoration based on the theory of social-economic-
natural complex ecology (CR Scenario).

Scenario 1: Gradual restoration within the practical capacity (GR
Scenario)

The CR Scenario means that Mentougou district government
shall implement the policies of environmental management under
the current capacity of institution, policy, and planning framework.
Fig. 10. Results of sc
The investment and human intelligence of Beijing and Mentougou
governments shall mainly focus on the restoration of the area
characterized by high eco-destruction, big eco-risk, easy restora-
tion, and significant potential profit.

Scenario 2: Forced restoration led by the government (FR
Scenario)

The FR Scenario means that Mentougou district government
shall implement the strict policies of environmental management,
and continues to enhance the current institution, policy, and
planning framework. Meanwhile all high consumption of
resources and environment unfriendly industries shall be shut
down, and tourism shall be developed in some high environmental
capacity area. The Beijing and Mentougou governments would put
huge funds, powerful engineering techniques, and rich human
intelligence into the eco-destructive area step by step.

Scenario 3: Conjugated restoration based on the theory of social-
economic-natural complex ecology (CR Scenario)

Scenario 3 means that the Mentougou district government shall
implement the strict policies of environmental management, and
shall revise the current institution, policy, and planning framework
to come out with introductory policies of environmental manage-
ment. Meanwhile, all high consumption of resources and
environment unfriendly industries shall be shut down, and eco-
industries with potential ecological development shall be devel-
oped, and ecological construction shall be carried out. The
government shall attract more external funds through its policy
of developing eco-restoration industries. The finances of Beijing
and Mentougou governments shall be combined; intelligence
groups shall be organized, including socioeconomic, science, and
engineering think tanks, and local people shall be encouraged to
participate in eco-restoration, then eco-restoration shall be carried
out step by step.

We set five grades for every evaluation indicator; the higher the
grade, the more benefits to the complex ecosystem of Mentougou.
Then we grade the after-effect benefits of the following eight
indicators of the three scenarios through brainstorming by
experts: (1) regional eco-risk, (2) economic growth, (3) capacity
of resources and environment, (4) natural eco-benefit, (5) social-
economic benefit, (6) burden of public finance, (7) driving power of
market finance, and (8) technical support. We will then carry out a
comprehensive discussion on them.

Fig. 10 shows the results of the three scenarios (when the value
of the indicator is bigger, the effect is more positive). Scenario 1
shows that though the financial burden on the government is
enario analysis.
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small, the regional eco-risk and the resources and environment
capacity have entered into a risk situation. Though the economy
could develop quickly, it would stop soon. The natural eco-benefit
and social-economic benefit are non-ideal. The technical support
and the driving power of market finance would decrease. Scenario
2 shows that although the regional eco-risk and the resources and
environment capacity could get into a good situation, they could
restrict economic growth. The social–ecological benefit will be
poor, and the government will face great financial burden. Scenario
3 shows that the resources and environment capacity could be
maintained at a proper level with low eco-risk and high economic
growth. The technical support and the drive of market finance are
powerful; meanwhile, the financial burden is small, which could
mean significant ecological and social benefits.

5. Discussion

Studies indicate that the significant characteristics of serious
degradation areas are that environment pollution and economic
poverty interlace, resource exhaustion and slow development
conjugate, fragile ecology and low population quality go hand in
hand, etc. Activities that only protect environment or only
construct economic growth cannot guarantee regional ecological
security. Poverty, unemployment, and underdeveloped economy
are key factors that impact ecological security the most. If natural
conservation is not supported by social and economical develop-
ment, the tasks of conservation will be difficult to accomplish.
Depredated areas must develop the circular economic which adapt
to local ecological conditions while simultaneously undertaking
ecological restoration, conservation, and construction.

The objectives of ecological restoration are to (1) transform,
design, plan, construct, and manage invisible ecological assets,
economic potential, social activities, and system relationships; (2)
approach ecology from the scientific level (science and technolo-
gy); (3) manage ecosystem from the system level (governments);
(4) construct ecosystem from the engineering level (enterprises);
(5) propagate ecology from the social level (media); (6) experience
ecology from the aesthetic level (polloi); (7) strengthen and perfect
the ecological plan, activate and integrate ecological assets,
incubate and induce ecological industries, and promote ecological
civilization; (8) demonstrate with typical examples and break
through important links; (9) promote high efficiency and harmony
of society and economy based on the activity of regional ecosystem
services.

In this article, the author puts forward a conjugate ecological
restoration plan. When evaluating natural ecosystem, social and
economical factors are added into the indicator system, which
benefit the implementation of ecological restoration. In the
restoration plan of natural ecosystem, the study integrates
restoration technologies for different types of degradation and
arranges demonstration projects for them. Moreover, restoration
plan of social and economic ecosystems are made simultaneously
with natural ecosystem restoration plan, which embodies the
system theory and will promote the sustainable development of
the whole ecosystem.

The Improved Full Permutation Polygon Synthetic Indicator
Method (IFPPSI) is used for data processing in this study. Compared
with the original method (Wu et al., 2005), a new parameter
(weight of indicator) is added into the new model, which can
reflect the varying levels of importance among different indicators.
Thus the improved method is more scientific than the original one.

However, when there are no standards for the upper, lower, and
critical values about the indicators, it still needs experts to judge
and give the values; the weights of indicators are calculated by AHP
group decision process. It cannot get rid of subjective intervention
in this method. In addition, restricted by the monotonicity of the
sine function, the biggest weight of all indicators should not be
bigger than 0.25 and the number of indicators not less than 5.
These deficiencies restrict the application range of the method.

When the historical data are abundant, Artificial Neural
Network (ANN) or other nonlinear analysis methods can be
applied to data fitting and comprehensive evaluation for the
conjugate eco-restoration plan. Through this way, the subjective
intervention can be decreased and the result would be more
objective.
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