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Summary
The Yongding River, which is Beijing’s ‘Mother River’, and its corridor (around 120,000 ha)
faced severe environmental degradation caused by the impacts of both climate change and
anthropogenic activities for many years. A restoration project was implemented from 2009
to restore degraded ecosystems in this corridor. The restoration aims to restore the
ecosystems and increase the provision of multiple services that benefits human well-being
and foster the sustainable development of the city. Up to 2015, the restoration has been
only done locally (i.e. area of 2000ha).
My research aims to assess the costs and benefits of this project and suggest an improving
management plan in Yongding River corridor. The research questions focus on analyzing the
restoration's effects on lan- use and land-cover (LULC) changes, the corresponding effects on
ESs, the values of the restored services, the role of important stakeholders and, most
importantly, the costs and benefits. To accomplish these, LULC and ESs (ESs), costs and
benefits were analyzed, stakeholders and their roles were identified, and the monetary
values were estimated.
The data for the monetary estimates were obtained from field work in in Beijing from
October 2016 to January 2017. During fieldwork, LULC images were processed to obtain data
from 2005 to 2015. The data is used to analyze local and regional LULC change. Locally, the
restoration increased the water area more than ten times, and the bare land area was
converted to other LULC types. Regionally, the urban area increased over 5,704 ha. This
mainly occurred near the restored area.
Both qualitative and quantitative data were collected through thirteen interviews with
stakeholders, 651 valid public questionnaires, literature review and personal observations. I
assessed six services based on LULC changes, government targets and public concerns. These
are water storage and supply, water purification, dust control, local climate regulation,
recreational opportunities and aesthetic information. The restoration project improved
providing these services by annually providing around 120 million m3 water storage and
supply, removing an additional 117t total nitrogen (TN), 26t total phosphorus (TP), and 130t
COD, reducing 1.1 million kg dust flux from wind erosion. The average public visiting
frequency increased 2.3 times per year. The area with stated aesthetic appreciation and the
house price along the restored river course also increased.
Fourteen categories of stakeholders are identified. They are either influenced by or affected
by the project and the restored ESs. Primary stakeholders include the Beijing water authority,
the district governments, the Beijing municipal government, the Beijing residents, tourists,
scientists and experts. Some differences were observed between on-site and peripheral
residents on their benefits preferences and concerns. For example, on-site residents
recognized changes in ESs. 91% of on-site residents and 69% of peripheral residents were
willing to pay to maintain the current status of the corridor.
Market-based valuation approaches (i.e. replacement cost, travel cost and hedonic pricing
1

methods) and contingent valuation approaches were applied to estimate the selected ESs’
values. These values were calculated using average market-based values and stated
willingness to pay. The resulting estimated annual values of water storage and supply, water
purification, dust control, local climate regulation, recreational opportunity and aesthetic
information are respectively 43, 16, 15, 207, 475, 902 million US$. The total monetary value
is 1,659 million US$/year after the restoration of the restored section.
The restoration of Yongding River corridor thus brings multiple monetary and non-monetary
benefits. The annual monetary benefit gains from the water-related area, forest and
grasslands are respectively 2,125 million, 567 million and 81 million US$. The annual
monetary loss from cropland is 334 million US$/year. The annual gross benefits of the
restoration are 2,440 million US$ for the full corridor. Direct costs of restoring Yongding River
are investment costs (2,470 million US$) and annual maintenance costs (247 million US$).
Overall, the monetary benefits of restoring Yongding River corridor exceed the costs in three
different calculations with assumed discount rate of -2%, 5% and 8% from 2015 to 2035. This
indicates some of my uncertainty. The higher the discount rate, the lower the net present
value and benefit-cost ratio. The net present values range from 49,137 million US$ (around
0.41 million US$ per ha) to 19,091 million US$ (around 0.16 million US$ per ha) and the
benefit-cost ratio ranges from 6.5 to 4.7.
Data source and means, some of the quantifications and valuations were done by assuming
and simplifying some aspects of the actual corridor. For example, LULC changes were
assumed to be the main drivers for ESs changes. Also, the applied valuation methods can
overestimate and underestimate the actual values. These errors are hard to exclude from the
analysis. These limitations led to uncertainties in the final results and to include all the
benefits and costs of the restoration projects is difficult without more empirical studies,
more stakeholder involvement and the establishing of long-term monitoring schemes.
Overall, the implementation of the ecological restoration project in Yongding River increased
the provisioning of ESs and subsequent benefits. My research helps to integrate
stakeholders' concerns into the assessing of the ecological restoration project. It also
contributes to understanding the monetary benefits of ecological restoration in Yongding
River corridor and thereby serves to increase awareness of the importance of restoration
projects.
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1. Introduction
1.1 Research background
To achieve sustainability goals, incorporating information on ecosystem service into
decision-making processes is important (Willcock et al., 2016). Ecosystem services (ESs) are
defined as the benefits that people derive from ecosystems (Millennium Ecosystem
Assessment (MA), 2005a). Increasing attention has been paid to the value of ecosystems in
providing a variety of ESs. However, challenges remain for the integration of ESs with
environmental policy, landscape planning, and management processes (De Groot et al.,
2010).
A general trend is observed to pursuit marketable provisioning services (consumable goods).
This pursuit often beyond sustainable levels and at the expense of nonmarket regulating,
cultural, and supporting services (MA, 2005a). Exploitation and conversion of ecosystems
could benefit socio-economic development. But they could also lead to environmental
degradation and decline in biodiversity and ESs worldwide, furthermore a reduction in the
provision of ESs (Butchart et al., 2010). Since the year of 2000, China has also begun to invest
heavily in protecting and restoring natural capital at a national scale. Ecological restorations
have been taken place with the implementation of China's national conservation policy in
response to these drawbacks (Ouyang et al., 2016).
Restoration actions aim to assist the recovery of ecosystems that have been degraded and
damaged, primarily as result of human activities, are increasingly being undertaken from
national to local scales (Benayas et al., 2009). However, conflicts can arise when searching
for increasing multiple services, as ecosystem restoration has become a primary strategy for
increasing the provision of ESs and reversing biodiversity losses (Bullock et al., 2011).
Information on both ecological and socio-economic importance of ESs helps to solve the
problem and contribute to increasing the awareness of demands for investments in
restoration projects (De Groot et al., 2013).
Water-related ecosystems, e.g. lakes, wetlands, and rivers, can provide habitat for many
species and deliver a range of ESs to meet the needs of diverse stakeholders. They are
essential suppliers for ESs. Many of these ESs have a relation with water security which is
closely linked to human well-being (MA, 2005b). ESs provided by water-related ecosystems
also important for food security, climate change, job security and a supply of cultural
services (MA, 2005b). The restoration of degraded wetlands, other water-related
ecosystems and their related services can contribute to sustainable and cost-effective
solutions to a variety of environmental problems. Therefore, the restoration of wetlands and
water-related ecosystem has been done in many countries around the world (Russi et al.,
2013).

1.2 Study area
Beijing, which is the capital of China, is situated at the northern tip of the roughly triangular
3

North China Plain and has a temperate continental monsoon climate. With the rapid
extension of urban area and developments in the economy, the city is experiencing a bundle
of ecological and environmental problems. Alike other cities that are located along rivers or
at other water-related ecosystems, Beijing's unique and distinctive landscape and character
is strengthened by Yongding River (Völker et al., 2011; Yu et al., 2011).
The Yongding River starts in Shanxi Province flows through Inner Mongolia Autonomous
Region and Hebei Province and terminates at Bohai Bay (Yu et al., 2011). The section of
Yongding River in Beijing which located between longitudes 115°70′- 116°44′E and latitudes
40°13′ - 39°39′N. It is the most important river in Beijing, flowing through five districts in the
south-western parts of the city, is commonly known as the "Mother river". The Yongding
River corridor encompasses the river and 5 km buffer on its both sides. The corridor consists
of three sections spanning a length of 170 km and an area of 1204 km 2 (see figure 1)：(1)
Mountainous section. (2) Urban section, and (3) Out-urban section (BWA, 2009). Around
tenth of the residents in Beijing lives within the corridor (Zhang et al., 2011).

Figure 1. The study area location and topography, which is the Yongding River Ecological
Corridor (water body with 5km buffer) in Beijing, China (Wong et al., 2015).
The Yongding River played important role in the development of the city by supplying water
and providing watercourses for transportation in the old days. However, people also
suffered from the flooding throughout the history, especially people live near the
down-stream of the river. Former efforts in the management of Yongding River usually
focused on preventing the floods and building reservoirs (Beijing Yongding River
4

Management Office, 2015). In recent decades, the river and its corridor have faced severe
environmental degradation caused by the effect of both climate and anthropogenic factors
(Jiang et al., 2014).
In the past thirty years, increased damming and water extraction has proved to be related to
the dramatic change in the hydrology of the Yongding River and lead to the drying of the
river, especially the lower reaches in Beijing. Socio-economic development of this region
together with the over-exploitation and utilization of the river's resources leads to pollution
and other damages to the local ecological environment (Wang et al., 2015). In return, the
damaging environment has restricted Beijing's regional economic development and has
negative impacts on the livability and health of its residents (Ouyang et al., 2015).

1.3 Yongding River restoration project
Due to the bundle of attractive features, ecological restoration is gaining prominence as the
tool for environmental management within the context of urban economic development
(Blignaut et al., 2013). From the year 2009, the Beijing Water Authority (BWA), the main
government agency for water governance in Beijing, established the ecological restoration
project to constructing the Yongding River Green Ecological Corridor. A 4-year restoration
project has been implemented at local scale (around 20 km2) within the engineered section,
as the first stage to restore the full Yongding River corridor (around 1200 km2).
Compared with other restoration projects in China, the restoration not only focuses on
water quality and water security but also takes into consideration of sediments, riparian
vegetation, aquatic ecosystems and land use in the Yongding River corridor (BWA, 2009).
The main land-use of the restored section of Yongding River corridor mainly includes lakes,
streams, wetlands, greenbelt (trees and grasses) and public parks. It is one of the projects
have been implemented to enhance ESs to improve socio-economic conditions and livability
in Beijing, especially in the southern-west districts.
The restoration project in Yongding River corridor aims to restore the ecosystems, hence
increase the provision of multiple services that benefits human well-being and foster the
sustainable development of the city. The targets are improving six ESs within the urban
section of the river: (1) Water purification, (2) Water supply/storage (3) Dust control (4)
Local climate control (5) Recreation opportunity (6) Aesthetics information (BWA, 2009).
To fulfill the targets, efforts and construction works have been done in the urban section of
Yongding River in the first stage of the restoration. Grey water from wastewater treatment
plants is used to create the lake for water supply/storage and wetlands for water
purification. The vegetation and water areas have increased, which expected to contribute
to dust control and regulation of local climate. The managers, in addition, want to increase
aesthetic values of the region to promote economic growth through the construction of
parks, modern housing and high-technology business street. By the year of 2013, the
construction works of the six lakes and wetlands have been completed in the urban section.
The restored river corridor has been opened to the public and served to deliver the ESs that
benefit a variety of stakeholders.
5

1.4 Problem statement
Appreciation and integration of water-related ecosystems’ importance and value in
providing key ESs are essential to make local, national and international decisions (Russi et
al., 2013). Research has been done to assess the ESs provided by Yongding River ecological
corridor (Zhang et al., 2011; Fu et al., 2012; Wong et al., 2015; Xiaobo et al., 2015). However,
integrated assessment to provide information on benefits related to the restoration projects
to managers and decision makers are generally still lacking Also, public perspectives are
ignored.
Integrating different disciplines and concerns of different stakeholder is required for an
integrated assessment of the benefits. The first issue is that the benefits of restoration need
to be identified and evaluated from ecological, socio-cultural and economic aspects. The
second issue is that currently there is a low level of stakeholder involvement in current
assessment of ESs provided by Yongding ecological corridor. The assessment calls for an
integration of stakeholder's concerns. The decision-making process that focus on restoring
of ESs, requires increasing emphasis on incorporation of values of different stakeholder
values (Bulllock et al., 2011).
Furthermore, the costs and benefits of restoration projects might not be fully realized and
considered by decision-makers and managers. Projects that aim at the conservation or
restoration of ecosystems, are sometimes considered to be net-costly by governments and
businesses (de Groot et al., 2013). Some ecosystem valuations are suggesting that the
economic benefits of restoration can outweigh costs. Therefore, a better understanding of
the values of services provided by the Yongding River corridor and its resonation’s monetary
benefits is urgently needed. An Integrated assessment of the monetary benefit will
contribute to providing information for better environmental management in this area.

1.5 Research objective and question
Research Objective:
My research aims assess the costs and benefits of restoring the Yongding River corridor. The
results will help to better understand of the restoration's effects on providing multiple ESs,
their values, and the benefits that people could acquire from these services. The study
would strengthen a more integrated assessment of the restoration project in the Yongding
River. This could serve developing future restoration plans.
To achieve my research objective, six research questions (RQs) should be addressed.
RQ1. What are the land use and land cover changes that have taken place as a result of the
restoration project?
RQ2. What services are influenced by the restoration of Yongding River corridor?
RQ3. Who are the relevant stakeholders involved in or affected by the restoration project?
RQ4. What are the benefits and values of the main selected ESs?
6

RQ5. What are the costs and benefits of the restoration project?

1.6 Outline of the thesis
In the rest of my research report, the research questions will be answered step by step.
Chapter 3 will focus on examine the restoration's effects on local and regional LULC changes
in Yongding River corridor before and after the restoration from 2005 to 2015. Chapter 4
answers what services are influenced by the restoration by first linking the LULC changes to
ecosystems ESs provisioning in Yongding River corridor. The physical values of ESs before and
after the restoration will be quantified in this chapter. Chapter 5 presents the results from
stakeholder analysis, interviews, and public questionnaires. In addition to answering the
question who are relevant stakeholders of the ecological restoration, information on their
preferences and demands are collected for generating an integrated assessment of the
benefits of restoring Yongding River. Chapter 6 focuses on monetizing the important benefits
delivered by the restored ESs. A cost-benefit analysis is conducted in Chapter 7 to show how
the benefits of the project over the cost at three assumed discount rates. Chapter 8 reviews
the methods and results in a more critical manner by pointing out weakness, uncertainty and
comparing with other studies. Chapter 9 summarizes the main conclusion from each chapter
and gives brief answers to all research questions.
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2. Methods
Various approaches are used in ESs studies and benefit assessments in terms of different
frameworks, methods, techniques, the levels of complexities and data requirements (Seppelt
et al., 2011). The integrated assessment of the monetary benefits of restoring Yongding River
ecological corridor is based on existing theories and methods. The methods are tailored
through some necessary adjustments and expansions to fit the scope of this study and meet
the research objectives.

2.1 Conceptual framework
A central concept in this study is the notion of ESs, which bridges the worlds of natural,
economic and social sciences. It addresses the links between human well-being and
ecosystems (Braat and De Groot, 2012). From a more integrative perspective, ecosystems
have become elaborated and recognized as not only life-support systems from an ecological
perspective but also providers of biophysical foundations for human societal and economic
developments (Costanza and Daily, 1992). Since the publication of Costanza et al (1997) on
the values of ESs, the notion got widespread attention and attracted more and more
audiences from different sectors (De Groot, 2010).
Frameworks have been developed to further elaborate and disentangle the interactions
between ecosystem and human well-being. Based on previous studies, the Millennium
Ecosystem Assessment (MA) developed the scientific basis for improving conservation and
sustainable use of ESs and enhance their contributions to satisfying human demands (MA,
2005). The MA framework (2005) shows the pathways between biodiversity, ecosystems,
and human. It presents how changes in human conditions both directly or indirectly drive
changes in biodiversity and ecosystems, which will ultimately cause changes in ESs
provisioning. Following MA framework, the TEEB framework was developed largely
consistent with the frameworks utilized by Natural Capital Project (Daily et al. 2009), the EPA
Science Advisory Board and other analysis. The TEEB study further disentangles the link
between ecosystem and human well-being by clearly delineating ecosystem functions,
services, benefits and values (TEEB, 2008). By integrating both ecological and economic
dimensions in the analysis, the TEEB framework (see Appendix.1) helps foster a better
understanding of the ecological, socio-cultural and economic values and benefits of
ecosystem and biodiversity, though with a focus on economic values (TEEB, 2010).
Accompanied by the development of the conceptual frameworks, guidelines have been
made to make this ecosystem service approaches operational. Only with credible and
replicable guidelines, conceptual frameworks could be transformed into the practical
integration of ESs to environmental assessment and management (Daily and Matson, 2008).
The conceptual framework of my research (Figure.2) is mainly based on the TEEB framework
(TEEB, 2010) and the guideline to analyze and capture the monetary benefits of ecosystem
restoration developed by De Groot (in prep, 2017). The original frameworks are modified to
cater the need for assessing the benefits of restoring Yongding River ecological corridor.
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Figure 1．Conceptual framework which is developed based on TEEB (2010) and De Groot (in
prep, 2017) (See Appendix.1).
The pathway of this framework shows the cycle of assessing the monetary benefits of
ecological restoration. In my research, it starts with analyzing the restoration project’s impact
on land use and land cover. The upper-left hand box distinguishes the changes of LULC
mainly driven by the implementation of ecological management and restoration project.
LULC changes, leading to changes in ecological structure, process, and functions, are one of
the most important drivers of changes in ESs (MA, 2005). A central concept in this
framework is the notion of ESs, which refer to “The direct and indirect contributions of
ecosystems to human wellbeing.” (TEEB, 2010). Following this pathway, human decisions
and actions on the restoration of ecosystem and biodiversity could ultimately influence a
variety of benefits that people could derive from the ecosystem.
The lower parts of the framework present the pathway back from monetary benefits to
implementation of ecological restoration. An integrated assessment and valuation of the
benefits related to human welling-being could provide a better recommendation, guidance,
and incentive for more sustainable ecological management and restoration (De Groot et al.,
2017). The information on net benefits of ecological restoration helps formulating sound
recommendation to improve implementation of restoration project.
In addition, ecosystem service is a stakeholder-driven concept as it focuses on the needs of
people and benefits they derive from ecosystems (Müller et al., 2010). Thus, stakeholder
analysis and involvement are integral parts of ESs analysis, ES valuation, monetary benefit
assessment and recommendation formulation. Stakeholders sometimes attach different
values to one particular benefit, while some stakeholders benefit from ecosystem service
9

without realizing it and fail to appreciate their value (De Groot et al, 2010).
Overall, the framework shows the steps for an integrated assessment of the monetary
benefits of ecological management or restoration. Following this conceptual framework,
research methods are selected and formulated as illustrated in the following section.

2.2 Research methods
2.2.1 Land use and land cover (LULC) analysis
Land use and land cover describe the physical layer of soil and biomass, including natural
vegetation, and human structures that cover the land surface and the ways that human
exploit the land (Verburg et al., 2011). LULC changes drive changes in ecosystem service,
which will affect benefits people derive from ecosystems (MA, 2005a). Remote sensing and
LULC information have been widely used as a proxy for quantifying and mapping ESs supplies
and demands at different spatial and temporal scale (Costanza et al., 1997, Burkhard et al.,
2014). In term of ESs supplies, LULC information and analysis could be directly linked to
ecosystem service or serve as inputs to biophysical models of ESs (Liu et al., 2012, Wong et
al., 2015). In some cases, the process involves assigning ecosystem service values to different
LULC types (Xie et al., 2008). In term of ecosystem service demands, LULC information and
analysis could be used to estimate the size and distribution of beneficiaries through mapping
of LULC types like urban settlements and cropland (Ellis and Ramankutty, 2008).
The LULC analysis is first done to assess the restoration project’s effect on LULC with in
Yongding ecological corridor. Medium resolution remote sensing data with 30m*30m
multispectral bands from before (2005) and after restoration (2015) are selected to generate
LULC classifications. Image preprocessing and reclassification of land use and land cover are
preformed using ArcMap 10.1 (ESRI, Inc.). Assessment on ecologically understandable and
policy relevant scales could contribute to more integrated understanding of the perceptions
of the relevant stakeholders and the benefits they derive from the ecosystem (Fisher et al.
2008; Granek et al. 2009). Therefore, the LULC analysis is done to assess LULC changes before
and after the restoration at both local and regional scales. Area and percent area of
individual LULC class are summarized in the table to reflect land use and land cover condition
and composition of the study area. LULC change detection matrices are made to assess the
dynamic changes in LULC. The results of the LULC analysis are also used in further analysis of
ESs and their valuation.

2.2.2 Ecosystem service analysis
In response to ecosystem degradation and growing demands for ESs, ecological restoration
has become increasingly important. However, it is almost impossible to restore all services of
an ecosystem (MA, 2005). Many attempts have been undertaken to define and categorize all
services provided by the ecosystem, for example by MA (2005), TEEB (2010) and CICES (2012)
for ecosystem service analysis. Accepting there is no ultimate and completely unambiguous
definitions and classification (Burkhard et al., 2014), TEEB classifications are used as a basis
for ecosystem service analysis within my research. With the omission of supporting services,
10

which are seen as a series of ecosystem processes, ESs are divided into four categories
including provisioning, regulating, habitat and cultural services in TEEB (2010) which can be
seen in Table 1.
Table 1. Typology of ESs in TEEB (TEEB, 2010; De Groot et al., 2010)

Note: the services written

in bold in examples column are services selected for my research, see chapter 4 for detail.

My research focuses on ESs and monetary benefits that relevant to the restoration of
Yongding River ecological corridor. The analysis of relevant ESs ESs includes identification,
selection and quantification of those relevant services. Carefully selection of relevant ESs and
respective indicators could lead to more relevant valuation and decision making when
implementing ESs approach in ecological management (Crossman et al., 2012, Van
Oudenhoven et al., 2012). The identification and selection of ESs took the two aspects into
consideration: 1. land cover and land use changes related to the restoration project; 2.
Stakeholders’ perception and preferences (mainly governmental targets and public
concerns).
Several ecosystem characteristics are selected to indicate the ESs values before and after the
restoration in biophysical or physical terms, taking consideration of both management needs
and data availability. Despite the lack of primary data for some indicators, the quantification
and estimation of these characteristics are done by making use of the results of LULC
analysis and empirical or process-based models with engineering and climate data. The
11

indicators and methods for quantification are summarized in Table 2. In addition, the
quantification of the services is only limited to the local scale where the restoration
construction has been done within the urban section of Yongding River. The status of ESs
provisioning before and after the restoration are compared to examine the effects of the
restoration on the urban section of Yongding River corridor.
Table 2. Methods for assessment ES biophysical value

2.2.3 Stakeholder analysis
Stakeholders need to be paid more attention in ecosystem service studies and the process of
applying related theories in practice (Menzel and Teng, 2009). A stakeholder is defined as
"any group or individual who can affect or is affected by the achievement of the
organization's objective" (Freeman,1994). Stakeholder analysis is a method for collecting
information about multiple stakeholders, categorizing that information, and explaining the
possible conflicts that may exist between important groups and different scales (Brown et al.,
2001). Environmental management usually involves multiple stakeholders. Many
conservation and environmental management initiatives fail due to an inadequate attention
to the characteristics of stakeholders (Grimble and Wellard 1997). Participation of relevant
stakeholders is important for the success oecosystem service- based assessments and
management projects (Frank et al., 2012). In this study, stakeholders are defined as group or
individual, who either influence (have power/interest) or be influenced (dependence) by the
on the restoration of Yongding River ecological corridor or the changes in ESs related to the
restoration.
12

Stakeholder analysis is done by following the de Groot et al.’s (2006) method that focus on
the services which are mainly relevant to the restoration. The first step is stakeholder
identification and selection. The process involves a range of individual, groups, organizations
who might be affected by or have an influence on the restoration from different scales.
Noticing that the scales of ESs can influence the values stakeholders attach to the services
(Hein et al., 2006). The identification also pay attention to the spatial distribution of the
stakeholders. As the second step, the selected stakeholders are categorized based on their
level of influence and their importance. And then stakeholders are distinguished into three
types: primary stakeholders, secondary stakeholders, and external stakeholders. Primary
stakeholders are those who have high importance to the process. External stakeholders can
also be influential but who tend to have low importance for particular activities (De Groot et
al., 2006). Furthermore, some of the important stakeholders are involved in the analysis
through interviews and public questionnaires. Their preferences and concerns for the
restoration are reviewed through stakeholder involvements. In this study, stakeholder
analysis and involvement are particularly important to ensure a more appropriate selection
and valuation of the relevant services. Data needed for stakeholder analysis are collected
through literature review, observation, and interviews.

2.2.4 Benefit analysis and monetary valuation
Ecosystem and ESs contribute to human well-being in many ways (MA,2005). The welfare
gains generated by ESs can be divided into three main categories, including ecological,
socio-cultural and economic benefits. All three categorizations of benefits have their
separate role in the ecological management. They should be taken as supplementary
elements in the decision-making process.
In terms of economic benefits, most of their values can be measured in monetary terms and
can be expressed as parts of the total economic value, which comprises use values and
non-use values of ESs (TEEB, 2010). ESs also deliver socio-cultural benefits because they
contribute to human well-being in a non-material way through their influence on people's
health, religion, and values (De Groot et al, 2006). In this way, the values of socio-cultural
benefits can't fully be captured by monetary valuation methods (TEEB, 2010). The ecological
benefits and related values are crucial for ecosystem sustainability and critical thresholds for
ecosystem provision (Farber et al., 2002). Ecological values of ecosystem service are
revealed in ecosystems' and organisms' own survival value and the causal relations between
parts of the ecosystem (Farber et al, 2002). The significance of ecological benefits, though
hard to taken in the individual preferences and monetized, can still be expressed by
indicators such as integrity, health, and diversity (De Groot et al., 2006, TEEB, 2010).
In this case, the benefits of ESs provided by Yongding River ecological corridor and their
related values cannot be fully captured and appreciated by monetary valuation methods.
However, information on monetary values of ESs important helps to indicate the importance
of restored ecosystems to the society and economy and help argue for future restoration
projects.
When valuing the benefits of restoring ESs through monetary valuation approaches, it is
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important to include direct benefits (direct use values), indirect benefits (indirect use values)
and non-use values derived from ESs. Different approaches and tools, in terms of qualitative,
quantitative, spatial and monetary, are developed to help assess the benefits by providing
different and complementary information (Russi et al., 2013).
Market-based valuation methods, i.e. direct market valuation, indirect market valuation, and
survey-based valuation methods are the main and basic types for monetary valuation of the
benefits derived from ESs. Some examples of methods which could be used in my research
are summarized in Table.3.
Table 3 Examples of possible monetary valuation methods for some raw selected services.
Note: In the columns, the most used method is indicated with +++, the second most with ++, etc.;
open circles indicate that that method could potentially be applied to that service (de Groot et al.,
2002)

In this study, multiple methods are used to determine the monetary values of the services.
Contingent valuation is used to collect data on the stated preference of the publics through
a willingness to pay approach. It is also used to collect other important data for an
integrated assessment, e.g. stated perceptions, previous knowledge, choices, preferences,
etc. (TEEB., 2010). Note that all monetary values in my research are present in the monetary
unit of CNY in 2015. 1 CNY equals to 0.1453 US$.

2.2.5 Integrated cost - benefit analysis (ICBA)
Different from financial CBA which usually carried out from the prospective of an individual,
group or organization, an integrative cost-benefit analysis is conducted from the perspective
of a society as a whole (Bouma et al., 2015). In this study, iCBA is used as a method to
provide an indication of how the restoration of Yongding River ecological corridor and
investments contributes to social welfare by calculating the extent to which the benefits of
restoration over the costs. To conduct sensitivity analysis, the net present value will be
differentiated among different discounting rate. The possible outcome will not be limited to
benefit and cost ratio or net benefit of the restoration but also including non-monetary
information. Ecological and socio-economic criteria will be used for the analysis.
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2.3 Data collection
2.3.1 Literature review
Literature review is an important source of data and information for assessing the monetary
benefit of resotaion of Yongding River corridor with in the time span of my research. Around
20 literature are reviewed in the beginning to decide suitable research methods and
indicators for the objectives of my research. Through further literature review, the
background information and secondary data of the study area are obtained from previous
research. Background information includes historical, political, geological and
social-economic information of study area which is used to identify relevant stakeholders
and decide relevant ESs of the restoration project. Secondary data such as environmental
quality data, values, model outputs, etc., which could be used in LULC analysis, ecosystem
service valuation and benefit analysis.

2.3.2 Interview
Thirteen interviews with different stakeholders were done aside from literature review to
gather additional data and information. Interviews with experts at the initial phase of the
field work helped to identify relevant services and stakeholders. Interviews with other main
stakeholders (e.g. government officers, managers, experts, etc.) during the field work helped
to generate a holistic picture of the restoration project. Through interviews, both academic
and non-academic knowledge are collected to assess the benefits of the restoration of
Yongding Rivers ecological corridor. It can also help to understand what are their needs for
and how they can influence and benefit from the restoration project. The general interview
questions can be seen from Appendix.4. The results are mainly presented in stakeholder
analysis (see Chapter 3 for detail) and contribute to the integrated assessment of the
monetary benefits and the formulation of recommendation.

2.3.3 Public questionnaire
In this study, around 650 valid questionnaires were carried out either in the field or online to
get comprehensive and representative data for an integrated assessment of the benefits of
restoring Yongding River. Questionnaires and surveys were carried out to gather information
of on-site residents (who live within the 5km buffer of Yongding River) and peripheral
residents/tourists (who live outside the buffer) in Beijing both who directly benefit from the
restoration. About 217 valid field questionnaires were handed out along the Yongding River
corridor to reach more on-site residents. 434 valid online questionnaires spread through
some social networks and website is an important data gathering approach for this study.
Online questionnaires help to reach and receive information from tourists and peripheral
residents. The questions aim to get information from the following aspects: (1) Public
perception of the restoration project, (2) perceived changes in ESs, (3) public preferences of
services and benefits, (4) Concerns for the restoration of Yongding River, (5) willingness to
pay for the restoration, (6) related background information. The pre-test was first done to
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provide feedback for having a proper adjustment of the questions and to come up with
more comprehensive data collection plan. The questions in the public questionnaire are
presented in Appendix.5.

2.4 Data analysis and storage
The LULC data are generated from medium resolution remote sensing images. Image
preprocessing and classification of LULC are performed using ArcMap 10.1 (ESRI, Inc.). LULC
are classified into seven categories. The analysis of LULC data is done with help of
geoprocessing tools in ArcMap 10.1 and Microsoft Excel. The information and data from
literature review, questionnaires and interviews are summarized in Microsoft Word and
excel sheet. The statistical analysis of the data collected from questionnaires is performed by
using SPSS 20. The results mainly contribute to understanding public perceptions and
concerns on the restoration projects and the analysis of ESs and benefits. The details will be
specified within the following chapters. The storage of the raw data and results can be seen
from Data management plan.
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3. Land use and Land cover changes in Yongding
River corridor before and after the restoration
3.1 Land use and land cover (LULC) classification
A challenge for management of Yongding River is to balance environmental, socio-economic
needs of the city across different sections. Managers of Yongding River restored the
degraded watershed by first created lakes and wetlands with surrounding vegetation in the
urban section. The restoration has changed LULC in Yongding River corridor. Changes in the
extent and composition of LULC drive changes in biophysical condition and ecosystem
functions. These changes have an impact on the type and quantity of ecosystem service
provisioning in Yongding River corridor correspondingly.
In this study, LULC compositions and changes are looked at two different spatial scales
defined as: (1) local scale: engineered section in the urban section of Yongding River where
the construction work has been done to restore the ecosystems (2) regional scale：full
corridor spanning the Yongding River in Beijing with a 5-km buffer (see figure 3). The
engineered section includes Mecheng lake, Lianshi lake, Garden Expo lake, Xiaoyue lake,
Wanping lake, Daning reservoir and conjunct areas include wetlands, green belt, and
artificial surface. The analysis at local scale shows the restoration project's direct impacts on
LULC in engineered section, while analysis at regional scale contributes to examining the
LULC changes in the full corridor.

Engineered section

Full corridor

Figure 2. Yongding River corridor: engineered section (local scale) and full corridor (regional
scale) (Modified from Wong et al., 2015)
In order to examine the LULC changes in Yongding River corridor before and after the
restoration, Medium resolution remote sensing data with 30m*30m multispectral bands
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from before (2005) and after restoration (2015) are selected to generate LULC classifications.
Image preprocessing and reclassification of land use and land cover are performed using
ArcMap 10.1 (ESRI, Inc.). LULC are classified into seven categories: (1) waterbody (2) trees (3)
grass (4) wetland (5) cropland (6) urban and (7) bare land, which is commonly used in the
regional LULC analysis (Xie et al., 2008). The classification scheme is showed in table 4.
Table 4 Land use and land cover classification scheme (reclassified based on Xie et al., 2008)

3.2 Local LULC changes
The LULC changes from 2005 to 2015 are analyzed at the local scale to indicate the
restoration project's direct impacts on LULC in engineered section. Classification maps are
generated for the engineered section at the local scale where mainly lakes and wetlands are
constructed (See Figure.4).

Figure 3. Local LULC before (2005) and after (2015) restoration

Quantification of the LULC changes is important for estimating ecosystem service supplies in
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my research. In 2005, the engineered section was dominated by grass (42%) and urban
artificial surfaces (21%). The drained water course took up approximately 13% of the
engineered section. Nearly 10% of the engineered section consisted of bare land which was
a big sand flux source at local scale. In 2009, with the vegetation planting efforts to enhance
dust control in the degraded watercourse, the area of trees and grass increased and take up
59% of the total area. By the year of 2015, 34% of engineered section became water body
and wetland area as new lakes and wetlands were built to restore the river and
water-related ecosystems. The area of vegetation remained 57% of the engineered section.
Managers also believe the combination of water area and vegetation can bring more benefits
compare to the previous planting projects (BWA, 2009). The bare land has decreased and
replaced by other types of LULC. The environmental management and restoration
construction has changed the quantity and quality of each LULC. The trend of LULC changes
can be seen from Figure.5.

Figure 4. The local LULC compositions (in %) before (2005) and after (2015) restoration
By making use of LULC change detection matrix, the dynamic changes between different
LULC before (2005) and after restoration (2015) are also analyzed (Table.5). The areas for
each LULC type in 2005 are summarized in the bottom row of the matrix, and the rightmost
column shows the areas for each LULC type in 2015.
For the engineered section, the largest LULC change was the more than 10-fold increase in
water area over the 10-year period. From 2005 to 2015, the waterbody area has increased
by 448 ha. As can be seen from Table 5, the total area of water body was 30 ha in 2005. 28
ha of the original water area has remained the same by 2015, while 2 ha waterbody area has
converted into the wetland. The total area of water area was 478 ha in 2015. The rest of
waterbody area (450 ha) comes from the conversion of other types of LULC, i.e. 199 ha from
grassland, 218 ha from the wetland, 4 ha from the urban area and 29 ha from bare land (See
Table 5). That is, 44% of the increase in water area is induced by the conversion of grassland
(199 ha of 448 ha) and 49% (228 ha of 448 ha) of the increase is from the conversion of
wetland. Thus, the increase in waterbody area mainly came from the conversion of wetland
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and grass.
Table 5. The local LULC change detection matrix (ha) from 2005 to 2015. Note: the areas that
remained the same from 2005 to 2015 are written in bold.

According to table 5, 218 ha of 263 ha wetland area (83%) in 2005 converted into water area.
More water was pumped into the drained watercourse and wetland because of the
cross-regional diversion project. Thus, the wetland area decreased by 69 ha (26.2%).
Constructed wetlands were built along the bank which partly compensates for the loss in the
wetland area, and helps to improve water purification service. Trees area was 137 ha in 2005
and 253 ha in 2015. The trees area has increased by 116 km2(ha%) which mainly came from
the conversion of urban and bare land area. Of the total increase in trees area, 63 ha (54%)
was converted from the urban area and 43 ha (37%) was converted from the bare land area,
mainly artificial surfaces and sand before. Grass area has decreased by 144 ha (18%), and
cropland area has decreased by 97 ha (93%). The urban area has decreased by 57 ha(14%).
By the year of 2015, there remained no bare area in the engineered section. Approximately
53% of the total bare land area was covered by vegetation include trees and grass and 18%
was converted to water and wetland area. In addition, the conversion of LULC, especially the
increase in waterbody area and a decrease in cropland and wetland area, mainly took place
during 2009 and 2012 when the construction work was implemented within the engineering
boundaries (For detail information on LULC changes at the local scale, see Appendix. 2).

3.3 LULC changes at regional scale
One step further has gone to analyzed the LULC changes from 2005 to 2015 at the regional
scale for the full Yongding River corridor. The results will be used to assess the benefits of the
restoration. Classification maps are generated for the full corridor in order to show LULC
conditions and compositions at the regional scale (See figure.6). The LULC changes at the
regional scale can also contribute to understanding how changes in the engineered section
may scale to the full corridor and how adjacent land use within 5 km buffer may affect the
engineered section of Yongding River.
According to the maps, the mountainous section of the full corridor was dominated by trees
area from 2005 to 2015 because of governments afforestation efforts in the upper
watershed. The outer-urban section was mainly covered by cropland area.
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Figure 5. The regional LULC before (2005) and after (2015) restoration

By the year of 2015, the urban land became the second largest class of land cover and land
use (24% of total area). Although water body and wetland area comprised a large percent of
engineered section area, they only covered less than 2% of the full corridor in 2015. The
trend of LULC changes can be seen from Figure.7.

Figure 6. The regional LULC compositions (in %) before (2005) and after (2015) restoratio

By making use of LULC change detection matrix, the dynamic change between different LULC
is also analyzed at the regional scale (see Table.6). The areas for each LULC type in 2005 are
summarized in the bottom row of the matrix, and the rightmost column shows the areas for
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each LULC type in 2015. For the full Yongding River corridor, the largest change was the
decrease of cropland area. As it showed in Table 6, the cropland area has decreased by
around 9,000 ha, which was mainly converted into the urban area (5,532 ha), grass area
(2,261 ha) and tree area (2170 ha). The waterbody area has increased by 677 ha (128%) and
wetland area increased by 320 ha (44%) which occurred in the urban section of the full
corridor. Trees area increased by 774 ha (1.4%). Grass area has increased by 2,752 ha (75%).
Table 6. The regional LULC change detection matrix (ha) from 2005 to 2015. Note: the areas
that remained the same from 2005 to 2015 are written in bold.

The urban area has increased by around 5,704 ha (24%) which mainly occurred in the urban
and out urban section as new residential and commercial area was built along the Yongding
River corridor. It might link to public's increasing demand for ESs provided by the restored
ecosystem. Planners are also expecting that the restoration project in Yongding River and
construction of Yongding ecological corridor can improve the regional ecological and
socio-economic development, through attracting more visitors or residents to the corridor.
The bare land area has decreased by around 1,220 ha (71%). However, it should be alert that
rapid urbanization with the increase in pressures for environmental degradation could limit,
even threaten the functioning of ecosystems and their provisioning of multiple services
(Wong et al, 2015). Proper management should be done to maintain the benefits bring by
the restored ecosystems.
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4. Effects of restoration on ESs
4.1 Linking LULC and ecosystem service
ESs provision and biodiversity are inherently linked (MA, 2005). Different types of biomes or
LULC contribute to various ESs that benefit human wellbeing (Burkhard et al., 2012),
including provisioning, regulating, habitat and cultural services (TEEB, 2010). As an urban
river, Yongding River and its corridor (consist of aquatic ecosystems, vegetation ecosystems,
urban area and bare land) are essential sources of ESs to meet the needs of residents or
demands of regional ecological and socio-economic developments (Zhang et al., 2011; Yu et
al., 2011). The links between LULC types and ESs are specified mainly based on literature
review and interviews with experts.

4.1.1 Links between LULC and some selected ES
Ecosystem service matrix is usually used to link LULC types to capacities of ecosystem service
supply. It has been applied to assess ESs and their benefits in many case studies with both
data-poor or data-rich environment, considering its flexibility with level of detailedness and
potential to integrate various kinds of data, ranging from modelling outcomes to field
measurements, interview data, statistics, expert-scoring etc. (Burkhard et al., 2009; Burkhard
et al., 2014). The links between LULC types and the supply of some important ES in Yongding
River corridor are summarized in Table.7, mainly based on Burkhard et al (2009), Bai et al.
(2011), Burkhard et al. (2012) and interviews with relevant experts. The selection of the ES in
this matrix will be explained in the following section (See Chapter 4.2 for detail).
Table 7. Ecosystem service matrix (Links between LULC and ES) of Yongding River corridor

(+++ indicates high potential in supply ES; ++ indicates medium potential; + indicates low
potential; 0 indicates no relevant potential)

As showed in Table 7, different LULC are different in capacities of ES supply. Water-body,
wetland, and forest are high in the potential of provisioning various ESs. The more
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anthropogenically influenced LULC (e.g. urban and cropland have lower capacities in
supplying most of the services). The bare land has a limited capacity of delivering ES. It is
should be alert that all land cover is not be abused for environmental exploitation and
human activities (Burkhard et al. 2012).

4.1.2 Water-related LULC and ecosystem services
Within natural and semi-natural ecosystems, water-related ecosystems namely wetlands,
lakes, rivers are important sources for ESs which are crucial for human health and well-being
(MA, 2005). Considered as one of the most important landscapes in Yongding River corridor,
water-related ecosystems in cities are crucial for the local hydrological cycle, adaptation to
climate changes, biodiversity and urban water management (McInnes, 2014). According to
Mclnnes (2014), some ESs are predominantly dependent on the presence of water-related
ecosystems and their well-functioning. Notably, they include water supply, groundwater
discharge and recharge, water storage, water purification or waste treatment, local climate
regulation, flood control, water sports and nutrient retention.
Meanwhile, the water-related ecosystem is also seen as one of the most important aesthetic
landscape. People admire the beauty of water-related ecosystems and show to be highly
attracted by water landscapes, especially for residents in big cities (Volker et al., 2011), like
Beijing. In some culture, specific aquatic environment continues to have spiritual and
historical importance (White et al., 2010). Any management activities or changes in
water-related ecosystems could influence the functions underpinning the delivery of those
bundles of ESs (Euliss et al., 2008). Thus, managers of the restoration project in Yongding
River need to be conscious of the links between water-related LULC and its effects on ESs
provisioning.

4.1.3 Vegetation and ecosystem services
Vegetation land covers, including forest, grassland, cropland, play important roles in
providing multiple ESs. In urban areas, these ecosystems are considered as a solution to
some urban ecological and social problems, thus directly or indirectly benefits human
well-being (Jim and Chen, 2008). As parts of the urban green area, vegetation land covers are
important to provide regulating services, which are the ones most likely taken for granted by
most human (Coutts et al., 2015). For example, the urban forest has high values in local
climate regulation and air quality regulation, and the replacement of bare land by vegetation
help to the maintenance of soil fertility and erosion prevention (Escobedo et al., 2011; Van
Eekeren et al. 2009).
ESs in relation to water provided by vegetation are sometimes neglected, however more
studies have demonstrated the importance of vegetation’s role on services like water
purification and water supply, especially for regions suffering from water shortage and
pollution (Yang et al., 2013). Also, vegetation land covers, enabling water infiltration, help
regulation of water flow in cities (Tobias et al., 2013). Thus, these types of land cover
contribute to moderate extreme events, e.g. the heavy rain during the summer in Beijing.
Moreover, in an urban context as in my research, the demands for provisioning services such
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as food, fiber and another raw material from cropland and forest have decreased, while the
demands for culture services have increased (Xu et al., 2016). Culture services, for example,
recreational and aesthetic services, are ranked as the most prominent services for
vegetation-related LULC.

4.1.4 Urban area, bare land, and ecosystem services
People live in the urban area appreciate and are attracted by the natural and semi-natural
ecosystems and benefits from the ESs provided by these ecosystems. However, expansion of
urban area can directly or indirectly drive the loss of vegetation ecosystem or the drainage of
the water-related ecosystem (MA, 2005). While natural and semi-natural LULC like
water-related and vegetation ecosystems attract adjacent urban development and lead to
increase in urban area, they could become isolated and fragmentized. Thus, these
ecosystems are at risk of losing some of the functions that deliver related services that made
them attractive in the first place (Borgstro¨m et al. 2012). Also, the increase in the
impervious area within urban areas has led to increase in run-off and alter heat fluxes
(McInnes et al., 2013).
However, as integrated parts of an urban ecosystem, urban area and bare land can also
deliver ESs, despite that they have lower potential to provide and provide limit ESs compared
to other types of LULC (Bai et al., 2011; Burkhard et al., 2014). For example, the bare area
mainly refers to exposed sediment and sand in the study area, could deliver provisioning
services and be used for extracting raw material for building.

4.2 Ecological restoration’s effects on ESs
The restored ecosystems in Yongding River corridor can deliver multiple services, i.e.
provisioning, regulating, habitat and cultural services, to meet the need for various
stakeholders. However, not all the services are relevant to the restoration, considering
underpinning LULC changes, government concerns, and the publics' perspectives. Thus,
some of the services and their benefits are given priorities when doing a further assessment
in the scope of my research with limit time and budget. The prioritization of ESs and benefits
is done by taking consideration of both government targets and public concerns and
preferences.

4.2.1 Water supply/storage
Water supply/storage is the most important provisioning service of Yongding River corridor.
The restored water-related ecosystems play a crucial role in the provisioning of water
storage/supply service. Beijing struggles with water scarcity because of its drying rivers and
overexploited groundwater. High water demands with population and economic growth
accelerate the depletion of local freshwater and aquifers. Currently, the water supply for
Beijing is mainly from reservoirs and groundwater. The restoration ecosystem increases the
storage and retention of water resource on the surface and recharge groundwater to
regulate local water cycle, thereby increases the potential water supply for different
demands.
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The volume of water could be used for human activities is used as the indicator for water
supply/storage service. Though the river was used to be an important source for drinking,
irrigating, industrial water, the urban section of Yongding River watercourse had been nearly
drained before the restoration was started. The value of water supply service is linked with
the ability of the restored ecosystem to provide water storage service because water storage
contributes to maintaining enough water supply for a relatively long period of time.
According to Beijing water authority (2009), the urban section was not functioning as a
source of water consumption right before restoration, thus the water supply was 0 m3.
As a part of the restoration project, reclaimed water was added to the dried Yongding River
landscape in the urban section to restore the ecosystem and to construct the ecological
corridor. Further efforts are paid to regulate the inflows and outflows to provide an annual
balance around 120.5 million m3 water for water storage and potential water supply for
human activities.

4.2.2 Water purification
Water purification is one of the most important targets regulating services for the restoration
project set by the government. Water-related ecosystems, especially wetlands are known to
be able to treat and remove certain amounts of organic and inorganic human waste through
dilution, assimilation and chemical re-composition within a limit threshold, acting as water
purification plants (De Groot et al., 2002). With the growth of population and urbanization,
Beijing is facing severe water pollution problems related to increasing domestic sewage
effluent, nonpoint agricultural pollution, and stormwater releases while rivers are drying.
Attempts are made to strengthen Yongding ecological corridor's ability to the removal of N, P
and other contaminants. Sub-surface wetlands and surface flow wetlands are constructed in
the lakes and along the banks of Yongding River to treat the polluted water and buffer the
water bodies from further pollution (BWA, 2009). Water purification is a significant service
provided by the restored water-related ecosystem and constructs wetlands. It helps to
improve the water quality. It can also deliver both economic and social benefits to people,
for example in ways of reducing pollutant in water for drinking, recreational, irrigating water.
TN retention, TP retention, and COD removal are selected as indicators of water purification
service considering the concentration of TN, TP and COD are commonly used as endpoints of
water quality management. Nutrient retention is “the capacity of an ecosystem to remove N
and P (or other nutrients) from the water column through physical, chemical, and biological
processes”, which underpinning the provisioning of water purification service (Reddy et al.,
1999).
According to the interview with experts, the constructed wetlands built in the upper-stream
of the river’s urban section are the main providers of water purification services which
contribute to substantial nutrient retention. Wong et al (2015) used field data, hydrological
data and VIC model to examine the wetland’s effects on treat N, P and COD. According to
Wong’s result, the retention rate 61% of TN and 66% of TP. The average nutrient loading is
1.5 mgN/L, 0.3mgP/L, thus the nutrient retention is 0.9 mgN/L, 0.2 mgP/L. The COD retention
is 10 mg/L (BWA, 2015).
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4.2.3 Dust control
Dust control is another regulating service that both government and the general public
expect from the restored ecosystem. Root system and vegetation cover provide dust control
service by stabilizing the soil particles and preventing bare soil from wind erosion. The
downstream of Yongding River was faced to drying, high soil erosion and increased
sedimentation due to the deforestation and dam building in upstream. Yongding River was
once one of the largest local sources of sand during dust events (Yue et al., 2006).
Yongding ecological corridor is constructed to partially meet the need for improving dust
control by utilizing a combination of lakes, wetlands, and vegetation. Grass and trees are
planted to trap sand particles and reduce wind speed. In addition, surface water increase soil
moisture that also helps to reduce dust erosion and transportation. Dust control is another
important service improved by the restored ecosystem and changes in land cover as the bare
soil is replaced by trees, grass and other types of land cover. It benefits people by retention
of soils, prevention of erosion and reducing the risk of stand storm.
Sand flux is selected as an indicator to quantify dust control service. Compared to the
ecosystem before restoration, the restored ecosystem protects the soil from wind erosion.
The restoration leads to a decrease in annual sand flux, thus contribute to dust control
service. According to Yue et al (2006), significate exponential relations are found between
sand flux and average wind speed across different LULC types. The average monthly wind
speed was acquired from nearest Mentougou Meteorological Bureau (see Appendix.1e),
which is nearest to the Yongding River corridor. I calculated the total sand flux from restored
area by aggregating sand flux from each LULC types, using Yongding watershed empirical
wind erosion equations (Yue et al., 2006) and LULC data from 2005 and 2015 (See
Appendix.2). The sand flux from water, wetland, and urban area are assumed to be zero.
Table 8. Yongding River wind erosion before (2005) and after (2015) restoration (y = sand flux
rate (g day-1 m-2), x = wind speed ms-1, S=area (ha))

Based on the calculation, the sand flux is 2.5 million kg before the restoration and 1.4 million
kg after the restoration. Additional 1.1 million kg of dust was controlled by the restored
ecosystem per year.

4.2.4 Local climate regulation
Local climate regulation is also demanded by stakeholders and considered as relevant service
to the restoration project. The local climate is determined by the interactions of regional and
27

global circulation patterns with local land use and land cover (de Groot et al., 2002). Changes
in land use and land cover can have different influences on local water and heat balance
which will influence local climate regulation in terms of temperature, humidity, and
greenhouse gasses. Urbanization, accompanied with a reduction in surface water area and
vegetation, has increased artificial impervious surface in Beijing which lead to a higher
temperature in the urban area compared to rural area.
The restoration of Yongding River ecological corridor largely increases the water surface and
vegetation area at both local and regional scale which leads to the increase in
evapotranspiration. Evapotranspiration, the sum of evaporation from the water surface and
plant transpiration, contribute to increasing the local air humidity. Also, it allows the ambient
atmosphere to absorb the latent heat of vaporization during the vaporization of water from
both water surface and vegetation which significantly cooling the ambient air temperature.
Thus, the service contributes to both regulating local temperature and local humidity. The
local climate regulation bring benefit by maintaining a favorable local climate which is
important for human comfort and health (Coutts et al., 2015), especially under high
temperature, e.g. during the sultry summer season in Beijing.
Evapotranspiration and heat absorption by evapotranspiration are selected as indicators for
local climate regulation service. Based on the output of VIC model (2015), the restoration
has increased total evapotranspiration of the area from 880mm/year to 985mm/year. The
heat absorption is 1.3*1016J before and 1.5*1016J after the restoration.

4.2.5 Recreational opportunity
Recreational opportunity is an important cultural service desired by residents in Beijing.
Green and blue spaces in Yongding River corridor offer opportunities for rest, relaxation,
refreshment, and recreation, allowing citizens to escape from crowded city life. Facilities like
walk path, basketball courts, and other Infrastructures have been built in Yongding River
corridor to ensure enough space for people to take recreational activities like running, doing
sports, camping and opera singing. The restored water-related ecosystems significantly add
to social-cultural values of Yongding River ecological corridor because they provide special
recreational opportunities different from those terrestrial ecosystems could offer. People can
go boating on clear days and go skiing on the lakes in the winter when the water is freezing.
Fishing is another popular activity people enjoy doing for recreation along the river which is
a traditional way for relaxation for residents in Beijing.
The frequency of visiting for recreation is used as an indicator for recreational opportunity
service. According to a survey done by Meng et al (2012), the frequency of visits was 3.7
times/year before restoration. Based on the results from public questionnaires in my
research, the frequency has increased to 108 times/year for local residents and 6 times/year
for peripheral residents. The results show that Yongding River corridor has become a popular
recreational site for residents in Beijing. Some stakeholders, for example, the manager of
Expo garden within the corridor, also stated that more people were attracted by the restored
ecosystem for walking, boating, and other recreational activities, which indicate an increase
for the provisioning of recreational opportunity as well.
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4.2.6 Aesthetic information
Aesthetic information is another cultural service desired by both peripheral and local
residents, especially for those who live a distance away from natural ecosystems and
wilderness areas. As government managed to restore the ecosystems within the urban
section of Yongding River, the construction work has been done to beautify the area. It helps
to create an aesthetically preferred environment in Yongding River corridor. Recently, Beijing
citizens increasingly want green and blue spaces since there is a growing need for having
easier access to connect to natural areas (Yin et al, 2007). The aesthetic values of the
restored ecosystem can also be reflected on the increased attractiveness of conjunct
neighborhood. The government also considers the restoration as an opportunity to further
regional economic growth through attracting more people to the south-western districts.
The area with stated aesthetic appreciation is selected as an indicator of aesthetic
information service. The aesthetics information provided by ecosystem is dependence on the
interaction between biophysical features of the landscape and the perception of the human
viewer (Danielv et al., 2001). Based on the results of public questionnaires, the majority of
local residents (88%) state the improvement in aesthetic information in restored area.
Considering water-related ecosystem is the most important aesthetic element in this study,
the area with stated aesthetic appreciation after restoration(4.8km2) has increased
significantly and become fifteen times larger than that of before. Furthermore, the
additional increase in land price after the restoration near the river, to some extent, also
indicate the increase in aesthetic information provided by the restored ecosystem.

4.2.7 Other ESs
In addition to the six services listed above, Yongding River corridor also delivers other ESs:
a. Cropland within the out-urban section of the corridor is important in producing food
supply and a small percent of forest area in the mountainous area provide fiber and
wood. However, these provisioning services are not directly linked to the restoration in
the urban section;
b. Some regulating services have become less important for Yongding River due to the
previous effort on Yongding River's management. For example, the upper-stream of
Yongding River has been highly managed for controlling large floods, which reduce the
risk of flooding in Beijing. Some regulating services, like flow regulation and pollination,
and their benefits are less tangible. These regulating services are not given priority by
both government and the public, therefore are not included in the further assessment;
c. Yongding River corridor can provide habitat services, i.e. nursery habitat and genetic pool
protection. Water-related ecosystems in Beijing have significant importance to providing
breeding, feeding or resting habitat for both endemic and transient species. For example,
6 different bird species are under the first-grade state protection and 23 bird species are
under second-grade state protection (Meng et al., 2012). According to the interview with
researchers and experts, the restored ecosystem is expected to serve as an important
source for habitat service as long as the ecosystem is under good conservation after the
29

restoration. The corridor helps the maintenance of local and regional ecological balance,
which largely contribute to the ecological benefits of Yongding River. However, the values
of habitat services were hard to capture within in the scope of my research. Thus, habitat
services are not further investigated in my research; and
d. Yongding River corridor is also important as a source of other cultural services for
residents in Beijing. People benefit from the ESs not only by receiving recreational
opportunity and aesthetic information services but also through inspiration, cultural
heritage and identity etc. But these benefits’ relation with the restoration is much less
tangible.

4.3 Changes in ESs before and after the restoration
The changes in selected ESs are summarized in Table 9. Despite the lack of data on
estimating some of the services, the results indicate that the restoration has, to some extent,
improved the provisioning of selected ESs.
Table 9. Changes in biophysical values of ESs
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5. Stakeholders and their perceptions of restoring
Yongding River corridor
An integration of social and ecological systems is vital to ensure the successful
implementation of ecosystem management and restoration (Biggs et al., 2012), for example,
by paying enough attention to stakeholders among wide range of sectors of the society.
Who should be involved and why are questions to be answered. Legitimacy is crucial for
environmental projects aim to solve sustainable issues given government arrangements and
public concerns (Wong et al., 2016). Also, it is important to review if the project is meeting
and responsive to a variety of needs for human benefits. In my research, understanding
stakeholders’ perceptions and preferences help to interpret the contributions of restoration
in Yongding River to both ecological and socio-economic benefits.

5.1 Stakeholder analysis
Stakeholders are first identified and categorized in the following stakeholder analysis. Further
analysis is done to clarify how they influence the ecological restoration project in Yongding
River and in what ways they are affected by the changes in its provisioning of ESs and
benefits. This section is mainly derived from literature reviews, observation, and survey
(interview and questionnaire) with stakeholders.

5.1.1 Stakeholder identification
Stakeholders in this study are defined as person, organization or group who either have
power to influence the restoration of Yongding River and its ESs or are influenced by or have
dependence on the outcomes of this restoration project.
Type of influence/dependence and spatial distribution are two main criteria used for the
identification process. The ones who either can affect the restoration project in Yongding
River or are affected by the outcome of the restoration are considered as influential. Another
issue complicating the identification process is that the stakeholders can change over time
(Dolf, 2006). Thus, the extent and level of stakeholders’ interest and influence on the
restoration project can change as well.
Literature review, field observation, and semi-structured interviews are mainly employed to
figure out who are relevant stakeholders, using a snow-ball sampling approach. According to
these methods, the 14 categories of stakeholders of restoring Yongding River are identified
as below:
1. Government sectors at local, regional and national scales;
2. Scientific institutions and experts (e.g. universities);
3. Beijing residents (include both on-site residents (who live within the 5-km buffer along
Yongding River) and peripheral residents (who live outside the buffer));
4. Tourists and tourism industry;
5. Industries;
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6. NGOs;
7. Real estate developer;
8. Beijing Municipal Bureau of Finance;
9. Beijing Municipal Commission of Urban Planning;
10. Beijing Municipal Bureau of Environmental Protection;
11. Beijing Municipal Bureau of landscape and forestry;
12. Beijing Water Authority;
13. Adjacent commercial communities; and
14. Farmers and other previous land users.

5.1.2 Stakeholder prioritization
Not all the listed stakeholders are directly relevant to the restoration of Yongding River.
Proper prioritization should be done for the stakeholders according to their level of influence
or dependence, then decide their level of involvement in valuation process. In my research,
Influence refers to a stakeholder’s power to control or affect the outcome of the restoration
project in terms of changes in ESs benefits. Dependence refers to the extent to which the
stakeholder is affected by the outcome of the decision to be made. Influence and
dependence are used as two dimensions in the matrix to show the categorization of the
stakeholders (See figure 8).
As showed in Figure 8, stakeholders in the upper right quadrant have relatively higher
influence and bigger dependence on the restoration project. They bare to win or lose greatly
from the restoration project in different ways and their actions can affect the project’s ability
to meet its objectives. Their preferences on ecosystem benefits to some extent determined
restoration objectives of Yongding River.
Stakeholders shown in the lower right quadrant have relatively bigger dependence but lower
influence on the restoration project. Their actions cannot directly affect the restoration
project in Yongding River. But their interests, values and knowledge should be considered
and represented in the sustainable management of Yongding River.
Stakeholders shown in the upper left quadrant have relatively higher influence but lower
dependence on the restoration project. They directly influence the outcomes by setting
political, socio-economical context of the restoration project but they do not direct
beneficiaries or victims of the outcomes of the restoration.
Stakeholders shown in the lower left quadrant have the lowest dependence and influence on
the restoration project, however, they can still have influence or be affected by the outcome
of restoration. They may need only be notified about the outcome of restoration.
holders.
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Figure 7. Stakeholder categorization based on literature review, interview and observation
(Based on the categorization, the stakeholders are further prioritized into the following three
groups: primary stakeholders, secondary stakeholders, and external stakeholders).
Primary stakeholders include Beijing water authority, district governments, Beijing municipal
government, Beijing residents, tourists, scientists, and experts. They are of high importance
to the restoration process and management of Yongding River corridor.
Beijing municipal government has been experimenting with the restored ecological corridor
to enhance ESs and its benefits to ecological, social and economic development of the city,
especially for the south-western districts. District governments take the responsibilities of
developing the district both in social-economic and ecological aspects. They plan the
concrete measures and supervise the implementation of restoration programs together with
other government agencies based on different background situation of each district. They
influence the changes or restoration of Yongding River and its services by setting policies and
regulation for urban development such as environment projects or land use.
Beijing Water Authority (BWA) is the main agency which performing integrated
administration of local water resources and managing the protection of water-related
ecosystem in the city. It decides the quantitative goals and management objectives for the
restoration project in Yongding River. BWA directly influences restoration of Yongding River
and its provision of services by taking the lead in the restoration project. It undertakes the
construction work of ecological corridor with the cooperation from other relevant agencies.
BWA also can be affected by the outcome of the restoration. The legitimacy of the authority
and the restoration project is built up on the ability of restored services to meet the need of
a wide range of stakeholders.
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Scientific institutions and experts are crucial in all phases of restoring Yongding ecological
corridor and its services. They act as important advisors during the preparation phase,
implementing phase and post-restoration phase of the restoration project. They provide
advice for policy setting, decision making and engineering construction to relevant
government agencies and decision makers. Their knowledge contributes to ensure ecological
and social-economic well-being of Yongding River watershed. The outcomes of their research
and assessments may influence the management options and restoration projects in
Yongding River. Scientific institutions and experts indirectly influence the restoration of
Yongding River and its provision of services by providing academic knowledge and technical
guidance.
Residents’ and tourists’ concerns and needs should be well presented in decision-making
process, though sometimes they perceived themselves as low influential. Residents in Beijing
are direct beneficiaries of the services provided by Yongding River corridor. Correspondingly,
their preferences for ESs and their behavior can also influence the restoration of Yongding
River and its provision of services. In further analysis, Beijing residents are divided into two
groups: on-site residents (who live within the 5 km buffer along Yongding River) and
peripheral residents (who live outside the buffer). They are both highly dependence on the
restoration, but sometimes in different ways (detailed explanation is given in section 5.2).
Based on the questionnaires and interviews, on-site residents are the ones who most
influenced by the changes or restoration of those related services. Any changes in Yongding
River's services could have an impact on their daily life. On the other hand, domestic
pollution from on-site residents was one of the direct drivers of environmental degradation
in Yongding River. As on-site residents raise their awareness of environmental protection,
more and more of them start to participate in volunteering works to care about the river.
Their awareness and lifestyles could influence the changes in services.
Peripheral residents also benefits from the restored services, e.g. increase recreational
opportunities and cooler local climate. Compared to on-site residents, they have different
preferences towards the benefits of the restoration. They also have less knowledge about
the changes in the river corridor due to their less accessibility to the restored area. Overall,
as the majority (the population of peripheral residents is nearly 9 times larger than that of
on-site residents), their power and participation are important to push the restoration
forward.
The improved environment attracts more tourists and thereby stimulates the increase of
tourism industry. Tourists are direct beneficiaries of those services and they are potential
contributors of economic values of restored services. They can also affect the health of the
ecological corridor and its provision of services. For example, overloaded tourists will have
pressure on the environmental carrying capacity of restored ecosystem, which will affect the
services in return.
Secondary stakeholders of restoring Yongding River corridor include Beijing Municipal
Bureau of landscape and forestry, Beijing Municipal Bureau of Finance, Beijing Municipal
Bureau of Environmental Protection, Beijing Municipal Commission of Urban Planning, real
estate developer and industries. They are important and integral to the success of the
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restoration project in many ways but sometimes not in a direct way (see Appendix.3 for
detailed information).
NGOs, surroundings, international communities, adjacent commercial services are external
stakeholders of restoring of Yongding River ecological corridor. They are influential to the
restoration project, but their influence and dependence are relatively low and limited. Their
interests are indirectly linked to the restoration project and restored services. Especially,
their power in influencing decision making is low (see Appendix.3 for detailed information).

5.1.3 Stakeholder involvement
As showed in the conceptual framework of my research, stakeholder involvement is
important to complete an integrated assessment of monetary benefits of restoring Yongding
River corridor. Stakeholder involvement gives inputs to ecosystem service analysis and
identification and valuation of benefits. Questionnaires and interviews are applied to
different stakeholders as a way of engage different stakeholders, especially to some primary
stakeholders. The stakeholder involvement is summarized in Table.10. They are essential
source for qualitative data which is related the recognition and selection of benefits of ESs to
be assessed in this study. Their involvement helps to formulate a holistic view of the
restoration project and its provisioning of ES, thereby establish the links between restoration
project and its benefits.
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Table 1. Stakeholder involvement in this study

5.2 Public perceptions and concerns
This section is mainly derived from public questionnaires delivered through field and online
access. Field questionnaires were first done to reach on-site residents (people live within the
5-km buffer of Yongding River corridor) and peripheral residents (people live outside the
buffer). The valid filed questionnaires are 217 in a total number of 243 with effective rate
around 89%. Only few visitors and peripheral residents who live relatively far from the
corridor were present because of the cold weather in Beijing. Therefore, online
questionnaires were carried out to get comprehensive and valid statistics results. The
number of valid online questionnaires is 434 in a total number of 522 submitted with the
effective rate around 83.1%.
Among all respondents who submit valid questionnaires, 246 of 651 are on-site residents
who live within the 5km buffer, the rest 405 of 651 are tourists and peripheral residents who
live outside the 5km buffer zone in Beijing.
Demographic information of the respondents shows that the restored Yongding River
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corridor attracts a diverse range of Beijing's residents in terms of gender, education level,
income, and age (see Appendix.6). It shows that the residents in Beijing could all be
beneficiaries of the restoring Yongding River, but a distinction is made between local on-site
residents are tourists/peripheral residents in further analysis.
The main reasons are as following：
a. Ecosystem servicse restored by the construction of Yongding River corridor are provided
at different spatial and temporal scale. Some benefits, for example, cooling effect and
improvement in local climate, are only limited to a small scale which peripheral residents
can hardly enjoy in their daily life;
b. Changes in different scale can have a different influence on Yongding River's ESs
provisioning and the benefits. For example, urbanization and increase pollutant
emission at the local scale can have relatively larger negative impact on Yongding River's
water quality and its provisioning of water purification service; and
c. Experts and planners are suggesting that different management approaches should be
taken at different scale to ensure the sustainable restoration of Yongding River. More
attention should be paid to the 5-km buffer zone. Thereby, districts governments are
collaborating with each other within the buffer to restore the ecosystem in order to
improve ESs and facilitate regional development.

5.2.1 Perceptions of the restoration project
As Beijing's mother river, Yongding River is the most famous and recognized river for the
majority (98%) of residents in Beijing (Meng et al., 2012). However, not all of them have visit
the river in person. Damming, pollution and over-extraction caused the drainage of the
watercourse and degradation of related ecosystems. Restoration projects were carried out by
governments to restore the degraded ecosystem system. In my research, the public were first
asked about their perception on the restoration projects. Based on the questionnaires both
from field and internet, up to 72% of respondents were aware of the restoration project in
Yongding River. Around 90% of respondents believed by taking proper measure, Yongding
River corridor could bring benefit to the well-being of environment or society. Over 67% of
these respondents suggest measure should be taken to reduce pollution in Yongding River.
However, the idea of constructing Yongding green ecological corridor, which was proposed by
government as the general goal for the ecological restoration in Yongding River, was less
familiar to most of them.

5.2.2 Preferences on services and benefits
Respondents were asked to choose the top three benefits which they would like to receive
from restoring Yongding River corridor. The question aims to evaluate publics’ preferences on
ESs and benefits. Understanding public preferences on ESs and benefits are important to
determine the legitimacy of management targets for the restoration project to meet multiple
needs. In return, it could help prioritize the restoration projects in terms of limited resource
and space.
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As mentioned in the previous chapter, the governmental target services (benefits) for
restoring Yongding River ecological corridor are: (1) water storage and supply (increase water
supply for human activities), (2) local climate regulation (improve local climate, cooling), (3)
water purification (improve water quality for human activities), (4) dust control (reduce sand
storm and improve air quality), (5) recreational opportunities and landscape aesthetics
(provide more space for leisure and travel, stimulate economic growth)
Fifteen benefits were identified by the public (See Table 11) which include more space to
leisure and travel, improve local climate, improve aesthetic value, improve water quality,
reduce sand storm, increase land price, maintain biodiversity, increase water supply,
stimulate employment and local economic growth, improve health, maintain water culture in
Beijing, improve air quality, improve flood prevention and maintain heritage value for future
generation.
Table 2. Benefit preferences of residents (ranking and percentage) and government concerns.
Note: + indicates high priority, 0 indicates low priority.

Respondents show differences preferences in ESs and benefits, though providing more space
for leisure and travel is the most preferred benefits by both on-site residents (83%) and
peripheral residents/tourists (60%). Provide the place for leisure and travel, improve local
climate (55%) and improve aesthetic value (39%) are ranked top three preferences for on-site
residents. For peripheral residents, they valued more about the corridor's benefit on
reducing sand storm (51%).
Compare to peripheral residents, on-site residents tend to have stronger preferences toward
some benefits that are more related to their interactions with the Yongding River corridor.
Other benefits mentioned by the public include improve physical and mental health,
maintain water culture in Beijing, improve air quality, flood prevention, heritage value for
future generation. Improve air quality is the most popular answer as a complementary
choice for the benefits listed in the questionnaire.
Overall, the results show that governments' management targets ESs (benefits) for the
ecological corridor are basically aligned with residents' preferences of benefits. One
exception is the benefit of maintenance biodiversity which contributes to the ecological
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importance of restoring Yongding River. It ranked as the fourth desired benefits by on-site
residents and seventh by peripheral residents.

5.2.3 Perceived changes in selected services
Some questions revealed how public perceived changes in selected ESs were asked in the
questionnaire. The results indicate that there are differences in perceptions of changes in ES
provisioning among different types of services and between on-site and peripheral residents.
The responses to perceived changes in ES services are shown in Figure.9.

Figure 8. On-site and peripheral residents’ perceived changes in selected ES by (%).

Improvement in cultural services, i.e. recreational opportunity and aesthetic has been
perceived by the majority of respondents. The distance from the river corridor and the
frequency of visiting influence public’s perception of changes in ESs. People who live in the
corridor tend to be more aware of the situation and changes. Based on the results showed in
Figure.9, more on-site residents are aware of whether there are improvements in selected
services, especially for water purification, local climate regulation, dust control and aesthetic
information. Improvements in target services are observed by the majority of on-site
residents and over half of peripheral residents. However, some of respondents perceived a
decrease in some of the services.

5.2.4 Concerns for Yongding River ecological corridor
During the survey, questions of “what is the most important aspect that you appreciated
about current Yongding River corridor" and "which aspect(s) do you think should be
improved in future restoration projects" were asked. These questions aim to collect public
concerns for current situation and future development of Yongding ecological corridor.
On-site residents and peripheral residents/tourists showed different concern for Yongding
ecological corridor.
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The results (see Figure.10) indicate that people appreciate the restored ecosystem in many
ways. For on-site residents, the recreational opportunity was the most important aspect they
concern about the current state of Yongding River, cited by 29% of on-site residents. For
peripheral residents, landscape aesthetic was the most important aspect (28%). There are
only slight differences between the percentage of on-site and peripheral residents who
chose access to clean water or comfortable climate as important aspects. Comfort climate
near the river corridor was considered as important, by 20% of on-site residents and 21% of
peripheral residents. Enough water supply and storage was concerned by least of
respondents as important for Yongding River currently.

Figure 9. Concerns for current status of Yongding River corridor

Meanwhile, respondents showed different expectations and concerns on Yongding River
corridor’s future restoration (see Figure.11). Water quality was cited by most respondents as
the aspect to be improved in the future, indicating that people had a higher demand for
water purification service. Meanwhile, a larger percent of peripheral residents thought
future restoration should be taken to increase water supply, dust control, and local climate.
On-site residents were expecting for more recreational opportunities for future restoration
projects in Yongding River corridor.
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Figure 10. Concerns for future restoration of Yongding River corridor

5.3 Willingness to pay for restoring Yongding ecological corridor
Questions were asked to reveal public's willingness to pay for restoring Yongding River
ecological corridor if the benefits derived from the restored ESs would degrade. According to
the results, approximately 91% of on-site residents and 69% of peripheral residents were
willing to pay for the maintenance of current status of the corridor after the restoration. The
average willingness to pay of on-site residents (158 CNY/year) was also higher than that of
peripheral residents (81 CNY/year). In general, a positive relation was found between income
level and willingness to pay for the maintenance of Yongding River (p=0.000, R2=0.31).
In addition, people were also asked to indicate their willingness to pay for further restoration
and development of Yongding River ecological corridor. Around 86% of on-site residents and
69% of peripheral residents are willing to pay for future restoration projects in Yongding River.
Alike the willingness to pay for maintaining current status of the corridor, on-site residents'
average willingness to pay (159 CNY/year) was also higher than that of peripheral residents
(60 CNY/year). A positive correlation was also found between income level and willingness to
pay for future restoration (P=0.000, R2=0.27). The higher income, the more people were
willing to pay for the restoration. Respondents who indicated 0 willingness to pay were asked
to explain their answer. Up to 60% of respondents who weren't willing to pay for the
restoration believed government should pay, and some people worried about the money
paid would not be used for the restoration (35%).
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6. Valuation of ESs
Monetary values of ecosystem service are usually used to indicate the economic importance
of benefits derived from ESs. The monetary valuation has been done by applying a mix of
valuation approaches (1) Market-based valuation approach (revealed preference), (2)
Contingent valuation approach (stated preference) and (3) Benefit transfer. Note that some
monetary values in my research are present in a monetary unit of CNY in 2015. 1 CNY equals
to 0.1453 US$.

6.1 Monetary valuation based on indirect market valuation
approach
Market-based approach can be applied to estimate the monetary value of the benefits
derived from ESs, by making use of the indicators values (See chapter 4 for detail). However,
there is no explicit market for most of the selected ESs provided by Yongding River corridor.
Thus, indirect market valuation methods are used to assessing the monetary value of those
services.

6.1.1 Water supply/storage
The water supplied by the river after the restoration are mainly used to meet the demand for
building landscape, maintenance of surrounding environment and potential supply for
various human activities. For now, the water consumed by various activities in Beijing is
mainly from the reservoirs and groundwater. Thus, the restored Yongding River can be an
important backup source for potential water supply, especially if the water obtained from
the reservoirs fails to meet the high demands of population growth and economic
development. In this case, the water storage or potential water supply from the restored
river can be replaced by additional water supply from other current water sources through
market. The monetary value of the service and its benefits (V1) can be calculated by the
following function (1), making use of the market price of water. Q1 represents the volume of
potential water supply, P1 represents the average price of water for various usages.
V1 = Q1 × P1 ………………………………………………………………………………………………………… (1)
The volume of potential water supply(storage) after restoration is 121 million m3; the
average price is 3.7 CNY/m3. The market value of potential water supply by the urban section
of Yongding River is 446 million CNY/year (65 million US$/year) after the restoration.

6.1.2 Water purification
As explained in Chapter 4, the restored ecosystem is, to some extent, functioning as water
purification plants that treat relatively large amount nutrient and organic waste through
water purification service. Since the service could be replaced by an artificial treatment
system, i.e. water treatment plant, the monetary value of water purification is assessed by
replacement cost approach. The value of water purification service(V2) is calculated by
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aggregating treatment costs of TN, TP, and COD (2). Q2 represents the amount of removed
TN, TP or COD; P2 is the water treatment cost respectively.
V2 = ∑3i=1 Q 2i × P2i ………………………………………………………………………………………………… (2)
The water loading of urban section is 130 million m3/year; the average nutrient removal is
0.9 mgN/L, 0.2 mgP/L, 10 mgCOD/L. According to BWA(2015), the average treatment cost for
water treatment plant in Beijing is 1.5 CNY/kg for TN, 2.5 CNY/kg for TP and 3.5 CNY/kg for
COD. Thus, the replacement cost of water purification is 4.8 million CNY/year (0.7 million
US$/year )after the restoration.

6.1.3 Dust control
The dust control service reduces the sand flux and mitigates the negative effect of sand
storm, especially during the spring time in Beijing when the wind is the strongest of the year.
The monetary value of dust control is also assessed by replacement cost approach. The value
of dust control (V3) is calculated by the following function (3). Q3 represents the amount of
dust flux controlled by vegetation cover and root system; P3 is cost for industrial dust
removal.
V3 = Q 3 × P3 …………………………………………………………………………………………………………. (3)
Based on the calculation in section 4.3.3, the new ecosystem can fix additional 1.12*10 6 kg
dust flux. The cost industrial dust removal is 0.15 CNY/kg. Thus, the replacement cost of dust
control is 0.17 million CNY/year (0.02 million US$/year) after the restoration.

6.1.4 Local climate regulation
The restored ecosystem provides local climate regulation service that lower the local
temperature and increase the air humidity. Like other regulating services, the monetary
value of the service is assessed by using replacement cost approach, by estimating the cost
incurred by replacing the cooling effect and moistening effects of the ecosystem with
artificial technologies. As suggested by Meng et al (2012), the monetary value of local
climate (V4) is calculated based the following function (4). Q4 represents the heat absorption
by evapotranspiration; q4 represents the volume of evaporation; α is the energy efficacy
ration of air conditioner；β is the average power consumption of home use humidifier; P4 is
the price of electricity in Beijing.
V4 = Q 4 ×

P4
α

+ q4 × P4 × β……………………………………………………………………………………… (4)

As mentioned in section 4.3.4, Q4 is 1.5*1016J and q4 is 19.4 * 106 m3. According to Meng et al
(2012), the energy efficacy ratio of an air conditioner is 3.0; the power consumption of home
use humidifier is 125 kWh for increase 1 m3 vapor. The electricity price in Beijing is 0.49
CNY/(kWh). Thus, the market value of local climate control is 2486 million CNY/year (million
US$/year) after the restoration.

6.1.5 Recreational opportunity
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Yongding River corridor provides recreational opportunities to both local and peripheral
residents. The monetary value of recreational opportunity is assessed by the travel cost
method, based on the rationale that recreational experiences are associated with a cost,
including the direct expenses for traveling and opportunity costs of time-related to traveling
(TEEB., 2010). The individual travel cost is a function of a bundle of environmental and social
variables (Ezebilo et al., 2016). The value of recreational opportunity (V5) is estimated by
using the following function (5). Cd is the individually direct expenses on traveling or
recreational activities; Ct is the individual opportunity costs of traveling or recreational
activities. n is the average income (CNY/h); T is the sum of time spend on the way and staying;
r is the conversion factor.
V5 = ∑(Cd + Ct ), Ct = 𝑟 × n × T …………………………………………………………………………. (5)
According to the survey, the frequency of has increased to 108 times/year/person for local
residents and 6 times/year/person for peripheral residents. The average traveling time is 0.5
h for local residents and 3.5 h for peripheral residents. The average income is around 40
CNY/h. Note that, the selection of wage rate can significantly influence the outcome of travel
cost method, which will be further explained in the discussion chapter. A wage of 1/3 used
by Li et al. (2010) is selected mainly because the study area of Li et al. (2012) and the study
area of my research share the similar social and ecological background. Thus, the revealed
market value of recreational opportunity is 6.2 billion CNY/year (901 million US$/year) after
the restoration.

6.1.6 Aesthetic information
The restoration of the Yongding River has improved the aesthetic information provisioning.
Many people enjoy the scenery of the restored ecosystem with blue and green areas. The
change in aesthetic information service can be reflected in the change in the market price of
property, for example, through the price of real estate with an aesthetically pleasing
environment. That is, the monetary value of aesthetic information can be assessed by the
approach of hedonic pricing. Aesthetic information service can have considerable economic
value, for example, through the boost the prices of adjacent real estate.
According to the interview with Lianjia real estate agent, the house price near the restored
section of the corridor are much higher than a similar house with less view of the scenery of
Yongding River corridor. People usually show strong concern of aesthetically enjoyment view
when buying a flat. The monetary value of aesthetic information service (V6) is calculated by
using function (6). Ii represents the increase in the price of neighboring real estate along the
Yongding River (CNY/km). Li is the length of Yongding River with increased aesthetic
information (restored section).
V6 = ∑ I𝑖 × L𝑖 ………………………………………………………………………………………………………… (6)
The average increase in real estate prices, including the both sides, is 1836 CYN/m2, that is
704 million CYN/km along the river (Ma et al., 2016). Based on the LULC analysis in Chapter 3,
the length of restored section is 17km. Thus, the revealed market value of aesthetic
information is 12.0 billion CNY/year (1739 million US$/year) after restoration.
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6.2 Monetary valuation based on by contingent valuation
approach
Contingent valuation is used to measure the values of ESs and their benefits with the help of
the public questionnaires (See chapter 5 for detail). By using this method, public's demand
for the ESs can be estimated by posing hypothetical scenarios that involves the description of
alternatives.
In the questionnaire, respondents, both local and peripheral residents, were asked to state
their willingness and how much they were willing to pay for sustaining the current status of
the restored Yongding River corridor if it would degrade. In addition, respondents were asked
to state their preferences on ES by answering which aspects they think are most important
for them related to the current status of the corridor.
Assuming that people would pay for the services they think important to them, the total
willingness to pay are distributed to each ecosystem service. The ecosystem services’
willingness to pay (WTP) for are calculated by using from publics’ state preferences ratios.

6.2.1 The total willingness to pay for the ES benefits
The local and peripheral residents’ willingness to pay for Yongding River corridor is used to
estimate the total monetary value of ES provided by the restored ecosystem. Using the data
with a sample of 246 on-site residents and 405 peripheral residents from the public
questionnaire, it estimates the average willingness to pay of local and peripheral residents.
According to results of the public questionnaire, around 19 % of on-site residents and 32 %
of peripheral residents weren't willing to pay for the maintenance of current status of the
corridor for various reasons. During the calculation, their willingness to pay is considered to
be 0. The average willingness to pay per capita is 158 CNY/year (23 US$/year) for on-site
residents and 81 CNY/year (12 US$/year for peripheral residents.
The total willingness to pay for ES equals to the sum of the willingness to pay by on-site
residents (WTP on-site) and the willingness to pay by peripheral residents (WTP peripheral).
The total willingness to pay is calculated by using the average willing to pay and population in
the scope of this study (beneficiaries). According to the Beijing Bureau of Statistics (2015), in
Beijing, the population within and outside the buffer of Yongding River corridor is 1.7 million
and 17.9 million respectively. The WTP on-site is 269 million CNY/year (39 million US$/year)
and WTP peripheral is 1450 million CNY/year (211 million US$/year), that is 1718 million
CNY/year (250 million US$/year) in total.
Based on the results of the questionnaire, the total willingness to pay could be distributed to
each ecosystem service. By making use of the value of total willingness to pay and the
distribution ratio (See Table 12), the willingness to pay for each ES could be calculated and
used as an estimation to indicate the monetary value of ES.
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Table 3. The distribution ratio of ES in total willingness to pay for on-site and peripheral
residents. (Based on the results of public questionnaire (n on-site=246, n peripheral=405)).

6.2.2 Water supply/storage
Based on Contingent valuation approach, the monetary value of water supply service (VC1) is
calculated by using the wiliness to pay for this service (W1). As mentioned above, the
willingness to pay for water supply is calculated by integration of on-site residents’
willingness to pay for water supply service and peripheral residents’ willingness to pay for
water supply service. R1 is the distribution ratio of water supply in total willingness to pay of
on-site residents (𝑊𝑇𝑃on−site ). N1 is the distribution ratio of water supply/storage in total
willingness to pay of peripheral residents (𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 ). The monetary value is calculated
based on function (7).
VC1 = 𝑊1 = 𝑊𝑇𝑃on−site × R1 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N1 ……………………………………………….. (7)
WTP on-site is 268 million CNY and WTP peripheral is 1451million CNY. R1 = 9.3%, N1 = 8.8%.
Thus, the monetary value of water supply/storage based on stated preference is 153 million
CNY/year (22 million US$/year) after restoration.

6.2.3 Water purification
The monetary value of water purification service (VC2) is calculated by using the wiliness to
pay for this service (W2). The monetary value is calculated based on function (8). R2 is the
distribution ratio of water purification in total willingness to pay of on-site residents
(𝑊𝑇𝑃on−site ). N2 is the distribution ratio of water purification in total willingness to pay of
peripheral residents (𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 ).
VC2 = 𝑊2 = 𝑊𝑇𝑃on−site × R 2 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N2 ……………………………………………….. (8)
R2 = 10.5%, N2 = 12.6%. The monetary value of water purification based on stated preference
is 211 million CNY/year (31 million US$/year) after restoration.

6.2.4 Dust control
The monetary value of dust control service (VC3) is calculated by using the wiliness to pay for
this service (W3). The monetary value is calculated based on function (9). R3 is the
distribution ratio of dust control in 𝑊𝑇𝑃on−site . N3 is the distribution ratio of dust control in
𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 .
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VC3 = 𝑊3 = 𝑊𝑇𝑃on−site × R 3 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N3 ……………………………………………….. (9)
R3 = 14.4%, N3 = 11.9%. The monetary value of dust control based on stated preference is 211
million CNY/year (31 million US$/year) after restoration.

6.2.5 Local climate regulation
The monetary value of local climate regulation service (VC4) is calculated by using the
wiliness to pay for this service (W4). The monetary value is calculated based on function (10).
R4 is the distribution ratio of local climate regulation in 𝑊𝑇𝑃on−site . N4 is the distribution
ratio of local climate regulation in 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 .
VC4 = 𝑊4 = 𝑊𝑇𝑃on−site × R 4 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N4 ……………………………………………….. (10)
R4 = 14.4%, N4 = 11.9%. The monetary value of local climate regulation based on stated
preference is 360 million CNY/year (52 million US$/year) after restoration.

6.2.6 Recreational opportunity
The monetary value of recreational opportunity service (VC5) spent by using the wiliness to
pay for this service(W5). The monetary value is calculated based on function (11). R5 is the
distribution ratio of recreational opportunity in 𝑊𝑇𝑃on−site. N5 is the distribution ratio of
recreational opportunity in 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 .
VC5 = 𝑊5 = 𝑊𝑇𝑃on−site × R 5 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N5 ……………………………………………….. (11)
R5 = 14.4%, N5 = 11.9%. The monetary value of recreational opportunity based on stated
preference is 313million CNY/year (45 million US$/year) after restoration.

6.2.7 Aesthetic information
The monetary value of aesthetic information service (VC6) is calculated by using the wiliness
to pay for this service(W6). The monetary value is calculated based on function (12). R6 is the
distribution ratio of aesthetic information in 𝑊𝑇𝑃on−site . N6 is the distribution ratio of
aesthetic information in 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 .
VC6 = 𝑊6 = 𝑊𝑇𝑃on−site × R 6 + 𝑊𝑇𝑃𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦 × N6 ……………………………………………….. (12)
R6 = 15.7%, N6 = 27.8%. The monetary value of aesthetic information based on stated
preference is 446 million CNY (65 million US$/year) after restoration.

6.3 Changes in values
The monetary value of ESs benefits in Yongding River corridor after the restoration could be
reflected in their revealed market-based values (see 6.1) or their stated wiliness to pay (see
6.2). Market-based approaches and contingent valuation approaches can both capture parts
of the values of the benefits provided by the ecosystem, despite that there are overlaps in
between. Thus, the total monetary value is taken as the average of revealed monetary values
and the stated monetary values in following analysis (See Table.14). In addition, it can be
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seen from Table 13, there are sometimes big gaps between the revealed monetary values
and stated monetary values of ESs. The differences and results of these calculations will be
further explained and discuss in chapter 8 before the conclusion is made.
Table 13. Monetary value of ES after restoration. Note：RC=replacement cost; TC=travel cost; HP=
hedonic pricing; * bared on total willingness to pay and ratios from public questionnaire; Total
monetary value are calculated based on the average of revealed monetary value and stated
monetary value.

As mentioned in Chapter 3 and 4, because of the different characteristics of each LULC and
their links to different ESs, their monetary values of ecosystem service benefits also differ
from each other. For example, water-related ecosystems have higher values in water storage,
water purification, local regulation and recreational opportunities, however, they have lower
value in dust control compared to forest and grassland. Thus, the ratios of average monetary
values of benefits for each LULC are different. The studies of Xie et al. (2008) and Li et al.,
(2010) are used to calculate the monetary values of benefits provided by each LULC in
Yongding River corridor (Table 14). The urban and bare land is excluded from the calculation
mainly because of their negligible contributions to the monetary values of six selected
services.
Table 14. Ratios (%) of monetary values of ESs for each LULC type

Source: based on Xie et al. (2008) and Li et al. (2010)
By distributing the monetary values of each ESs to corresponding LULC types, the total
monetary values of each LULC are calculated in Table 15.
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Table 4. Total monetary values of ESs for different LULC types

The water -related ecosystems have the highest monetary value of 1467 million
CNY/km2/year (213110 US$/ha/year). The forest ecosystem has the second highest
monetary value, followed by cropland. The grassland has the lowest monetary value which is
20 million CNY/km2/year (2954 US$/ha/year).
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7. Integrated cost-benefit analysis of restoring
Yongding River ecological corridor
7.1 Benefits of restoring Yongding River corridor
The restoration of Yongding River corridor can bring multiple monetary and non-monetary
benefits to society and human well-being. The benefits range from ecological benefits to
social-cultural and economic benefits. The restoration contributes to the maintenance of
biodiversity and the development of a more resilient urban area, especially for the
southern-west districts in Beijing.
However, some of the benefits are less tangible than the others and cannot be fully
captured by monetary approaches. Many non-monetary benefits of restoring are empirically
identified by the publics and experts based on the results of questionnaires and interviews,
e.g. improve mental and physical health, maintain water culture in Beijing, heritage value for
the future generation, maintain biodiversity etc. These benefits contribute to the ecological
and social-cultural importance of the restoration projects.
The further analysis of benefits only includes six out of many other benefits generated by the
restored ecosystems in Yongding River (See 5.2.2 for other benefits identified by the publics
and 8.2.3 for discussion). The selected ESs include water supply/storage, water purification,
dust control, local climate regulation, recreational opportunities and aesthetic information.
The detailed description and valuation of these services can be seen from Chapter 4 and 6.
Monetary values of the benefits are calculated based on monetary values of each LULC type
before and after the implementation of the restoration project (See Table.16). The annual
monetary values of the river corridor have increased 16791 million CNY for the full corridor,
thus the benefits of restoring Yongding River is 16791 million CNY/year (2440 million
US$/year) correspondingly.
Table 5．The benefits of restoring Yongding corridor for the full corridor (120350 ha).

The gross benefits of restoring the full corridor (120350 ha) is calculated. To conduct
sensitivity analysis, the calculation is done to estimate overall benefits for 20 years after the
restoration of three discount rates following function (13). The BT is the total gross benefits
of restoring Yongding River corridor from 2015 to 2035, t is the number of years considered
for the restoration scenarios, r is the discount rate, b is the gross benefit per year.
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𝑡
BT = ∑20
t=0 𝑏 /(1 + r) ………………………………………………………………………………………….. (13)

The discount rate of 5% is commonly used in calculating present values. The positive
discount rate of 8% overestimates the possibility that the values of restored ESs will more
rapidly decrease in the context of global economic growth and rising energy price. The
negative discount rate (-2%) reflects the possibility that the values of the restored
ecosystems services will increase as the result of supply decreases (due to ecological
degradation and resource deplete) or demand increases (due to population or income
growth) (de Groot et al., 2013). The negative discount rate also gives insight to the
awareness of that the benefit of the restoration can have higher value for the future. In this
case, the society would put higher value on the ecosystems in the present as an insurance
premium for the future.
Table 6．The present values of gross benefits of restoring Yongding River corridor over 20 years

The present values of the benefits at three assumed discount rate are showed in Table 17.
The present value of monetary benefit decreases when the discounted rate is higher from
2015 to 2035.

7.2 Costs of restoring Yongding River corridor
Four types of costs contribute to the total costs of the restoration projects in Yongding River
corridor, including acquisition costs, establish costs, maintenance costs and transaction costs.
Given that the restoration projects took place in urban areas of Beijing, and involved the
infrastructure with more complicated construction works than might be needed in rural
areas, they tend to be more expensive than most of their rural counterparts.
The acquisition costs are the costs of acquiring the property rights to the land to the restored.
The government needs to compensate previous land users as the restoration changed the
land use and land cover in the river corridor, for example, agricultural land user or golf court
owner. The investment costs are the initial capital investments in the restoration of Yongding
River, which include the costs for restoration preparation and implementation from 2010 to
2015. For example, the costs for construction new wetlands and planting the vegetation. It
depends on the types of the ecosystem to be restored, the level of modification of the
ecosystems, selection of methods and the previous conditions of the ecosystem, etc. The
maintenance costs include the costs for ongoing management, administration and
monitoring after the restoration construction works were done after 2015. It is important to
maintain the benefits of restoration from degradation with long-term financing on
maintenance costs, considering human activities within the corridor could have pressure on
the restored ecosystems. In addition, transaction costs may include searching for suitable
sites, organizing programs, and negotiating and signing contracts (Iftekhar et al., 2016).
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However, only direct costs of restoring Yongding River (establishment costs and maintenance
costs) are accounted in the total costs. The acquisition costs, transaction costs, and
opportunity costs are not included in the calculation in my research According to the official
documents from Beijing Water authority (2009), the total investment costs of the restoration
projects within the full corridor from the beginning of the restoration to the year of 2015 is
17 billion CNY (2470 million US$). In addition to the investment costs, the government will
continue supporting the development of Yongding River corridor and adjacent areas. Around
10% percent of the initial investment costs (around 247 million US$) is taken as an annual
maximum maintenance cost, taking consideration of the maintenance of landscape, park
management, compensation of water quality damage etc. (Fu et al., 2012).
The total costs (The present value of costs) from 2015 to 2035 are calculated at three
discount rates following function (14). The CT is the total cost of restoring Yongding River
corridor from 2015 to 2035, t is the number of years considered for the restoration scenarios,
r is the discount rate, C0 is the investment cost before 2015, c is the maintenance cost per
year after 2015. The results can be seen Table 18.
𝑡
CT = C0 + ∑20
t=1 𝑐 /(1 + r) ………………………………………………………………………………...… (14)

Table 7. Costs of restoring Yongding River corridor from 2015 to 2035

7.3 Net benefits of restoring Yongding River corridor
The net monetary benefits of restoring Yongding River corridor are calculated by function
(15).
BN = BT − CT ……………………………………………………………………………………………………… (15)
BN is the net benefits of restoring Yongding River corridor from 2015 to 2035; BT is the total
gross benefits of restoring Yongding River corridor from 2015 to 2035; CT is the total costs of
Yongding River corridor from 2015 to 2035, including investment costs and maintenance
costs. To conduct sensitivity analysis the net monetary benefits are differentiated between
three different discount rates (See Table.21).
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Table 19．Net monetary benefits of restoring Yongding River corridor(120350 ha) from 2015 to
2035.

According to Table 19, in the scenario with a discount rate of -2%, the net benefit and benefit
ratio over 20 years are both the highest. At a discount rate of -2%, the net present value of
the restoration (net benefit) is 49,137 million US$ (around 0.41 million US$/ha) with a
benefit-cost ratio of 6.5. At a discount rate of 5%, the net present value of the restoration
(net benefit) is 24,360 million US$ (around 0.20 million US$/ha) with a benefit-cost ratio of
5.2. The net present value of the restoration (net benefit) and benefit-cost ratio are the
lowest at discount rate of 8%, which are 19091 million US$ (around 0.16 million US$/ha) and
4.7.
In addition, the net benefits are relatively more sensitive to the discount rates compare to
benefit-cost ratios. The net benefit at a discount rate of -2% is around twice as much as that
at discount rate of 8%, while the extent of changes in benefit-cost ratios is smaller. The
positive net benefits and benefits ratios indicate that the overall monetary benefits of
restoring Yongding River corridor are exceeding the costs.
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8. Discussions
My research assessed the monetary benefits and costs of the ecological restoration of
Yongding River corridor, using the ecosystem service approach. In this chapter, I try to review
the methods and results in a more critical manner by taking consideration of some weakness,
uncertainties and comparing with other studies.

8.1 Discussion of methods
Several methods are applied in this study to gather necessary data and obtain results: (1)
Monetary valuation methods: market-based valuation, contingent valuation and benefit
transfer (2) Data collection methods, including public survey (questionnaire and interview),
observation and literature review.

8.1.1 Monetary valuation and choice of valuation methods
The monetary values of the benefits of ESs could be measured by using various monetary
valuation methods. Even through each method has its strength in capturing benefits
provided by particular ESs, its limitations can sometimes threaten the validity of the results
in valuation.
a. Uncertainties related to hedonic pricing and travel cost approaches
The monetary values of recreational opportunity and aesthetic information by using revealed
preference approaches can be slightly overestimated. In my research, hedonic pricing was
applied to monetize the value of aesthetic information, based on the average increase in real
estate prices along the river proposed by Ma et al. (2016). However, there was a lack of
well-defined and functioning markets for properties and households in Beijing. This is
needed to effectively apply the hedonic pricing approach and capture the monetary value.
The prices of houses in Beijing are inflated and this might lead to the overestimation. In
addition, it was hard to ensure if all characteristics of houses and neighborhoods throughout
Yongding River corridor were the same, except for the level of aesthetic information. Aside
from the value of aesthetic information, the higher prices for household along the river
might comprise the monetary values of other ESs. This may help to explain the high
market-based value of aesthetic information in Yongding River corridor.
Similarly, although the recreational opportunity was the most wanted benefit of Yongding
River corridor, a trip to Yongding River might have more than one purpose in reality. The
travel cost may not only represent the monetary value of recreational opportunity alone. In
this way, the value of recreational opportunity could be overestimated.
In addition, the selection of wage rate when applying travel cost method can have a
influence on the result. Since there is no consensus about the right way of valuating the
opportunity costs of time spent traveling to a recreational site, a wage rate of one third was
selected to calculate the opportunity costs of traveling. This wage rate, deriving from several
empirical data, is commonly used in calculating the opportunity costs of time when applying
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travel cost method (Li et al., 2010; Jiang et al., 2004; Benson et al., 2013). However, the wage
rate is not applicable for the people who have a fixed work-time or participate in the labor
market the alternative use of time is not working for income (Ovaskainen et al., 2012). In
these cases, the marginal cost of time is not directly related to the wage rate. Simply
assuming that people benefit from the recreational opportunity can all substitute time for
income at a wage rate of one third can lead to uncertainties in the valuation results.
These weaknesses are intrinsically linked to the valuation methods and the certainties are
hard to exclude from the monetary valuation process without further study. Despite the
uncertainties, the results derived from hedonic pricing and travel cost methods can still
reflect high public preference on aesthetic value and recreational opportunity of Yongding
river corridor.
b. Uncertainties related to contingent valuation approach
The monetary values of some ESs are likely be underestimated based on the calculation from
the stated willingness to pay in contingent valuation. The underestimation stems from both
technical uncertainties and publics' awareness and knowledge underlying their stated
preference. For example, in the valuation respondents were asked: "if the benefits derived
from the restored ESs will degrade, what is your maximum willingness to pay (CNY/year) for
the restoration”. The hypothetical scenarios described in CV questionnaires, i.e. if the
benefits will degrade, might be found to be unconvincing, which lead to a less stated
willingness to pay. Also, according to the questionnaires, some benefits are not being fully
perceived by some of the respondents. In addition, many respondents indicate a 0 wiliness
to pay for restoration because of their belief that the government should pay for the
restoration or their distrust of the government. Thus, the answers they gave in the
questionnaires could not reflect their true preferences of the benefits, leading to an overall
underestimation of the monetary values. However, application of CVM in valuing benefits of
ESs reveals the preference of the public to different ESs, thereby provide useful information
for future ecological restoration or management.
c. Uncertainties underlying the calculation of monetary values of the benefits
In my research, I took the average of revealed monetary values and the stated monetary
values as the final total monetary values for the monetary benefits in the relevant analysis.
By doing so, I aimed to reduce part of the uncertainties and overlapping caused by different
methods. However, the way used here to integrate the results from different methods is
remain discussed, which can threaten the reliability of the results. Correction of the way to
integrate values derived from different approaches could be done through an integration of
expert judgments and literature review. More work needs to be done to reduce the
uncertainties caused by valuation methods. Despite the uncertainties within the calculation,
the results of monetary valuation still give insights to both public preferences and actual
supplies of benefits delivered by restored ESs.
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8.1.2 Data collection methods
a. Limitation of the application of field questionnaire and online questionnaire in
ES benefit assessment
To obtain representative and reliable data, field questionnaires and online questionnaires
were carried out from November 2016 to January 2017. Both questionnaires were important
to gather data on stated perception, previous knowledge and other useful information of ES
assessment, in addition to the data on willingness to pay. Compared to field questionnaire,
carrying online questionnaire is less time and budget consuming. It has fewer restrictions
from sampling weather and location. For example, people are less willing to response to the
survey when the weather is bad, which is often the case during the winter in Beijing. Since
fewer peripheral residents were coming to Yongding River corridor during the winter season
as expected, the online questionnaire helped to reach peripheral residents from the region
outside the buffer who are also important beneficiaries.
However, the online questionnaire has lower responding efficiency rate and should be
applied with care. People may not take online questionnaires seriously enough. Also, there
are risks that applying online survey could lead to the exclusion of people with less interest
in participating public questionnaires through the social network or inadequate access to the
Internet (Lyytimäki and Rinne, 2013). These will, to some extent, lower the accuracy and
reliability of the results. But these weaknesses were less obvious in my research with the
wide spread of social network and use of internet across all region and age groups in Beijing.
Overall, despite the weakness of online questionnaire, it could still be a good way and serve
as a complementary approach of the classical field survey for data gathering, when applied
with caution.
b. Validity of public survey
The validity of the public survey, i.e. questionnaires and interview, is fundamental for a
reliable and accurate assessment results. Few factors could threaten the validity of these
methods within this study. The first is the spatial distribution of questionnaire respondents in
relation to the distance from Yongding River. Due to the limitation of implementing the field
and online survey, the questionnaires were not spatial evenly distributed among residents in
the study area, which might lead to an uncertainty in the results (Wiersma., 2013). Moreover,
the time span of the survey could be too short to conclude people's perspective and
concerns for Yongding River corridor. This information is dependent on the interactions
between environment and people, therefore they could change over time even within a year.
c. Availability of data and uncertainty of the data source
Various kinds of data were needed for establishing an integrated assessment of the benefits
provided by Yongding River corridor, including both quantitative and qualitative data from
primary and secondary sources. However, some data were not available within the span of
this study which limits the integrity of the assessment. Firstly, one problem was the
incomplete implementation of interviews. Data on stakeholders' knowledge, perspectives
and concerns were expected to be gathered from interviews, but I found it was hard to reach
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stakeholders from government and business sectors. Some interviews were canceled or
declined because of the issue of time and schedule arrangement. Also, there was a lack of
transparency for detailed information related to budget and cost of the restoration.
Estimation needs to done for the calculation of total cost and net benefit, thereby this
influence the accuracy of the results. In addition, there was limit historical environmental
quality data available which could be used to examine the changes in physical values of ESs. I
try to solve this problem by selecting suitable biophysical indicators and linking their values
to LULC changes based on empirical or process-based models and literature review.

8.2 Discussion of results
8.2.1 Factors other than the restoration that influence the LULC
and ESs provisioning in Yongding River corridor
In my research, the implementation of ecological restoration is assumed to be the only driver
for the changes in LULC and ESs provisioning, thereby the changes in benefits delivered by
the ESs. However, aside from the implementation of the restoration projects, there are other
factors, that can have impacts on LULC and ecosystem provisioning in Yongding River corridor
(i.e. natural factors and anthropological factors).
As one of the most important natural factors, climate changes (i.e. with changes in
precipitation and temperature) can influence the land cover and its provision of ESs. For
example, the increase in precipitation improves the local water storage that ensures the
maintenance of water-related ecosystems. Alike climate change, the pace of changes in
natural drivers is relatively slow. Although their impacts on Yongding River corridor can be
influential in a long term, their influence is limited when comes to evaluate the monetary
benefits brought by the restoration within a short term.
Anthropogenic factors can also affect LULC and values of ESs in both positive and negative
ways. In the context of rapid developing cities like Beijing, the effects of anthropological
factors are becoming much stronger and more decisive on changes in LULC and ecosystem
function (Han et al., 2015). Other factors include political orientations, urbanization,
economy growth, technical innovations, public demands etc. Their effects on the LULC and
ESs in Yongding River were indirect and less tangible. Overall, the implementation of the
restoration in Yongding was still the most direct and relevant driver which had effects on
Yongding River corridor.

8.2.2 Different preferences and demands for ESs and their benefits
Not only that stakeholders had different influence or dependence on the restoration project,
but also their demands and preferences for ESs were different. The benefits they desired
from the restored Yongding River corridor were not the same. According to the results from
Chapter 5, clear differences can be seen from on-site residents and peripheral residents.
Compared to peripheral residents, on-site residents were more aware of the implementation
of the restoration projects and the changes in ESs supplies. On-site residents were also
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willing to pay more for the maintenance and future restoration of Yongding River corridor.
These differences could be attributed to the characteristics of ecosystem service provision
and the distance from different groups of residents to the restored ecosystems (León et al.,
2016). First, it is the fact that different ESs are provided at different spatial and temporal
scales. Some services and benefits, e.g. aesthetic information and recreational opportunities,
though demanded by residents from both local and regional scales from Yongding River
corridor, they are only provided at a local scale. Thus, the monetary benefits of Yongding
River corridor decrease as individuals were further away from the restored ecosystems.
Moreover, the distance could affect the availability of information and be a source of
preference heterogeneities. In this view, on-site residents had more information on the
restoration project and the status of the Yongding River corridor. They were thus more aware
of the restoration’s benefits. Also, distance could regulate the demands for some ESs through
price mechanism or the changes in the number of substitution opportunities (Concu et al.,
2007). Those are why peripheral residents had less willingness to pay for the restoration
since they received fewer benefits than on-site residents in my research.

8.2.3 Incomplete assessment of the benefits of the restoration
There are still services and benefits not fully captured by the assessment in my research,
especially for the ecological and social importance of the restoration. Some benefits, which
are identified from the literature, interviews and public surveys, are neglected in the analysis
mainly due to lack of valid information. These benefits such as improved mental health,
reduced stress, increased social cohesion and maintained heritage value are important
benefits provided by the restored river corridor but their values are hard to be explicit.
Moreover, for some benefits, there is often a time lag of a decade or even more before the
benefits are expressed and revealed after the restoration (Elmqvist et al., 2015), for example,
benefits related to habitat services. Some benefits may just simply cannot be identified from
a contemporary perspective.
In addition, ESs supplied by Yongding River corridor and the value of benefits of these
services are likely to change over time, as a function of a set of ecological, institutional and
economic factors (Hein et al., 2016). The ecological restoration in Yongding River corridor
could enhance its capacities to resist and recover from disturbances, underpinning increase
the quality and quantity of ESs provisioning.
Therefore, capturing all the benefits and costs is unlikely within in the time-span of my thesis,
which has increased the uncertainty of the results of the assessment. A long term valuation
needs to be taken to adequately capture and quantify these benefits. However, my research
successful estimated six important ESs’ monetary values in the corridor and served as useful
information on the monetary benefits of ecological restoration.

8.2.4 Differences between revealed and stated monetary values of
the benefits
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The stated monetary values of ESs are not accordance with the monetary values reflected in
the market-based approaches (See Figure 13). Despite the uncertainties induced by the
valuation methods discussed in 8.1.1, seeing that big differences occurred between the
monetary values drawn from market-based revealed preferences and stated preferences
approaches are interesting.
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Figure 11. Comparison of the monetary values (million CYN) of ESs drawn from revealed and
stated preference approaches.

The stated willingness to pay reflects people's preferences on ESs and they are not always
matched with what are showed in the market or reality. The revealed monetary values of 4
selected ESs are higher than their stated monetary values, including water supply/storage,
climate regulation, recreational opportunity and aesthetic information. These services have
much higher monetary benefits to the society through the market mechanism than the
publics have perceived, especially for the recreational opportunity and aesthetic information.
Although the application of hedonic pricing, travel cost methods might have larger
contribution to the big differences, the rationale that sometimes people benefits from these
services without realizing their full benefits can also be an explanation.
For water purification and dust control services, the stated willingness to pay is much higher
than their revealed market values. The high non-market benefits and values people attach to
these two services help to explain the reason why people attach more importance to their
benefits.

8.2.5 Uncertainty with the calculations of the monetary values of
each LULC
In my research, the monetary values of each LULC are calculated by distributing the
monetary values of ESs to each LULC types based on the average ratios suggested by Xie et al.
(2008). These distributions may only partly reflect the reality given the different spatial and
temporal dynamics of the supplies and demands for ESs for each LULC types. Moreover,
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although the value of bare land is much lower compared to other LULC types, the omission
of bare land in calculation can still lead to uncertainties in the results. For example, it can
cause an underestimation of the monetary value before the restoration and an
overestimation of the benefit of the restoration. Thus, a better understanding of how
different LULC types contribute to the total monetary values of the restoration is urgently
needed.

8.2.6 Comparison with literature on monetary values
Several valuation studies have been done to assess the monetary values of different
ecosystems and benefits of their restoration at different scales.
Table 8. The unit monetary values (US$/ha/year) of each LULC type

Table 20 shows the average unit monetary values of different LULC types of global calculated
at global, national (China) scales and in Yongding River corridor. Comparing the values, the
unit monetary values of Yongding River corridor is higher than that at global and national
scales. The differences may relate to different spatial and temporal scales of the valuation.
According to Costanza et al. (2014), there is a general trend in increase of monetary values
for different LULC types since 1997. The increasing demands for benefits from ESs with
decreasing supplies along time could lead to an increase in the monetary values. Also,
because the scale effect of valuation, the smaller the scale, the higher the values could be.
The local social and ecological context of Yongding River corridor is also essential to explain
the differences, especially the difference between values at national level and Yoongding
river corridor. The restored ecosystems are valued more in the urban area than that of
non-urban areas because of the additional value of scarce resource, especially for their
cultural services, e.g. recreational opportunity and aesthetic information (Xu et al., 2016).
For example, the monetary values of the water-related area are higher in cities like Beijing
where most surface water areas are drained than areas with more water areas.

8.2.7 Comparison with literature on cost-benefit ratios of
ecological restorations
Several studies have been already done to evaluate the net benefits of restorations for
different ecosystems. For example, de Groot et al. (2013) calculated the costs and benefits of
ecological restoration for nine non-urban ecosystems, including wetlands, lakes/rivers,
tropical forests, woodland/ shrub land, coral reefs, and grasslands, by examining over 200
case studies. Elmqvist et al. (2015) reviewed the costs and benefits of restoring ESs in the
urban area, i.e. urban woodland. The benefit-costs ratio range from 0.05 to 35, and varies for
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each ecosystem type. According to Chapter 7, the benefit- cost ratios range from 4.7 to 6.4 at
a discount rate of -2%, 5% and 8%.

Figure 12. Benefit–cost ratios of restoring urban woodlands (in grey, derived from Elmqvist et
al.2015) and nine different non-urban ecosystem types (in black, derived from de groot et al.

2013) in relation to ratios calculated for Yongding River corridor (blue stripped, derived from
my research).
Figure 14 shows the comparison of the benefit-cost ratios between Yongding River corridor
and ten types of ecosystems. The differences in benefit-cost ratios can be explained by taking
consideration of both costs and gross benefits of restoring different ecosystem. Restoring
water-related ecosystems, e.g. rivers, lakes and inland wetlands, are of high gross benefits,
but these ecosystems have lower benefit-cost ratios because the restoration costs are usually
huge. In contrast, the gross benefits brought by restored vegetation ecosystems are not
always as high as that of water-related ecosystems, but they show high benefit-cost ratios
since the restorations often give high investment return (de Groot et al., 2013).
The benefit-cost ratios of restoring Yongding River corridor fall in between the range of
restoring inland wetland. This indicates that cost-benefit analysis done in my research
reflects the real situation to some extent. In addition, the maximum benefit-cost ratio of
restoring the Yongding River corridor is higher than that of urban woodland, which may
indicate that restoring multiple ecosystems in urban area can be more beneficial than
restoring woodland alone.
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9. Conclusions and recommendations
In summary, the results of my research contribute to a better understanding of the benefits
and costs of ecological restoration in Yongding River corridor, Beijing, despite the limitations
within the scope of this study. In section 9.1 belief answers are given to each research
questions. In section 9.2, some recommendations are formulated to improve the
implementation of Yongding River ecological restoration project.

9.1 Conclusions
(1) The effects of Ecological restoration on LULC in Yongding River
corridor
There are mainly seven types of LULC in Yongding River corridor, including waterbody,
trees, grass, wetland, cropland, urban and bare land. The ecological restoration in Yongding
River has led to changes in land use and land cover at both local (engineered section) and
regional (the full river corridor) scales from 2005 to 2015.
Locally the largest change caused by the restoration is the more than ten-fold increase in the
water area. Compared to 2005, tree and grassland area has increased by respectively 85% and
18%, while the cropland and urban areas decreased by respectively 93% and 14% after the
restoration. All bare land of 196 ha has been converted into other types of LULC in the
engineered section. At the regional scale, the largest change is the decrease in cropland area.
By 2015, the cropland area has decreased by around 9,000 ha, while the urban area has
increased mainly in the urban section of Yongding River corridor where restoration project
has been done. The wetland, waterbody, grassland and tree area have increased, while the bare
land has also decreased at the regional scale by 71%.

(2) The effect of LULC on ESs in Yongding River corridor
The changes in Yongding River corridor’s LULC caused by the ecological restoration have
inherently led to the changes in its provisioning of ESs, i.e. provisioning services, regulating
services, habitat services, cultural services. Among all the services, six services are
considered as the most important ones in this study, including water storage/supply, water
purification, dust control, local climate regulation, recreational opportunities and aesthetic
information. Water-related ecosystems are important in provisioning these services, except
their limit capacity of providing dust control service. Vegetation covers provide water
purification, local climate regulation, dust control and some cultural services. Among all types
of vegetation cover, cropland has relatively lower provisioning of these services compared
with grass and tree areas. Bare land and urban land in Yongding River corridor have low
capacity of delivering ESs.
The restoration has successfully increased these ESs to meet both government targets and the
demands of a variety of stakeholders. The changes in ESs can be revealed through some
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indicators. The changes in indicator values of ESs are quantified based on literature review,
calculations with empirical or process-based models and surveys. The restoration increased
more than 120 million m3 water for Yongding River’s provisioning of water supply/storage
service. The water purification service has increased by enabling nutrients retention of 117t
TN/year, 26t TP/year, and 130t COD/year. Increased vegetation cover leads to the increase in
dust control service by reducing 1.1 million kg of dust flux from wind erosion per year. The
restoration contributes to local climate regulation by increasing 105 mm/year
evapotranspiration and absorbing 2*1015J heat per year which add to the moisture and lower
the temperature of the corridor. An increase in publics visiting frequency for recreational
activities from 3.7 times/ year to 6 times/ year indicates the increase in Yongding River
corridor's provisioning of recreational opportunities. The increased area with stated aesthetic
appreciation and land price along restored section of the river indicate the increase of
aesthetic information service.

(3) Main stakeholders and public perception of restoring Yongding
River corridor
Fourteen categories of stakeholders are identified as they either influenced by or are
affected by the restoration project and the restored ESs in Yongding River corridor. Regarding
the extent and the way they influence or be influenced by the restoration project, they are
prioritized into primary, secondary and external stakeholders.
Primary stakeholders include Beijing water authority, district governments, Beijing municipal
government, Beijing residents, tourists, scientists and experts. They are of high importance
to the restoration process and management of Yongding River corridor. Secondary
stakeholders of restoring Yongding River corridor include Beijing Municipal Bureau of
landscape and forestry, Beijing Municipal Bureau of Finance, Beijing Municipal Bureau of
Environmental Protection, Beijing Municipal Commission of Urban Planning, real estate
developer and industries. NGOs, surroundings, international communities, adjacent
commercial services are external stakeholders, considering their relatively low influence and
dependence to the restoration project. Stakeholders’ involvements give inputs to ecosystem
service analysis and identification, and valuation of benefits through interviews and
questionnaires.
The results of survey cast light on public concerns and perceptions of the restoration of
Yongding River corridor. The majority of the residents in Beijing are aware of the
implementation of the restoration project and suggest that Yongding River corridor could
benefit both well-being of environment and society if taken proper management measures,
e.g. reduce pollution, enforce supervision or construction of ecological corridor.
Based on statistical analysis of questionnaire, on-site and peripheral residents showed
different preferences on ESs and benefits that they would like derived from Yongding River
corridor. Among the fifteen benefits that are expected from the restoration, providing a
place for recreational activities, reducing the effect of the sand storm and improve local
climate are ranked as top three preferences by onsite residents. Peripheral residents prefer
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the benefits of providing a place for recreational activities, improving local climate and
improving aesthetic value. Regardless of the differences, the government's target for
restoration basically allied with publics' preferences.
For the changes in ESs provisioning by Yongding River corridor, the increases in recreational
opportunities are more obvious to both on-site and peripheral residents. However, on-site
residents tend to be more aware of the increase in ESs. They also show difference concerns
for Yongding River. Recreational opportunity is the most important aspect for on-site
residents, while aesthetics information is the most aspect for peripheral residents of the
current status of Yongding River. Both think improving water quality is the first priority for
future restoration in Yongding River corridor.
Moreover, 91% of on-site residents and 69% of peripheral residents show their willingness to
pay for the maintenance of current status of the corridor. The average willingness to pay of
on-site residents (23 US$/year) is also higher than that of peripheral residents (12 US$/year).
And the amount of willingness to pay is positively linked to personal income, which is similar
for the willingness to pay for the future restoration. For people indicate that not willingness
to pay, up to 60% of them believe the government should pay. Some people worried about
the money paid will not be used for the restoration (35%).

(4) Values of restored services in Yongding River corridor
The monetary values of the ESs provided by Yongding River corridor after the restoration are
estimated by using a mixture of valuation approaches based on the results of Chapter 4 and
5.
Market-based approaches help to estimate the market values of the selected services. The
market value of potential water supply by the urban section of Yongding River is 65 million
US$/year after the restoration. The replacement costs of water purification, dust control and
local climate regulation are 0.7 million US$/year, 0.02 million US$/year and 361 million
US$/year after the restoration. The revealed market values of recreational opportunity and
aesthetic information are 901 million US$/year and 1,739 million US$/year respectively after
the restoration.
The contingent valuation approach helps to reveal publics’ preferences and demands for the
selected services by asking the respondents to state their willingness to pay. The total
willingness to pay for the benefits received from the restored river corridor is around 250
million US$/year by peripheral and on-site residents. By assuming people are willing to pay
for the benefits they think is important, the willingness to pay for each service and the
monetary values based on the stated preferences are estimated. The willingness to pay for
water supply/storage approximately 22 million US$/year. The willingness to pay for water
purification, dust control and local climate regulation are 31 million, 31 million, 52 million
US$/year respectively. And the willingness to pay for recreational opportunity and aesthetic
information are 45 million and 65 million US$/year respectively.
Based on insights from both market-based and contingent valuation approaches, the total
monetary values of the restored ESs at local scale were calculated as the average of
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market-based monetary values and the stated monetary values. The monetary values of
water storage/supply, water purification, dust control, local climate regulation, recreational
opportunity and aesthetic information are 43 million, 16 million, 15 million, 207 million, 475
million, 902 million US$/year. The total monetary value is 1,659 million US$/year after the
restoration.

(5) Benefits and costs of restoring Yongding River corridor
The restoration of Yongding River corridor (the full corridor, 120350 ha) can bring multiple
monetary and non-monetary benefits to society and human well-being. The changes in
monetary values of each LULC types are integrated to estimate the monetary benefits of
restoring Yongding River corridor. The monetary benefit gains from the water-related area,
forest and grassland are 2,125 million, 567 million and 81 million US$/year. The monetary
loss from cropland is 334 million US$/year. The annual gross benefits of the restoration are
2,440 million US$/year for the full corridor.
Four types of costs contribute to the total costs of the restoration projects in Yongding River
corridor, including acquisition costs, investment costs, maintenance costs and transaction
costs. Direct costs of restoring Yongding River (investment costs and maintenance costs) are
accounted in the total costs. The investment and maintenance costs are 2,470 million
US$ and 247 million US$/year respectively.
To conduct a cost-benefit analysis, the present value of benefits, costs and net present value
of restoring Yongding River corridor are calculated at 3 scenarios with discount rates of -2%,
5% and 8% from 2015 to 2035. The present values of gross benefits are 58,003 million,
30,155 million and 24,233 million US$ at discount rates of -2%, 5% and 8% from 2015 to
2035. The present values of total costs are 8,866 million, 5,795 million and 5,142 million
US$ at discount rate of -2%, 5% and 8% from 2015 to 2035.
The monetary benefits of restoring Yongding River corridor are exceeding the costs in all
three different scenarios from 2015 to 2035. The higher the discount rate, the lower the net
present value and benefit-cost ratio. The net present values of range from 49,137 million
US$ (around 0.41 million US$/ha) to 19,091 million US$ (around 0.16 million US$/ha) and
benefit-cost ratio range from 6.5 to 4.7.
Overall, my research achieved the research objective of an integrated assessment of the
costs and benefits of restoring Yongding river corridor. This research identified relevant
stakeholders and their roles in the restoration project. The results contributed to better
understanding the restoration’s effects on providing a variety of ecosystem services, their
values and the benefits people could derived from these services.

9.2 Recommendations to improve the implementation of Yongding
River restoration and management
Considering the public has relatively high dependence and influence on the ESs in Yongding
River corridor, level and extent of stakeholder involvement should be raised in various
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phases of future implementation of ecosystem restoration and management. For example,
by involving the public in decision-making could help to prioritize the restoration targets with
limit amount resource and budget. Given the considerable stated willingness to pay for the
future restoration, payment schemes might be formulated to sustain the long-term financing
for the maintenance of the restored ecosystem. As the increased awareness for
environmental protection and demands for the benefits from Yongding River, it is also
possible to involve on-site residents in ecosystem management, for example through
voluntary works.
Moreover, I suggest a higher level of transparency and accessibility of information related
the restoration projects, especially for research institutions and the publics. As reflected by
the results of my research, many people distrust government and are not familiar with
governments’ goal in relation to spending money on the implementation the restoration in
Yongding River. The information on the costs and benefits can serve to increase the
acceptance of the implementation of the restoration project. It can help the government to
win trust from the publics which in return increase the publics' wiliness to participation. By
doing so, it could also contribute to the benefits provided by the restored ecosystems, i.e.
through increasing education services.
Last but not least, long-term monitoring scheme is preferable to be established for the whole
corridor. With the development of the southern-west districts, the river corridor might have
to face new challenges. It is important to be alert to the risks that the restored ecosystem
could degrade due to anthropologic or natural interventions. Long-term data are needed to
estimate the overall benefits and costs of future restoration. Also, the data from long-term
monitoring will provide useful information to other restoration projects with the same
context.
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Appendices
A1. Conceptual frameworks and guidelines
a. The TEEB framework (TEEB, 2010)

b. guidelines to analyse and capture the benefits of ecosystem restoration(de
Groot, 2017 in prep.)
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A2. Maps and detailed information for LULC analysis and
quantification of ES
a. Maps of LULC in the engineered section (at local scale)

b. LULC changes (km2) in the engineered section (at local scale)
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c. Maps of LULC in full corridor (at regional scale)

d. LULC changes (km2) in the full corridor (at regional scale)
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e. Monthly mean wind speed(ms-1) before (2005) and after restoration (2015)

Resource: Mentougou Meteorological Bureau online database
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A3. Inventory of stakeholders
1. Government sector
The governments that influence the restoration of Yongding River and its sevices could be
divided into three levels, which are National People’s Congress, Beijing Municipal
Government and District governments. Their influences are reflected in the policies,
regulations and management plans they set to confine and encourage the land use and
restoration of key ecosystems. Environmental targets set by the national government is
driving the eco-city movement in China. One positive example is the implementation of
China’s national conservation policy. The national government is encouraging local
governments to carry out experiments to build eco-cities that enhance sustainable
development. The Beijing Municipal Government plans the city of Beijing as a whole. It
establishes the main policy to guide the protection and development of urban and rural
ecosystems in Beijing, and either in the five districts which Yongding River passes. Urban
planners in Beijing are experimenting with the restored ecological corridor to enhance ESs
and its benefits to ecological, social and economic development of the city, especially for the
south-western districts. District governments take the responsibilities of developing the
district both in social-economic and ecological aspects. They plan the concrete measures and
supervise the implementation of restoration programs together with other government
agencies according to different background situation of each district. The governments play
the roles as decision makers for the ecosystem restoration and natural protection. They
influence the changes or restoration of Yongding River and its services by setting policies and
regulation for urban development such as environment projects or land use. In this respect,
they influence the changes or restoration of culture services indirectly on both positive and
negative sides.
2. Scientific institutions and experts (e.g. universities)
Scientific institutions and experts are crucial in all phases of restoring Yongding ecological
corridor and its services. They act as important advisors during the preparation phase,
implementing phase and post-restoration phase of the restoration project. They provide
advice for policy setting, decision making and engineering construction to relevant
government agencies and decision makers. Their knowledge contributes to ensure ecological
and social-economic well-being of Yongding River watershed. The outcomes of their research
and assessments may influence the management options and restoration projects in
Yongding River. Scientific institutions and experts indirectly influence the restoration of
Yongding River and its provision of services by providing academic knowledge and technical
guidance.
3. Local residents
Local residents include on-site residents (who live within the 5 km buffer along Yongding
River) and peripheral residents (who live outside the buffer). They both consumed the
services derived from Yongding River. They are direct beneficiaries of the services provided
by Yongding River ecosystem. Based on the survey and interviews on-site residents are the
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ones who most influenced by the changes or restoration of those related services. Any
changes in Yongding River’s services could have impact on their daily life. They benefit from
the restored services by having access to clearer water and fresher air. Their lives might be
also influenced by housing price changes due to changes in aesthetic view. Peripheral
residents though benefits from the restored services, they have less knowledge about the
changes in ecosystem service due to their less accessibility to the restored area.
Correspondingly, local residents’ preference for ESs and their behavior can also influence the
restoration of Yongding River and its provision of services. For example, domestic pollution
from on-site residents was one of the direct drivers for environmental degradation in
Yongding River. As local residents raise their awareness of environmental protection, more
and more of them participate in volunteering works to care about the river. They influence
the changes in services by changing their awareness and lifestyles. Their participation in
decision making also can play an important role when come to implementing Yongding
River’s restoration.
4. Tourists and tourism industry
Urban wetlands, lakes and rivers are essential material basis for tourism. As the
improvement of life quality, people value and appreciate more about better ecological
environment related to urban water related ecosystem. The restoration project restored the
Yongding River ecosystem by enlarging the blue and green area in the corridor and largely
enhanced the surrounding environment. The improved environment attracts more tourists
and thereby stimulates the increase of tourism industry. Tourists are direct beneficiaries of
those services and also they are potential contributors of economic values of services
restored. They can also affect the health of the ecological corridor and its provision of
services. For example, overloaded tourists will have pressure on environmental carrying
capacity of restored ecosystem, which will affect the services in return.
5. Industries
Continuously developing industry and limited land area have already caused the conflicts
that threat the restoration of Yongding River and construction of Yongding ecological
corridor. The industries are main source of the pollutions. Industries development, if not
under well control, can have great pressure on water related ecosystem by consuming water
resource and discharging untreated wastes. The industries influence the restored services by
influencing the environment quality and function of ecosystem. Industries also possibly have
positive effect on restoration of Yongding River and its provision of services by technical
innovation.
6. NGOs
Environmental NGOs, both domestic and international, have developed rapidly during the
last decade in China. Some national and international NGOs have already set up branches in
Beijing. As there is growing interest in sustainable development and environment protection,
NGOs are playing more initiative and positive roles in social responsibilities. Their works on
starting environmental education programs, participating citizen science projects, monitoring
government performance and caring water-related system contribute to maintaining healthy
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environment in Yongding River. Taking Friends of Nature, one of the oldest local NGO as an
example, it has taken active part in reporting water pollution problems and keeps recording
of wild birds along Yongding River in recent years. NGOs indirectly influence the restoration
of Yongding River. They can play important role in improving public supervision and publicity
of the restoration project.
7. Real estate developer
Real estate developers change the urban landscape along Yongding River by their
construction. As the extension of population in Beijing, the real estate developers’ role on
influencing the function of Yongding River ecosystem has become more and more important,
especially for the urban section of Yongding River. In return, their decisions are also affected
by the restoration project. The restoration project was followed by rapid development of
surrounding real estate and business. Real estate developers indirectly influenced the effect
of restoration of Yongding River and its provision of services by changing the surrounding
land use. They also benefit from the increasing land price related to the better environment
and aesthetic views related to the restoration of Yongding River.
8. Beijing Municipal Bureau of Finance
Beijing Municipal Bureau of Finance handle and supervise financial expenditures on several
activities related to management of Yongding River ecological corridor. For now, it is the
only source of funding for the restoration project in terms of construction and maintenance.
Its decision on budgets and investments influence the restoration by keep provides enough
financial support that make the project work. Beijing Municipal Bureau of Finance indirectly
influences the effect of restoration of Yongding River and its provision of services by
ensuring financial mechanism driven by government.
9. Beijing Municipal Commission of Urban Planning
Beijing Municipal Commission of Urban Planning is the planner of urban construction. It
participates in the planning of Beijing's economic, social and ecological development, and
coordinate plans for short-term construction and development. It decision influence the land
use for different section of Yongding River in Beijing and also the scales and distribution of
other types of land use along the river.
10. Beijing Municipal Bureau of Environmental Protection
Beijing Municipal Bureau of Environmental Protection is in charge of overseeing and
supervising of the pollution-prevention plans and ecological preservation in key areas and
key rivers like Yongding River and Yongding ecological corridor. It takes the responsibilities in
the development and exploration of natural resources that has a bearing on the ecology, and
ecological preservation and rehabilitation work in Yongding River. In this way, it plays
important role in maintain the restored functions and services in Yongding River. It influences
effect of restoration of Yongding River and its provision of services by implementing
environmental protection measures current and in the future.
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11. Beijing Municipal Bureau of landscape and forestry
Beijing Municipal Bureau of landscape and forestry is in charge of lay down detailed planning
on urban parks and provide guideline for gardening development. As part the restored
water-related ecosystem in Yongding ecological corridor, lakes and wetlands, are open to
the publics as free urban parks, Beijing Municipal Bureau of landscape and forestry plays
important role in establishing the management measures to ensure the function of the
restored ecosystem. It can also influence the provision and values of the services by
changing the surrounding environment of Yongding River. For example, planting trees and
building benches near the lake can improve the value of recreation service of the ecological
corridor.
12. Beijing Water Authority
Beijing Water Authority is main agency which performing integrated administration of local
water resources and managing the protection of water-related ecosystem in the city. It
decides the quantitative goals and management objectives for the restoration project in
Yongding River. Beijing Water Authority directly influences restoration of Yongding River and
its provision of services by taking the lead in the restoration project and undertaking the
construction work of ecological corridor with the cooperation from other relevant agencies.
It also can be affected by the outcome of the restoration because the legitimacy of the
authority and the restoration project is built up on the ability of restored services to meet
the need of a wide range of stakeholders.
13. Adjacent commercial communities
Adjacent commercial services are indirectly beneficiaries by the restoration of Yongding River
and its services. They are influenced by the consequences of changes in ESs and environment
quality. For example, the scale and income of adjacent services can be affected by number of
tourists attracted by Yongding River.
14. Farmers and other previous land users
The implementation of the restoration project and relevant regional development plan
benefit a wide range of stakeholders while have negative effect on some stakeholders.
Previous stakeholders such as sand mine and golf court were banned and removed from the
ecological corridor according to the management plan. They no longer have effect on the
Yongidng ecological corridor.
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A4. General Interview questions
a. What do you think are the most relevant ESs (aspects) of restoring Yongding
River?
- Why do you think these services are most relevant to the restoration?
- Have you ever had any experiences in valuing these services?
- Which kind of valuation methods you used in your research?
b. What changes in ESs (environmental conditions) have been taken place because of
the restoration of Yongding River.
- Could you provide some examples?
- Which one do you think is the most important among these?
- What do you think are the influential factors that influence the change in ESs
c. What do you think are the main stakeholders of (involved in) the restoration of
Yongding River?
- How do they influence?
- What are their interests?
d. What do you think are the most important benefits of restoring Yongding River?
- What are the ecological, socio-cultural, economic benefits of the restoration?
- Why do you think these benefits are important?
e. What recommendation do you have for the implementation of restoration project
in Yongding River?
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A5. Public questionnaire
We are students from Wageningen University and the Chinese Academy of Sciences Research Center
for Eco-Environmental Sciences. The purpose of the study is to better understand the benefits of the
restoration of Yongding River corridor. All information provided will be anonymous, and will be kept
confidential and is for research use only. We appreciate your participation in our research.

Q1. You are from □
district of Beijing □
province; if you are from Beijing,
are you from the surrounding area of Yongding River (within 5 km) □Yes □No
Q2. The distance from your departure place to Yongding River is _____;
the time you took on your travelling is_____; your traveling cost is _____;
the time you stay is _____
Q3.How often do you visit Yongding River：
□less than 1 times /year □1-6 year □7-12 /year □2-4 /month □2-4/week □more than 5 /week
Q4. Have you heard of the restoration of Yongding River before?

□Yes □No

Q5.The Yongding ecological corridor (includes Mengcheng lake, Lianshi Lake, XIaoyue Lake,
Wanping Lake, Expo lake and wetlands). According to your experience, what changes have
taken place for the following aspects?
a. air quality related to dust event
□increase □no change □decrease □no idea
b. local climate
□increase □no change □decrease □no idea
c. water supply
□increase □no change □decrease □no idea
d. water quality
□increase □no change □decrease □no idea
e. recreation opportunities
□increase □no change □decrease □no idea
f. aesthetic of the scenery
□increase □no change □decrease □no idea
g. biodiversity
□increase □no change □decrease □no idea
h. other (please specify):
□increase □no change □decrease □no idea
Q6. Do you think the restoration of the Yongding River Corridor can bring any benefits? □Yes
□No
If yes, what do you think are the benefits (multiple answers possible)?
□Improve air quality □Regulate local climate □Increase water supply □Improve water quality
□Landscape preservation □Heritage value for future generations □Place for leisure and travel
□Increase land price □Local employment growth □local economic growth □Maintain biodiversity
□other (please specify):
Please circle 3 you think are most valuable to you.
Q7. Do you think there are any negative impacts caused by the restoration of the Yongding
River Ecological Corridor? □Yes □No
If Yes, please specify
Q8. What do you think of the current situation of Yongding River:
□very satisfied □satisfied □ok □unsatisfied □very unsatisfied
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Q9. What is the most important aspects that you appreciated about current status of Yongidng
river corridor:
□water supply □water quality □ the effect on dust control □regulate local climate □recreational
opportunity □aesthetic information □other (please specify):
Q10. Which measures do you think can contribute to the protection of Yongding River and help
to maintain or improve its current situation：
□increase publics’ awareness of environment protection □reduce pollution □construct Yongding
ecological corridor □enforce supervision and management □other
Q11. If no effort is taken, benefits derived from the restored ESs will degrade. Are you willing to
financially contribute to the maintenance of the current status of Yongding River corridor?
□Yes □No
11a.If yes, you willingness to pay is ：
yuan/year
□10 □20 □40 □60 □80 □100 □120 □150 □200 □300 □400 □500 □other
11b If no, the main reason is：
□I can’t afford it because my limited income □I don’t care about the environment here □I live too
far from Yongding River, so I can’t enjoy the benefits □Government should pay □ The money will
not be used for the restoration □other (please specify):
Q12. What do you think is most important for the further improvement of the condition of
Yongding River?
□water quality □water supply □air quality □local climate □surrounding environment
□recreational facilities □biodiversity □other (please specify):
Q13. Are you willing to financially contribute to the future restoration of Yongding River
corridor? □Yes □No
If yes, you willingness to pay is ：
yuan/year
□10 □20 □40 □60 □80 □100 □120 □150 □200 □300 □400 □500 □other
Q14. What is your main concern /suggestion for the future of Yongding River？

Q15 Some personal details (will be treated strictly confidential)
15a. Gender: □Male □Female
15b. Your age is: □12-20 □21－30 □31－40 □41－50 □51－60 □above 60
15c Education: □Middle school and or less □High school □College or equivalent □Master’s or
more
15d What is your personal monthly income(Yuan): □No income □ 1500 below □1501–3000
□3,001 - 6,000□6,001 - 9,000□9,001 - 12,000 □12,001 - 20,000 □ above 20,001

Thank you so much for your participation!
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A6. Results of public questionnaire
a. demographic information of respondents
(1) Income

(2) Education level

(3) Age

(4) Gender

b. detailed information of the results
(1) Visiting frequency
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(2) Willingness to pay for the maintenance of current situation

(3) Reasons for 0 willingness to pay

(4) Willingness to pay for the future restoration of Yongding River corridor
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