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ABSTRACT: This paper is motivated by environmental degradation which happens in China due to the 
intensive new urban development. Although more planning and design proposals are titled with 
“sustainable”, few have yet, it appears succeeded. “Design for Eco-services” is an emerging theory 
about sustainable urban development, in which Janis Birkeland argues that, “net positive development” 
can be achieved through the antidote from vicious circles to virtuous cycles by designing development 
to provide eco-services initially. Despite the theoretical soundness of such claims, the local and 
international literature shows limited understanding of how to provide eco-services through the 
planning and design practices of actual physical forms. Accordingly, the aim of this paper is to explore 
a tool, supporting the decision-making of appropriate physical forms in new urban development, which 
can provide eco-services. Since the existing evaluation models are not suitable for urban eco-services, 
which are studied as per the situations of non-urban areas, a new tool, Eco-services Evaluation Model 
(EEM), is proposed, involving Material Flow Analysis (MFA) for abiotic eco-services, Patch-Corridor-
Matrix analysis (PCM) for biotic eco-services, and Ecological Footprint Analysis (EF) for overall 
performance and preventing “rebound effect”. It can cover the evaluation of individual key eco-service 
and the entire performance of all of those. 

Conference theme: Urban / Regional 
Keywords: Eco-services, Sustainable Urban Development, Evaluation Model, Performances of 
Physical Form 

INTRODUCTION 

In response to global climate change and environmental degradation, more professionals from different background, 
such as urban planners, architects, landscape architects, engineers and ecologists, propose distinct theories of 
environmental sustainability and put them into practices. 

Since it is often argued that Chinese economy does not develop in a sustainable manner (Yin and Wang, 2000) and 
the unhealthy landscape caused by negative impacts of urban explosion, especially in Yangtze River Delta, the 
question--how to achieve the goal of environmentally sustainable urban development--becomes critical. More and 
more planning and design proposals in China are titled with “sustainable”, however, like the huge urban development 
program of Lingang New City of Shanghai (297 sq km) which is being implemented currently, few have yet, it appears 
succeeded in terms of achieving environmental sustainability. 

“Design for Eco-services” is an emerging theory about sustainable urban development, in which Janis Birkeland 
argues that, “net positive development” can be achieved through the antidote from vicious circles to virtuous cycles 
by designing development to provide eco-services initially (Birkeland, 2008). Eco-services is “a short for the 
‘ecosystem goods and services’ provided by natural systems” (Birkeland, 2008, p. 6, 16), which are inherent 
functions of ecosystem, but degraded and lost during negative urbanization. 

Despite the theoretical soundness of such claims, the local and international literature shows limited understanding of 
how to provide eco-services through the planning and design practices of actual physical forms. Accordingly, the aim 
of this paper is to explore a tool for evaluating the performance of physical forms on the provision of eco-services in 
new urban development areas. 

1. INTENSIVE NEW URBAN DEVELOPMENT IN CHINA 

Since 1978 when Open-up Reform started, China has experienced three stages of urbanization, namely (1) Rural 
Industrialisation Triggered by TVEs (Township-and-Village Enterprises) Period (1978-1985), (2)Small Towns 
Promotion Period (1985-1992), and (3) Thriving Medium and Large Sized Cities Period (1992 to the present). Most 
urban development is driven by economic consumption in which nature plays little role and results in negative 
impacts on the health and function of ecosystem. 

About 40% of the nation's 1.3 billion population now inhabit urban areas (Yu and Li, 2006, p. 64) and this number is 
projected to increase to over 70% by 2050 (National Urban Planning Registration System Management Committee, 
2004) with cities sprawling at an unprecedented speed. While new urban growth seems inevitable, as Alejandro 
Gutierrez of ARUP said, “the question is how it will grow” (McGray, 2007). 
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2. IMPORTANCE OF ECO-SERVICES TO ENVIRONMENTAL SUSTAINABILITY 

In terms of how to achieve the goal of environmentally sustainable urban development, notwithstanding the 
internecine struggle between anti- and pro-urbanism, arguments generally agree that “most of negative 
environmental impacts are caused by physical and institutional design, but can be reversed by re-design” (Birkeland, 
2008, p. 3). With faith in better design of development, the professionals are innovating design theories that address 
both urbanism and environmentalism in balance. 

The literature that addresses this balance discusses two major changes in approach. The first change is movement 
from anthropocentric urbanism to eco urbanism, which implies an altered starting point in the idea of the “city”. The 
second is movement from impact mitigation and zero impact development to net positive impact. Through this 
following review, the significance of the provision of “eco-services” as a means to manifest these approaches is 
positioned and discussed. 

2.1 From Anthropocentric Urbanism to Eco Urbanism 
As an expression of anthropocentric urbanism, Smart Growth has efforts to control metropolitan growth by 
designating Urban Growth Boundaries (UGBs) and establishing environmental legislations (Farr, 2008). 
Nevertheless, as Farr argues, “it did little to ensure the development quality within UGBs, leading to well-located bad 
development” (Farr, 2008, p. 29). New Urbanism has been more preoccupied with the formal aesthetics of 
development (Weller, 2008, p.250) from architectural perspectives. The standpoint of New Urbanism is to react to the 
placeless, unwalkable landscape of suburban sprawl (Weller, 2008), utilizing “The Urban-rural Transect” (Farr, 2008, 
p. 33), which is a model of gradually increased density that aims to conserve the landscape in suburbia. 

Recently design theory about the city has moved from a position of anthropocentric urbanism to one of eco urbanism, 
stressing “better urban development only can be made if the ecological system is strategically situated” (Girling and 
Kellert, 2005, p. xiv). 

Green Urbanism, according to Beatley, expresses “a clear concern about reducing ecological impacts or promoting 
more ecologically sustainable lifestyles” (Beatley, 2000, p. 65). 

Borne from a reaction to horizontality and sprawl as a theoretical position, Landscape Urbanism requires “a 
redefinition of what is meant by ‘city’ ” (Weller and Musiatowicz, 2004, p. 69), which is the description of “the city as a 
complex” (2004, p. 68) presented by Weller. 

The city could no longer be worked as a collection of more and more discreet buildings…but encompasses the 
entire urban landscape and its processes. (Weller and Musiatowicz, 2004, p. 69) 

Landscape Urbanism has therefore argued the traditional notions of architectural or anthropocentric urbanism are not 
useful in reversing the diffused urban condition because their scope is small and limiting, while landscape 
architecture may be best equipped through its ability to deal with large scale dynamic systems (Weller and 
Musiatowicz, 2004, p. 68). Accordingly, Waldheim describes Landscape Urbanism as “a disciplinary realignment 
currently underway in which landscape is usurping architecture’s historical role as the basic building block of city 
making” (Waldheim, 2003, p. 10). 

For better landscape urbanist practice, Corner puts forth four inter-practical themes, which are ecological and urban 
processes over time, the staging of horizontal surfaces, the operational or working method, and the imaginary 
(Corner, 2006, p. 28-32). The theory of Landscape Urbanism used to be adopted in single landscape program, such 
as Freshkills Park in New York City. However, recently it has been applied to more comprehensive suburban 
development, such as Wungong Urban Water (WUW) Landscape Structure Plan by Richard Weller. Cynthia Girling 
and Ronald Kellett stress principles for the application of Landscape Urbanism into suburban development as follows. 

A vision for protecting, restoring and interconnecting urban ecological infrastructure; multifunctional green networks 
at every planning scale—the metropolitan area, the city and the neighbourhood; a research community and citizenry 
that understand the city’s ecosystem; landscape restoration that repairs fragmented ecological structure; and finally 
natural processes visibly integrated in the design of urban landscapes. (Girling and Kellert, 2005, p. 146) 

In short, the transition from anthropocentric urbanism to eco urbanism emphasizes the holistic urban environment 
and the ecosystem where it sits. Accordingly, the process and functions of ecosystem become essential when 
considering the new urban development. 

2.2 From Impacts Mitigation and Zero Impact Development to Net Positive Impacts 
For environmentally sustainable urban development, the approaches have altered from predicting and preventing 
negative impacts to providing positive impacts, from the idea of “design with nature” (McHarg, 1969) to “design for 
nature” (Birkeland, 2008, p. 206), through which vicious circles are replaced by virtuous cycles (Birkeland, 2008). 

2.2.1. Impacts Mitigation 

McHargian theory and landscape suitability analysis proposes a process for determining the “fitness” of a specific 
landscape condition using overlay planning techniques (McHarg, 1969), to identify appropriate human activity or land 
use (Steiner, 2000). Landscape Ecology provides a readable spatial pattern of “patches-corridors-matrix”. Its relevant 
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concepts, such as fragmentation, connectivity and heterogeneity, have been largely applied into planning ranging 
from macro scale, meso scale to micro scale (Dramstad et al., 1996). 

In practice, however, both theories are used more successfully to configure urban development to conserve nature 
habitats, reducing impacts by identifying “no build voids”. Latent problems are, however, that the spatial structure of 
landscape has been stressed while its underlying functions are disregarded. In addition, this approach has regarded 
landscape as the city’s ‘other’, drawing the nature outside of city, in opposition to the idea of “the city as a complex”. 

2.2.2 Zero Impact: Linear Reductionistic Mode of Thinking 

A growing number of arguments support “zero carbon” or “zero waste” production in development, for example, the 
proposed reduction of carbon emission in Sustainable Sydney 2030 (SGS Economics & Planning, 2008), Canberra 
as the first city to adopt “zero waste” policy, although actually which means “no waste to landfill” (Birkeland, 2008, p. 
65), and Beddington Zero Energy Development in London suburban as launched by The World Wildlife Fund and 
London-based Bio Regional Development Group (Van der Ryn and Cowan, 2007). 

It has been argued that, in implementation, the target of “zero impact” often makes “linear reduction” due to the 
causal and sequential links from one factor to another (Birkeland, 2008, p. 45), leading to a paradoxical and single 
end conclusion—“compact urban form” (Birkeland, 2008, p. 287). Moreover, as argued by Birkeland, 

the compact urban form with increased residential density is not sustainable if it consumes space less efficient or 
uses more energy and water. (Birkeland, 2008, p. 43) 

2.2.3. Net Positive Impacts: Design for Eco-services 

More recently, in her book of Positive Development: from Vicious Circles to Virtuous Cycles through Built 
Environment Design, Birkeland proposes that, in the global background of environmental degradation and depletion, 
the only approach that will achieve sustainability is through what she calls “Net Positive Development”, which refers 
to: 

physical development that achieves net positive impacts during its life cycle over pre-development conditions by 
increasing economic, social and ecological capital. It would not only generate clean energy, air and water, it would 
leave the ecology better than before development. (Birkeland, 2008, p. xv) 

By adopting the “design for eco-service” and “eco-retrofitting” initially, it is possible to regenerate, and deliver 
flourishing ecosystems as goods and services. “Eco-services” is a short for the “ecosystem goods and services’ 
provided by natural systems” (Birkeland, 2008, p. 7). Furthermore, “eco-retrofitting” refers to: 

modifying buildings and/or urban areas to improve overall human and environmental health, and to reduce resource 
depletion, degradation and pollution, which implies an integrated and ecological design approach, instead of the 
mere addition of energy-saving equipment. It also implies a planning strategy that considers not just buildings but 
whole suburbs, cities and urban infrastructure. (Birkeland, 2008, p. 23) 

If development is net positive by the provision of eco-services, it “fosters the growth of carrying capacity” (Birkeland, 
2008, p. 206), not just restrict development within it. The health of landscape is improved over what existed before, 
for example, the flows through building contribute back to the natural environment; what come from a building is 
healthier than what goes in (Birkeland, 2008). So development can become a solution rather than a problem 
(Birkeland, 2003, p. 8-10). 

2.3 Problem Statement: Rhetoric or Practical? 
The provision of eco-services should play a significant role in achieving the transition from environmentally un-
sustainable urban development to environmentally sustainable. But do these rhetoric and oratorical discourses and 
theories work in the real practice of urban development planning and design? 

Lingang New City, the hinterland to serve Yang Shan Deepwater Port on the East China Sea, is one of the most 
significant new urban development programs in Shanghai to achieve its strategy of an international port city. The 
masterplan envisaged Lingang New City to be “an ideal garden city”, housing 830 thousand people on a site of 297 
sq km by 2020, with the goal of both economic and ecological sustainability (Shanghai Urban Planning and Design 
Research Institute (SUPDRI), 2004). In order to achieve an visual impression and win the competition, the proposal 
given by GMP (von Gerkan, Marg und Partner Architekten) emphasized the dominant position of Dishui Lake, literally 
“Water Drop Lake”, a round-shaped artificial lake of 5.56 sq km, surrounded by a strong concentric and radial road 
pattern (See Figure 1) (Shanghai Urban Planning and Design Research Institute (SUPDRI), 2004). 

Nevertheless, the original status of the site can be seen from Figure 2. It used to be salina with a high water table. 
The ramsar site was featured with water network and farm footpaths, with nearly no infrastructure. The alluvial lands 
adjacent to the East China Sea are covered by reed marshes which are significant habitats for wild life and wild birds. 
Unfortunately the original site is treated as “tabular rasa”. The masterplan adopts an artificial approach, flattening 
lands and remaking everything. The provision of eco-services is largely ignored. 

After five years construction, according to the annual report of implementation, the administrative committee of the 
new city begins to concern some potential problems through reviewing, for example, water quality, the current system 
is engineered aqueous flow control by introducing more freshwater from outside, putting into the Dishui Lake via six 
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water gates, and giving out to the sea (See Figure 3). It is costed and inefficient to maintain the water quality of 
Dishui Lake. There was no consideration of adopting eco-services, such as water treatment through wetland and 
riparian vegetation. Now the local planning authority commissions some professionals to do pilot studies of providing 
eco-services to maintain the water quality (Shanghai Lingang New City Administration Committee, 2007). 

From this case study, two lessons can be learned. Firstly, in order to achieve the environmental sustainability, the 
provision of eco-services needs to be considered initially when conducting the proposals of new urban development. 
Secondly, a tool to evaluate the performance of physical forms in terms of providing eco-services needs to be studied 
which can guide and support the decision-making process of making the plan and select the final proposal. 

   
Source: SUPDRI, 2004 

Figure 1: Masterplan of Lin Gang 
New City by GMP 

Source: SUPDRI, 2004 
Figure 2: Satellite map from 

google earth in 1997 

Source: Yin et al., 2006 
Figure 3: Water transfer system 

and water quality control 

3. ECO-SERVICES IN URBAN AREAS 

3.1 Categories of Eco-services 
Eco-services include ecosystem goods (such as food) and services (such as waste assimilation), which together 
represent the benefits human populations derive, directly or indirectly, from eco-system functions (Costanza et al., 
1998, p. 253-254). A large number of eco-services can be identified based on published studies. 

Costanza et al. studies 17 eco-services provided by worldwide natural capital stocks (Costanza et al., 1998, p. 253-
254). For simplicity, as per functions, eco-services can be categorized into five major types, which are (1) production 
of goods, such as food, pharmaceuticals, wood, genetic resources etc., (2) regeneration services, such as purification 
of air and water, maintenance of soil fertility, recycling of wastes, dispersal of seeds, pollination, (3) stabilisation 
services, such as natural pest control, mitigation of floods, river bank stability, (4) life-fulfilling functions, including 
provision of aesthetic and cultural values, spiritual inspiration, and (5) preservation of options. 

3.2 Eco-services in Urban Areas 
However, as argued by Jason P. Kaye et al. (2006), urban ecosystems are fundamentally different from non-urban 
ecosystems. Some eco-services generated from urban ecosystems are doomed to be more significant when taking 
human being’s activities into consideration. Due to the complex interaction between society and environment, the 
discipline called urban ecology is emerging that seeks to understand these interactions. Take climate stabilisation 
eco-services as an example. Urban residents can experience sustained thermal stress, day and night while rural 
people often obtain relief at night. More air conditioning is adopted by urban dwellers which consume more energy 
and bring more heat to the city, which is called vicious circle. In California, in order to mitigate the UHI, people decide 
to plant more urban trees, which can reduce annual electricity use for cooling by 6407 GWh (2.5%) and save 
customers for $ 970 million because each urban tree can approximately save 36 kWh, equal to 3 dollars for energy, 
per year (McPherson and Simpson, 2003). 

In order to understand how to provide eco-services in urban areas, it is necessary to make it clear first that what 
kinds of eco-services are particularly important for both health of citizens and urban environment. As per the 
published studies (Tzoulas et al., 2007, Bolund and Hunhammar, 1999, Fuller et al., 2007, McPherson et al., 1997, 
Birkeland, 2008), nine types are synthesized as shown in Table 1. 

3.3 Physical Forms of Urban Development Areas and Eco-services 
According to the research of Tratalos et al., structure of urban areas influences the type and value of eco-services 
provided by comparing the eco-services of inner, middle and outer suburbs of 5 U.K. cities. It shows greater density 
suburbs provided less ecosystem services, but the results also suggest urban design and the provision of green 
infrastructure could be important (Tratalos et al., 2007). 

Except the large-scaled structure of urban areas, small-scaled physical forms influence on the provision of eco-
services such as concrete embanked riverside or riparian wetland. As found by Kongjian Yu, the physical form of 
riparian riverside is better for providing the stabilisation eco-services of the mitigation of floods, river bank stability,  
biodiversity and purification via his practice in Yongning Park of Taizhou City (Yu and Li, 2006, p. 64). 
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Table 1: Biotic and abiotic eco-services in urban areas 

type sub-type relative physical forms for example 

refugia: supporting biodiversity and maintaining 
habitats for wildlife 

green infrastructure, reserved habitat, weed 
land, urban open space, green corridor 

biotic  
eco-

services goods: producing foods, fibres, pharmaceuticals and 
producing crops and natural fertilizers 

urban farming, percentage of reserved 
agricultural land 

climate: regulating the local and global climate, and 
ameliorating the urban heat island (UHI) 

urban forest, urban tree, type and structure of 
transportation or industry 

air: regulating the chemistry of the atmosphere, and 
noise abatement 

type and structure of transportation or 
industry, urban tree 

soil: developing topsoil, maintaining soil fertility, and 
preventing soil erosion and sediment loss 

stormwater management, vegetation cover 

water: purifying water, storing and recycling fresh 
water and nutrients, alleviating floods, and managing 
storm water runoff 

river bank, wetland, channelized, water 
treatment and recycling 

energy: heating, cooling and ventilating using the sun type of energy, transportation, water 
treatment, building 

carbon: sequestrating carbon transportation, vegetation, industry, building 

 
 
 
 

abiotic  
eco-

services 

waste: recycling, treatment and reducing wastes waste management 
Source: Tzoulas et al., 2007; Boulnd and Hunhammer, 1999; Fuller et al., 2007; Birkeland, 2008, and synthesized by author 

4. AN INTEGRATED MODEL FOR GUIDING SUSTAINABLE NEW URBAN DEVELOPMENT 

4.1 Existing models for eco-services 
Although eco-services are literally ‘in our backyard’, they are a frontier for planning and design, and there is little 
previous research available to guide urban planners and designers. Due to little data or theory of its own, as it is 
tempting for researchers to borrow models designed for agricultural or unmanaged ecosystems and to apply them to 
the urban setting (Kaye et al., 2006). However, as argued above, the eco-services in urban areas are different from 
those in non-urban areas. The existing models developed primarily in non-urban ecosystems work poorly in urban 
ecosystems “because they fail to represent human controls on ecosystem structure and function” (Collins et al., 
2000), such as impervious surface, engineered aqueous flow paths, landscape choices, and human demographic 
trends.  

Existing evaluation models or tools, regarding environmental concern, often mainly include Environmental Impact 
Assessment (EIA), System of Economic and Environmental Accounting (SEEA), Environmental Auditing, Life Cycle 
Assessment (LCA), Material Flow Analysis (MFA) (Finnveden and Moberg, 2001) and Ecological Footprint (EF) 
analysis. Some of them, such as EIA and SEEA, focus on assessing environmental impacts caused by urban 
development, however, as argued above, sustainability requires to positive impacts through considering the provision 
of eco-services initially. Furthermore, the majority of them are adopted separately. Through MFA, we can ensure a 
healthy input and output flow of each ecological factor, but what are negative influences on one type ecological factor 
through the emphasis of another one? Their whole performance needs to be considered as well. 

4.2 Objectives of the New Model 
Hence, the new-generated model for the provision of eco-services in urban development areas aims to fulfil: 

• A link between sustainability objectives and designing physical forms. Designers are not clear about what 
positive or negative impacts could occur when drawing some certain forms. Despite of a “sustainability” title, the 
outcomes of design are just opposite. 

• A holistic approach to evaluate the performance of physical form in terms of providing eco-services, including 
individual key eco-service and the entire performance of those all. 

• A decision-support tool, which can support iterative process of design refinement and optimization. The model 
can be adopted as a checklist or framework for preliminary planning and design proposals. Besides, it can help 
the choice of options and scenarios via comparisons. 

5. DESCRIPTION OF ECO-SERVICES EVALUATION MODEL (EEM) 

5.1 Structure of EEM 
As per the classification of eco-services in urban areas (See Table 1), both abiotic and biotic eco-services are crucial 
while the evaluation methods are different. Accordingly, Eco-services Evaluation Model (EEM) proposes Material 
Flow Analysis (MFA) for abiotic eco-services, while Patch-Corridor-Matrix analysis (PCM) for biotic eco-services. 
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Furthermore, in order to guarantee the overall performance, Ecological Footprint Analysis (EF) is adopted. The 
structure of EEM can be examined as below (See Figure 4).  

 

 

 

 

 

 

 

 

 

Source: by author 
Figure 4: Structure of Eco-services Evaluation Model (EEM) 

5.2 MFA for abiotic eco-services 
As pointed by Boyden, most environmental problems can be understood in terms of these inputs, outputs and 
transformations. Material flows analysis (MFA) mainly focus on material flows, especially on the input, output and 
transformation (Boyden, 2001, Finnveden and Moberg, 2001). It will be adopted to map the input-output and internal 
metabolism of abiotic eco-services, including water, soil, building, food and waste, energy passage transport and 
freight movement (See Figure 5).  

MFA can show which materials are “out of balance” by tracing the flows. It can help figure out where environmental 
hazards could occur. MFA can be regarded as an early warning system (Birkeland, 2003, p. 20) which can suggest 
where the problems are, and how physical forms of urban development area need to be refined for the provision of 
eco-services. It reveals “the black box” of metabolism since most of eco-services is invisible and operating internally 
in the ecosystem. Take water as an example, as per Figure 5, we can provide the eco-service of water purification by 
maintaining the river flow in the side of input, reducing sewage and pollutants in the side of output, and building water 
recycling and treatment system in the transformation process. 

5.3 PCM for biotic eco-services 
In terms of biodiversity, one of biotic eco-services, MFA is not sufficient. For example, if planting more trees for 
carbon sink, where are the best places for these new trees? So, Patch-corridor-matrix analysis (PCM) is 
compensation to the tool of MFA in terms of evaluating vegetation because biotic eco-services do not only depend on 
the metabolism but also depend on the structure and position where they happen. Patch-corridor-matrix analysis 
(PCM) is a classical model in the field of landscape ecology, which demonstrates the importance of the numbers, 
sizes, scales, types and connectivity of patches and corridors to maintain the biodiversity (See Figure 5). 

5.4 EF for entire balance 
The “rebound effect” will reduce net efficiency gains unless total stocks and flows are taken into account. The 
rebound effect refers to the fact that a portion of the income saved through more efficient production is often spent on 
increased material consumption. For example, as suggested by Tratalos et al. (2007), greater density suburbs 
provided less ecosystem services because eco-services become less if the size of each house’s garden gets smaller . 
However, larger gardens bring about more land consumption which means more natural spaces, maybe habitats, will 
be used as development. Accordingly, it will reduce the eco-services at a large scale. Hence, we need another tool 
for the overall control, which is Ecological Footprint (EF) analysis adopted to judge the overall system (See Figure 5). 
Ecological footprint analysis has focused on equity between urban areas and their hinterlands. 

CONCLUSION 

This paper clarifies two issues: the importance of providing eco-service for ecologically sustainable new urban 
development, and a new tool, Eco-services Evaluation Model (EEM), to support this idea for planning and design 
practices. Firstly, through literature review and the case of Lingang New City, it is concluded that the provision of eco-
services needs to be considered initially when starting making plans for new urban development. Secondly, however, 
as examined in the paper, eco-services in urban areas are different from non-urban areas, while the majority of 
existing evaluation models borrowed from agricultural or unmanaged ecosystems, not designed for urban areas, not 
even for providing eco-services initially. Thirdly, Eco-services Evaluation Model (EEM) is generated, involving 
Material Flow Analysis (MFA) for abiotic eco-services, Patch-Corridor-Matrix analysis (PCM) for biotic eco-services, 
and Ecological Footprint Analysis (EF) for overall performance and preventing “rebound effect”. EEM is proposed as 
a link between sustainability objectives and designing physical forms; a holistic approach to evaluate the performance 
of physical form in terms of providing eco-services, including individual key eco-service and the entire performance of 
those all; and also a decision-support tool, which can support iterative process of design refinement and optimization. 

Modified physical forms scenario 2 for eco-services 
 

feedbacks 

Biotic eco-
services 

Examine whether the new proposed structure 
accommodate with the regional landscape structure 

for  
Patch-Corridor-Matrix analysis (PCM) 

Abiotic eco-
services 

Discover where are the problems located by tracing the 
flow of critical materials and substances through system 

 

for  
Material Flows Analysis (MFA) 

Overall eco-
services 

Measure whether the total resource limits of proposed 
urban development area can support the growth 
functions 
 

for  
Ecological Footprint Analysis (EF) 

 

Physical forms scenario 1 for eco-services 
 

Eco-services Evaluation Model (EEM) 

modify 



 

43rd Annual Conference of the Architectural Science Association, ANZAScA 2009, University of Tasmania 

In terms of constraints, the model is conceptual at this stage, which needs to be developed via GIS applications 
further. The author continues contributing to a quantitative evaluation model in the next stage. 
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Source: Birkeland, J., 2003 (parts of water, soil, CO2), synthesized by author 

Figure 5: Eco-services Evaluation Model (EEM) 
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