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1. Implementation of an ecological network in an urban context requires the 

development of a multiple-scale, long-range plan. One of the most important 

aspects of this approach allows for incremental implementation as 

opportunities arise in the process of urban land transformation. 

This thesis 

2. Landscape structure indicators are useful tools for assay of an ecological 

network in an urban area. They are useful as bench marks for longitudinal 

studies or as measures to compare alternative plans. 

This thesis 

3. The differences between North American and European approaches to 

planning ecological networks are significant. However, similarities do exist 

and much can be learned by sharing information and by examining the 

underlying political, social, economic and physical factors that affect the 

process. 

This thesis 

4. A systems approach to planning ecological networks provides a way to 

address specific management agency concerns while accommodating the 

requirements for multifunctional plans. 

This thesis 

5. The concepts of naturalness and ecological integrity provide important 

standards by which we can attempt to measure the health of an ecosystem or 

landscape. 

This thesis 



6. Availability of data for key wildlife species is often lacking in urban areas. 

The use of vegetation communities as a surrogate data source gives some 

indication of potential habitat value. 

This thesis 

7. The matrix utility index is a measure that can be an important tool in the urban 

planning process that can help preserve the integrity of important patches and 

corridors within the urban matrix. 

This thesis 

8. Sustainability requires the realization that three principal factors are addressed 

in equivalent proportion; environment, social equity and economics. 

9. As an emerging science, landscape ecology is making important contributions 

to how we analyze and plan for the future use of landscapes. However, until 

the fields of economics, politics and other social sciences are more fully 

integrated, much of the work of landscape ecologists will be frustrated. 

10. The study of landscape change and ecological history is critical to the process 

of landscape restoration and the establishment of effective plans. 

11. It is only through the process of sharing knowledge that it acquires value. 

12. As familiarity with nature and natural process increases, appreciation of the 

value of nature also increases. Therefore, adequate opportunity for interaction 

with nature is important for all people, in all geographic locations. 

13. The effort required to achieve an objective is what yields satisfaction, not the 

act of attainment. 
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Abstract 

Analysis and planning of ecological networks is a relatively new 

phenomenon and is a response to fragmentation and deterioration of quality 

of natural systems. In agricultural areas and with existing nature preserves 

this work has been advancing. In urban areas, however, the problems of land 

use intransigence, political and jurisdictional issues create a difficult 

environment for implementing ecological networks. 

The specific questions addressed in this research program revolve 

around the viability of planning an ecological network in an urban landscape. 

Can such a concept withstand the tests it will be given in a political and 

economic context of an urban planning process? To address this question, 

two principal research objectives were established. First, the development 

and articulation of a planning method will demonstrate that ecological 

concepts, and in particular the concept of ecological networks, can be 

integrated into the urban planning process. Second, the establishment of an 

ecological network will improve the viability of ecological systems in an 

urban context. This research provides a theoretical framework and a model to 

test this proposition. A planning method is articulated and a series of assays 

of landscape structure are used to examine the viability of an ecological 

network in the Phoenix, Arizona urban area. It is intended that the 

establishment of a planning method and a structure for assay will make this 

concept applicable in various urban situations. 



The planning method is most appropriately characterized as a 

hierarchical systems approach. Analysis and planning occur at three scales: 

1) landscape (regional); 2) community (municipal); and 3) site (local). At 

landscape scale, the Phoenix, Arizona urban area (7,300 sq. km.) is studied. 

At the community level, the city of Scottsdale, Arizona (480 sq. km.) is 

examined. And, at site scale, a number of patches and corridors ranging from 

15 to 75,000 hectares are studied. The systems studied include hydrological, 

habitat and cultural. These are examined independently to ensure integrity 

from each specific perspective and then integrated to establish a multiple use 

perspective in the ecological network. 

Following this planning method, an optimal plan was developed for 

the Phoenix urban area, the municipality of Scottsdale and six prototypical 

network sites. An assessment of the optimal plan was undertaken using 

landscape structure indicators. Three principal analyses were utilized: 1) 

patch content analysis; 2) corridor content analysis; and 3) network structure 

analysis. Patch and corridor content analyses examined the internal 

characteristic and immediate context for each of the 89 ecological network 

elements. The network structure analysis incorporates a process for 

aggregating results of patch and corridor analyses and incorporates indicators 

that describe interrelationships between landscape elements. For each of 

these analyses the existing condition was compared to the optimal plan to 

demonstrate the level of change that can be expected. 



The most notable results of this assessment indicate the following. 

The patch content analysis reveals 1) an increase in mean native vegetation 

coverage of 10%, 2) an increase in matrix utility value of 14%, and 3) an 

increase in naturalness of 15%. The corridor content analysis reveals 1) an 

increase in mean corridor filter width of 19%, 2) an increase in mean 

vegetation coverage of 9%, 3) an increase in matrix utility values of 15%, 4) 

elimination of 59 gaps or barriers in existing corridors, and 5) an increase in 

naturalness of 17%. The network structure analysis reveals 1) an increase in 

overall matrix utility index of 3%, 2) the degree of network circuitry 

increased by 20% and 3) the gamma index of connectivity increased by 12%. 

The conclusions of this research are that an ecological network plan 

provides modest but important improvement in ecological systems in the 

Phoenix urban area. It is apparent that implementation of an ecological 

network in an urban area utilizing existing open space elements is feasible 

and the investment required is modest. Although this method, as outlined in 

this study, is geared to a specific planning context, it may have applications in 

other similarly expanding communities in North America or elsewhere. The 

principal benefit of this approach is that it can be developed incrementally 

and without initial commitment of extensive resources. Finally, the use of 

landscape structure indicators provides another useful tool for assessing 

viability of ecological networks. As these indicators are used more 

extensively thresholds can be recognized that will help understand the health 

of these systems. 
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Chapter One 

Ecological and Urban Theory 



1.1 Introduction 

The problems associated with maintaining viable ecosystems in urban 

landscapes are significant. Urban landscapes are a finely structured mosaic of property 

owners and uses where competing interests for undeveloped land are intense. This 

study examines how an ecological perspective on multiple-use can provide the basis for 

establishing an urban ecological network as a primary means to maintain or re-establish 

the viability of ecosystems. The planning concept of ecological networks (sometimes 

described as greenways, habitat networks, ecological structure, etc.) can be described 

as a system of interconnected or related patches and corridors that provide and sustain 

ecological values within a human-dominated landscape matrix. 

As humans engage in landscape planning and design to restore previously 

altered ecosystems or protect existing fragments of natural systems, they must 

recognize that the most effective way to re-establish or maintain the viability of these 

systems is to ensure they exist as a part of a larger functioning system. Urban 

landscapes are generally deficient of areas with significant environmental values. This 

is a result of the anthropocentric orientation of the urban development process. As a 

consequence, nature (or nature-like) areas are relegated to remnant patches and 

corridors, severed from their supporting structure. Normally, constraints to urban 

development such as extreme slope, flooding, poor soils, etc. exclude them. 

Although these remnants may have deteriorated environmental value, it is fortuitous that 

in many cases the areas with the most significant constraints for urban development are 

often the richest (Spirn 1986). Consequently, many urban areas have an existing 

framework upon which a more comprehensive network can be established. 



1.2 Problem Statement 

The goal of this planning concept is to preserve or restore the ecological 

integrity of critical natural systems while allowing for compatible human activities 

within the network and continued productive (economic) use of adjacent lands. Some 

modification to adjacent land would, in most cases, enhance the viability of the 

network. However, the focus is primarily on the integrity of the network and will only 

indirectly address adjacent land uses to examine appropriate fit in their co-existence. 

The primary functions that may be accommodated as a part of an ecological 

perspective on multiple-use fall into three main categories: hydrology, wildlife habitat, 

and cultural opportunities. These three perspectives provide a framework for 

structuring the network as described later. Some of the functions or uses that can be 

accommodated within these categories are obvious, while others are more obscure. The 

intent is to accommodate these functions or uses in varied amounts and at varied 

locations within the ecological carrying capacity (Catton 1983). A description of these 

functions or uses follows. 

Hydrology - Surface drainage corridors serve as filters and transformers for 

contaminated runoff helping to purify it before it returns to the ground water supply. 

These areas also serve as sinks facilitating ground water recharge. Flood containment 

is particularly important in developed areas such as urban landscapes. Sufficiently 

vegetated drainage corridors also protect against soil erosion and subsequent turbidity in 

streams and rivers. Additional benefits of providing habitat are also significant. 

Habitat - Suitability as wildlife habitat is largely dependent on the type and 

extent of vegetation that can be used as cover and forage. Consequently, vegetative 

cover and wildlife habitat are interrelated elements. In an urban context, many areas 

may not be suitable as primary habitat for some species requiring greater isolation. 

However, many species may rely on these areas for migration and as islands for refuge 



or forage. They may also be utilized as secondary habitats. Because both plants and 

animals disperse through these areas, they are important conduits for nutrient, energy 

and gene flow. 

Cultural Opportunities - The range of compatible cultural opportunities includes 

certain types (predominantly passive) recreation, environmental education, aesthetics 

and scenic quality, historical significance, land use buffers or markers and cultural 

continuity. Recreational activities in the form of hiking, cycling, horseback riding, 

nature observation, picnicking, and light camping may be the most commonly 

recognized suitable activities. Environmental education can be reinforced by providing 

nature areas within the city. Many people in urban situations are losing touch with 

nature leading to discomfort with wildness in the landscape. Reconnection allows 

urban-dwellers to learn first-hand about natural process and provides opportunities for 

sanctuary from the strains of urban life. In the long term this may help promote a 

stronger environmental ethic in society. An increasingly important issue in many urban 

contexts is that of cultural continuity. As cities change rapidly, residents often seek 

some elements of stability that symbolize continued well being. In this way, 

significant open spaces (such as mountain or river preserves) are often valued by the 

public. 

1.2.1 Research Objectives 

The fundamental question revolves around the viability of planning an 

ecological network in an urban landscape. Can such a scheme withstand the tests it 

will be given in a political and economic context of an urban planning process? To 

address this question, two principal research objectives are established. First, the 

development and articulation of a planning method will demonstrate that ecological 

concepts, in particular the concept of ecological networks, can be integrated into the 



urban planning process. Secondly, the establishment of an ecological network will 

improve the viability of ecological systems in an urban context. This study provides a 

theoretical framework and a model to test this proposition. A planning method is 

articulated and a series of assays of landscape structure are used to examine the viability 

of an ecological network in the Phoenix, Arizona urban area. It is intended that the 

establishment of a planning method and a procedure for assay will make this concept 

applicable in other contexts. 

1.3 Existing Theory 

A review of current literature forms the foundation of knowledge upon which 

this question can be addressed. A particularly intriguing (and complicating) 

characteristic of this research problem is that it touches on several distinct disciplinary 

fields. Consequently, the literature review is broad, yet specific to this problem. The 

theoretical foundation comes primarily from ecological planning (McHarg 1969 and 

Steiner 1991) and incorporates theories and methods from landscape ecology (Forman 

1995, Hersperger 1994, Forman and Godron 1986, Naveh and Lieberman 1984, and 

Vink 1982). Specific theoretical perspectives are provided from the work of landscape 

planners (Kerkstra and Vrijlandt 1990, Hough 1989, Spirn 1984 and 1986) who have 

begun to address the incorporation of ecological systems into urbanized or 

industrialized (agriculture) landscapes. 

Conservation biology and applied landscape ecology bring a wealth of 

knowledge on planning for biodiversity (Falk et al. 1996, Noss and Cooperrider 1994, 

Hanson and Angelstam 1993, Hudson 1991, Soule 1991, Noss 1991, Noss and Harris 

1986, Opdam 1988) and habitat networks (Beatley 1994, Rodiek and Bolen 1991, 

Kleyer 1994). Concepts such as metapopulations ( Hanski 1991), island biogeography 

(McArthur and Wilson 1961) and gap analysis (McKendry 1993, Scott et al. 1992) 



have been developed and provide additional substantiation to theory and methods for 

habitat network planning. Eco-hydrology (van Buuren 1991 and 1993) and landscape 

planning incorporating hydrologic structure (Toth 1991 and Ferguson 1991) are 

emerging areas in which the literature is thin, but portend to be critical to the future 

development of fully articulated methods for planning ecological networks. 

1.3.1 Ecological Theories 

Systems Theory - Systems theory (Naveh and Lieberman 1984, Jones and 

Street 1990) provides a holistic philosophy by which the order of nature or other 

systems can be understood. Systems theory aggregates to understand in contrast to 

traditional scientific techniques that isolate to understand. As such, it is an integral 

concept to landscape ecology and provides a beneficial link to planning, which also 

tends to be holistic. The importance in most landscape planning or management 

contexts is that it is impossible to isolate and collect all necessary data to understand 

ecosystem functions or to try to discern relative ecosystem health. Within systems 

theory one can study the hierarchical order and complexities of nature without all data 

present. The strength of this approach is gained through analysis of the essential 

functional interrelationships of the system. 

Systems are often characterized as open or closed. Closed system's functions 

are intrinsic and are often theoretical systems or systems of human conception. Chaos 

theory (Cartwright 1991) has emerged to provide some explanation to system's 

behavior that do not follow predictable patterns. In landscape ecology the fundamental 

principle of change embodies this theory. It is no longer assumed that "equilibrium" 

will be attained in the larger scheme of system's functions. Chaos theory allow that 

systems evolve in sometimes unpredictable ways, but still describable within a certain 

order. The discussion of chaos theory continues, but it is clear that predictability may 



not be a characteristic that scientists expect to be present. The analysis of patches and 

corridors .of a landscape must then be described as unpredictable and concepts such as 

flickering or winking patches in metapopulation studies (Verboom et al. 1992) become 

part of the planning vernacular. This is often disconcerting to those engaged in urban 

planning because one of the fundamental tenets of planning is to provide some level of 

predictability. It may be necessary to further examine patch and corridor dynamics (Wu 

and Loucks 1995) as a part of any planning process that purports to aspire to some level 

of sustainability. 

Hierarchy Theory - Hierarchy theory (Pattee 1973, O'Neil et al. 1986, O'Neil 

et al. 1989, Haber 1990) relates to the functions of systems or units between scales. 

Any landscape system is a nested hierarchy. Systems may function predominantly at 

one scale, but they are linked by containing the levels below and by being contained by 

the levels above. Forman (1995) notes "a minimum of three linkages must be known. 

The element is linked to the: (1) encompassing element at the next higher level; (2) 

nearby elements at the same scale; and (3) component elements at the next lower level." 

(p.9). Hierarchy theory addresses both spatial and temporal scales (Urban et al. 1987). 

In any situation, the scale is responsive to the element or elements of analysis. 

Consequently, there are no "standard" scales that are universally appropriate for 

investigation. A specific problem may warrant analysis at multiple levels to adequately 

understand interactions. Within an urban area, components may be represented by an 

individual park site, a municipality with an array of park and open space elements or the 

metropolitan region which is comprised of numerous municipalities and unincorporated 

land. 

Two important elements of scale become relevant in spatial or temporal studies. 

The grain (Weins 1989), or the smallest unit of analysis, changes with the scale of 

analysis. It may be most suitable to analyze an urban park site using 0.10 ha. as the 
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unit of analysis. A parks and open space system of a municipality may be studied at 

1.0 ha. and at a metropolitan level, 10.0 ha. may be suitable. The extent of analysis 

may be strongly related to the grain. Extent refers to the breadth of the study area. At 

site scale, the extent of a single park may be less than 50 ha. and at landscape scale a 

metropolitan area study may encompass 5,000 square kilometers. 

Ecological Integrity - Ecological integrity is a concept that refers to the health of 

and ecosystem or a landscape (Westra and Lemons 1995, Karr 1995). It can be 

considered to be the level at which the system is functionally viable. Forman (1995) 

notes that to achieve ecological integrity near natural levels of production, biodiversity, 

soil and water characteristics must be present. He also notes "ecological integrity could 

be measured as the single most important or sensitive attribute of an ecological system." 

(p. 499). As a measure for sustainable development the challenge becomes 

quantification of near natural. It is quite simple to assess many areas and determine that 

they are not near natural because of the evidence of excessive deterioration. But, 

because there are too many attributes that are often difficult to quantify determining that 

areas are near natural may be more problematic. Forman (1995) provides the following 

model (Figure 1.1) and illustrates how the four attributes can be used to establish a 

framework for assessing ecological integrity. 

Forman (1995) indicates that plant productivity would be at a level not far from 

the condition of the native ecosystem. The standard for biodiversity would be that 

relatively few species have been expirated. "Thus a landscape that has lost certain 

habitat types or has natural habitats so fragmented and isolated so that their species 

number progressively drops, is not sustainable." (Forman 1995, p. 500). Lack of 

erosion or soil compaction is the best measure of sustainability for soils. Any area with 

substantial erosion due to wind or water or any area that is paved or has compacted 

soils is unsustainable. Water is best measured by both quantity and quality. Quantity 



is assessed using attributes such as flooding, minimum flows, evapotranspiration, 

water table and aquifer recharge. Water quality attributes include turbidity, nutrient 

status and fish population (Forman 1995). 
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Figure 1.1 Four attributes of ecological integrity (after Forman 1995). 

Extensive data collection and quantitative analysis is required to verify 

ecological integrity, however, preliminary assessments can be made to eliminate areas 

that clearly do not meet a standard. Remaining areas could then be studied in more 

detail using the best available data for initial planning and management purposes. 

Subsequently, more detailed data collection and analysis would be necessary. 

Landscape Morphology - An historical analysis of landscape attributes provides 

useful information concerning past structure, function and agents of landscape change. 

Understanding of the previous state sometimes provides a baseline from which the 

current status can be measured. Haber (1990) uses two categories, Bio-ecosystem and 

Techno-ecosystem (Figure 1.2) to separate human dominated or created and various 
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levels of naturalness. Forman and Godron's (1986) modification gradient is a similar 

concept but uses a five level gradient to characterize level of modification (Figure 1.3). 

A. Bio-ecosystems 

A.l Natural ecosystems 

A.2 Near-Natural ecosystems 

Dominance of natural components and biological 
processes. 

Without direct human influence. Capable of self 
regulation. 

Influenced by humans but similar to A.l. Little 
changed after human abandonment. Capable of 
self regulation. 

A.3 Anthropogenic (biotic) ecosystems Intentionally created by humans. Fully dependent 
On human control and management. 

Techno-Ecosystems 
Examples: settlements 
(villages, cities), traffic 
systems, industrial areas 

Anthropogenic (technical) systems. Dominance of 
technical structures (artifacts) and processes. Intentionally 
created by humans for industrial, economic, or cultural 
activities. Dependent on human control and on the 
surrounding and interspersed bio-ecosystems. 

Figure 1.2 Ecosystem naturalness (after Haber 1990). 

Landscape Modification Gradient 

Natural Landscape 

Managed Landscape 

Cultivated Landscape 

Suburban Landscape 

without significant human impact 

for example, pastureland or forest where native species are managed 

with villages and patches of natural or managed ecosystems 
scattered within predominant cultivation 

a town or country area with a heterogeneous patchy mixture of 
residential areas, commercial centers, cropland, managed vegetation 
and natural areas 

with remnant managed park areas scattered in a densely built up 
matrix several kilometers across 

Urban Landscape 

Figure 1.3 Landscape modification gradient (after Forman and Godron 1986). 

1.3.2 Urban Theories 

Extensive bodies of literature exist in subject areas relating to integration of 

cultural opportunities through urban planning. Most theories and methods have been 
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developed for application in other situations; however, adaptation to the concept of 

ecological networks is possible. Recreation literature is extensive, but specific literature 

focusing on planning for passive linear recreational activities (Airola 1982, Furuseth 

and Altaian 1991) is not as common. Environmental education and urban nature 

centers are topics that are receiving increased attention. In the broad field of 

environmental education topics such as environmental advocacy, societal 

environmental ethics and specific educational techniques may be relevant. 

Environmental psychologists have also written about "urban nature" (Witter and 

Sherriff 1983) and documented its therapeutic value. Existing visual assessment 

literature (Whitmore et al. 1995, Zube et al. 1988) is extensive and theories and 

methods of visual assessment are well documented. Other literature focusing on 

cultural and historical meaning of landscapes and landscape elements exists (Lynch 

1966 and Aggar and Brandt 1988), but has varying degrees of suitability for direct 

application here. Other qualitative evaluations of open space have also been conducted 

that address quality of life issues more explicitly (Zacker 1987). Sustainability literature 

incorporates examples of both qualitative and quantitative studies (Van Lier 1996, 

F.A.O. 1993, Van der Ryn and Calthorpe 1986, Van Lier et al. 1994). This field is 

extremely broad, however, some useful indicators or "measures" can be extracted. 

Specific examples of planning approaches for ecological networks include 

ecological infrastructure and the framework or "casco" landscape in The Netherlands 

(Lammers 1989, Kerkstra and Vrijlandt 1990, and Van Buuren and Kerkstra 1993), 

recreation and dispersal corridors in Copenhagen (Hansen M0ller 1994, Asbirk 1984), 

habitat networks in Stuttgart (Kleyer 1994) and urban biotope assessment in Berlin 

(Sukkop and Weiler 1988). Recent publications include numerous case studies 

describing methods for planning ecological networks (Fabos and Ahern 1995, Arts et 

al. 1995, Cook and Van Lier 1994, Cook and Hirschman 1991). From these case 
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studies, principles have been drawn to formalize a planning method for establishing an 

urban ecological network. 

1.4 Ecological Network Plan Development 

The proposition is established that an ecological network, incorporating 

multiple-use, is a viable alternative to existing uncoordinated open space planning in an 

urban context (the Phoenix, Arizona metropolitan area is used as an example). An 

ecological network plan is developed, based on theories and methods that are utilized in 

different contexts, utilizing current data and ecological planning methods. A systems 

approach incorporates hydrology, habitat and cultural opportunities as distinct but 

integrated systems. The primary purpose is to ensure the integrity of the functions 

embodied within these types of systems that are often evaluated, planned and managed 

separately by different agencies. Determination of the nature of the types of systems 

utilized is relative to the planning context. 

Hydrology - The detailed hydrologic structure plan is based on initial 

characterization of hydrologic elements as largely synthetic (human-created) or natural. 

Using principles from eco-hydrology (Van Buuren 1997), assessment of the range of 

functions accommodated by hydrologic elements will form the basis for noting existing 

deficiencies in the system. Synthetic and natural elements are assessed separately, 

recognizing that ultimately they may be woven together into a comprehensive system. 

Historical patterns of hydrologic structure are examined initially to determine the 

viability of re-establishing connections that have been severed as a result of urban 

development. Synthetic connections (often following alternative patterns) provide 

connections where use of natural elements or re-established "historical" connections are 

not feasible. System hierarchy and the relevance of hydrologic functions are used to 

assess validity of the network from an ecological perspective. 
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Habitat - Habitat network planning utilizes a modified gap analysis (McKendry 

1993, Scott et al. 1992), analyzing existing species distribution. Habitats are classified 

by characteristics and habitat affinity (extent of relationships between habitat types) is 

determined. Opportunities for techniques such as perimeter planting (Baines and Jones 

1994), urban de-intensification (a variation on the concept of extensification sometimes 

used in agriculture) (Kleyer 1994), buffering and clustering of nodes (Noss 1986, 

Forman 1995) are examined. In many cases, because data is limited concerning 

specific needs of individual species, habitat value or suitability is evaluated using plant 

communities as surrogate for wildlife species. 

Cultural Opportunities - A system of environmentally oriented sites for human 

activity, organized in clusters, linear features, or as nodes form the basis for a system 

of elements with cultural significance. Three primary sub-systems, utilizing different 

methods for inventory and analysis are integrated to form a comprehensive system of 

cultural elements with existing or potential ecological value. The first sub-system, 

recreational opportunities, is an aggregation of existing municipal recreation system 

plans, supplemented with other sites to link and complement. Second, elements of the 

city are analyzed using the method developed by Lynch (1966) to provide a descriptive 

analysis of images (predominantly natural/open space elements of cultural significance) 

formed through cognitive processes. The third sub-system includes areas of significant 

visual quality that are identified with expert and/or public valuation methods of visual 

assessment (Whitmore et al. 1995). In addition, clusters and nodes of other 

ecologically significant cultural or historical sites complement the sub-systems 

previously described. These sub-systems are analyzed to assess relative affinity of 

functions or activities and compiled as a cultural systems plan. Hierarchy within this 

system is based largely on utilization and exposure or awareness of the public, size and 
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significance of features. Assessment of inherent value of systems elements is a 

combination of these factors and other environmental factors. 

Systems Plan Integration - The three independently developed system plans are 

intended to demonstrate the integrity of system for specific purposes and to establish an 

internal hierarchy from each system's perspective. Determining compatibility and 

establishing system priorities or rankings is the purpose of plan integration. In areas 

where two or more of the systems overlap, degree of compatibility must be assessed, 

priorities for use must be determined using criteria from the independent system 

development phase. In some cases, secondary systems (or alternates) are employed to 

eliminate incompatible relationships between systems or system elements (such as 

certain types of recreational activity and sensitive habitat). The resulting integrated plan 

determines relative priority or degree of utilization of network components for specific 

purposes. 

The method for generating the hypothetical plan follows these steps: 

1. Definition of the study area by integrating political and natural boundaries. 

2. Examination of the regional context. 

3. Documentation of landscape change, within the study area, by examining 

historical aerial photographs and other records. 

4. Assessment of natural and cultural resources at regional level and 

determination of existing and potential value as network components. 

5. Formulation of an independent regional (landscape scale) system plans for 

habitat, hydrology and cultural opportunities. 

6. Formulation of a multiple-use network at the regional scale, establishing 

priorities for ranking of integrated uses and identification of sites for restoration 

or improvement. 
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7. Development of community-level (substructure) system plans for habitat, 

hydrology and cultural opportunities. These are prepared at the scale of 

individual municipalities or parts of municipalities (for large cities with 

extensive planning areas within their jurisdiction). 

8. Development of a multiple-use network expanding on the regional-scale plan 

with localized sub-systems with rankings for integrated uses and identification 

of sites for restoration or improvement. 

9. Development of localized plans for network elements in neighborhoods or 

prototypical sites that have been identified as needing restoration, improvement 

or management. 

10. Monitoring and feedback. 

1.4.1 Landscape Scale (Main Structure) Ecological Network 

The network plan prepared at this scale focuses on the Phoenix urban area and 

the surrounding valley floor (as defined in planning step 1). The study area occupies 

approximately 7,300 square kilometers and mapping is undertaken at 1:50,000. 

Consequently, the grain of the data is somewhat coarse (minimum 15 hectares) and the 

extent is broad. The intent is to understand interrelationships of elements within and 

outside of the study area of "regional" or "landscape-scale" significance. The network 

formed at this scale becomes the main, and more stable, structure. Other network 

elements at finer scales may be more transient in nature, varying in ecological value 

over time. 

1.4.2 Community-level (Sub-structure) Network 

The community-level (sub-structure) is prepared at the municipal level (or 

portions if too large) to correspond with municipal-level planning and management 
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hierarchy. In this case, the City of Scottsdale, Arizona is used as an example of 

municipal-level planning. The City of Scottsdale occupies approximately 485 square 

kilometers with mapping at a scale of 1:10,000. The grain of data is less coarse at 1 

hectare. At this scale, planning can be undertaken for interrelated network elements. 

Scenarios for change of landscape structure of network components can be analyzed to 

determine how potential network element quality can affect the function of the total 

system. 

1.4.3 Local Area (Site-Scale) Planning and Management 

Local area planning and management includes specific plans for changes in 

elements or management plans to preclude deterioration of quality. Individual studies 

are undertaken that respond to specific site needs and to reinforce the objectives of sub

structure (municipal or community level) plans or landscape scale plans. The scale at 

which these plans are undertaken varies with the nature of the network element. They 

are all subject to management by one entity, however, whether public or private. At 

this level implementation occurs on an incremental basis, consistent with urban 

planning development processes. Corresponding management units may be such 

individuals or groups as park managers, neighborhood associations, utility companies 

or private development companies. 

1.4.4 Monitoring and Evaluation 

Monitoring and evaluation are important to the long term success of an 

ecological network. Through this process weaknesses are found and adjustments are 

made. If the outcome were certain and predictable, evaluation and monitoring would 

not be required. Noss and Cooperrider (1994) use the term adaptive management for 
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the process of continual re-examination of the effectiveness of an ecological network. 

They describe a six step process in a monitoring program. 

1. Scoping. Scoping refers to problem definition. Through this process 

problems and issues are identified and refined, data needs are assessed and 

priorities are established. 

2. Inventory. This stage involves gathering information identified in step 1. 

3. Experimental design and indicator selection. Based on goals indicators of 

ecological health are determined. Experimental design involves preparing 

suitable controls and establishing parameters for data collection. Understanding 

of thresholds is important in this step to properly detect ecosystem reactions to 

human influences. 

4. Sampling. Sampling is the process of collecting data. 

5. Validation of models. Validation occurs to determine how well indicators 

reflect actual phenomena. 

6. Data analysis/management adjustment. Based on knowledge gained from 

results, adjustments in management are implemented and monitoring continues. 

1.5 Summary 

While it is clear that a need exists for maintaining the viability of critical 

ecological systems in urban contexts, it is not certain that this can be achieved over the 

long term. Ecological and urban theories have evolved in different dimensions and are 

only now meeting at a point in time when many urban areas have deteriorated value 

beyond any prospect for revitalization in the near future. 

Numerous perspectives exist on how we should conserve existing viable 

systems and restore those with degraded quality. The concept of ecological networks 

shows promise in less populated areas and indications are that in proper conditions, 
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urban landscapes will also benefit. The method outlined here is geared toward 

integration of urban and ecological processes in a way that allows both to continue to 

function effectively. 
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Chapter Two 

The Status of Planning Ecological Networks 
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2.1 Introduction 

The concept of ecological networks has evolved through the integration of 

principles of landscape ecology in planning and through the development of local 

initiatives for planning greenways. Though the origins of ecological networks can be 

traced back to the early years of this century, it is only in recent years that the concept 

has been more fully developed and found its way into nature conservation and planning 

policy. North American and European approaches have differed, principally as a result 

of different emphasis in the planning process. There is now, however, substantial 

exchange of ideas and collaboration between North American and European planners 

working on this concept. The future portends further collaboration and perhaps more 

similarities in how ecological networks are integrated into the planning process. 

2.2 European Ecological Network Planning 

With recent impetus resulting from European Union environmental policy, 

planning for ecological networks at many scales and in many forms has been 

significant. Although ideas for ecological networks started in individual countries, 

often at local or regional levels, the concept has been adopted as a principle tool for 

nature conservation throughout Europe and has become a significant planning tool at the 

local level. This section characterizes the current status of planning ecological 

networks in Europe and provides a number of examples that illustrate the range of 

schemes that exist or are now being developed. 

2.2.1 European Ecological Network 

Jongman (1995) describes three initiatives that are now underway at the 

European level; Diploma Sites, Biogenetic Reserves and the European Ecological 

Network (EECONET). Each of these represents an important component in the net of 
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policies and plans used for nature conservation in Europe. Although they are not 

specifically comprehensive ecological network plans or policies, they contribute to this 

goal. Planners, however, at the European Center for Natural Conservation (ECNC) 

work directly with the concept of "a European Ecological Network" and are utilizing 

their initiatives as tools. 

The European Diploma sites program dates to 1965 and was formulated by the 

Council of Europe (1991a and 1991b). This program selects a limited number of sites 

that are examples of European natural heritage. Specific criteria for selection include a) 

representativeness, b) historic, aesthetic, scientific or recreational value, c) particular 

characteristics of fauna, flora, geology, climate and geography and d) protection status. 

Diploma sites are granted this status for five-year period after which they are 

reevaluated and may be continued or not (Jongman 1995). 

Biogenetic Reserves have been established by the Council of Europe (1993) and 

provide a structure for participating countries to create a network of protected areas. 

The criteria for selection of Biogenetic Reserves includes: a) value for nature 

conservation (unique, typical, rare and endangered) and b) protection status. 

Biogenetic Reserves are selected by experts based on adherence to the previously noted 

criteria. In 1995 there were 247 Biogenetic Reserves in 16 European countries 

(Jongman 1995). Perhaps the most comprehensive program for ecological networks in 

Europe is EECONET (Bennet 1991, Bischoff and Jongman 1993). EECONET 

includes a spatial component and its principle objective is "enforcement of nature 

conservation by developing a physically coherent structure of nature and to stop species 

decline by facilitating migration . . . the network consists of core areas, corridor 

zones and nature expansion areas; buffer zones can be part of the network." (Jongman 

1995 p. 177). Data are collated and stored in GIS and include CORINE (Coordination 

of Information on the Environment) data for biotypes (Moss et al. 1991), list of 
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important Bird Areas of the International Council on Bird Protection (Grimmet and 

Jones, 1989; Longeveld and Grimmet, 1990) and natural vegetation maps of Europe 

(Noirfalise 1987). Jongman (1995) notes there are three criteria to select nature 

expansion areas; diversity, rarity and location. Diversity aims to include "European 

diversity in habitats" throughout the ecological network. Rarity assures inclusion of 

rare and threatened habitats; and, location refers to the physical arrangement of habitats 

to prevent fragmentation of nature. Nature development areas and corridor zones are 

the remaining elements of the network. (Jongman 1995). Figure 2.1 illustrates 

EECONET as mapped in 1993. 

Figure 2.1 EECONET Map (after Jongman 1994, Bischoff and Jongman 1992) 
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2.2.2 Ecological Networks in Greece 

The planning process for ecological networks in Greece is still in its formative 

stage. As such, it represents more of an advocacy plan than an actual plan with support 

policies that will establish ecological network at the national level. The principle motive 

for advocating the concept of an ecological network in Greece is the significance of the 

diverse landscape in the country and large number of endangered, vulnerable or rare 

species (Troumbis 1995; IUCN 1982). Troumbis (1995) notes that 47% of all plant 

species within Europe are found within Greece, occupying 1.26% of Europe's land 

surface (800 species are endemic to Greece). However, rare and threatened plants 

species make up about 18.5% of total flora. Fauna are also experiencing decline with 

birds (54%), fishes (5.5%), mammals (25%), reptiles (23.5%) and amphibians 

(13.5%) listed as rare, endangered or vulnerable by IUCN. 

The need for conservation is clear and various authors have suggested that 

between 22% (Hadjibiros, 1991) and 45% (Bischoff & Jongman 1995) of the land is in 

need of conservation. Troumbis (1995) notes that the Ministry of Agriculture and 

Ministry of the Environment have adopted a strategy of designating "protected areas," 

but experts express concerns over the process by which 'protected areas' are designated 

and the low compatibility with an ecological network. As a consequence, Dr. Andreas 

Troumbis and his colleagues at the Biodiversity Conservation Laboratory, Department 

of Environmental Studies, University of the Aegean, have been working on a scientific 

methodology for locational analysis for natural areas to form ecological networks at 

national and regional levels. The methodology follows a three-stage process; 1) 

definition of available land (suitable) for conservation , 2) location of core areas, and 3) 

design of the conservation suitability map. Dr. Troumbis hopes that a scientific 

protocol will allow for politicians, scientists, social scientist, physical planners and 
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developers to communicate and work toward realizing national and ecological networks 

in Greece. 

2.2.3 Dutch Ecological Network 

The Dutch Ecological Network planning process is sophisticated and supported 

by the Nature Policy Plan of 1990. Because of deterioration of natural values in the 

Dutch landscape over time, environmental issues emerged at the end of the 1980's as a 

priority for the government, nongovermental organizations and individuals. In 1990 a 

set of environmental plans were passed by the Dutch Parliament; the National 

Environmental Policy Plan, the Third National Policy Document on water management 

and the Nature Policy Plan (Lammers 1994, van Zadelhoff & Lammers 1995). The 

overall goal of these plans is to offset the deterioration of nature through a more 

comprehensive approach to nature conservation. 

An important strategy incorporated within these initiatives was the National 

Ecological Network (NEN). Several principles were established to guide the NEN. 

First, a representative set of ecosystems of national and international importance were to 

be included. Second, the enlargement and connection of natural and semi-natural 

ecosystems is to be accomplished. Third, landscape-ecological relations are to be taken 

into account. This process yielded several scenarios for an ecological network plan that 

was finalized in the form of a physical plan (Figure 2.2) consisting of core areas, nature 

development areas, ecological corridors and buffer zones. 

Core areas are those greater than 500 ha. with ecological value of national or 

international significance. In addition, large lakes and Dutch territorial waters of the 

North Sea are included. Nature development areas are those that offer realistic 

prospects for the development of nature of national or international importance. These 
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typically include areas suitable for development of wet grasslands, marshland, marshy 

woodland in both low-lying areas of the Netherlands and in the sandy regions. 

0 10 20 30 kl 

ecological corridors 

• • to be developed or reinforced 

* * idem; concerning transboundary nature areas 

Figure 2.2 Dutch ecological network plan (after hammers 1994) 
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Ecological corridors are landscape structures and artificial provisions that 

contribute to migration between other elements of the ecological network. The purpose 

is to reduce the isolation effect and facilitate migration over land or through water. 

Buffer zones were added to the plan to protect the network against dilatory impacts, 

such as flow of polluted ground and surface water, incompatible land uses and other 

human impacts. 

This plan is now in place and provides the basic structure and framework upon 

which regional and provincial plans for ecological networks are being developed. It is 

also an important component of the European Ecological Network plan. It includes 

both policy and physical planning components. 

2.2.4 Habitat Networks in Stuttgart 

Habitat networks are one of a set of strategies for nature conservation being 

explored in Germany. Others include preservation and conservation of largely 

undisturbed landscapes, establishment of biosphere reserve sites where appropriate, 

integrated systems of nature reserves with regeneration area on previously altered sites 

and nature development. Kleyer (1994) describes the planning process as one that 

would stimulate joint conservation actions among communities of the Stuttgart region 

that share common habitats along their borders. As such, a general planning scheme 

was established for the entire Stuttgart Metropolitan Area, but individual habitat 

network schemes were to be worked out at the local level. 

At the regional level the process started with an inventory of individual habitats 

greater than one hectare, mapped at 1:25,000 using aerial photographs and field 

investigation. At regional scale, analysis was limited to assessment of the habitat types 

and spatial distribution. In addition, the landscape analysis included a broader 

assessment of the overall physical environment (soils, climate,nutrient and water 
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supply, etc.) to understand interrelationships between habitats and other elements. 

Classification of naturalness was also undertaken using three main groups; near natural, 

semi-natural and artificial. Threshold values for distance between habitats were 

established using historical patterns to help identify habitats experiencing some degree 

of isolation. Landscape analysis, historical analysis and habitat similarity analysis 

were used as tools to assess the overall distribution of habitat patches. The ranking 

system described as follows was employed to describe the results of the overall 

assessment (Kleyer 1994, p 261). 

"Rare habitats - This statement was assigned to habitats with a high value of 
naturalness that occur because of singular environmental conditions. Such 
patches should be conserved but not considered as elements of a possible 
network. 

Areas with high density of habitat and existing networks (value I) - These areas 
are assemblages of similar near-natural or semi-natural habitats that are situated 
closely together or share common borders. The overall area should be greater 
than 10 hectares. 

Areas where habitat density and/or networks are insufficient (value II) - In these 
areas typical habitat patches of the given regional natural unit are well 
represented but are either: 

-situated apart from each other, or 
-share only common borders with similar habitats, or 
-consist of habitats with low value of naturalness. 

Areas with low habitat density and missing networks (value III) - These are 
areas where typical habitats of the given natural unit are not well represented or 
are missing. Habitats with a low value of naturalness predominate. Single 
isolated habitats may serve as cornerstones for a future habitat network." 

Planning recommendations included protection of rare habitats and areas of 

value I. Existing habitats in value II areas were recommended to be restored, improved 

or extended. In areas of value III areas for new habitats were to be created. Since this 

level of investigation was regional in scale, recommendations were given as general 

guidelines for habitats 
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On the local planning level, a similar process was followed except more detail 

was incorporated into the study. Individual cities initiated local habitat network 

schemes. The inventory was conducted primarily through field investigation and 

habitat complexes were mapped at 1:5,000 scale and 1:2,500 with individual patches of 

200 m^ or greater included. The analysis at local scale assessed conservation value of 

patches and spatial distribution and connectedness. Conservation value for a habitat 

patch was based primarily on rarity and restitution probability. Rarity took into 

consideration the current frequency and area distribution in the current situation and the 

historical context. Restitution probability considered the possibility of self-

establishment within short time periods based on the criteria of physical condition, age 

of development and abundance of species with low dispersal capability. Assessment 

of connectedness values was undertaken only for habitats with high or medium values 

in the conservation assessment. Connectedness was assessed between habitats of 

similar type comparing distance and minimum area between patches. Planning 

recommendations on the local scale included the same three categories as on the regional 

scale, protection, restoration and creation of new habitats. 

2.3 North American Greenway Planning 

Planning open space networks in North America has taken a different path than 

that of Europe. Commonly referred to as greenways, connected systems of open 

space have largely been initiated through grass roots support and local level initiatives. 

The North American approach is generally to plan for individual greenways and then 

over time work on establishing connections. Efforts that are focused on landscape 

scale greenway planning tend to be scientific studies that are frequently not followed up 

with policy or plans to implement. A range of examples of planning for ecological 

networks or greenways in North America follows. 
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2.3.1 GAP Analysis 

The GAP analysis concept, as described by Scott et al. (1992), provides a quick 

overview of the distribution and conservation status of several components of 

biodiversity. The GAP analysis process utilizes satellite imagery as digital map 

overlays in GIS to identify individual species, species rich areas and vegetation types 

that are unrepresented or underrepresented in specific management areas. It is part of a 

biodiversity inventory process that was developed in the 1980's to complement other 

strategies for managing and protecting species. It has been developed and used by the 

U.S. Fish and Wildlife Service, Forest Service and various state-level departments 

responsible for wildlife management. In the U.S. it is one of the few broad-based 

programs to identify gaps in protection of habitats. 

The GAP analysis process includes fifteen steps (Scott et al. 1992) that begins 

with preparation of a vegetation map and ends with design of a reserve network. The 

fifteen steps are described below. It is characterized as a coarse filter approach that is 

not a substitute for detailed analysis 

1) Draft and digitize vegetation map. 

2) Ground truth vegetation map. 

3) Prepare maps of predicted species' distribution based on known range limits 

and association with vegetation types. 

4) Ground truth species distribution. 

5) Digitize protected areas. 

6) Digitize land ownership. 

7) Input point data for rare, threatened and endangered species' locations and 

point or line data for high interest habitats. 

8) Map species richness. 
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9) Generate maps for special interest species and habitats. 

10) Delineate centers of species richness. 

11) Rank centers of species richness by contribution to state, regional and 

continental diversity. 

12) Determine current percentage of each vegetation type and area of species 

richness in protected areas by land ownership. 

13) Identify minimum areas required for 75% (and 90%, 95%) of species and 

vegetation types. 

14) Identify landscape corridors connecting vegetation types and centers of 

species richness. 

15) Design reserve network. 

The GAP analysis process is now being applied at state, regional and national 

levels and has potential to be applied internationally. As a coarse filter approach, it is a 

good process to initiate conservation planning activities at a broad scale. It will help to 

identify opportunities and constraints to conservation management and then help 

establish priorities for more detailed studies. Applications of GAP analysis can also be 

extended to include large scale geographic studies, land use planning studies and other 

types of environmental studies (McKendry and Machlis (1993). 

2.3.2 Comprehensive Greenway Planning in Georgia 

Greenway planning in Georgia was started in 1976 when the State of Georgia 

published the Environmental Corridor Study (Dawson et al. 1976), a survey of 

greenway potential and a statewide interconnected system (Dawson 1995). Dawson 

describes the study process as combining intrinsic values (natural resources, 

environmental quality and aesthetics) with extrinsic values (human use, accessibility, 

market demand and land use). This study formed the basis for establishing priorities 
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for land to be acquired through the Heritage Trust and for other options such as 

conservation easements and zoning. As the process evolved the methodology for 

greenway planning in Georgia also evolved. The State of Georgia provided a 

definition for their Greenway system as: 'a connected integrated system of mostly 

linear, near-natural and cultural areas which, for various reasons, have remained as 

almost undeveloped corridors passing through human-altered landscape, and which 

have prime value to society and/or nature by remaining in there nearest to natural state.' 

(Dawson 1995, p. 32). 

The Environmental Corridor Study included four main parts, 1) resource 

analysis, 2) final corridor selection and priorities, 3) corridor planning and management 

options and 4) summary and conclusions. The purpose of the resource analysis was to 

make an initial selection of greenway corridors for more detailed assessment relating to 

their overall suitability as potential greenway corridors. Six key resource indicators 

were used in this assessment: 1) slope, 2) vegetation, 3) geology, 4) soil, 5) wildlife 

and 6) hydrology. Both environmental and human use criteria were used in the 

interpretation of the six indicators. The corridor selection process involved assessing 

corridors using two key indicators, environmental areas and scenic rivers. These were 

ranked as high medium and low intensity in terms of presence of the two indicators. 

Planning and management actions involved establishing priorities for timely 

conservation action. The 26 major greenways identified in the study were classified 

by intrinsic value, extrinsic value and endangeredness. Intrinsic value refers to the 

inherent qualities of the greenways, exclusive of the potential impact on the corridors. 

Extrinsic value refers to the quality and potential that is dependent upon or derived from 

human activity. Endangeredness expresses the level of potential problems that threaten 

the existence of the greenway. A composite index is then derived from this 

classification and priorities for conservation action is established. This process was 
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intended as a 20-year plan for the State of Georgia. New initiatives have been carried 

forward and further acquisition and conservation activity continues to occur. 

2.3.3 Greenbelts to Greenways in Three Canadian Cities 

Taylor et al. (1995) note that greenways have played and important role in urban 

development in Canadian cites for 40 years. Three specific cases were examined by 

Taylor et al. (1995) and provide and overview of the historical and current status of 

greenway planning in Canadian cities. The scope and planning method for each of 

these studies was different but the profiles presented include discussion of development 

plans, administrative framework, land use control mechanisms and a review of the 

outcomes. Each resulted in implementation and embodied characteristics of linearity, 

open space conservation, and connectivity. The three projects are located in the 

Canadian cities of Ottawa, Ontario; Calgary, Alberta; and Saskatoon, Saskatchewan. 

The National Capital Greenbelt in Ottawa, Ontario was initially incorporated into 

a comprehensive plan for the city in 1950. The greenbelt proposal embodied in this 

plan was to establish a green zone around the National Capital Region (NCR) that 

would occupy about 20,000 hectares, averaging 4 kilometers in width. The form and 

intent was patterned loosely after Ebenezer Howard's greenbelt concept. It was 

intended to prevent further sprawl and protect adjacent agricultural land, provide a 

reserve of building sites for future government use and to provide a practical and 

economic limit an the growth of the Capital by confining development. 

The greenbelt at its conception was intended to incorporate a variety of land uses 

including federal facilities, natural areas, recreation facilities, farmland and land held in 

reserve for future Capital development. Currently land is allocated as 25% farmland, 

15% sensitive natural areas, 30% government research centers and airport, and 30% 

developed open space, schools and hospitals. This multiple use greenbelt is 
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administered by the federal government and is intended to be controlled by zoning. 

However, local municipalities opposed this approach and eventually it was expropriated 

for the purposes of establishing the greenbelt. 
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Figure 2.3 National Capital Greenbelt, Ottawa, Ontario (after Taylor et al. 1995). 

Fish Creek Provincial Park in Calgary, Alberta was initially established in 1972 

when the Province of Alberta purchased this corridor to deter development. Under the 

guidance of a citizens advisory committee the plan was prepared. The goal of the Fish 

Creek plan was to provide conservation of significant natural and cultural values of the 

greenway area, while accommodating appropriate levels of use (Taylor et al. 1995). 

The planning concept included development of links and nodes and to concentrate 

intensity of use in specific areas with greater carrying capacity. As the plan has been 

developed approximately 900 ha. of the total 1200 ha. has retained its natural state. 

Fish Creek was the first urban provincial park in Alberta and was a forerunner of the 

Urban Parks Program, which promoted urban greenway development in several Alberta 

communities (Taylor et al. 1995). Land use control was accomplished by acquiring all 

the land by purchase or expropriation. 
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Figure 2.4 Fish Creek Greenway, Calgary, Alberta (after Taylor et al. 1995) 

The Meewasin Valley greenway on the South Saskatchewan River in the city of 

Saskatoon, Saskatchewan was developed in the 1970s as a natural amenity for use of 

the residents of Saskatoon. The planning process included an analysis of natural and 

human history, identification of site opportunities and constraints, and development and 

refinement of plan alternatives. Community and university groups, residents and 

community leaders, elected representatives and other government leaders all participated 

in the planning process. The plan promoted a concept of balance and distributed uses 

along the 80-kilometer corridor to avoid over intensifying uses in any one area. A 

special need for and independent controlling authority was identified early in the 


