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Abstract

Since the early 1970s, there has been a growing understanding that the form and function typical to many urban
areas is unsustainable. Significant problems are evident in many urban areas today, such as air, water, and noise
pollution, lack of green/open spaces, and inefficient transport systems. Given urban areas are home to around half the
world's population, it isvital that efforts are made to improve their sustainability for the well-being of present and future
generations. This paper shows that greenways, especially greenway networks, are an important planning tool to improve
urban sustainability. Essentially, greenways are linear green open spaces established along natural or man-made
corridors. Their potential to enhance urban sustainability lies in the wide range of environmental, economic and socia
benefits greenways can provide. To employ this tool, a GIS-based methodology for planning greenway networks is
proposed. The generation of these networks is based on anoda and connectivity analysis and is supported through the
GIS environment. Using this methodology, a master plan of a greenway network is developed for the Auckland Isthmus
(New Zealand).

1. Introduction

Urban areas are great magnes to mos humans Indeed, around 2.8 billion people worldwide
livein urban areas. They are an important resource in thar own right, but also have become a threat
to the natural environment. Urban areas are the nudeus of econormic growth, the major sources of
new technology and weath. However, they adso face dsignificant problems. uneven urban
development, creation of econormic and sodal 'snk’ areas, and environmental decay (urban areas are
the mgor consumers of naura resources and the largest producrs of pollution and waste).
Furthermore, urban areas have a sphae of influence far beyondthar own territory.

Themassive inarease in urbanisation and theimpact of urban areas on theglobal environment
mean tha creating more sugainable urban areas is essential to suganability at the naiond and
internaiond level. More than ever, the qudity of life and the legacy to future generations depend
onthedegree to which urban areas are successfully developing in asugainable way [10].

It has been argued that urban areas are and ever will be unbdanced in terms of environmental
and sodo-economic factors, since they '‘conaume naura resources and ‘produce waste and
pollution incessantly. The exceptiond chdlenge is to try to compensate this situaion. In this
context, it can be said tha much can be achieved throughpractical incremental stepsin a direction
tha seeks to 'reduce urban unsuganability' as much as to 'achieve urban suganability' [5].
Greenways, especially greenway networks, are onepossible step to reduce these unbdance.

A greenway is agreen linear open space established along a naural or man-made corridor. It
is a landscape connector linking spaces with concentration of environmental, sodal, cultural and
historic resources with each other and with people. It protects these resources and at the same time
it provides green open space near people's homes and offers desirable aesthetic amenities to people
as they recreate or commute alongthe greenway. A greenway is bordered with vegetation, separate
from the traditiond traffic roads and ideally uninterrupted. Since it provides connections it is a
route for passage and movement of persons, animals, thingsand non-motorised vehicles. It is safe,
pleasant, and easy to travel on. Its genega direction is easy to recognise by its physca
characteristics and theway in which it creates it own landscape It is free to use and easy to access.
A pak aongariver or adisused railway line convated for recreationd use and as an aternaive
trangport route are examples of greenways.

This pgpe presents the major outcomes of [14]. Section 2 of this paper establishes the
relationship between urban sustainability and greenways. Moreover, the potential of greenways for
a greater urban sudainability is demonstrated. As a result, it is condudeal tha greenways are an
important planning tool in urban areas. In ordea to employ this tool, a Gl S-based methodobgy for
planning greenway networks is developed (section 3). This methodobgy is based on the
interpretation of the landcape in [7], on the work in [9], and on graph theory. In section 4, the
proposd methodobgy is applied to develop a greenway network towards a greater urban



sugdanability for the Auckland Isthmus As a result, a master plan of a greenway network for the
Audkland Isthmusis proposed. This pgoer closes with the condugon (section 5) tha greenways are
an important planning tool in urban areas.

2. Greenways and Urban Sustain

ability

The explosve growth of urban areas has broughtabout fundamental changes, not only to the
physca landsape but aso to people's peceptions of land and environment. The high
conaentration of popubtion induees severa problems, not only environmental (however important
these are), but also econonic and sodal. In other words it induces problems and has an impact on
thethree parts of urban sugainability.

Greenways, because of thdr key characteristics such as spatial configuration and multi-
fundiondity, bring to an urban area a wide range of bendits. Based on an exhaudive literature
review, these benefits have been carefully andysed and identified in [14]. These ben€fits are
groupel by thethree parts of (urban) sugainability: environmental, econonic and sodal (Table 1).

Environmental benefits

Greenways:

Help to restore and protect the natural
environments

Enhance environmental quality

Contain different kinds of vegetation

Support local plant and animal communities

Provide wildlife corridors

Support biodiversity

Protect areas, in which waterways exist, tha
must be kept unpolluted

Help to reduce flood hazard and ameliorate
the water fluxes across landscapes

Reduce problems of soil erosion and down-
stream sedimentation

Help to reduce journeys to and pressures of
the countryside

Induce a more efficient utilisation of land

Limit urban growth

Can be makers and shapers of the urban for

Economical benefits

Greenways:

Help inward investment, business
retention and corporate relocation
Induce positive publicity for business
Enhance the facilities for employees

Stimulate higher productivity
Provide direct employment
opportunities
Attract tourism
Enable commercial opportunities
Improve the overall appeal of a
community to prospective new
residents
Are a low public investment and
a low private expense
Increase real-estate property values
Help create tax revenue
Help to reduce public costs
rStimulate expenditures by residents
Stimulate agency expenditures
Are a cost-effective strategy for
providing outdoor recreation
Decrease the car related family budget
Reduce the need for a second car
Proportionate a win of money and
time for parents

Social benefits

Greenways:

Improve leisure time and sport facilities

Can be a means of education

Enable a better appreciation and
awareness of nature and the environment

Are an alternative transport route

Democratise the public mobility

Enhance well-being through contact with nature

Are a visual relief, especially in urbanised areas

Induce healthier lifestyles

Provide access and linkage between natural and
cultural sites

Help to preserve monuments and historical
buildings

Enhance sense of community

Can be an anchor for revitalizing neighbourhoods
and building healthy communities

Facilitate social equity and therefore, social
cohesion

Are an alternative to those who do not live near
traditional parks

Can serve as evacuation and emergency vehicle
routes

Have a positive influence on human behaviour

Help to reduce crime

Table 1. Greenway benrefits (adapted from [14]).

Some of the greenways benefits are reinforced when they are connected in a comprehensve
greenway nework, linking the main significant areas of naural, ecological, scenic, social,
econonic, recreationd, historical and cultural values of an urban area (Fig. 1.). A greenway
network isin itself a green open space and therefore it bringsto an urban area al the bendfits of the
more traditiond urban green spaces. But a greenway nework throughits connection and linkage
induces a large spectrum of bendfits. This linkage beween areas is wha makes a greenway
network different from more traditiond urban parks.

Throughthese bendfits, greenways are a sengtive and appropriate respons towards greater
urban sudainability. In other words greenways are a crudal planning tool and can help make
progress towards greater urban sudainability as well as more general benefits. This can be
summarised into seven topics [14]:

1) Qudity of life b its achievement for al urban citizens based on the basic environmental,
sodal and econonic elements. Examples for basic environmental elements are potable water,
breathable air, spaces for movement, desirable habitat for living, recreation and working. Some
basic socia elements are physcal and menta health, access to education and housing, and equity.
The basic economic elements are for example reliable employment, incomes tha sudain a fair
qudity of life, and economic oppatunities and diversity.

2) Land use planning D this is related to the irreversible land use changes and the pace at
which land, afinite resource, is beng consumed by urban development and urban sprawil.
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Fig. 1. Greerway network and urban sustainahility [14].

3) Good connectionsDit is important to conserve connectionsfrom landscape to landscape,
and space to space. In [1] it is argued that providing or maintaining connectivity in a landscape
suppots partticular processes and fundions tha may not otherwise occur. If these processes are
bendficia and valued by humans and are dependent on connectivity to some extend, then it can be
argudl that connetivity is an important characteristic of, or a prerequisite for, urban sugainability.
Besides the ecological ben€fits, goodconnectionshave important sodal bendfits, such as suppot of
sodal cohesion and facilitate contact among people.

4) Sense of place, of identity and of bdonging P urban areas through their design should
suppot adynamic urban cultural life and foger strong urban identities [10]. The sense of place and
of identity can be enhanced in pat by providing a distinctive character to an urban area, which in
turn can be achieved throughicons

5) Development of a sustainable transport system B no urban area can offer good qudity of
life or achieve some level of urban sudainability without a sudainable trangort system [15].
Integrated with land use planning, for al forms of trangportation should aso enhance the quality,
liveability and character of communities and suppot revitalisation with minimum displacement
within urban aress.

6) Greena urban areas and 7) Open spaces D the creation, protection and maintenance of
green/open speaces are cruda elements of urban sudainability, as well as thar accessibility by
everybody ([4], [8], [14], [1]]), especidly the development of networks of (green) open spaces for
the protection of natural resources ([5], [6]).

3. Methodology

The methodobgy here proposd is based on two premises. The first oneis tha greenways
meld human and naura consderationsand influence the urban landscape. The second premise is
tha every single thing is conrected in time and space. This premiseis based on theinterpretation of
the landscape in [7]. From these authors perspective, the environment is a complex web of
landscape elements that change and evolve overtime. For them the landscape is composed of
paches and corridors tha exist within adominant background,thelandscape matrix. Thelandscape
matrix can berelatively uniform and homogeneousin character or highly heterogeneousand varied
over space. Both paches and corridars contrast in appearance with the landscape matrix. The
difference between them is tha paches are nontlinear areas, and corridors are linear arrangements
of natural areas or elements tha can be consdered to be a place or an event. By viewing the
landscape in terms of these basic structural elements, a network can be undestood as a system of
paches and corridors existing within and extracted from the landscape matrix.

Projecting these conaepts for planning a greenway network (GN) in an urban area, the total
urban area, or the total of the case study area, can be defined as the landscape matrix, the focal
points of activity or nodes, as paches, and the greenways as corridors. The nodes can be any non
linear area tha demands connectivity that is to be indudel in the GN. The third element of the
system is the corridors or links which are linear elements tha facilitate the flow of energy, matter
or species and are the main channds of movement.

As argued, a GN is composed of nodes and links. Therefore, it can be assessed based on
network andysis theory and methods in particular the populr graph theory. An important aspect of



this theory is the conaept of network connectivity, which is the degree to which all nodes in a
network are linked.

The methodobgy for planning a GN propo®d here conssts of six mgor steps. 1)
identification of god and objectives, 2) land cover assessment, 3) nodd analysis, 4) connettivity
andysis, 5) network generation, 6) evaluaion of the outputs. This structureis partially based on that
in[9].

Since the planning of a GN is about a changein the land use and requires a broad array of
gpaia information, a Geographic Information System (GIS) technology should be applied to
suppot the steps 2 B 6 of the methodobgy and to assist in the physical design of the GN. Each of
the six magjor stepsof the methodobgy is separately discussed bdow.

I dentification of goal and objectives (Step 1)

This step defines wha is hopel the GN will be (god) and wha purposes it will serve
(objectives). In planning a GN the definition of its god and objectives are especially important
because of its multifundiond character. When choices mus be made between alternaive nodes,
aignments, nework schemes or any other aspect of a GN, the god and the objectives are the
determining factors.

Land cover assessment (Step 2)

This step congsts of theidentification and generation of the nodes of the GN. Remember tha
the nodes are the areas of potential demand connectivity. In other words an area tha because of its
characteristics, is important to have in a GN and needs to be linked to other areas within the GN.
This step involves collecting, andysing and aggregatiing land use daa in orde to identify the
demand areas and pogderior creation of the nodes.

Nodal analysis (Step 3)

A very cruda task in planning a GN is the choice of the nodes tha will be pat of the
network. Theam of thenodd andysisisto find the relative importance of each node i.e. the need
for connectivity for each node The choice of the nodes is based on the god and obijectives of the
GN. To achieve this, first the possible benefits that greenways can have according to that goal and
objectives are defined. Then, a value reflecting the relevance of the bendfit is attributed to each of
these benefits, and the mogd relevant greenway benefits are chosen. Once this is done the
attributon of weights to each node can begin. The node weight (NW) represents the relative
significance of the nodein the study area towardsthe god and objectives of the GN. It depends on
two parameters: the nodeclass weight (NCW) and a criterion value, which is normalised to thetotal
criterion value of thestudy area. Hence, the NW is calculated with thefollowing equation:

NW = (Ncriterion /]Lriterion )' NCW (Eq l)

where Ngiterion 1S the nodecriterion value and Titerion 1S the total criterion value of the study area
When anodebdongsto more than onenodeclassits NW isthesum of all patial NW, that is:

i
Nw=1 Nw0 (Eq. 2)
i=1
Connectivity analysis (Step 4)
Connettivity isthelevel of thereciprocal action or influence of onenodeon every other node
Accordingto [9] and [11], the mos common model used to evaluate the connettivity is the gravity
modd, throughthefollowing equation:

where Cy, iSsthe conrectivity between nodes a and b, NW, is the nodeweight of nodea, NWy, is the

nodeweight of nodeb and D, is the distance between the nodea and nodeb. The connettivity is
determined for al viable linkstha will compose the GN.

Network generation (Step 5)

Severa potential neworks can be generated. Due to the complexity of neworks no genea
technique method or algorithm for the GN generation can be defined. However, three types of daa
necessary for geneating a ngwork can be identified: connectivity (Step 4), cod to user and cod to
builder. When the gravity modd is used these types of information are automatically implied. A



guided GIS-based approach is here propoed to geneate a GN, as discussed in the following
section.

Evaluation of the outputs (Step 6)

Thisfind step of the methodobgy conssts of the choice of the mos appropriated GN through
the calculation of connectivity indices, such as the adjusged Gamma index, the Beta index and the
distant-weighted adjused Gamma, and thorough ingection and compaison of the aterndive
networks. These indices are based on the number of links of the network, the maximum viable
number of links the nunmber of nodes, thetota distance (length) of the alternative neworks and the
total distance (Iength) of the maximum viable GN.

4. Case Study bthe Auckland Isthmus

In this section the proposd methodobgy is applied to the Auckland Isthmus (Al), New
Zealand. The Al is a populr place to live because of its central location within the greater
Auckland region, its proximity to major areas of work and recreation, the high standad of amenity
foundin many of its sububs and its mild warm-temperate climate. The elements tha contribute
greatly to the amenity of the Audkland Isthmus are: its extengve reserves, its low dengty, its
coastline margin along all its extent, its subdantially built up characteristic, its volcanic cones, its
heritagetrees, and its historic buildingsand places of archaeological significance. However, as with
any moden urban area it faces problems.

In order to apply the abovedescribed methodobgy first the interpretation of landscapein [7]
is projected to the Al. Consequently the entire area of the Al is regarded as the landscape matrix, in
which the relevant areas tha demand connectivity, i.e. nodes, as paches and the greenways as
corridors are found

I dentification of goal and obj ectives of the Greenway Network for the Al

Thegod of thegreenway nework (GN) planned here isto improvethe urban sudainability of
the Al. How? (1) By providing more sudainable alternaive ways for movement through the Al
based on the linkage of the areas tha demand connettivity. Like this, Aucklandea's have the choice
and the oppotunity to ge& around without a car, which can hdp to reduce the problem of road
congestion. The proposd GN can aso hdp both regiond and local govenments in their common
objective: the promotion of walking and cycling in the daly routine At the same time the GN (2)
will hdp to protect land from development and to control urban sprawl, which is recognised as
beng cruda by Audkland City Coundl [2]. An open space to be successfully protected from
development needs to have a postive fundion. It mug be usable and useful to people. Therefore,
the GN can be a powerfully strategy for land protection, since it has those chaacteristics. Further,
the GN (3) will fulfil theintention of Auckland City Coundl tha the existing open spaces and green
spaces, schools, commercia and community facilities should be linked by a walkway system. All
these kindsof areas are part of thehere planned GN. They are thenodes of the GN. TheGN (4) dso
will hdp to protect and preserve the existing open and green spaces of the Al and it makes them
more accessible for Aucklandes. Through ther improved accessibility and by protecting these
spaces, the GN will reflect the recognition of ther major significance for the Aucklande's qudity
of life by the coundal. The GN will also contribute towards a key characteristic of qudity of urban
design defined by the New Zealand Urban Design Protocol (NZUDP). This key characteristic is the
development of a green network that links private and public open spaces.

In conduson, the four points discussed above represent the objectives of the here plannad
GN for theAl.

Land cover assessment

As discussed in section 3, the main purpose of the land cover assessment is to identify the
areas tha demand connetivity, which will congitute the potential nodes of the GN. Thefirst task is
the collection and andysis of the GIS daa. The choice of the demand areas is based on three
prindples: (1) demand areas are locationswhere certain types of human activities take place, (2) the
assessment of potential areas tha demand connetivity, and (3) the potential role of these areas
towards the god of the GN. The identification of the demand areas is peformed in the GIS
environment, where each area is represented as a node The nodeis defined by the central point of



the corresponding demand area, which is origindly a polygon. For the Al, 4889nodes were created.
These nodes then were aggregated in 12 groups i.e. nodeclasses, by similarity of fundion. The
reason to group and create nodeclasses is to capture the type of human activity that takes place in
an area and not the exact activity itself, since the god of this GN is to hdp improve the urban
sugdanability of the Al [14]. The12 nodeclasses are: 1) open spaces; 2) green spaces, examples are
paks, cemeteries, 3) recreationd B examples are bdl fields play grounds sport places;, 4)
commercia bexamples are shops stores, take-away; 5) universities; 6) schools; 7) entertainment B
examples are restaurants, cinemas, museums; 8) inditutiond B examples are libraries, community
centres; 9) hedth B examples are hositas, clinics, 10) busness, 11) Auckland central area; 12)
raillway and busstations
Auckland centra area has a sgnificant economical, sodal and even environmenta

importance. It pemits a huge amount of all types of human activity and is a central hub for
movements to and from al points of the Al. Based on these facts, it was decided to defineit as a
major demand area, represented by an individud nodeclass.

Nodal analysis

The pumpo< of the nodd analysis is to discover the relative importance of each node in
relation to the god and the objectives of the GN for the study area Theefore, an attribute
representing the need for connection, i.e. the nodeweight (NW), is created for each node This
atribute is based on therole tha greenways are intended to play towardsthe god of the GN for the
Al. To achieve this, first the possible bendits that greenways can have towards urban sustainability
are defined. A total of 48 bendfits are collected, as listed in Table 1. These bendits are attributed a
value called the sustainability value (SV), tha reflects the relevance of each greenway bendit to
urban sugainability. The SV ranges between 1 and 6, beng 6 the best SV. For example, the bendfit
greenways help to enhance well-being through contact with nature hasa SV of 5.17 and the benefit
greenways help to preserve monuments and historical buildings has a SV of 2.33 The SVs were
developal based on a soundknowledge of the literature and informed judgement. A more detailed
explanaion can befoundin [14]. This ranking gives an overview of therelevance of each greenway
bendit towards urban sustainability. From the 48 initial greenway bendfits, 32 are selected for this
case study.

Thenext phase of Step 3 istheattribution of aweight to each of the 4889nodes. Like this, the
nodes are ranked with respect to ther priority for linkagein the GN.

The NW is determined in two parts. Since the NW dependson the NCW, thefirst pat is the
calculation of the NCW. This calculation begins with the andysis of the relationship between each
of the 12 nodeclasses and each selected greenway benefit towards urban sugainability. In this case
study, 384 combinaionsare considered (12 nodeclasses x 32 greenway bendfits). To each of these
combinations a patial value (V;) between 1 (less relevant) and 6 (mog relevant) is attributed
representing therelevance of these combinaionsto urban sugainability. Thetotal relevance of each

32
nodeclass i to urban sugainability (V;) is then calculated through equaion:V, = | V. Table 2
=1
shows an extracted of those 384 combinaionsand thar V; values. Based on these values, the NCW
is calculated throughequaion: NCW =V, /(max ,, Vi)

With the knowledge of the NCW for the 12 node classes, the NW is calculated through
equdion (1) and equdion (2). The criterion hee used is the area size of the node The
representation of all nodes by their NW isshown in Fig. 2.

It is easy to predict tha in an area like the Al, which has alarge numbe of nodes (4889) itis
not possible to connect al nodes. The chadlengeis to connect the mog relevant nodes towards the
god of the GN with the best compromise between cod to user and cos to builder.
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Table 2. Relevance of each node class towards urbansustainahility (adaptedfrom [14]).
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Fig. 2. Represertation of all nodesby their node weight.

Connectivity analysis

For the determination of the connectivity usng the gravity modd, the NWs and the distances
between the nodes mug be known. The distances can be directly extracted from the GIS
environment. The next task is the definition of thelinks i.e. the greenways tha should be regarded
viable to generate the GN for the Al. It isconsgdered that al direct links greater than 1.5 km length
are nonviable. Thisdecison is made based on the knowledgetha a personiswilling to walk circa
1 km and to cycle circa 3 km [3]. With this maximum distance of 1.5 km between two nodes, the
destinaions (i.e. the nodes) are roughly within a cycling and walking distance. Using this
limitation, al viable linksfor the Al are generated in the GIS environment. A total of 587602links
were generated for the Al. All these viable links compose the maximum viable GN for the Al.

Having generated all viable links the deerminaion of the connettivity for al those linksis
undetaken usng thegravity modd (equdion 3).

Network generation
The generation of a network is based on the maximum viable GN. Obvioudy, the aterndive
GNs, which are generated in thefollowing, are subsets of the maximum viable GN.



The large amount of nodes of the Al (4889) and the consequent enomous number of viable
links (586602) makes a manud network generation of an efficient network almos impossible. In
the here proposd guided Gl S-based approach, the user chooss certain strategic nodes which must
be connected in a comprehensive nework. Using the route fundion of the GIS environment the
selected nodes are connected. Different results are producd depending on the selected nodes and
the defined cost. Here, the intention is to use the connectivity (determined in Step 4) in order to
geneate the route between the selected nodes. In othe words the intention is to maximise the
connectivity of the nework. Like this, theroute looksfor thelinkstha have greater connettivity in
orde to build the best nework tha links all selected nodes. This implies tha beside the selected
nodes other nodes tha are connected by links with greater connectivity will aso be pat of the
generated nework.

Seven dternaive GNs (A to G) were genaated for the Al. For the geneation of each
aternaive GN, different nodes were selected based mainly on thar NW, and on which nodeclass
they bdong. It follows the generation description for two of these seven alternative networks.

The GN F (Fig. 3.) is generated by linking nodes tha have a NW greater than 431 plus 26
nodes of different NW, chosen manudly. Theintention of adding these 26 nodesisto have nodes at
all theextremities of the Al'sareain order to have a broader nework.

Fig. 3. The GN F for the Al.

The GN C (Fig. 4.) is generated by connecting all green spaces with a high NW plus nodes
from all nodeclasses that fall in a certain interval of NW values (between 120 and 430) plus the
same 26 nodes used for the generation of the aternaive network F. These are the selected nodes,
which are connected by the route fundion to generate the network. The main intention of creating
this GN was to guarantee tha more green spaces are incorporated in the GN.

Evaluation of the outputs

The next and find step of the methodobgy is the evaluaion of the seven aterndive GNs.
Here these adternatives are andysed and compared. This is doneby manud ingpection and usng
connectivity indices (section 3).
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Fig. 5. The GN A for the Al.

It was observed tha al seven aternaive GNs have the same basic structure, i.e. main
skeleton, independently of the nodes tha were selected to generate the networks. These seven GNs
represent a progressive decrease of nework complexity from the GN A to G. Tha meanstha the
cod to builder decreases and the cod to user increases from A to G. A very interesting and postive
feature, which is common to all alterndive GNs here generated, is tha they do not consst of a
hierarchical network typology with the noderepresenting Auckland central area as the centre point



of redistribution. They rather consst of multi-circuit' networks with cross town links

Based on this evaludion it is proposd to start implementing the GN F and progressively
upgrading untl the GN C is reached. Idedlly, onee GN C is completely implemented, the
implementation of the GN A (Fig. 5.) could begin. The here proposd GN should be consdered as
wha it is: amaster plan of a GN for the Al.

5. Conclusions

Greenways have the capability to protect and link naural, historical, cultural, ecologica and
economic resources into a type of system tha has greater value and highe use than the sum of its
pats. They respect the carrying capacity of the natural environment and they take into accountthe
badance among the three parts of (urban) sugainability: environmental, economic and sodal. They
hdp to make urban areas more environmental responsble, healthy, attractive, vibrant Bin oneword
sudainable. They hdp to place paticular emphasis on the question of how it is possible to move
towards urban areas tha are more enjoyable, more interesting, more humane, more legible and
greener while usngless energy, materials and water.

The main outcomes of this pgpe are: (a) greenways, especialy GNs, are an important
planning tool for achieving greater urban sudainability. Thar potential lies in the wide range of
bendfits greenways bring to an urban area. (b) The development of a guided GlS-based
methodobgy for planning a GN to apply this planning tool. The network generation is based on
nodd and connettivity andysis andis suppoted throughthe GIS environment. This methodobgyis
flexible and universal. It can be applied to any study area where the appropriate daa is available or
it can be assembled. (c) The creation of a master plan of a GN for the Al, which should be a guide
for its effective implementation. Through these outcomes, this pgpe has demondrated tha
greenways are a pah towards urban sugainability.
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