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ABSTRACT

Rapid development and urbanization have to consider the natural environment for today as well as for
the future. The natural environment in Hawassa is being compromised due to rapid urban development,
this has led to the fragmentation of its natural mosaic. Due to fragmentation, the natural system is
disconnected, connectivity of ecological service is disturbed, resulting in flood, and air pollution. In other
countries, greenways, by their multi-dimensional benefits, have solved these problems. Connecting the
fragmented natural environment of Hawassa by greenways could benefit in various ways; ecological
service enhancement, environmental protection, and alternative transportation, reconnected flow of
wildlife, livable environment, and socio-economic enhancement. The main objective of this study was
identifying and designing the potential greenways of Hawassa city. All the greenway systems offer

solutions for balancing the rapid development with the natural environment.

The following main tasks were designed to attain the objectives; assessment of potential areas,
assessment of suitable landscape, and delineation of potential greenway network and detail design on a
specific site was conducted to ease integration and implementation at local scale. The designed greenway
networks fulfilled the intended functions of ecological, socio-economic, alternative transportation
provision and urban environmental protection to a large extent and local scale. In this regard, the study
attained promotion of local and urban access with greenways, aesthetic aspects of urban landscapes,
improved recreational opportunities, improved performance and distribution of activities by greenways, an
increase of efficiency and environmental aspects in the city and improved social values considering
economic sustainability. A method used for suitability of landscape and city scale greenway network were
delineated based on the recommendations suggested by different researchers on Geographical information
system (GIS) and Least cost path( LCP) as tools. Greenways were identified using those tools. City scale
greenway network was planned and selected action area was designed based on urban design procedures
on the greenway framework, ecological network service, socio-cultural benefits, and alternative
transportation. Finally, challenges and other issues are listed. Recommendation for Hawassa city
administration and other stakeholders were forwarded for future planning and to point out the direction of

research on the issue.

Keywords: - Greenway, Natural Environments, Sustainable Development, Least Cost Path,
Fragmentation
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PART ONE

1. CHAPTER ONE - INTRODUCTION

1.1Background

The growth in urbanization and associated development pressures have led to land use change and
major ecological pressures on the landscape in both developed and developing countries.
Development/urbanization is a process of subdividing the land into lots and altering the physical
landscape for the purpose of housing, roads and commercial use within communities (Jongman and
Pungetti,2002). Developing land for human needs reduces the amount of natural space (Hellmund et. al.,
Paul, & Daniel et. al., 2006), as natural spaces diminish, so does habitat diversity, the great variety of
forests and other natural resources (Smith, 2006).

A development has an indirect impact on a land it leaves untouched. As we convert land, we
fragment a landscape into smaller and more isolated patches of nature (See Figure 1). The new pattern
and mosaic that we have created on the landscape greatly alters the way in which natural systems
function, any change in their habitat because of human nature of human nature alteration for development
will affect their ability to survive ( (Hellmund et. al., Paul, & Daniel et. al., 2006)

Today in many cities globally greenways, a linear natural corridor that performs natural functions
while offering desirable results protect and conserve nature, social and cultural character and serve as
alternative commuting along the corridor (Turner, Shafer, & Lee, 2000). Greenways are planned,
designed and implemented for their various functions: they provide open space for public access,
recreational use, protecting and improving natural resources, alternative transportation (Fabos, Julius
Gy., 1995; Ahern J. , 1995). This natural corridor brings ecological/environmental, social/cultural and
transportation benefits to the city, and is viewed as a natural system approach in the city planned first,
so that different parts of the city can be connected, second pedestrian flow is possible, third view as a
link between different parts of the city ( (Ahern J. , 2004; Fabos, 2004) .

In the context of Ethiopia, cities are growing at a rapid rate of urbanization which creates
development demand on physical infrastructure, land and, energy (EPA, 2002). These interventions put
the country in a struggle with urban issues, unsustainable use of land, fragmentation of the natural

environment, loss in natural resource and public needs like green space and transportation.
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This thesis uses the concept of a greenways system as a primary driving factor in shaping

Hawassa’s sustainability. The main purpose is to reveal useful findings for the city of Hawassa in the
provision of the greenway system. We will use phase by phase tasks, identifying locations of Hawassa
its natural, scenic, public destinations and tourism. Identifying the most suitable landscape for greenways
that link those locations after delineation of corridors on the suitable landscape shall be done using LCP.
Finally, an action area in this greenway framework shall be selected to test integrations of defined

greenway corridors in the existing urban fabric.

B NATURAL LAND 7] DEVELOPED LAND

Figure 1: As land gets developed, seen here from left to right, the natural space that remains become highly fragmented (American trail.org.).

1.2 ocation of the study area

Hawassa is located in the regional state of Southern Nations Nationalities Peoples State (SNNRPS)
about 275km from the capital of Ethiopia, Addis Ababa. This is the administrative city of the regional
state. It is situated along the international road that connects Addis Ababa with Nairobi at a distance of
275 kilometers south of Addis Ababa. It is bounded by Lake Hawassa on the west and north-west,
Chelelaka marshy area on the east and south-east, Tikur Wuha River on the north and Altamura Mountain
on the south. It lies on a relatively flat plain in the rift valley topographic region having an average
elevation of around 1,690 meters above sea level (m.a.s.l.). The approximate geographical coordinates
of the hinterland of Hawassa extends between 370 521 - 390 11’ East longitude and 060 27' - 070 40'
North latitude, and covers a total area of 8282.6 km2.

The hinterland comprises eight Woredas, found in Oromiya National Regional State (Shashemene,
Arsi Negele, Kofele, and Siraro) and from Southern Nations Nationalities and People’s Regional State

(Hawassa Zuria, Shebedino, Dale and Boricha).
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Figure 2: Location of the study area.

1.3Problem statement

Hawassa’s ecological environment is being compromised for urban development; this has led to
fragmented green mosaic. Due to this fragmentation, the natural system is getting disconnected (Hawassa
City Adminstration, 2014). The city is facing flood challenges and high volumes of runoff. Social lifestyle
is changing (MWUD,FUPI, 2006). Dependency on the motorized mode of transportation is observed in
Hawassa, is causing residents associated lifestyle illness (Jane, Jacobs, 2007). Hawassa is struggling
between the problem of urban development and the natural environment (MWUD,FUPI, 2006).
Development and rapid urbanization are changing the natural mosaic and are restructuring the land use.
Building a wide range of transport infrastructural networks, building different structures for different
uses in the city and for people need is among those factors. Urban areas facing serious fragmentation of
natural areas, changing in lifestyle, motor dependency, and deterioration of ecosystem, loss of natural
habitats and extinction of species are becoming evident (Alliance(STA), 2012).

Considering these issues of rapid urbanization, fragmentation of nature, extinction in

biodiversity, it is necessary to assess and find strategies for reconnecting the natural elements and better



link the development and ecological protection mechanism. Greenways in other countries have solved
the problem by connecting the fragmented natural environment. Likewise greenways can benefit
Hawassa on various ways like, better ecological network, socio-cultural promotion, creating public space
network, improving community attachment with nature, creating sustainable alternative transportation
that reduces air pollution, enhancing health benefits for walking, running biking, reconnect the wildlife

route, biodiversity maintenance, and environmental protection, like reduction flood, run-off, and erosion.

1.40bjectives of the study
The main objective of this study is to identify and design potential greenways of Hawassa that
link city’s potential areas.
Specific objective
e To identify the potential greenway areas of Hawassa city.
e To assess the suitability of existing urban environment for greenway delineation.
e To identify suitable greenway route that links potential areas.
To design greenway segments from the whole network on actual specific site of Hawassa for its

integration and implementation at local scale.

1.5Research questions
This thesis is intended to answer the main question, “how can one identify and design the
potential greenways of Hawassa city?”
Specific Questions
e What types of potential greenway areas are found in Hawassa city?
e Which areas are a suitable landscape for the greenway in Hawassa city?
e How to delineate suitable greenway corridors that link potential areas?

e How to design a segment of the whole greenway network in the city that is proposed

1.6 The significance of the study
This study reveals useful findings for the city of Hawassa as well as for the field of planning,
urban design and city administration showing that greenway network is a strategic planning and design
tool for city’s sustainability. Hawassa city can benefit from the results by receiving specific and
scientifically sound recommendations regarding benefits and future direction of greenways for the city
and mechanisms to identify suitable landscape to integrate greenway network and attain goals of a

sustainable city.



This study encourages further planning, design and supports the city’s effort in building a more
sustainable and livable city. Furthermore, this study provides a methodology for assessment and
identification of suitable landscape and route defining tasks which could improve current planning and

design procedures in the city of Hawassa and other similar cities in the country.

1.7The scope of the study

The spatial or geographic scope of the study is to cover assessing and locating the potential area
in cities of Hawassa, currently authorized as political and administrative boundary included in this study.
It is limited to assessing at planning scale for producing city scale greenway corridors as a system then
design a segment of the single corridor to test its integration and implementation on actual situation at
the local scale.

The thematic scope focuses on the assessment of potential areas and assessment of suitable
landscape and existing situation in relation to the objectives of the study. This study mainly focuses on
the suitability of landscape; identifying city’s potential for greenway and developing potential greenway
networks at city scale then preparing detail design at local scale.

1.8Limitation of the study

In this study, most of the data are gathered from Hawassa city administration different concerned
bodies. The data are written copies that are major limitations for the study. Digitalizing and organizing
data was time taking the task, In addition, collecting data’s like locations of high population destination
was the difficult tasks for this study. Availability, accuracy, organization and registration time of data
was a major limitation, these limitations have the possibility can limit the number of factors used in
suitability assessment and distort the result. The other limitation was bureaucracy; working with officials
timelines and different stakeholders availability of the concerned bodies is essential for updated data, this
was a limitation for the study.

1.90rganization of the study
This study is presented in two parts. Part one includes; chapter one deals with background
information of the study, location of the study area, statement of the problem, research question,
objective, significance of the study, scope of the study and limitation of the study; chapter two research
methods and data; chapter three deals about literature review; chapter four deals with implementation of
methods at city scale; chapter five presents result, discussion and findings; chapter six presents

conclusion, recommendations and future detail implementation direction of study area. Part two includes;



chapter seven design, which present testing the network on a specific site using implementation strategies

and guidelines.
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2. CHAPTER TWO - RESEARCH METHODOLOGY

2.1Research Design
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2.2 Description of the study area and boundary

The study area is located in Hawassa city which is in the southern part of Ethiopia. Hawassa is
a medium sized city with a population of about 358,725 inhabitants (2007 profile, statistics office of
Hawassa), and taken as a secondary city. The city of Hawassa has based on natural resources. Currently,
those resources are the main income-generating resources. They bring higher value for the wellbeing of
the inhabitants as well as for the 200,000 per year visitors (2007 profile, tourism office of Hawassa) in
the city. However, currently, the protection of those natural features and enhancement of urban habitat
connectivity is stressed in conflicting fragmentation and degradation by a reason of new construction
activities and infrastructure development, mismatch between natural landscape and land use plan.
According to an interview with the environmental protection, tourism and biodiversity officials of
Hawassa city administration these are a willingness to move towards a more sustainable and eco-friendly
city.

According to the tourism office of city administration, Hawassa has many potential scenic
natural landscape but most of these environments are not accessible. In order to encourage daily journeys
greenway to have a potential to form a sustainable form of mobility within the built urban form as an
alternative travel route and environmental protection (Ahren 1995; Searns 1995; Walmsley 1995; Conine
et al. 2004). Greenway network is the best naturally connecting systems for less accessible places. The
most scenic potential landscapes across the city; Burkito hot spring, which is less accessible with an
average of 1000 visitors for natural healing per day. The highest accessible is lake Hawassa (Tourism
office of Hawassa).

The second reason for the proposed greenway network in Hawassa is that the city set-up reveals
the structural potential for the implementation of a greenway network. Lake Hawassa and its long
shoreline trails, Tabour and Alamoura Mountain, Burkito hot springs, Millennium Park for biodiversity
protection as well as Tikurwuha River, palaces and monasteries as historical elements are the city’s
suitable spatial elements for greenway development. The elements mentioned above provide linear and
nodal features for greenway alignment. Riparian greenways can protect water quality and aquatic life,
and contribute towards networking of natural features thereby protecting watercourse as well as habitat
connectivity as wildlife corridor (Connie et al. 2004; Turner 1995). Furthermore, the city of Hawassa has
numerous open spaces for greenway development and low traffic roads, where car restrictions would not
affect the urban traffic flow significantly. That suitable city and natural features make the city of Hawassa

as a setting with high potential for the realization of a greenway network.



2.3 ldentification and interpretation of greenway objectives for Hawassa

Most greenways implemented and underway, planned, designed and constructed a base on three
main objectives. These are the provision of alternative and sustainable travel routes, socio-cultural
character and wellbeing for humans and animals, urban ecological and environmental conservation and
protection (Ahern J. , 1995; Fabos, 2004; Hellmund, Paul, & Daniel , 2006). While the first greenway
objective aims to serve the human well-being that facilitates movements of peoples for different purpose
and recreation. The second objectives aim at the social and cultural character for the site as the provision
of networked public and open space for people to interact also to create an attachment with nature. The
third objective aims to serve the natural systems, protection, enhancement, and linkage for the benefits
of the whole. Thinking of non-motorized travel routes through greenways has been encouraged in several
analysis and planning approaches. This study aims to identify greenway corridors system and design at

a specific site for Hawassa.

2.4 Method Description
The main task in this study is categorized into two parts; identifying potential greenway corridors
at the city scale and design segment from the whole proposed on a specific site for the actualization of
the bigger plan. In the first part, identifying the potential greenway corridors takes several sub-tasks,
identifying the demand area needs to connect in the greenways. These areas are the city’s potential
locations where cultural/social and natural resources are located in. After identifying, demand areas
followed by the landscape suitability assessment to identify the suitable landscape for the greenway in
Hawassa. Assessment of landscape suitability is followed by a series of assessments and map overlays
that identify the best suitable landscape. Finally, greenway corridors are delineated by evaluating and
adjusting the identified ones in the first part. The second part of the study is the design of the segment
from the whole. Tasks like selecting a specific site from the whole then designing in detail at
local/specific site scale is conducted.
2.4.1 Study tools to identify potential Greenways
For the whole process of this study to identify the potential greenway corridors in Hawassa
follow a continuity of GIS-based planning approaches developed and advanced by Miller et al.(1998),
Conine et al. (2004) and Teng et al. (2011). This methods and approaches by Miller and Conine are
similar in that they both use GIS-based phase by phase approach. In this method one follows the other;
the successor depends on the precedent. Land suitability is assessed and analyzed to identify suitable land
for greenway development. Both studies begin with identifying intended greenway functions, and the

relevant factors that indicate these functions in a spatial context. Within the GIS working and analysis



environment, all cells in the study area are ranked by each factor of suitability. While suitability map is
the final result in the study area by Miller et al. and, Conine et al. take a further step and use the suitability
map to delineate greenway corridors that pass through the highest suitability result. Suitability assessment
bases on measuring factors. These factors represent a single attribute to identifying landscape. Finally,
overlaying all factors to a single layer which is the sum of all factors; that the cost surface/cells of relative
suitability in the study site.

GIS-based approach for greenway planning and design is found to be the most suitable planning
tool with, a raster-based algorithm to determine the best option among possibilities and the most cost-
effective paths between two specified locations connected depending on the given cost surface generated
from suitability assessment . Least Cost path (LCP) method used to identify the first greenway corridor;
the output from LCP model is the optimal path for all criteria taken during the suitability assessment
(Conine A. et, 2004). Overall, this method was chosen for its optimal advantages of working on the large
area; such kinds of study must undertake on wide area assessment for networking the natural and human
movement needs. This phase of the study has followed suitability criteria and greenway corridor

identifications, following the approaches and recommendations by Conine, Miller, and Teng.

Selecting Suitability factor

Suitability analysis is serious of assessments and map overlays that identified the preliminary
corridors where the most significant greenway resources were located. These corridors become the
priorities for greenway land acquisition (Jana & Rogier , 2004). Primarily need factors for suitability
assessment to be set. The applications of suitability factors and criteria for ecological networks design
helps to reveal evaluate and exploit the impact of protected area and availability of resources from the
developed and future expansion area (R. H. G. Jongman, 2004). In suitability assessment factors mainly
categorized into mainly four, physical, environmental/ecological, economic, and socio-political (Gobster
& Westphal, 2004). This study mainly prioritizes environmental factors of suitability, because the goals
of this assessment are finding landscape patch which is most suitable among a different landscape of
Hawassa to integrate greenway network.

For the purpose of this study, the most significant issues to choose the factors for suitability regarding
the actual study area among various suitability factors. Weighting factor and criteria used in this study
(land availability, attractiveness, road type, environmental protection, protected area, the demand of
connectivity and topography) were used also for a different study. The selected factors of suitability on
other studies done before, a study by (Blob, 2016; William, Michael, Frederick, & Edward, 1998), found
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given a high priority. As a result, the identified study area in Hawassa greenway analysis has also

identified these factors as high priorities.

GIS as a tool
GIS is used to find the optimum route and spatial discontinuities can be useful in delimiting
corridors (R. H. G. Jongman, 2004). Used to analysis combined datasets. Help to understand spatial
ecological relationships much more clearly than was ever possible in the past, and helped to develop a
strong methodological instrument for building greenway network (Renato & Luciano, 2004). Using GIS
enables us to outline the situation as an almost continuous configuration of efficient units and results of
environmental continuity (Gloria & Bernardino, 2004). And finally, GIS functionality and its spatial
processes modeling capabilities led us to choose the raster structure for our data analysis.
2.4.2 Assessment of Potential areas
According to Conine, Miller and Teng approach to identify greenway Corridor and plan the
network first step are assessments of potential locations that need to be connected in greenways network.
These locations are natural resources and frequent human activities including, residential locations are
the main origins of people, and service (Health, schools, institutions), manufacturing, recreational area,
market are among locations which attract people to move (Conine A. et, 2004). From this assessment
phase, a place of high concentrations of points and potential locations in Hawassa are identified.
2.4.3 Assessment of site Suitability
In this sub-phase of the method, the landscape of Hawassa is rated for factors of suitability for
the stated goals of the study, and the most suitable areas for future greenways were identified on a similar
fashion to Miller et al. (1993) and Conine et al. (2004). Various measuring factors for identifying
suitability are selected. In suitability assessment selected factors availability of land for greenway
delineations, road types, attractiveness of landscape, environmental protection, protected area
assessment, demand for connectivity and topographical assessment were identified as factors to identify
the suitability of study area for greenway network. Finally, all factors were mapped and overlaid. The
suitability of the whole assessment criteria in GIS, the surface of cells with relative cost in terms of
suitability are ranked from very high to not suitable.
2.4.4 Path delineation using LCP model
Path delineation needs origin and destinations. As discussed in previous parts of these methods,
assessments of demand areas include a number of locations with origin and destinations of travel. Most
residential locations by a character in most travel are taken as the origin and, other service areas, job,

recreations like are taken as an end in daily frequent travel (Conine A. et, 2004, Miller ,W. et al., 1998,
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& Teng, M. et al., 2011). The start and destination points were determined to be locations in the city with
a character of most demand areas around the city of Hawassa. To make it specific , the relative
concentrations density of demand areas of origin and destinations , and locations that the demand
locations are located were defined. The intention of this point selections was to cross-connect peripheral
residential point and other connection demand locations at diagonal locations from the city to create a
connected web like a network that covers demand areas across the city more or less evenly. This
mechanism was taken from the recommendations by Tom Turner(1998) for the urban green web that
interconnects the urban center with the urban fringe (Smith, 2006, Jongman & Pungetti, 2002). With the
whole data provided, the corridor was calculated by pairing origin and destinations points, in the LCP
model process.
2.4.5 Evaluation

The generated suitable greenway network routes were evaluated in four stages. First, conflicts
and overlays of individual routes generated using different origin and destinations; second, overlaying
the generated greenway network on the existing Hawassa road networks. In this process the results of the
LCP path models calculations were evaluated against the city streets and suitability level; the third stage
generated greenway alignment; fourth stage suitability evaluated against Hawassa’s spatial features like
property and ownership conflicts.

2.4.6 Adjustments

As a final step, the whole task in identifying the potential greenway corridor of Hawassa was
conducted. In this phase, the issues identified in the evaluation processes were traced back to their cause,
suitability assessment, and path delineation phases after adjusted to improve the final results of suggested

greenway routes.

2.5 Data Collection

In this study, most of the data manipulation and analysis took place on the digital spatial analysis
program, ArcGIS 10.3. Before the data and information record into the GIS platform searching of the
essential data was the first task. Half of the data were derived from different part of the Hawassa city
administration, tourism and recreational data in printed copies, fliers, website and browsers from city
tourism and culture office. Digitalizing these documents in the spatial form on digital layer, different
existing and future city structural plan proposal, land use from the city urban planning department was
necessary. The structural plan, as a data, has located green space and protected zones with other urban
land use. From the city, biodiversity protection and conservation office areas good for protection and

conservations and the future plan in terms of the vision for the city were found. Terrain analysis was
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made based on the data from NASA & USGS (DEM with 10-meter cell size). Based on this topography
gradient highest of the city boundary for scenic value were identified. Highest points have a potential
location for scenic value (Ahern J., 1995) . Potential demand areas were studied using on-site observation

and survey; this data was used for the assessment of demand areas of Hawassa.

Table 1: Summary of data collection and analysis methods

No | Objective Data type Data source Method of data Data

collection Analysis

1 To identify the Updated Base map City municipal Mapping
potential greenway | (CAD) (Planning department and GIS
areas of Hawassa Masterplan office) Excel
city. Auto-CAD

Spatial locations of uses | City municipal On-site survey and GIS

,generating peoples (Planning department and | mapping Excel

travel from home(Land Masterplan office)

use)

Potential locations City municipals , sub- Interview , mappingand | GIS

Hot spots, population and | cities and on-site capturing a photo AutoCAD

spatial locations, and observations

centers of the city Excel

Recreational and tourism | Tourism and culture office | Browsing, Tracing and GIS

attractions of Hawassa ,websites digitalizing Excel
Jfliers, and brushers

2 To assess the Spatial data’s, land use, City municipal , Google Browsing , conversion , GIS
suitability of road network , map ,Google earth, and classification Tracing AutoCAD
existing urban topographic data NASA Earth data and digitalizing Excel
environment for
greenway
delineation.

3 To identify suitable | Origin and destination Demand area assessment - GIS
greenway route that and Suitability Excel
links potential areas. assessment from previous Auto-CAD

steps

Structural Plan of Suitability assessment - GIS(

Hawassa from previous stages. Distance
tools )

COST SURFACE or LCP ,Cost

Relative suitability of Distance

influential factors map and Cost
Backlink

4 To design greenway | Proposed Greenway City Municipal - GIS
segments from the network
whole network on Base map of the city The output of objective 3 AutoCAD
actual specific site of | Existing map On-site caption
Hawassa for its Picture on site Journals
integration and Observation
implementation at Literature
local scale.
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Table 2: List of Data, type, and character Used in GIS (Source: fieldwork and structural plan of Hawassa)

Data Source Data Description File Type Purpose

Hawassa City Administration , | Manufacturing areas Polygon Suitability Assessment

Planning Department Social Service Polygon Suitability Assessment
Residential areas Polygon Suitability Assessment
Forest Polygon Suitability Assessment
Recreational areas Polygon Suitability Assessment
Educational Institutions Polygon Suitability Assessment
Administration area Polygon Suitability Assessment
Green and open spaces Polygon Suitability Assessment
Roads Polygon Suitability Assessment

Hawassa city Administrg Elementary Schools Point Assessment of Demand areas

Education Office High and Preparatory School Point
Colleges Point

Hawassa City Administratioff Animal and Plant Reserve Point and Polygor Suitability assessment
Biodiversity protection Future Plan of locating Sanctuary Reserve| Point and Polygol Suitability assessment
conservation office
Hawassa City Administratiol Historical Heritage Point Assessment of Demand areas
Tourism and culture office Natural Heritage Point Assessment of Demand areas
Potential Scenic locations Point Assessment of Demand areas
On site survey and observations | Retail Point Assessment of Demand areas
Youth center Point Assessment of Demand areas
Stadium Point Assessment of Demand areas
Markets Point Assessment of Demand areas
Popular Nodes Point Assessment of Demand areas
Cities centers Point Assessment of Demand areas
Cemeteries Point Assessment of Demand areas
Transport stations Point Assessment of Demand areas
Known Locations Point Assessment of Demand areas
Existing Trails Line Assessment of Demand areas
Potential Trails Line Assessment of Demand areas
City Municipal Highways Crossing the city Line Suitability
Roads Line suitability
Land use polygon Suitability

‘NASA Earth Data

DEM(Digital Elevation Model)

Raster Dataset

Terrain , view shade ,Hill s
Assessment

The data such collected were analyzed using the GIS software. Chapter four presents the analysis

and results.
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3. CHAPTER THREE - LITERATURE REVIEW

This chapter consists of a review of findings from a comprehensive literature search that was
conducted as part of this study used as a means to understand the topic more and acquire up to date
knowledge. This chapter includes theoretical framework, definition and concepts of the greenway, types
of greenways, benefits, the need of greenway, and greenways for urban sustainability, challenges in
greenway planning, designing and implementation examples, the methodology of planning and design.

3.1Theoretical Framework
It is important to understand greenway networks as integrate physical and socio-cultural
landscape. (Figure 3). The detailed framework and its forming elements as a theoretical base will

discussed follow after this topic in detail.
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Figure 3: Greenway framework (Author).

3.2 Definitions, concepts, and types of the greenway
Greenways come in many forms and structure and serve many different functions. Because of this,
many definitions exist. Three definitions of greenways are presented below. The study chose these
definitions because they are widely cited by greenway scholars as their definition.
The first is a comprehensive definition from landmark book of Charles Little’s (1990),

Greenways for America, which describes the varying function of greenways.
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1- Any natural or landscaped course for pedestrian or bicycle passage.

2- Locally, certain strip or linear parks designated as parkway or greenbelt

An open-space connector linking parks, nature reserves, cultural features, or historic sites with each
other and with populated areas.

A linear open space established along either a natural corridor, such as a riverfront, lakefront, stream
valley, or ridgeline, or overland along a railroad right of way converted to recreational use, a canal, scenic
road, and another route.

The second definitions are given by Julius G. Fabos(1995) who defined it as “a corridor of various
widths, linked together in a network in much the same way as our networks of roads and rails roads have
been linked. The major difference is that nature’s super infrastructure the greenway corridor networks is
pre-existent”.

The third definition of greenways, given by Jack Ahren (2004) who defined greenways as Green
networks of land that are planned, designed, and managed for multiple purposes including ecological,
recreational, cultural, aesthetic, or other purposes compatible with the concept of sustainable land use”.

Various key ideas to note within this definition of greenways, initially, greenways are based on linear
systems aid in transportations of species, resource, people with in urban environment, linkage
/connectivity is the other aspects of greenway aid to link different geographic areas, social , functions ,
which increases ecological, social and economic synergy. Multi-Functional/Multi-Objective attribute is
the other aspects of greenways; they achieve multiple functions across the three ecological, economic
and social goals of sustainability. Sustainability is the other key aspect of greenways focus on the three

goals which are, social, economic and ecological/environmental.

3.3Types of greenway
Fabos(1995) also has identified three types of greenways in their purpose and functions at the same
time although recognizing that they are increasingly overlapping in comprehensive greenways network
,comprehensive greenway network described according to the author , kind of greenways functioning
recreational , historical resources preservation and protecting the natural environment “greenways of
ecologically significant corridors and natural systems; recreational greenways and greenways with
historical heritage and cultural values”.
Greenways are also classified depending on the purpose for which they are being created. Jack
Ahren (1995) Created classifications systems for five categories of goals: cultural resource protection,
historical, recreational, biodiversity and water resources related and development control. Since

greenways are multi-functional, one or all of these goals may be incorporated into a greenway plan.
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Charles Little(1990) in his book Greenway for America classified greenways into five different types

based on motivating purposes which include environmental as well as recreational goals:

Urban riverside (or another water body) greenways, usually created as part of (or instead of) a
redevelopment program along neglected, often run-down, city waterfronts.

= Recreational greenways, featuring paths and trails of various kinds, often relatively long
distance, based on natural corridors as well as canals, abandoned rail beds, and public rights-of-way.

= Ecological significant natural corridors, usually along rivers and streams and less often
ridgelines, to provide for wildlife migration and species interchange, nature study, and hiking.

= The scenic and historic route, usually along a road, highway or waterway, the most representative
of them making an effort to provide pedestrian access along the route or at least places to stay apart from
the car.

= Comprehensive greenway systems or networks usually based on natural landforms such as
valleys or ridges but sometimes simply an opportunistic assemblage of greenways and open spaces of
various kinds to create an alternative municipal or regional green infrastructure.

(Little, 1990, P.4)

3.4Greenways for urban sustainability

For the first time in history, two third of the world population by 2050 will live in urban areas (Ahern,
2011). These changes in the geography of the settlement will greatly impact land use, resources, quality
of life, and social equity of cities, creating a need for sustainable development practices within urban
areas. Building new infrastructure and again replacing or updating when they get old presents an
opportunity to create the greenway system that supports the natural processes in cities in order to improve
sustainability. Greenway is an interconnected network of green space that conserves natural ecosystem
values and functions and provides associated benefits to human populations (Benedict & McMahon,
2002). Greenways constitute an integral component of natural infrastructure and add to the sustainability
and resilience of a city.

The typical function of greenways, as suggested by geographer Rutherford Platt(1994) , include
water resource protection and pollution abatement, riparian enhancement and biodiversity, flood hazard
reduction, recreation, environmental education, noise attenuation , microclimate enhancement , for both
cooling and pollution abatement, and the reduction of bank erosion and downstream sedimentation. This
function of greenway put at primary level help to resist anti-nature activities and to achieve sustainability

in many dimensions, social/cultural, alternative sustainable development and for ecological service.
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3.5Problems of natural environment and greenway opportunities

Many times greenway projects are initiated when peoples perceive a problem in the landscape,
decline in green space, flooding, conservation and connectivity to minimize fragmentation. (Paul Cawood
& Daniel, 2006).

3.6Impacts of urban functions on water

Water is one of the world’s most precious natural resources. In human activity, it is both a critical
and assets for most destinations. Clean, accessible water is an integral resource, running most of the
public and tourism sector’s functions; from hotels and restaurants to leisure facilities and transportation.
Water-dependent tourism is growing today, with many of the world’s coast Lines and lakes being some
of the most popular tourist destinations today. Many of those natural attractions where water is an
essential element, the key to the tourism sector and thus a source of tourism-related employment and
income in countries worldwide. Yet freshwater reserves are being threatened by a growing world
population, excessive water consumption, weak water and water surrounding management; poor
sanitation and global climate change. Increased water demand by tourists and local communities has an
impact not only on human needs but also on flora and fauna. Without good planning and adaptation,
development opportunities are missed and millions of lives are put at risk ( (WTO, 2016). Waterfronts
are settlements, civilizations or commercial developments that come up along water bodies like rivers,
coastal regions or lakes, acting as lifelines for development of cities. The construction of tourist facilities
and infrastructure also increases the number impervious surfaces, which in turn increases the amount of

polluted runoff reaching water bodies (Davies, 2012)

3.7Challenges of greenway planning and design

Despite many possible benefits of urban greenways, there are also considerable challenges to
greenway planning in urban areas, two of which are relevant for this study. A major challenge is
represented by the possibility of conflicting greenway functions. In particular, the objective of
environmental protection is only to an extent compatible with the recreation and travel function of urban
greenways. While green-ways may increase landscape permeability for species, conflicts with other uses
may occur. Especially in urban areas, limited space only allows for rather narrow greenways and the
presence and activities of humans are likely to cause great disturbances to urban wildlife (Ahern 1995).
In turn, unmaintained and wild-growing greenway vegetation can evoke fear and discomfort in greenway

users ( (Sandstrom, 2002). Yet, greenways are aimed at fulfilling these functions simultaneously.
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According to Ahern (1995), occasional incompatibility of greenway goals is an inherent feature of
multifunctional greenways and has to be solved with compromises and trade-offs between functions.

Possible compromises are the addition of specific management plans, or the withdrawal of one
of the intended functions if compatibility cannot be achieved. However, too little is known about the real
effects of greenways on urban wildlife to understand how to solve the conflict between species protection
and utilitarian greenway functions (Ahern, 2011).

As mentioned above, the second challenge for urban greenway planning is the limited
availability of open and green spaces in urban settings, where space is predominantly taken up by roads
and buildings (Sandstrom, 2002). Many cities follow an opportunistic approach to greenway planning,
as existing linear structures are converted into greenways, such as the disused railway for the New York
City Highline, or the sewer line embankment in London. Other cities such as Maastricht and Antwerp
plan for large infrastructure projects to transform existing linear infrastructures entirely for greenway
implementation. However, if a demand-based approach is used that aims to connect certain areas in a city
with new routes, as in this study, there is little flexibility in greenway delineation, and the compatibility
of greenways with the existing infrastructure is uncertain (Sandstrom, 2002).

Related with rapid population growth over the years is a threat to the urban environment. Cities
currently are faced with challenges of lack of green spaces to integrate greenway as a strategy keep the
urban environment sustainable, the relative scarcity of suitable sites in the city limits routing options
(Britt, 2015).

3.8Challenge of development and nature conservation in Hawassa

In the Hawassa Lake catchment, soil erosion is a serious environmental problem. The main causes
are human activities, whereby the natural vegetation cover is removed or damaged through construction
activity, transport, agriculture, grazing, etc. (MWUD,FUPI, 2006). A related problem of erosion is
siltation, as eroded materials carried by the water in streams and rivers cause undesirable deposition and
sedimentation in the water sources (Termorshuizen, J. W.,& Opdam,, 2009) The lake level is currently
declining as a result of increase in the surface area, some studies indicate the possibility of cyclic lake
level rise (MWUD,FUPI, 2006). Thus according to Hawassa city integrated development plan
recommendation, it is relevant to implement erosion-mitigation measures in the watershed as well in
urban areas through planting trees; terracing and securing forested areas and other vegetation covers.

Drainage, environmental deterioration of lake Hawassa include its catchments, shortage of
green/public open space and unemployment, poverty, and different social issues areas identified among

major problems in Hawassa (Hawassa City Adminstration, 2014) see Table 3.
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Table 3: Prioritized problem, their causes, and effects of Hawassa city.

Problems

Cause /Factors

Effects/Consequences

Drainage

Uncontrolled run-off

esurfaces imperviousness

oFlat topography

eblockage of existing drainage

eprovision of drainage without study and design

=Pollution the lake

= The spread of the malaria
epidemic

=Deterioration of roads

=Submergences of properties
and amenities

=Siltation of drainage lines

Lack of proper
conservation and
protection for
lake Hawassa

eUnmanaged wastes and associated with urbanization
and industrialization

eThe absence of designated buffer zone around the lake
and uncontrolled expansion of developments

elack of awareness about the fragile nature of the
ecosystem

elack of organization responsible for isolated lake
management

eUnreserved access to the lake and its resources

eDeforestation and land degradation in the catchment

eUncontrolled land use activities poor

e\Wastewater management practice that pollutes the lake

= Pollution and siltation of
the lake

*The increase of the lake
area, and the decrease in
the volume of water due
to evaporation

= Deterioration of the
aesthetic value of the lake
and its surroundings

= Contamination and
destruction of aquatic life
in the lake

=Uncontrolled human
activities adjacent to and
on the lake

Shortage of green
and public open
spaces

=Existing parks and green areas around the lake Hawassa
are poorly planned and managed

= Lack of green areas and parks within the developed and
recent expansion areas

= Lack of attention by the municipality

®|nadequate organizational and financial capacity to
develops green areas and parks

=The master plan gave minimum priority

=The absence of strong policy, laws, and regulations

=Low public awareness about the designated green areas,
and its participation in their realization and protection

=Reduced attractiveness

=Reduce the tourism
industry

=Social destruction;
youngsters exposed to
bad habits, low social
interaction

= Deterioration of
microclimate conditions

3.9 Purpose and benefits of greenways
3.9.1 Alternative transportation and greenways

The instruments in greenways make public interests in linear and networked systems for the

sustainable urban built environment. This linear networks of natural character routes are much different

from the typical hard surface and asphalted surface often associated with other modes of transportation

networks, like biking, hiking, horseback riding are associated with this network enable accessibilities to
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a greenways natural areas thereby promoting ,safeguarding of the environment from additional impacts
(Donald, Alan, & Robert , 2003).

Recently, the new coming ideology of smart growth for people, which prioritize human beings
can be facilitated by greenways provide people with more recreational possibilities and alternative
sustainable non-motorized transportation, it also minimizes trip length to and from work transportation.

3.9.2 Greenways as Ecological and Environmental Service

By its nature, the greenway is spatially connected concentration of useful natural resources which
becomes an ecological network. The landscape fulfilling ecological functions, such as biodiversity,
pollution abutment, water quality, flood control within the urban landscape. As an ecological feature,
greenway holds important riparian and drainage networks of dense vegetated and forested areas along
lake shoreline, a buffer for protecting effects of the built on the natural environment (Ahern J. , 2004).
Considering that greenways have seen conditions highly needed for stability of the ecosystem and
survival of the species population in the built and on the human intervention dominated landscape
(Jongman & Pungetti, ,2002). Greenways are important valued landscaped features that support the
integrity of nature and human interventions. Different disciplines on practices around nature like
conservations and preservation practices are integral to supporting this advantages system of the urban
area as green infrastructure in built and expansion areas.

3.9.3 Greenways as social and cultural activities enhancement

Taking to consideration that components of greenways are most of the time clearly and
intentionally located in the proximity where the people live and work, recreation and popular areas
(Ahern J. , 2004), the social and cultural importance needs attention. The most important condition in
greenways identified for social and cultural activities is “sense of place”, greenways have an important
feature in cities of built environment forming an overall sense of place for the community and for the city
urban form as structuring natural elements.

Greenways become identified for their important role in providing nearby recreational
opportunities and access to nature as well as for providing common ground for people to connect, interact,
to see each other. So, greenways affect, positively, the patterns of social interaction within and between
communities from small scale to city-wide networks. Greenways can also reveal benefits for social
connection, especially, where linking at a point diverse population together from the diverse geographical
location it is needed (Hellmund et. al., Paul, & Daniel et. al., 2006). In the boundary of Hawassa, there

are various important locations, springs, historical location, existing popular trails, public square, market,
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and other public dominated areas are integral parts and are widely associated as part of its cultural, social
and historical identities need to link at the various scale of greenway system.
3.9.4 Environmental Protection

Natural systems and landscapes resources protected and incorporated into planning and design
make the place more comfortable, interesting and efficient (Donald, Alan, & Robert, 2003). Many studies
expose, planning and designing greenways in the city have taken environmental protection as the one and
main goals to protect the natural system for the best and sustainable function of cities and the wellbeing
of peoples. Developing urban greenways is an effective strategy to ensure sustainable urban development
and counter ecological fragmentation (Fabos, 2004), as linear green areas are used for multiple purposes
(Fabos, Julius Gy., 1995). Greenways provide sustainable planning tools for both environmental
protection and economic growth, especially in rapidly changing urban contexts, that accounts for both
environmental protection and economic growth (Conine A. et, 2004).

Developing near aquatic areas must be based on an understanding of sensitive resources and
process. In most cases, development should be set back from the aquatic zone and protective measures
taken to address indirect environmental impacts, such as streamside vegetated buffers (Donald, Alan, &
Robert , 2003). Proposing greenways serve as a buffer between sensitive areas and the built environment.
Environmentally protected areas are the most suitable landscape for greenway corridors and especially

connecting these areas facilitates for wildlife movement, as well as for humans.
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Figure 4: Typical cross section near a sensitive area. (Time-Saver Standards for Urban Design, p-501)

3.10 The methodology of planning and Design
In order to identify suitable greenway corridors in cities, following a continuity of GIS-based
planning approaches advanced by Miller et al. (1998), Conine et al. (2004) and Teng et al. (2011) is
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applied in many cities and studies today. The approaches by Miller et al. and Conine et al. are similar in
that they both use GIS-based stepwise land suitability analyses to identify suitable sites for greenway
development. Both studies start by identifying intended greenway functions, and the relevant factors that
indicate these functions in a spatial context. Within a GIS environment, all land parcel cells in the study
area are then ranked by each factor according to the extent to which they fulfill the specified functions.
An additional rank is attributed to each factor, in line with the importance of the relevant functions
(Conine et al. 2004, Miller et al. 1998). In a suitability assessment, both studies produce a greenway
suitability map for the relevant study areas. While the suitability map is the final result in the study by
Miller et al., Conine et al. take a further step and use the suitability map to delineate greenway corridors.
For the route alignment, they draw on the GIS tool least-cost path. Four corridors have created that pass
through the highest suitability scores and thus represent the most suitable greenways in the study site
(Conine et al. 2004.).

3.11 Urban design dimension and the benefits of greenway

3.11.1Social Dimension

It is difficult to conceive of space as being without social and cultural content and, equally to
conceive of society without a spatial environment. The relationships are, therefore, best conceived as
continuous, therefore, it is best conceived as a continuous two-way process in which people create and
modify space while at the same time being influenced in various ways by those spaces (Jan Gehl, 2007).
By shaping the built environment, urban designers influence-inhibit, facilitate, precipitate and modify,
but do not determine-patterns human activity and, therefore, of social life. Greenway in its socio-cultural
character provide flexible features for diverse social outdoor activities (Jongman & Pungetti, ,2002)

3.11.2 The Walkable Neighborhood

Walkable neighborhoods are typically characterized by having a range of facilities within 10minutes
(up to 800 m) walking distance of residential areas which residents may access comfortably on foot. This
is not the upper limit and walking offers the greatest potential to replace short car trips, particularly those
under two-kilo meters. To encourage a reduction in the need to travel by car through the creation of
mixed-use neighborhoods, with interconnected street patterns, where daily needs are within walking
distance of most residents must be envisaged (Global Street, 2017). For designing Walkable
neighborhood one needed to think: -

- Mixity of uses

- The interconnected pattern of street
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- Creating a link between housing facilities, and community infrastructure

- To establish walking and cycling routes are fundamental to achieving more sustainable patterns
of movement and to reduce peoples reliance on cars

- Density is an important consideration in reducing people’s reliance on the private car, reflecting
the desirability of using land efficiently, linked to the impacts on the natural environment and climate

change.

3.11.3Walkable connected urban area

“Traditional streets and highways have discouraged pedestrian movement, disrupted water, wildlife
patterns and divide natural environments and society (Heister 2006, 52). Street design that encourages
pedestrian and social interaction can have the opposite effect. Pedestrian and bicycle routes are important
toward achieving sustainability, quality of life, and connected communities.

3.11.4Outdoor activities need greenway

An ordinary day on an ordinary street shows, waking, playing, and sitting on benches and steps.
Conversations between peoples, working and greet during walking occur naturally (Jan Gehl, 2007). This
mix of outdoor activities is influenced by a number of conditions. The physical environment is one of the
factors: a factor that influences the activities to varying degree and in many different ways. Outdoor
activities and a number of physical conditions influence them (Jan Gehl, 2007).

3.11.5Types of activities

Outdoor activities in public spaces can be divided into three categories; each of the outdoor
activates demands on the physical environment: necessary activities, optional activities, and social
activities (Jan Gehl, 2007).

Necessary activities include those that are more or less compulsory like going to school or to work,
shopping, waiting for a bus or a person, running errands. In general, everyday tasks and pastimes belong
to this group among other activities; this group includes the great majority of those related to walking
because the activities in this group are necessary, their incidence is influenced only slightly by the
physical framework. These activities take place throughout the year, under nearly all condition; either
the condition is comfortable or uncomfortable.

The second types of outdoor activities are optional activities that happen in, if there is a wish to do
so and if time and place make it possible, include a walk to get fresh air, standing around enjoying life/
nature, sitting and sunbathing. These activities take place only when the outdoor external physical
environment is optimal to accommodate the needs of the users, which are highly dependent on the

exterior physical environment. In street and city spaces of poor quality, an only the bare minimum of
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activity takes place. People hurry home, in a good environment, a completely different broad spectrum
of human activities are possible (Jan Gehl, 2007).

The third types of outdoor activities are social activities. These types of activities depend on the
presence of others in public spaces, children playing, greetings and conversation activities, communal
activities and passive contacts that is simply seeing and hearing other people. Social activities occur
spontaneously, as a direct consequence of people in connection with the other activities because people
are in the same space, meet, pass by one another, or are merely within view (Jan Gehl, 2007).

In general, activities happening depend on the presence of people which proportionally affects the
number of activities. Greenways have benefits of such social values in urban fabrics and can be used to
accommodate these outdoor activities and to design outdoor environment as activity enhancer.

3.11.6 Qualities of the public realm and flexibility of greenways

Physical planning is highly influenced by the boundary and character of outdoor activities, social
activities (Jan Gehl, 2007), the physical realm of the public influence patterns of activities to design better
or worse conditions for events outdoor, and to create lively or lifeless cities.

Low, closely spaced building masses are, accommodation for foot traffic, and good areas for
outdoor stays along the streets and in direct relation to residences, public buildings, places of work, and
market, and so forth. It is possible to see buildings, people coming and going and people stopping in
outdoor areas near the buildings because the outdoor spaces are easy and inviting to use. This city is a
living city, on in which spaces inside the building are supplemented with usable outdoor areas, and where
public spaces are allowed to function, outdoor activities are highly dependent on the quality of the
exterior physical environment , attractive activities appear when the external physical environment are
favorable (Jan Gehl, 2007). To keep the city or part of the city safe is a fundamental task of a city street
and pedestrian environment. (Jane, Jacobs, 2007)

When establishing the pedestrian street or traffic free zones start to improve daily and social
activities. Cities with pedestrian streets and automobile-free public spaces exhibit outdoor activities than
the car-oriented cities, even though the climate is the same.

3.12 Functions of a greenway along lake shore /riparian corridor
Among functions of greenways, defining water quality , Hydrologic regulations ,sediment, and
nutrient filtration ,sediment and erosion control, invasive plant species and erosion , removal of nutrient

and pollutants , regulations of water temperature , protect aquatic habitat (Paul Cawood & Daniel, 2006)

25



3.13 Effects of human activities on riparian corridors/lake shoreline

Lakes and riparian ecosystems have been critical resources for nearly every culture in the world.
Fair as expectable as the location of human activity along rivers, lakes and other such resources have
been the effects of this activity on aquatic ecosystems (Paul Cawood & Daniel, 2006). The major human
activities that affect the water environment, quality and the ecological integrity of riparian corridors are
agriculture, urbanization, and channelization of stormwater, transportation, recreation, flood control and
withdrawals of water supply. Each of the activities near the water resources has a characteristic set of a
negative consequence (Paul Cawood & Daniel, 2006). Some mentioned activities may be ameliorated by

maintaining or restoring natural riparian vegetation (Donald, Alan, & Robert, 2003).

3.14 Effects of recreational activities on riparian corridor

In timeline of history water bodies and riparian corridors were the most attractive recreational
resources and locations. This attraction brings diverse recreational opportunities and settings that riparian
corridors provide and of the affinity of people have for water and natural setting around (Paul Cawood
& Daniel, 2006). Effects of recreational activities on riparian corridors can include the loss of vegetation
and litter layer from crushing, compaction, and reduced soil permeability and subsequent increases in
runoff, erosion, siltation, and sedimentation. The presence of human beings and their pets disturbs

animals that use the corridor.

3.15 Effects of channelization on riparian corridor

Channelization started as flood control programs. The main goals of channelization are facilitating
runoff and lowering groundwater levels as a result of low infiltration of the built environment
imperviousness. Channelization has yielded flood control benefits, though controversial, the consensus
among biologists is that channelization is an ecological disaster (Hellmund et. al., Paul, & Daniel et. al.,
2006). The effects of up area channelization can affect the water resources in the lowest area causing
erosion, polluting, sedimentation and siltation. For this mechanism, other studies set a direction
controlling the stormwater locally on that specific area to minimize the effects of the lowest area of cities
like water bodies, wet areas, and floodplain.

Urbanization is a process of being urbanized for human need. Urbanization covers the landscape
with impermeable surfaces; water cannot infiltrate the soil and so runs off much more rapidly than it
would otherwise (Sandstrom, 2002). Drainage is altered, and contaminants enter streams readily and in
more concentrated forms (Hellmund et. al., Paul, & Daniel et. al., 2006). This situation is especially likely

during construction because freshly disturbed and de-vegetated soils are highly susceptible to erosion (R.
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H. G. Jongman, 2004). Much of the runoff from urban systems goes into storm drains, through storm
sewers, and then into receiving streams found at lower elevation point.

Storm sewer effluent contains high concentrations of sediment, nutrients, and toxic materials that
are washed off roads and parking lots. Sometimes, storm runoff is conducted through on-site retention of
detention basins, which permit sedimentation. Riparian vegetation usually has little influence on these
sources. In some cases, however, point sources have been diverted to constructed wetlands where

filtration can occur.

3.16 Corridor design of greenway

When designing greenway for a portion of the whole network at local scale, understanding how that
portion/segment functions within the network is essential. The location of the corridor, for instance, in
the sensitive area like a lake, wet area or near a floodplain or in an urban area and its condition in
comparison with the other location should be factors in design practice. (Hellmund et. al., Paul, & Daniel
et. al., 2006)

Greenway has many different intended uses, protection of natural resources, environmental integrity
and connectivity should always be the primary goal. Specially greenways along riparian corridor,
lakeshore, wetlands and like. In designing a greenway, determining the width and including critical spots
for the different objective is an essential procedure.

Along with a greenway, variable widths will often be needed to hold different functions of a
greenway; to help maintain natural flow regimes, and to protect significant natural features, to facilitate

transport, and accommaodate the social and cultural activities.
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Figure 5: Types of Trail and Corridor (Time-Saver Standards for Urban Design, P-506)
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Table 4: Corridor feature and tread width (Time-Saver Standards for Urban Design, P-513)

: Urban/City center Sub-urban/ periphery of
Corridor Type (meter) the city
One-way bicycle, single lane 15 15
Two-way bicycle travel, dual lanes 3 3
Three lanes of bicycle travel 125 125
Pedestrian 35 3
Pedestrian/ saddle and pack animal 5 35
Hiking , low movement density 15 -
Hiking , moderate movement 25 ]
density ‘
Multiple uses biking walking and 6.7 5
tree lines '

Table 5: Environmental suitability of uses and activities within sensitive environments (Time-Saver Standards for Urban Design, P-513).

Ecological Environmental Types of use
Sensitivity AU Walking Bicycling | Il
access riding
_ Low ( upland terrace, stable-rocky NS MS MS s

soils and mature forests)

Merrate( _Iowland terrace,  river s MS S s
valley, suitable soils, successional forests)

I_-||gh ( Wetlands, primary dunes, MS s NS NS
pocosins, steep slopes , hydric soil

MS =Most Suitable ; S= Suitable ; NS = Not Suitable
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3.17 A vision for community design

Just as important definitions and purpose, the origin of greenways contribute to an understanding of
why they are important considerations if the planning and development of surrounding communities and
adjacent landscapes. The role of early greenways primarily focused on social benefits and promoting
human nature connectivity. In contemporary greenway movement, environmental and ecological features
are more central (Hellmund et. al., Paul, & Daniel et. al., 2006). The pressure of development on
preservation and conservation efforts common dilemmas in contemporary greenway planning and design,
all of which need a concentration of valuable resources to stand. Urban development should consider
strategies that broaden the idea of environmental protection and emphasize the greenway framework in
it’s entirely (Alliance(STA), 2012). This framework includes the social and cultural considerations that
were recognized by historical landscape architects, as well as transportation (Chataway, E.S. et al., 2014).

Together, sustainable growth and development strategies that can be used to guide growth and
development based on the framework of greenway (Donald, Alan, & Robert, 2003).They emphasize the
social/cultural, ecological and transportation attributes of the landscape and can be applied to areas
surrounding greenways (Britt, 2015). As foundational and unifying elements within community design,
greenways serve as environments for integrating these strategies and their goals towards the realizations
of the sustainable urban area.

Derived from these strategies, the remainder of this review outlines core principles that address the
socio-cultural, environmental/ecological objectives for development collected with greenway landscape.
And finally, these principles form the basis for further discussions of formulating and applying the thesis

design criteria.

3.18 Case studies

The examples described herein provide real-world models of community designs that are in line with
this thesis’. Each case reflect design based upon the core strategies important to community development
within greenway setting that are documented

3.18.1Serenbe, Atlanta Georgia

In this case have common transportation and ecological features that are inherent to it be a greenway
community, what makes sense particularly inspiring as a model, is how it balances growth and
conservation of natural landscape, as well as, emphasizes the social and cultural resources of the site.
Located on a 1000 acre community on the fringe of Atlanta, it is an example of a greenway design that

integrates the contemporary new urbanism and conservation strategies. Serenbe is a model for Atlanta of
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an ecologically sound, sustainable community design that blends conservation, high density, mixed uses,
cluster development and pedestrian-oriented strategies within natural environments.

This design emphasizes a mix of uses with smart growth objectives for a sustainable live, work, and
play environment within the site. As an important example of a community that integrates the cultural
framework, based upon the local heritage of the area and interconnected by a pedestrian-oriented network
(Serenbe community, 2013). The serenbe features design elements- such as porches along streets that
foster a sense of community and social atmosphere. It characterizes options that promote a socially
diverse environment including apartments above commercial establishments in mixed-use buildings

(Serenbe community, 2013).
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Identifying and Designing Potential Greenways Using GIS; The Case of Hawassa City
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Figure 7: Serenbe greenway (Serenbe Community Trail.com).
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The design taking advantages of the site vistas and minimizing disturbance of natural landscape
form, as well incorporate natural trails to promote walkability and connectivity while preserving a sense
of place within the natural setting.

3.18.2 Garnet oaks, Pennsylvania

Garnet oak was a prototype for many greenway designs that followed by its preservation and
conservation of the valuable natural environment and of landscape form and character. It includes
connected open spaces with a mile long. The site 30-hectare conservation is developed. The other features
in this were pedestrian-oriented transportation advantages of its trail system, and also a model for
ecological aspects of greenway design. Garnet oaks designed not only for preservation but also for natural
stormwater management based upon LID solution and techniques. Short streets and compact block layout
are major advantages for filtrations, significantly reducing impervious in the landscape.

The design tried to eliminate engineered curb and gutter storm water treatment along streets to
capture further run-off and infiltration using LID solutions.

Over fifty percent of preserved open space and conservation area highlighted diverse recreational
and environmental education features included through its trails system.

Generally, these precedents reveal conservation design with combinations of socio-cultural and
ecological features.
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Figure 8: Garnet oaks, preservation and recreational greenway.
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3.19 Summary of Review and Case Analysis

In this chapter, several definitions of greenways have been laid out and the review has given insights
on greenway definitions, types, function, and benefits, planning and designing fundamentals. On the other
hand physical, environmental benefits and social aspects of greenway design has been reflected.
Although, the case studies well reflected the driving strategy, design criteria and Design guideline for

this thesis to designing the segment of greenway on actual urban fabric.

3.19.1 Strategies to plan and design greenway

Walkable connected urban area

Pedestrian and bicycle routes are important towards achieving sustainability, quality of life, and
connected communities. Street design that encourages pedestrian and social interaction; for achieving a
pedestrian-oriented community through integration with the trail networks and natural resources of
greenways to facilitate walking, jogging, cycling as well as promote important social connections.

A connected network of open space and conservation lands

A greenway system of networked open space and conservation natural environments address
multiple social and ecological objectives. They also provide recreational amenities and desirable green
space. Natural resources are valuable when networked, for maintaining the ecological conditions, while
also creating a sense of place and identity. So, connected open spaces and conservation landscapes are
critical in order to protect and regenerate ecosystem, wildlife corridors, and natural balance.

Sense of place

Compatibility between the community and greenway is ultimately achieved by a sense of place,
character, and identity. The sense of place for a design is sensitive to and provides a perceptible link to
the distinct physical environment, cultural, historical context of the greenway will contribute to foster a
sense of place and image of the community.

Conservation development

Buildings are situated in compact areas to minimize footprint, which is a critical consideration within
the context of valuable greenway landscape. Mixed use and compact design strategies, clustering
development also reduces infrastructure for saving more natural lands.

Mixed land uses and Compact Design

Mixed-use development of different functions within the city creates characters that promote quality

of place, allowing diverse people to live, work and interact. Mixed-use communities become more
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pedestrian and bicycle access and further expand access to the natural experience of the greenway to a

wider range of the population.

Implementation criteria, goals and guiding line

Table 6: Summary of review findings; sustainability factors and greenway framework, features, and strategies

Sustainability Greenway corridor Features/Strategies/Guidelines
Factor/Greenway
framework

Environmental/ ¢ Flood Hazard reduction
Ecological e Reduction of erosion and downstream

Riparian habitat enhancement and biodiversity
Protect the natural environment

Preservation habitat

Provide wildlife habitat corridor and wildlife migration
Micro-climate enhancement

Increase in air quality

Enhance environmental quality

Provide a connection between divided communities
Attract tourism

Provide scenic routes for walking, cycling etc.
Increase learning about the natural environment
Provide opportunities for outdoor activities
Free to use and easy to access

Social benefits improve leisure time

Increase active frontage

Decrease the car related family budget

Provide direct employment opportunities
Enable well-being through contact with nature
Induce a healthier lifestyle

Facilitate social equity

Help to reduce crime and enhance safety
Decrease the health problems

Socio-economic
and Recreational

Transportation e Provide an alternative transportation route for the journey to
work-home and leisure activities

¢ Provide non-motorized transportation

e Provide a sustainable connection between communities and
urban-rural

¢ Provide sustainable access and linkage between historical and
cultural heritage
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4. CHAPTER FOUR- DATA PRESENTATION AND ANALYSIS

4.1 Data Presentation and Analysis

This chapter presents the data and analysis of the study structure. First, it presents demand area,
identified in the assessment of location phase and categorized in respective functions; service,
manufacturing, recreational, retail, and scenic. The second step is a suitability assessment of landscape.
For this step, seven factors were prepared to assess the landscape of Hawassa. These factors are land
availability, road type, attractiveness, environmental protection, protected area, demands for connectivity
and topography. After weighing the factors, each factor is an overlay over another (see Diagram 2).
Finally, greenway route delineation is conducted using LCP tools, then evaluating and adjusting steps

were conducted to generate greenway network.
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Diagram 2: Process flow diagram (Author).

4.2 Assessment of Demand Area

To assess and identify the demand areas in the city of Hawassa, the spatial data of urban
functions, like main urban activities and residential areas were drawn mainly on-site survey maps.
Hawassa administration, municipality of Hawassa, biodiversity conservation office of the city
administration has provided the data of spatial information for the study. Demand locations were studied
in their categories; manufacturing, services, retails, administration functions, recreational, residential,
historical, city centers and scenic. The first category, manufacturing includes Hawassa industrial park,
industrial areas, and factories. Services category includes health facilities (hospital, clinics, health post
and like) schools, institutions, public library, transportation terminal, stations, and religious place. Retails
include shops, restaurant, and markets. Administration functions include sub-city office, and city

administration offices. Recreational includes parks, square, natural resources and green spaces. Scenic
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locations include highest viewpoints. City center includes the location of centers from the main city center

to the smallest kebele level centers. The historical and cultural location includes monuments, public

square, manmade heritage, natural heritage. To provide a clear overview 984 locations were identified.

Map 1 shows the city’s demand areas and the known locations of the city’s destinations.
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Map 1: Map showing the location and their concentration of demands of connectivity across Hawassa city (Source: Field Work 2017).
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Figure 9: Natural Features and Retails among the identified location (Source: Field Work 2017).
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Potential Greenway areas
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Figure 10: Historical, recreational and cultural features among identified locations (Source: Field Work 2017)
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Figure 11: Natural, Protected, retail and service features among identified location (Source: Field Work 2017)
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Figure 12: Recreational, scenic, natural and public features among identified location (Source: Field Work 2017)
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Pictures shown above were destinations in the city of Hawassa which are among locations identified

for their potential use in greenway planning and design later on.

4.3Assessment of Suitability of Location in Hawassa for Greenways

After attaining the first task of phase one, assessment of the demand areas that need to be
included in the greenway network, areas suitable to be delineated as the routes that fulfill the objective
and goal was the second task of this study. The following land suitability factors were considered, land
availability, road types (road hierarchy, road density, and road surfacing), attractiveness, topography,
demand for connectivity, protected area, and environmental protection were the main factors. These
factors for suitability choice are based on factors set by (Conine A. et, 2004) and (Miller ,W. et al., 1998)
, and adapted to the greenway objectives specified for this study. A labeling pattern was prepared to
assess the study area by each factor (Table 7). Based on the Conine and Miller suitability factors have
seven layers. Of each factor in which all the landscape patch in the city of Hawassa is ranked to delineate
the greenway route to which they are suitable and unsuitable. The landscape patches were weighed and
overlaid based on their cost (Table 7) using the GIS tool RASTER FILED CALCULATOR model and
MAP ALGEBRA in Calculator use 10-meter cell size raster. Each factor of suitability and their

attribution to the greenway are further illustrated in detail as shown in Table 7.

Table 7: Suitability factor scheme adapted from (Conine A. et, 2004) , (Miller ,W. et al., 1998) , (Blob, 2016) and (Donald, Alan, & Robert ,

2003) and (Teng, M. et al., 2011)

Suitability Category Definition Suitability | Cost Factor
Factor Rank Value | Weight
(%)
Land Open green spaces , Urban parks, forested areas , other vegetated | Very 0
Availability areas High 14.28
Open spaces ,wastelands High 0.25
Lentic water bodies , private lands , built-up areas , agricultural | No 1
areas
Footpaths, Car-free pathways , forest tracks Very high |0
Existing cycle routes, separate bicycle lanes ,residential roads High 0.25
Collecting roads Moderate | 0.5 14.28
Road Type Access roads , secondary roads Low 0.75
Primary roads ,steps ,Private roads No 1
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Entirely green or natural spaces: Forests ,swamps ,lotic and | Very high |0
lentic water
bodies
Attractiveness High proportion of green spaces >50% :urban parks , Gardens | High 0.25 14.28
Low proportion of green spaces < 50% : urban semi-built up | Low 0.75
areas
Lack of green spaces , urban built-up areas , primary and | No 1
secondary roads
Entirely green or natural surfaces: forests, wetlands, lotic Very high |0
A high proportion of green space, urban parks, gardens High 0.25
Environmental The low proportion of natural space , urban, semi-built areas Low 0.5
Protection Lack of green space and natural spaces, urban built-up areas, | No 1 14.28
main roads
Areas outside conservation areas, Existing roads , existing trails | Very high | 0
in the area
Protected Existing green space , vegetated areas High 0.25 14.28
areas Conservation areas , protected biotopes Low 0.75
High priority conservation areas No 1
Demand areas : Urban activity centers and residential areas : the | Very 0
Demand Areas main central in 200m buffers High 14.28
All other areas No 1
Slopes with 0-3% Very high |0
Topography Slopes 3-8 % High 0.25 14.28
(Slope) for | Slopes 8-15% Low 0.5
movement | Slopes greater than 15 % No 1000

4.3.1 Land availability

This factor aim is to indicate whether a land patch in the city is potentially available to be

included as part of the greenway. The assessment is mainly identifying land patches as built up, privately

owned or other function. This analysis takes the city land use as an input. Weighing each land patches

and ranking them as very high, high or low suitability was necessary. Greenways should be located in

existing parks and other green spaces in order to secure natural environments in urban areas. Thus, green

spaces such as community playing area, parks, forests, and natural features like water bodies were

categorized as highly suitable areas for the intervening greenway in the city. In terms of considering the
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availability of lands in the city it should be measured in terms of their natural green contents to attain the
objective of a greenway. Open spaces are also considered the highly suitable area for greenway but it
should be vegetated open space to fit in as highly suitable for the greenway. As discussed above greenway
by its nature is closely related with areas of high contents of a natural resource than manmade landscape
patches. On the other hand unsuitable area for greenways include, built-up areas, areas with a dense
network of the vehicular path, private lands. This assessment phase uses mainly land use, the density of
roads and road hierarchy as potential lands because all the land parts of the city should be considered.
The area with high traffic implies high road density. The populated area with the highly built up ratio is
taken as low suitable in terms of land availability. Regarding the hierarchy of roads, main streets are most
of the time motor dependent than other active modes on the local streets highly interactive with nature.
Main streets took, as low suitable and local street is highly suitable, while collector streets are moderate
suitable in terms of availability as part of the landscape patches.
4.3.2 Road Type

Moving from one part of the cities to the other for different reasons is an increasingly important
topic with regard to the human and wildlife dimensions of urban ecosystems. Identifying suitable route
of Hawassa roads to be part of the greenway was essential. The existing recent road network plan of
Hawassa and digitalizing potential trails from Google map and on-site observation of potential routes for
greenway were employed. Digitalizing the observed routes especially along the lake Hawassa, mountains
and rivers should take as high suitable routes. In this phase of the assessment, suitability was analyzed
based on road hierarchy, road surfacing, and road density. Higher road density, higher vehicular traffic,
and very hard surface hold lower value for suitability. So, roads at central areas of Hawassa which are
characterized by higher road density, higher vehicular traffic and asphalted surface these conditions make

the area unsuitable to plan greenways.
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i. Hierarchy of roads

Map 2: Map showing the hierarchy of roads in Hawassa city (Source: Structural plan of Hawassa).
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ii. Road Surfacing
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Map 3: Map showing Road Surface in the city of Hawassa (Source: Hawassa city Recent Base Map and Field Survey).

iii. Roads Density
This sub-task indicates areas of the city with relative length of streets within a square kilometer.

Areas of the high density of road indicate the higher length of roads per kilometer square. This condition

minimizes the option of integrating greenway and thus is ranked area of lower suitability.
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Map 4: Road density in the city of Hawassa (GIS — Density analysis).

Based on this parameter the suitable areas are those with less road density and lower traffic zones,
but there are suitable segments that are found in dense roads and high traffic zones during fieldwork.
4.3.3 Attractiveness
Attractiveness is included as a factor to ensure the appeal of greenways as a daily travel or
recreation option, and thus to promote human health and wellbeing. This is the third suitability factor,
mainly analyses landscapes attractiveness or degree of naturalness. Naturalness is a key dimension that
people relate to in any ecosystem, no matter how urban it is, in most remote sections of the greenway
corridor, people saw wild nature as a key resource and mentioned nearby natural areas and ecosystems
that should be protected and restored. Hawassa has diverse attractive locations, but the degree of
attractiveness for this assessment factor is identified.
Recreational landscapes in Hawassa with a higher degree of naturalness are ranked highly
suitable. Among these natural locations, mountains, lake, river, parks, forests, open spaces, and street
with good vegetation coverage found higher suitability, and on the other hand, the land with high

interventions, the central area, most streets, and commercial zones are ranked as areas of low suitability.
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4.3.4 Environmental Protection
These factors of suitability assessment identify natural systems and landscapes resources to
protected and incorporated into planning and design. These features make a place more comfortable,
interesting and efficient, as well as a protection mechanism for resources to be incorporated in greenway
corridor. More than half area of Hawassa is found in its natural state, but simultaneously rapid expansions
urban change is a threat. Forests, lakes and, rivers edges, sensitive areas were identified and ranked highly
suitability. The built-up part of Hawassa is considered as an area of lower suitability.
4.3.5 Protected areas
In this factor, sensitive habitat area should always be identified and ranked as highly suitable in
terms of natural content, but some protected areas need more consideration. Encouraging wildlife to
remain close to human activity visually enhances the visitor experience. Physical access to these areas
may disturb other lives in this place. This can be achieved by maintaining as much original habitat as
possible. Forested areas specially located by the municipality, like Millennium Park, need to be avoided.
This location, in terms of the protection benefits of the greenway, weights high cost avoid routing in the
protected area, but holds the lowest suitability to go far or adjacent to this sensitive area.
4.3.6 Demand for Connectivity
On this assessment of suitability activity concentrations with areas of high demand need to be
included in the greenway network. In this factor of suitability, only two ranks high suitable and not
suitable are classified. Locations of the different category were identified in the previous tasks. Based on
this data looking for the relative degree of concentration, central areas of Hawassa are ranked as highly
suitable and residential areas are the origin for most trips in the city and thus ranked higher. Areas
between those locations are not suitable.
4.3.7 Topography
In history and in many areas, flat land is a premium and should be set aside for placing different
functions. Topography plays a considerable role in people’s and animal movement from one location to
other and higher role in the choice of destiny to live and work. Topography is used as a factor in
determining a greenway corridor. Based on this identifying suitable topography for movement and scenic
points is analyzed. In this factor of suitability two cases were identified; suitability for movement and
suitability for scenic spots. Four ranks of suitability considering movement were formulated; very high
suitable the areas less than 3% slope, Highly Suitable areas with slopes 3-8%, Low Suitable with 8-15%
slope; this location in greenways is selected for hiking and similar activities and finally Not Suitable

locations with slopes greater than 15%(see, Table 7).
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Map 1: Map showing accessible topography for greenway corridor (NASA USGS- DEM)

4.3.8 Weighting and combining suitability factors

The study area was assessed for its suitability; the suitability is classified into seven factors. Each
of suitability factor layers was assessed in seven different spatial layers as specified by Miller and Conine.
The seven factors assessed in the study were land availability, road types, attractiveness, environmental
protection, protected area, demand for connectivity and the topography. For each of the suitability factors,
spatial features or landscape patches were weighted and classified in previous tasks in terms of suitability
assessment as determined in Table 7 of factor weight.

All weighed and classified spatial features for each factor were combined using Table 7 of factor
weight in field calculator toolbox. The 518 sq. km. area of the city was divided into 10m by 10m square
cell size for weighing the factors in raster media for raster based LCP delineation process. In this study,
all the seven factors were weighted equally during combining the whole factors. This means all the factors
attribute equal importance for attaining the goals, as comprehensive greenway framework. Finally, in
combining all the factors the GIS RASTER CALCULATOR was used. The cost surface embodies the
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overall sum of cost value for each 10m by 10m cell in all seven factors of assessment. The final weighted

cost surface served as the base for the LCP delineation in the following step.

4.4Defining Greenway Path using the LCP

In the process of delineating greenways totally, fifteen least cost routes were generated by using
cost surface overlaid from the previous seven suitability assessment criteria and on-site identification of
potential existing routes and the least cost path tools of GIS. Route delineation sub-task needed to assign
a point of origin and destinations. Origin and destination point dataset were taken from demand for
connectivity assessment step. Final overlaid cost surface was used as an input in LCP. To generate the
routes on the GIS platform these various steps. Finally, using LCP identifying the best possible route
from start_1 to destination _2 was done based on the cost surface/Suitability result map. Therefore, fifteen

similar steps were repeated for delineating the possible routes in Hawassa that connect the demand areas.

4.5Evaluation

This step mainly inspects the final delineated routes strength and seeking its weakness based on
different criteria. The final greenway routes were evaluated at different levels. First, the resulting
greenway routes are inspected by overlaying all single routes together on one map then conflicts and
overlay are found. Second, the resulting greenway route was inspected by overlaying on the existing
roadmap. In this process, the final delineating routes were examined against the existing spatial context
of Hawassa. Each route was examined for conflicts, trade-offs, and compliance with existing roads,
especially conflicts with high traffic volumes, roads passing through dense areas then identifying and
delineating other possible routes and evaluating conflicts and compliance with the existing land features
of each route according to greenways goals and objectives were carried out. Third, evaluating the
resulting fifteen routes relating to one another, and the alignment was checked. In this process inspecting
layout design and connections, based on buffering using PROXIMITY BUFFER toolbox in GIS and
manipulating manually is done. Fourth and finally, evaluating the generated and merged network of
greenway with the city different uses and spatial components is done. In this process identifying the
misalignments of routes, with private property and protected areas, with unsuitable land patches within

the city of Hawassa is observed. Finally, the inspected issues during these steps are adjusted.

4.6 Adjustments
This is the final step of the whole corridor identification processes, as discussed above. To
improve the greenway results, adjustments were made to the models in the steps of the site suitability

assessment and the LCP delineation (see Diagram 1).
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5. CHAPTER FIVE: RESULTS AND DISCUSSION

After the implementation of the selected approach and methods, the following maps are

generated and presented. (See Diagram 2)

5.1Results

The following subsections summarize the results thematically as areas of high demands and
suitability of land. Based on these results validity is discussed.

5.1.1 Areas of High Demand

In the assessment of landscape for identifying locations and spots to be connected in the

greenway network distinguishing several processes in the overall landscape cover of Hawassa city by on-
site physical assessment, registering locations then digitalizing based on the map found from the
municipality was necessary. The result from these steps is shown in Map 5 and Map 6. Residential areas
are originators of people in the city. So these areas, as seen in the map in yellow color are dominant on
the maps because it is taken as a polygon. The other location, like scenic potential locations, urban parks,
forests, mountains, and open markets are also taken as a polygon. Other urban activities and main hot
spots taken are displayed as points, like administration, schools, and health facilities. Depending on the
above expressing techniques the generated maps describe that many spot and activities are concentrated
mainly at the North Eastern part of city administration boundaries and at the Southern part of the city. A
total of 984 urban activity spots in entire city were identified, among 984 locations retails have taken the
most frequent locations in the city of Hawassa with 516 locations, recreational and scenic including
monuments found 148 locations, 163 services, 38 administrations, 25 locations of city with central/nodal
character and lower center one hierarchically and 28 manufacturing including the oldest manufacturing
locations like Hawassa ceramics and Hawassa flour factory. The industry zones at the southern main
entry and exit point of the city and the newly opened Hawassa industrial park with estimated 60,000
employers from different parts of the city also take up a huge land use share. From the listed locations
industrial zones and some retails are found at the periphery. The administration is found almost all within
the city centers. Generally, the occurrence of activities is high at the city center and at the Northern
Eastern part of the entire Hawassa city boundary.
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Map 5: Area of residential and urban activity centers in Hawassa (Source: Filed work, 2017).
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Map 6: Potential locations by their natural content and residential zones (source: Fieldwork and a base map of Hawassa).
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5.1.2 Suitability of land in Hawassa

In the analysis phases of identifying suitable land patches from existing land use (Map 7) and
route, the delineation process has passed through several steps and techniques. Among the method set to
conduct the land suitability of the entire Hawassa is one and main task in this study. Suitability
categorized in seven parts as factor of suitability assessment settled as suitability factors, land availability
, road types , attractiveness of land patches , attractiveness of their naturalness, environmental protection
, protected area identification , patches demand for connectivity, potential routes, and lands suitable for
greenway and topographic factors of suitability are categories to take suitability assessment of the entire
landscape of Hawassa. Finally, the suitability assessment task ends by creating maps for every category
of factors to assess suitability then all the result of suitability maps are combined by weighting each factor
depending on advantages for the greenway route and route delineations. The whole suitability maps

created are discussed below in the following subchapters.
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Map 7: Map showing the current land use of Hawassa (Source: Administration of Hawassa city Planning Department, 2017).
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5.1.3 Land Availability for Greenway

Inland availability suitability assessment of the city, created maps illustrate suitability in terms
of land availability for greenway ranks ranging from not suitable to very highly suitable. Map 8 shows
unsuitable areas. These are the landscape patches in the city’s densely developed area, populated and
intense activities. This implies that the central area of Hawassa that is marked in red color with dense
buildings, high traffic volume of movement compared with the rest area as we have seen on the map
below. Suitability in terms of land availability increases when we move far from the central developed
zone. When we focus on the entire map of land suitability factor, areas located at the Southern, Eastern
and the North East of the city boundary are highly suitable for greenway network. The Southern part is
unbuilt with agricultural activities mainly. Land at the North East and East part of the city is covered with
wetland extending from Lake Catchment and extension of Cheleleka Lake which is the main water source
for Lake Hawassa through Tikur Wuha River. However, there are small and isolated land patches located
in and near unsuitable areas with very high suitability rank. Areas like Amoragedel Park, Millennium
Conserved Forest, Tabour and Alamoura Mountains, linear buffer land along Hawassa lake shoreline
take the rank of very high suitability though found in unsuitable areas. The rest scenic locations and
blocks containing those scenic natural potential, open spaces bounded with residential areas used for
playing and gathering space for neighborhoods in various part of the city are visibly ranked as moderately
suitable because they are found in the totally bounded urban area. The planning provision of the city need
a consideration to regulate the development influence on the natural landscape; the central area loss its
natural landscape its totally covered with buildings, in the expansion of Hawassa the planning provision
must consider natural landscape and green space network.
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Map 8: Map showing land availability for the greenway in the city of Hawassa.

5.1.4 Road Type Suitability

For the road types suitability assessment ranks of suitability for greenway network ranges from
not suitable to very highly suitable. For this assessment, the factors taken are road density, road surfacing
and road hierarchy as a defining the component. The denser (relative concentration of street length in
the square of km) street tends to be less suitable at the central part of the city. Main streets characterized
by high vehicular traffic volume tend to be less suitable. Main streets by their surface character of asphalt
located at the central part of the city are less suitable. Map 9 shows higher density and a higher
concentration of main streets at the central part of Hawassa. These types of streets and areas found are
not suitable for the greenway. The generated map illustrates highly suitable roads for locating greenway
surrounding the main central areas, which are connecting small villages on the periphery of the city
boundary and along the Lake Shoreline and routes around mountains.
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Map 9: Map showing availability of roads for the greenway in Hawassa city.

5.1.5 Attractiveness
Due to wide area coverage of natural potential features in Hawassa, scenic potential, parks,
forests, recreational locations, mountains, wetlands, and springs have made Hawassa have more attractive
landscape patches in it. Landscape features made it attractive by their natural content and ranked it highly
suitable in terms of attractiveness as a factor. On a map of attractiveness (Map 10) below, areas following
the main axes of movement by their loss of natural features become less attractive and become not
suitable which are marked by red color. However, the majority of Hawassa landscapes are attractive and

green
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Map 10: Map showing the relative attractiveness of land patch for the greenway in the city of Hawassa (Source: the result of Analysis from

Land use).
5.1.6 Environmental Protection

This factor of suitability has taken landscape patches level of contribution to protect and enhance
natural ecosystem and the environment as a whole. Forest, vegetated open spaces, potential places to
rehabilitate mountains ranked highly suitable in terms of environmental protection advantage. The
generated environmental protection factor map(Map 11) shows that the central areas, specially marked
with red, developed environment with less advantage are ranked not suitable in terms of this factor.
Majority of land patches as seen on the map below have potential in terms of environmental protection

and are marked in light green color are ranked very highly suitable.
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Map 11: Map showing the suitability of areas based on their protection status for the city environment.

5.1.7 Protected Area

Sensitive areas conserved for wildlife were ranked with low suitability by considering interruption
of wildlife habitat by human intervention. Human pathways do not interrupt wildlife. Map 12 shows
densely vegetated and close forests rank not suitable in terms of a specified factor, millennium conserved
park is one example conserved to protect wildlife and plant species. Delineating routes in the sensitive
area will face conflicts of human and wildlife. In terms of this factor developed lands ranked very highly

suitable to reduce the tendency of routing in sensitive boundaries.
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Map 12: Map showing protected area suitability of Hawassa city.

5.1.8 Areas That Demand Connectivity
On this factor of suitability, only two categories of rank are given, very highly suitable and not

suitable. Areas identified as origin and destinations locations and boundaries ranked very highly suitable
because these locations are identified as points that need to be included in the greenway network. The
rest of the land is ranked not suitable. Map 13 shows the location of origin and destinations of the city
and Map 14 shows concentrations of nodes and demand areas in the city. The central areas are locations
of higher concentration points. According to the generated map using Kernel Density in GIS, high

demand for connectivity is located at the center of Hawassa.
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Map 13: Location of demand connectivity by greenways in Hawassa .

Map 14: Map showing the density of locations to be included in the greenways.
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5.1.9 Topography

Accessible topography and scenic height are the main factors considered in this category. In
delineating greenway route outside the existing public right-of-way must conform to slope requirement.
Pathways used by pedestrians are very accessible when the slope is less than 3%. This patches of land
ranked very highly suitable in terms of topography as a factor, 3-8% are highly suitable rank and slope
greater than 8% is ranked low. Land patches between 8-15% slopes can become accessible for hiking
but not for all greenway users and are ranked least suitable. Finally, land patches greater than 15% are
ranked unsuitable for greenway network. On the generated map of this factor (Map 15) areas ranked as
not suitable were parts of mountains like Alamoura, Tabour, Qige and Kiyuwata Mountains in the city
but not all parts of the mountains. The uppermost part of the mountain is suitable for Scenic importance
(Map 16).
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Legend

Slope
Not

Low

Map 15: Map shows topography suitability as a factor for greenway network.
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Map 16: Map showing, Suitability of topography for movement (A) and scenic potential location in terms of Height (B).

5.1.10Cost Raster / Map of combined factors of suitability
Map generated for combined factors of suitability (Map 17) illustrates which area is very highly
suitable, which area is moderate and which area is not suitable in the entire boundary of Hawassa. On
this map which combined all the factors of suitability in equal importance for greenway network in MAP
ALGEBRA of GIS RASTER CALCULATOR, for route delineation of greenway path is outlined. The
central part of the Hawassa almost tends to low and not suitable rank and the other parts of Hawassa
ranked high and very highly suitable. Locations following highly developed area and main streets are not

suitable for the greenway.
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Map 17: Weighted and overlay of all analysis, cost rater of Hawassa for the greenway.

5.1.11 LCP Delineations of Greenway Corridor
Routes of potential greenway are generated based on the combined factors of suitability in the
LCP model of GIS. The generated greenway network consists of fifteen single routes, which connect
residential areas, villages at the periphery with each other and populated destinations by intersecting the
central part of Hawassa. It also connects residential areas with each other that are located at opposite ends
by intersecting them to the central area. Totally 251 km greenway network is formed by interconnecting
of routes without excluding overlaps and adjustments. The final length of the greenway network formed

is determined after the evaluation and adjustment of the generated map (Map 18).
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Map 18: First run greenway route generated of the LCP model.

5.1.12 Evaluation of greenway
Evaluate and try to find the weakness of generated greenway was based on different criteria. The

final greenway routes were evaluated at different stages. First, the resulting greenway routes were
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inspected by overlaying all single routes together on one map then conflicts and overlay are found.
Second, the resulting greenway routes were inspected by overlaying on the existing roadmap. Third,
alignment is checked evaluating the resulting fifteen routes relating to one another alignment is checked.
After identifying major issues adjustment was done.

Identifying conflicts between generated route

The result greenway routes are inspected by overlaying all single routes together on one map in order
to find out conflicts and overlay. The locations where many routes are overlapped are in the most suitable

landscape of the city.

Map 19: Conflicts of the first run generated greenway routes one another.

Overlay with a street network of Hawassa
Second, the resulting greenway route was inspected by overlaying on the existing roadmap. In this
process, the final delineated routes were examined against the existing spatial context of Hawassa. Each
route was examined for conflicts, trade-off, and compliance with existing roads especially conflicts with
high traffic volumes. Roads passing through dense areas are then adjusted. Evaluating conflicts and
compliance with the existing land features of each route according to greenways goals and objectives

have been conducted.
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Map 20: Shows the overlay of the proposed greenway network and Hawassa city existing network.

Route Alignments
In this step of evaluation how far routes cross one another is observed and alignment is checked. In
this process inspecting layout design and connections, based on buffering using PROXIMITY BUFFER
toolbox in GIS and manipulating manually is done. As seen on Map 21, map A routes are aligned near
to one another. When it is adjusted as seen on the map (B) they are merged to one route by using manual

inspection of the most suitable surface the route passes through.

Map 21:1dentifying and correcting root alignment (A) First run model of LCP and (B) After adjustment of alignment.

5.1.13 Adjusted Routes
In the evaluation of the first run result of LCP model, there were some difficulties of routes

conflicting with each other and with the existing street network. After adjustment of routes shown in
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(Map 22) 44.3 km of overlaps between routes and 81.9 km run on different routes in the city totally

125.2km path is determined after adjustment.
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Map 22: Adjusted routes.
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5.2Discussion
All the results of the previous chapter from identifying the demand areas, assessing the suitability

and delineation of the greenway, to the inspection of the generated routes with the existing spatial features
have exposed, the conflicts, trade-offs, and overlaps. This reveals whether the greenway routes generated
by the GIS model are realistic, attainable; fit to the objectives and goals of the study namely identifying
and designing of a potential greenway of Hawassa. The generated greenway network is inspected based
on the points raised in the evaluation, and inspection process that lead to possible alternative solutions.

5.2.1 Validity Coverage of the Demand locations by the greenway networks

To validate the proposed greenway network needs to compare the object of the study. Identifying
and designing potential greenways of Hawassa depends on proper identification of the cities potential
and its suitable landscape. Therefore, validation of the resulting greenway network is done based on
potential locations and greenway network coverage to link identified locations.

rt_10

Destination_1

Destination_12
®
® ® Start 8

‘.0

Map 23: Map showing the proposed greenway network and the need coverage (Source: Field survey).
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Table 8: Coverage of Proposed Greenway network with Demand locations (Generated from GIS Multi-Ring Buffer tool)

Walking time t Distance From Coverage of Locations Coverage i
near route(minutes) Route Percentage
(meter)
5 400 777 location out of 984 within 78.9%
400m distance from the Proposed

route

8 800 967 locations out of 984 within 80 98.3%
from the proposed route

As shown in Table 8 above almost all the identified greenway potentials are found concentrated in
a walking distance from the proposed potential greenway network of Hawassa. This implies that the
proposed greenway network is appropriate for the city.

5.2.2 Use of potential existing trials

The generated routes and their network cover all the potential walking, natural, and social
landscapes of Hawassa in near proximity (Figure 13 & Map 24). This result implies that using the city’s

potential to attain the presented objective of the study is attained.

Map 24: Potential existing vehicular free trail included in adjusted greenway network.
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Existing City Wide Potential Trails

! F o

Figure 13: Some of the Potential greenway areas and natural corridor; the Potential walking path along the lake shoreline (picture taken

from Tabour Mountain) (A), potential linear space along the street firom St’ George Church to Fikir Hayek, and Popular trails used for a

long time along the lakeshore. (C) Were included in the greenway network. (Source: Field survey 2017).

5.2.3 Categories potential greenways in Hawassa
According to the need and intended functions of greenway different categories of corridor identified
in Hawassa city.
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Table 9: Types of greenway projected for Hawassa

Type of greenway

Function

Location

Riparian

Protecting the lake and wetland; buffering built
to natural sensitive landscape and wildlife
corridor.

Along the lake

Urban/scenic/historic route

Pedestrian access and provision of natural
component

Developed urban area

Urban shared route

Cultural resources protection/enhancement, good
pedestrian environment and provision of urban
linear natural route

The greenway along
main roads

Environmental and
Recreational

The opportunistic assemblage of greenways and
open space of various kinds to integrate green
infrastructure and creating a livable urban
environment

Connecting one
neighborhood open space
to other

Active recreational linear
park

Connecting different public space, parks, and
squares

Example, the connection
between Amoragedel and
Fikir Hayek

Ecological significant
natural

Provide significant natural corridor to provide
migration of wildlife and species interchange

Near protected area and
lake shoreline, trails
around the conserved
mountain like Kiyuwata
and millennium reserved
park

5.2.4 Strengths and limitations of the LCP model

This study demonstrated that greenway identification based of GIS/LCP model can be effectively

applied to the urban area that is characterized by limited available open spaces and also enough open

space to develop greenway, especially in the urban core. In addition, the input of factors and criteria is

highly flexible and can be adjusted to any local context as well as available data (Teng, M. et al., 2011).

The key strength of the LCP model is that algorithm provides a structured approach to greenway planning

that automates the identifications of the most suitable greenway routes while taking into account and

combining multiple contextual factors( (Miller ,\W. et al., 1998). The GIS-based LCP model makes

possible to analyze numerous datasets simultaneously over a large area and in a relatively short time

frame. The model is transferable to various other urban study areas and routing applications. Applicability

is the strength of the method. The major limitation of the LCP model is comparing the result on the actual

landscape especially when the study area comparatively larger. And lack of data availability and accuracy

can limit factor and distort the result.
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5.2.5 Applicability of the model to other areas

The GIS-based LCP model is capable of identifying suitable urban greenway routes drawing entirely
from digital data sets and local background information, without relying on on-site assessment after
digitalizing the raw data. The provided data sets of good quality and time are available the model is
widely applicable for greenway and other route delineation projects in an urban setting. Availability,
accuracy, and recentness of the data required for the greenway delineation are perhaps the most
fundamental criteria for its applicability (Miller \W. et al., 1998). If the factors mentioned above are

considered, the model can be used to a variety of other study areas in urban settings.

5.3Summary of analysis tasks and findings

Table 10: Summary of analysis and findings

Tasks Findings
Potential e Open green spaces, parks, forested areas and other vegetated areas found along
locations the lake and at the edge of the city.

e The developed area of Hawassa is the most destinations where collected
e The most trip attractor locations found at the center

¢ At the periphery of Hawassa new emerging settlements observed as a potential
location for this study and for the future connectivity through the greenway

Land availability | e Most part of Hawassa is a suitable item of lands, but the developed area mostly
unsuitable.

e No consideration or regulations is taken in most parts of the developed area to
protect natural environments.

e The planning provision of the city should consider regulating the development
influence on the natural landscape; the central area loss its natural landscape; it’s
totally covered with buildings; in the expansion of Hawassa the planning
provision must consider natural landscape and green space network.

e A rapid development like hotels are emerging, especially along the lakeshore
made the natural environment in risk.

Road type e The central part of Hawassa mostly unsuitable taken road as a factor

e The densest, surfaced with an impervious and high traffic volume of vehicle and
motorbike use the streets of developed center.

e But areas surround the central part and periphery of the city suitable.

Attractiveness e The result shows suitability in terms of attractiveness based very high on most
parts of Hawassa.

e Due to the existence of vegetation coverage in the surrounding of the urban
center increase attractiveness.

e Area of low and no suitability, such as roads, areas of little or no vegetation,
occur in residential areas and especially in the urban center.
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e Entirely green /natural spaces highly concentrated at the periphery and area near
the lake

Environmental
protection

e This factor has taken landscapes patches level of contribution to protect and
enhance natural ecosystem and the environment as a whole.

e The central/developed parts of Hawassa less advantage in the contribution of
protecting and enhancing natural ecosystem.

e Need improvement.

Protected area

e Protected/sensitive areas considered low suitable because it is conserved for
wildlife by considering interruption of wildlife habitat by human interventions.

e Densely vegetated and closed forests rank not suitable for protection factor.

e Route delineations through this area face conflicts of human and wildlife, like
Hawassa millennium park

Demand for
connectivity

¢ Residential and urban activity centers very highly suitable.

e The rest parts of the city not suitable in demand to be connected in greenway in
terms of this factors

e The developed city parts were more tendencies in need of connectivity.

Topography

e Accessible and scenic height is determined in this factor of suitability.

e The uppermost parts of mountains in Hawassa are suitable for scenic, but not
accessible.

e Inters of accessibility, almost all of the city parts are highly suitable.

Merging/Overlay

¢ On the result of combined factors map the central developed area is unsuitable,

ing factor especially the most developed commercial corridor.
e Some improvement needed in the developed area to integrate the greenway and
improve the natural environment.
Route e The generated network consists of fifteen single routes, which connect

Delineation/L
CP

residential areas with each other and with urban centers.

e By interconnecting several routes, the greenways form a network of 125km
delineated with 44 km overlaps on the most highly suitable part of Hawassa.

Evaluation

e The first generated greenway network evaluated with an overlaid map to check
how the greenway network and suitable landscape is related; almost the whole
generated network passed over the suitable landscape of Hawassa.

e Second, compare and contrast with the city movement network. In this time
some conflicts were happened especially crossing over the main road. This issue
solved manually by comparing of relative suitability of the area

e Third, evaluate the greenway network with spatial features, like, conflicts with
private property. This issue also solved manually by comparing landscape
patches of the area with their suitability level.
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e Finally overlooked the layout design; overlapping, geometric layout, and
connection type. These issues also solved with manually checking and re-routing
depends on relative suitability rank of the landscape.

Adjustment e On this stage, adjusting the issues raised above during evaluation of the
greenway network.
Overall e The planning provision should consider strategies for sustainable growth.

e Land should be preserved for strategies like, provision of the greenway to
recover the natural system

e Infrastructure planning should consider effects on the natural environment and
its network during, planning and construction time.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

5.4Conclusion

All parts of the study process enabled the planning and design to achieve a more sustainable synergy
between the natural environment and infrastructural development using greenway corridor as a strategy
to repair the gap; Improving natural environment, wildlife habitat, biodiversity, and development together
using Greenway as a strategy for Hawassa. The greenway framework was inclusive for all the city
aspects, social, transportation and ecological services that provide sustainable connections between
natural landscapes and social built infrastructural development of Hawassa. In planning and designing
parts of the study were different criteria’s for assessment, delineation, and design applied. In this process,
seven factors were determined and weighed to indicate the suitability of all landscape patches in the city
based on the seven suitability factors.

This greenway network put goals to connect activity centers in the city, to provide alternative travel
options, to enhance recreational, socio-cultural character and to boost urban environmental protection.
Finally, greenway networks were produced, in the potential routes in the city of Hawassa, the generated
city scale corridor need to be designed on the actual ground as realized on the next part of the study.
Overall all greenway corridor identification and local area design were effective in addressing

sustainability, socio-cultural transportation and ecological components for Hawassa.

5.5 Recommendation
This study recommends greenway planning as a valuable strategy in the interventions for
ecological/environmental protection, increased sustainable transport and improved livability in cities, As
a result, it considered applicable planning and design tools. Proposing new greenway connections should
be taken as an integral component for environmental protection and ecological service, recreational
opportunities, and transportation infrastructure for sustainability, and should be considered side by side
with city expansion and land use planning as well as road planning. But should participate users and
explore the way they interact when using greenway networks. And follow up with proposed strategies,
criteria and guidelines of greenways and trails serve to implement.
5.5.1 General recommendation
The general recommendation presented based on reviewed strategies and cases to ease the
integration of the delineated city scale network on the actual landscape of Hawassa. For the realization

of the greenway network, some design and guiding considerations are proposed in compliance with the
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literature on greenways, urban design, and landscape design. The recommendation is given based on the
framework of greenway; socio-cultural, ecological, and alternative transportation, although considering
urban design standards. The recommended criteria, strategies, and guidelines are suggested to create an
urban design with a greenway segment that meets human needs while improving ecological performance
within the Greenway landscape. Based upon the context of a greenway landscape the respective body

headed for implementation essentially focuses on:

Ecological strategies

e Preserving and extending the greenway at Hawassa landscape within the community to enhance
habitat protection, vegetation provision to increase natural environment, promote tree canopy to provide
shade, filter the air, and help recharge water aquifer, reduce the volume of run-off , use LID solutions.

e Smaller building footprints and compact design to preserve more vegetative land.

e Street trees in planting buffers and along the greenway as well as along streets can greatly
enhance and support goals of greenway provision.

e Landscaping in the developed area should consider LID solution to manage stormwater.

Socio-cultural strategies

e A greenway system of networked open space and conservation natural environments address
multiple social-ecological objectives. So thinking the greenway in a connected and networked manner
for its best function. They also provide recreational amenities and desirable green space in communities.

e To promote a quality of place on greenway landscape should interpret from the mix of diverse
functions. Allowing diverse people to live work and interact

e Compatibility between the community/corridor and greenway is ultimately achieved by sense,
character, and identity of place. Greenway design, in this case, should be sensitive to and provide a
perceptible link to the physical environment, cultural, and historical context of the greenway will
contribute to foster a sense of place and image of the community.

e Street facing, frontage, and entrances of buildings in the study area and along greenway
corridors, mixed-use buildings are encouraged to provide needed housing and desirable retail
conveniences, blank walls should not face the street or trails at city scale as well in a specific site.

e The city of Hawassa should pursue a citywide program of tree planting along the greenway to

participate the peoples in the vision of greenway provision. Today and for the future.
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e Architectural heritage in all improvements encourages a sense of place that is rooted in Hawassa
unique heritage and cultural traditions.

e Space between buildings should be minimized as much as possible, the more they closer they
begin to form a defined street edge for the pedestrian. Building along the street should be built as closely
together as possible in order to create a more perceptible street edge.

e Integrate site amenities include trash receptacles, dumpsters, benches, tables’ fountains, bike

racks and shelters for good pedestrian and socio-cultural environment.

Alternative transportation strategies

e Walkable connected urban area, Pedestrian, and bicycle routes are important towards achieving
sustainability, quality of life, and connected community as well connected different urban blocks using
the natural approach, greenway.

e Buildings should be oriented to the greenway, trails, and street. This help to create an inviting
public-private oriented space.

e Pedestrian-oriented streets arranged in a connected, grid-like as well shorter block depth pattern
to encourage and promote walking and biking.

e The city should encourage pedestrian circulation networks that provide relatively direct
connections between homes and jobs and retail, civil, or other facilitates that can serve them

e Provide safety from traffic, these elements of the built environment will help provide safe
alternative transportation and pedestrian protection from traffic. Although, make the pedestrian setting
perceivably safer for the user in order to create a Walkable pedestrian environment.

o Define the greenway edge using hard as a well soft defining element, like planters, to help the

pedestrian and bike realm enhancing the good and safe experience.
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5.5.2 Ecological criteria and guidelines

Table 11: Design Criteria and guidelines for ecological aspects of the greenway.

Greenway Design Criteria Guide Lines
Framework
: Integrate green space Increase vegetative areas in street scape
Ecological [TCErae 6Een S & P

preservation/
Protection /
Conservation

A network of open
space

A connected network of the open natural landscape, green
spaces, and parks

Extended connections to greenway network at the bigger
area and adjacent areas

Compact and cluster
development

Design the lands to build compact and to save more open
space

Spatial connectivity

Linear green spaces that promote open space connectivity
to the greenway and adjacent communities

Minimize
fragmentation

Avoid development that perforates and interrupt patches
of habitat.

Avoid continuous barriers between site and greenway that
divides habitat.

Promote Infiltration
and minimize
impervious cover and
reduce run-off

Minimize impervious roads, sidewalks, parking, and
building footprints. Providing necessary human functions
and needs within the built environment of the site.

LID solutions, to manage run-off

Enhance bio-habitat
and promote native
species

Local natives and planting well suited to the greenway and
local conditions of the site.

Avoid disruption to riparian buffers by development

Create micro-climates and improve soil conditions with
edge boundaries of physical development elements to
promote native and biodiversity.

Create edges and buffers of plantings to protect the
sensitive patches.

Natural Resources
conservation

Restore key ecological features of conservation areas such
as riparian areas and river corridors.

Width

Minimal width: the wider the corridor the better to serve
multi-functionality; sizes have been given for different
situations from 15m to 200 varying for urban and sensitive
area
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5.5.3 Socio-cultural criteria and guidelines

Table 12: Design Criteria and guidelines for socio-cultural aspects of the greenway.

Greenway Design Crite| Guide Lines
Framework
Socio- Promotes Buildings should locate with easy access to urban setting and
connections to greenway.
cultural nature Clusters of trees and understory in visually prominent

locations

Scale and placement of homes, buildings, streets and other
design elements should preserve viewsheds to the
greenway.

Multi-functional sidewalks and trails that connect to urban
areas, greenway, open space and common areas.

Permeability and
transparency

Placement of buildings blocks, street and other design
elements that should enhance and preserve view to cultural,
historic and greenway setting.

Orient common areas in visually prominent locations.

Promote and reflect
the natural condition
of greenway within

Green spaces, common areas, and parks linked to each other
and the greenway through systems of landscape streets,
pedestrian, sidewalks and trails.

community A network of sidewalks and trails that connect buildings and

atmosphere homes to the greenway network and natural settings.
Buildings and homes should be integrated with common
areas

Orientation Green space and common areas oriented in visually
prominent location.
The building should face green space, parks, sidewalks, and
trails.

Cultural and Interpretive elements, such as signage, exhibits, and markers

historical Landscape material and character

preservations

Conceptual interpretive design elements that produce a
perceptible image of cultural cultural greenway heritage.

Design elements that enhance and preserve views to historic
and greenway setting

Balance private and
Public space

Define boundaries near buildings through combinations of
landscape design elements.

Private and public space Should be integrated with the
shared common area and use architectural elements to
define semi-private transition space like porches.
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5.5.4 Alternative transportation criteria and guidelines

Table 13: Design Criteria and guidelines for alternative transportation aspects of the greenway.

Greenway Design Guide Lines

Framework | Criteria

Alternative | Prioritize Less parking on Street and in front of Buildings

Transportati | Pedestrian | Create areas where cars can be parked out of the way to minimize the obstacles
on Hierarchy of roads that create quite loci neighborhood and smaller access streets

on community interior that activate social interactive setting near the building.

The designated pedestrian crossing should be marked for greater visibility and
direct pedestrian traffic across the street.

Safe street
zone

Surfacing should be Appropriate to facilitate pedestrian and biking

Create a street environment that strives to ensure pedestrian safety sidewalks,
pathways and crossing should be designed

Minimize the vehicular parking near the pedestrian prioritized environment, which
interrupt the pedestrian activities by crossing and parking

The pedestrian environment should be free from barriers to minimize conflicts
with external factors.

Accessibilit | Multi-functional sidewalks and trails that connect to urban areas, greenway, open
y space, and common areas.
sidewalk and trail options for different abilities
All-inclusive and Walkable pedestrian-oriented streets.
Public and social common areas should be connected through a system of
landscape streets, pedestrian sidewalks, and trails.
The pedestrian network should provide continuous direct routes and convenient
connection between destinations, including homes, schools, shopping area, public
services, recreational opportunities, and transit.
These guidelines should be considered for bike user too.
The mid-block crossing should be used when blocks are greater than 150m in
length in order to keep pedestrians from going too far out of their way to cross the
street.
Pedestrian | streets designed in a grid layout to promote connectivity when possible
Streetscape | Walkable pedestrian-oriented streets

Narrow streets, short blocks, and inter-connectivity that prioritizes pedestrian and
slows traffic

Separation/division of street, pedestrian sidewalks and pathway network that
include connections to open spaces and to the other part of the city.

Tree canopy and vegetative areas in streetscape and open space for more
Natural environment coverage as a well livable corridor.

In the next part of this study, testing this proposed city scale greenway at a local scale for the ease

of integration to actual urban fabric through design using the recommended criteria, strategies and

guidelines shall be presented.
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PART 11

6. CHAPTER SEVEN - DESIGN

The action area for the design task covers 75 hectares. This stage of the project was taken for the
actualization of the design task that is testing on a specific area by using the procedures of urban design

with greenway frameworks.

6.1Introduction

This stage of the thesis was taken for the actualization of the design task which is testing the whole
network by taking segments based on the given recommendation, criteria and guideline. The action area
for the design task covers 75 hectares used the procedures of urban design with greenway framework.
The following steps entail selecting a site based on selection criteria; the site must include the segment
of greenway from the whole greenway network, identifying compatible natural, social resources, and
critical issues, then identifying types of greenway intended for specific segment depends on opportunities
and traits found on the actual situation. After identifying strategies follow program development as per

the recommendation. Finally, the design developed.

6.2 Site selection

The selected site for detail segment test design of the thesis includes criteria to select. The first
section criteria are the development potential for greenway and high demand of developers in the current
situation for construction of different buildings and infrastructure by the government and private
developers. The second selection criteria are the potential of commercial and business created by vitality
and pedestrian density in the area. Third, existing development intervention put the lake in risk,
minimizing natural patches, cause more pervious surface, high volume of run-off to the lake and wildlife
disappearance. The municipality of Hawassa put the site in first priority in terms of risk and needs
protection (MWUD,FUPI, 2006).

For the design, 75 hectares site is selected as an action area that includes a portion of the proposed
greenway corridor and urban fabric with different functions like, lake protection, recreational area and
low-density residential areas in it mainly. To achieve the optimum benefits of the greenway system the

specific site opportunities and constraints should be identified and addressed through urban design.
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Map 25: Location map (Source: Georeferenced Google map and Greenway network generated on part one of this Studies).

The action area is found on the lakeside defined 75-hectare area with a planning extent of the lake
shoreline development that runs along the Northeastern parts of the lake which is directly seen across
from city center and is bisected by Fikir Hayik to St. Gabriel Street. The South East part is bounded by
Tikur Wuha to Municipal Street. On the South East side, it is bounded by Amoragedel Park and
surrounding; on the North Western side by SOS children village. The main market of the city, Hawassa
University Agricultural Campus, the old municipality of the city and unmanaged buffer area of the lake
(Map 26) are included in the area. On this buffer area, the city administration is trying to develop different

land uses in addition to a 20meter wide asphalt road along the lake shore.
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Map 27: Public nodes near and around project area (source: Google Map and Field Survey).
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6.3Compatibility of greenway

In this analysis task the existing urban fabric/situation determined, special the area that city scale
greenway route aligned (delineated at part one). Analyzing the existing situation and elements, natural
and manmade features need to qualify the type and purpose of greenway on the local scale for the actual
area. Greenway proposed at part one had four segments as we have seen on Map 28. Segment one passes
along the lake Hawassa shoreline characterized by riparian corridor, segment two bounds Fikir Hayek
and intersect segment one perpendicularly, segment three is the continuation of Segment two after the
roundabout connecting it with main city center of the city and segment four delineated parallel with
segment one pass along the long fence of Hawassa University Agricultural Campus and passes nearby

the old market to the industrial park.

360 180 0 360 Meters

Map 28: Segments proposed greenway network defined in the action area (Source: Part one of the study).

6.3.1 Segment 1/ Corridor segment along Lake Hawassa

Longtime observation, photography and various data have been made on this segment of the action
area. The elements of the area are the intense activity of commerce with small temporary shades and
narrow trails move along the lake shoreline. There are short segments of the undersigned and unmanaged
trail which bring people to this segment and Lake Hawassa. This segment is the end of any movement of

the journey to the lake. The continuity of specified segment creates a great opportunity for the project
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site to be connected at city scale network for diverse function, recreational, wildlife habitat and as

movement corridor, buffering the effects of urban landscape on the lake and keeping the natural
environment.

There are active nodes all along this segment where two routes from different direction connect. All
activities take place in temporary shades and extended space of the public realm. No permanent building
constructed along this path to accommodate these activities. The activities near the edge of the lake create
litter on the lake and have caused migration of wildlife. Missed component of this segment was the
existence of permanent uses and activator of the public realm to secure the area, as shown in Figure 14,
the trails connecting the city part and the segment are a silent edge, between the lake and urban
environment. The other missed elements are stormwater management and usage mechanism. Because of

this all the runoff comes to this area and increase inaccessibility and quality of the lake during high rain.

Intense activities at the shore taken as opportunies
and trait for the lake quality.

Flood prone land but peoples trying to
develop

Trails along the shoreline taken as strength and
will included in the greenway design with some
change for the sake of lake protecton

Mechnical connecton that used as water
pumping and discharing . This issues
need action for the health and quality
of Lake Hawassa

Fikir Haike and Actual existance on the edge of the
Lake Hawassa with the highest location with highest
no users among locations on the edge of Lake

Social and public nodes need to be
enhanced with the proposed greenway
segments

- >x
Actual social amenties and vegetated place along

Locatio of flood plain all along the lake
the lake shoreline

need to be improve the capactiy to hold
more storm water and clear human
intervention.

Figure 14: Actual situation along the segment one (Source: Field Survey).
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The type of greenway to integrate on specific area depends on various factors, such as the location

of the area, size of the area, and needs of the area. Greenway is a design and planning strategy used to
address multiple environmental, economic and social functions. According to Jack Ahern, there are four
principles and strategy to define types of greenway based on protective, defensive, offensive, and
opportunistic. These strategies applied individually or in combination, depending on the goals of the

greenway plan on each segment.

# Flood Prone location by the storm water
running from the upper part of the city

Commercial Activities at the Edge
of Lake Hawassa

The actual situation of the lake edge gone inside but
replace it self during the summer time.

Flood Prone location by the storm water

running from the upper part of the city INGE _+O The south western entry to the site and to

O -eeemee- ,. P .. " - P e 4 the Lake Hawassa shore line
L e - y. T - -

Low Motorized traffic activitis on the lake A kind route surfacing linking the city part with
shore considered as strength for the place lake shore dressed pervious is a good strenght
to infiltrate.

Figure 15: Actual situation around segment one (Source: Field Survey)

This segment needs a holistic strategy because its natural resource dominance and rapid
urbanization are fragmenting its natural landscape. Integrating the holistic approach means protecting,
defending, offending and use the opportunity on the site. Protecting the natural environment from
encroaching development, defining the buffering distance, defending to stop the fragmentation, offensive

what is today on the site and thinking about the future by reconnecting the fragmented landscape and
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enhancing the opportunities: will fulfill, recreational needs and protect natural, vegetation and different

wildlife around. Existing landscape features are optimal for greenway development (See Figure 16,

Figure 17 and Table 14).

¥
y
o Potentially strated action to protect the lake and

) for aesthetic purpose

The most known nodes at the middle
of Lake Hawassa

On the actual site of lake shore line taken
measure to protect ersion

=5

Six meter trails of average width onthe s
hore line

Potentially strated action to protect the lake and
for aesthetic purpose

Figure 16: Actually started action to protect and beatification of the corridor (Source: Field survey)

Segment one acts like riparian corridor along Lake Hawassa shore. The city administration already

has placed some level of regulatory protection to control overflow like constructing dike along the shore.
Human activities

Lakeshore and ecosystem around riparian corridor have been critical resources for nearly every

culture in the world. Just as predictable as the location of human activities along the lake has been the

effects of this activity on aquatic ecosystems. The major human activities that affect water quality and

the ecological integrity of riparian corridors are urbanization, recreation, flood and withdrawal of water
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supply. Some of the issues are listed below which happened as a result of human activities on the edge
of the lake.

- Riparian corridors have become magnets for recreation use. Their attractions are the result of the
variety of recreational opportunities and setting that riparian corridors provide and the affinity people
have for water. Effects of recreation on the riparian corridors can include loss of vegetation and litter
layer from the walk over, compactions and reduced soil permeability and increase in runoff volume,

erosion, and sedimentation.

- Recently rapid urbanization covers the landscape of this riparian corridor with impermeable
surfaces for different function including asphalted road extended from the city, water cannot infiltrate the
soil. In the city of Hawassa much runoff from the urban system goes into this riparian corridor along the

lake through channelization.

-

Figure 17: 6-meter wide trail along lakeshore facilitating all the activities along the lake (Source: Filed Survey)

Table 14: Resources, issues and key functions defined for segment one. (Source: Field Survey)

Natural Social Critical issues Started action Key uses of the greenway
resources landscape
Sedimentation ¢ Retaining the Conservation,
Erosion existing soil started e Protection ,
» Walking fe The connection of outlets | to build the gabion e Wildlife corridor ,
trails earby the lake wall at the edge of o Recreational ,
e Barsand o No buffer that maintains the lake Biking ,walking ,
e Lake and restaurants  the lake water quality e Dike maintenance | horseback ride trails,
Lakeshore e Small le Conflicts between wildlife | to control flood lo Public amenities, plazas,
(] Floodplain ShOpS And human activities into the lake pUblIC space and
 Wildlife e Public o | ake protections and the | Greening some buffering the built and
e Wetland | space/plaza pffects of human activities. | segments along the | the natural environment
e Public o Channelization of lake but its le Comfortable, outdoor,
spots stormwater to the objective was the Connectivity, public
lake/floodplain only beautification. | gathering/social nodes
The need for more and multi-functional
ecreational possibilities with corridors to minimize the
ore capacity of all- conflicts between
inclusiveness of uses ,land wildlife and human
reas and types needs.
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According to the recommendation given in part one; an urban separator in between the lake and the

built environment is a necessary element to protect the natural environment from impacts of human
interventions, especially for water resources. But recent scenarios of Hawassa land leasing scheme brings
more competitions on this sensitive area of the city for human needs. The government has not given
enough attention to this fact compared to the attention given to commerce and trade.

6.3.2 Segment 2

The segment extends from Fikir Hayek to the intersection of the Main Street in the project area. This
segment is the most popular and known location used as the main entry point to the lake, especially for
the visitors. The main issues raised and identified are listed in Table 15 and Figure 18.

Impervious surfacing one of the most cause for runoff

heat

At the edge of this segment found small active frontage
and service that activiate the segment spececially at mid-day
and night time.&y

«
O &
<
v 3
Low activities and number of peoples on the area because High Moterized mode of traffic in this segment compare g
of governmental instituation cover the surrouning area with segment one , make the place unsafe for peoples @
/ engagment in diffrent activities. ‘g- - ‘i
Figure 18: On the actual situation of segment two (Source: Filed Survey).
Table 15: Resources, issues and key functions defined for segment two (Source: Field Survey).
Natural Social landscape Critical issues Sta.rted Key uses of the
resources action greenway
o Lake and lake e Walking , Timeket [e The connection of the constructed No measure is [eConservation,
,shore Bahir , the circle of asphalt directly ends on the lake. taken eProtection ,
o Floodplain life green park, Increase the chance of any nutrient wash eWildlife corridor ,
o Wildlife, e Bars and restaurants | off and runoff directly to the lake. eRecreational
¢ Wetland e Connector plazathe [e No buffer that maintains/Filter eBiking ,walking ,
main city center and  [e Direct vehicular access to the lake. horseback ride
the lake , Public trails,
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space/plaza ,public
spots

6.3.3 Segment 3

o Conflicts between wildlife and human
activities

o Lake protection and effects of human
activities.

e Channelization of stormwater to the
lake/floodplain

¢ Need for more recreational possibilities
with more capacity of all-inclusiveness
of uses, land areas and types.

ePublic amenities,
plazas, public
space and buffering
the built and the
natural
environment

e The main attractor
of users and
enhance access to
this know plaza

eGreening more

e Comfortable,
outdoor,
Connectivity,
public
gathering/social
nodes and multi-
functional corridors
to minimize the
conflicts between
wildlife and human
needs.

This is an extension of segment 2 and extends from St” George church to piazza junction. Its analysis

is presented in Figure 19 and Table 16.

Table 16: Resources, issues and key functions defined for segment three. (Source: Field Survey)

Natural Social Critical issues Started action | Key uses of the greenway

resources landscape

el arge o 2m sidewalks o Safety, because of the dead e Biking path | e Recreational ,

vegetation in o Institution fence of banks, old municipality [along vehicular |e Biking ,walking,

Hawassa ,banks , insurance and long dead fence e Greening ¢ Public amenities, plazas,

university ,te!ecommunicatio of Ag_ricultura_l campus — some segments | public space and buffering

Agricultural n ,insurance especially during night tm_1e alon_g the_lakg vehicular noise and the built

Campus and company e No coverage of vegetz_itlon but its objective |e Active urban area

old Municioal |° Adare hospitals | opposite side of the Agriculture [ was tr_]e_ on_ly recreational ,social space and
P one and two campus all along the street beautification. route

* Good e Biking pathon |e Totally impervious e Comfortable, outdoor,

coverage of the vehicle e Peoples always trying to pass Connectivity, public

Vegetation carriageway quickly rather stay gathering/social nodes

along the street |+ University of e Channelization of stormwater e Bring the chance of more

side of the Hawassa campus | to the lake/floodplain tree canopy coverage

Agricultural of Agriculture. e The need for more recreational e Buffering the walking and

campus possibilities with more capacity biking paths to be safe during

of all-inclusiveness of uses ,land
areas and types
o Safety and accident

using the infrastructure

o Safe crossing, a platform for
gathering and comfortable
environment
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This segment covers with good canopies
of tree but less green surface for infiltration

View along the segment in the property of
Hawassa University Agriculture Campus over
the fenced edge.

The Palm tree at the middle of the segment
found good for keep view to lake

On this segment found a bike path mixed On this segment all the activies of peoples is
car pathway. This situation make unsafe transit to other location because dominated
biking and used as parking and loading the frontage with instituation, banks ,and other \

unloading bay for Taxi and Bus. governmental offices except some extended \
/ temporary activities

Figure 19: On the actual situation of segment three (Source: Filed Survey)

6.3.4 Segment 4

This segment connects the old big city market to the action area. The analysis is presented in Table 17
and Figure 20.
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Figure 20: On the actual situation of segment three (Source: Filed Survey).

Table 17: Resources, issues and key functions defined for segment four (Source: Field Survey).

Natural resources

Social landscape

Critical issues

Started action

Key uses of the
greenway

¢ Plots of land with dense

vegetation defining the

segment in Agricultural
Campus, Wabeshebelle
Hotel and Timeket Bahir

¢ Half-width of the

existing segment is given

for pedestrian realm
o Wildlife movement
flow from lake though

Wabe Shebele Hotel to

Hawassa University
Agriculture Campus
dense vegetation place

¢ Walking trails

o 15meter safe for
pedestrian realm

o Recently
constructed public
toilet and shower at
the cross junctions

o Half the width of the street is
left for a pedestrian but not
amenities and greening is taken

o No pedestrian sidewalks at one
side of the street on the Shebelle
hotel side.

o No activity attractor and
generator except the entry of
Wabe Shebele hotel

e Channelization of stormwater
to the lake/floodplain

e The need for more recreational
possibilities with more capacity of
all-inclusiveness of uses ,land
areas and types

e Paving with
cobble stone it
is a good to start
but the
technique used
and higher
compaction
minimize
infiltration

e Started
planting the
non-asphalted
zone

e Wildlife corridor ,
e Recreational ,

e Biking ,walking,

trails,

e Public amenities,

plazas, public space

o Safe and vibrant
pedestrian and social
place to stay and pass
e Mixing the uses by
changing the existing
fence to activities of
capacity to create an
all-inclusive
environment
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For each segment of Greenway of the whole network in the action area situations were analyzed
and greenway resources have identified that help to integrate the segments. And some issues were raised
and determined which greenway should resolve with key functions. The last step of the above task was
identifying the types and functions of greenways for the particular street bounding the segment needed.
Next physical and social context of the whole action area is analyzed.

6.4 Physical Context

This site is centrally located in Hawassa that mediate, the city center and lake Hawassa, it is used
as the focal point for people near the lake, locally named “Fikir Hayek”. In this specific site there is a
linear corridor extending along the city side edge of the lake, initially implemented for overflow of the
lake as a dike but now serves as a popular natural scenic corridor of Lake Hawassa. The lake surrounds
the Western portion of the specific site and hosts potential activities and government institution,
residential plots, services and hotels contained in. The use within each sub-division is primarily low-
density residential, and commercial along the main axis. This selected site is one of the main locations
visited in Hawassa for, recreational, historical, and cultural and natural values. It is regionally known for
its meeting place quality, the trails of Lake Hawassa, scenic potential, access to the popular active and
passive recreational activities within Hawassa. The poor management of this location and shortage of

amenities put it at environmental risk while considering inclusion of all recreational (see Figure 21).
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44
P

Figure 21: Existing situation between the lake and the community (source: filed survey)

6.4.1 Existing streetscape

A road can be enhancer and sometimes a barrier for movements of people and wildlife. VVehicular
dominated streets are barriers for people to stay and interact comfortably and same for wildlifes. The
characters of streets and its network in the project area are some levels of distinction, there are two main
streets connected in the city main network crossing each other by making roundabout as seen on the Map
29. There are streets feeding the main streets. Local streets feeding the main street are categorized into
two, pedestrian dominated and mixed. All local streets/trails connected with the lakeshore are
characterized by pedestrian dominated and local streets which are not connected with the lakeshore are

characterized by mixed kind of activities Map 30.
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Map 29: Existing Street network.
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Map 30: Existing potential trails to interconnect the greenway segment with the actual community. (Source: field trip).
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Most streets on the actual site are observed to serve as a channel for passing both vehicular and
pedestrian because almost all the streets are defined by dead frontage. The main functions defining the
streets are institutions, banks, insurance, hospitals, municipality, religious institution and hotels with dead
frontage. The cross-section of all segments shows the potential for integrating greenway and putting
amenities. The plots adjacent to streets are not responsible for activities nearby, so the situations need

perforating the fence in order to make it vibrant and active the streetscape.

B S - S
S

L .. | B |
| T |

Figure 22: Section of city old market to Municipal Square (Source: Field Survey and Secondary data)

On this segment, streets give a chance to add the greenway network as the existing width is ample.
Half the width of the route is asphalted for motorized transport. The identified functions of the greenway

intended to be incorporated in this segment are already defined on earlier sections.

Figure 23: Street section of the 7th day Adventist church to Municipal Square (Source: Filed survey and secondary data)

Section_Muncipal - Lake DyKe - with out activities

Section_Muncipal - Lake DyKe - with activities

Figure 24: Section of trail adjoins the lake shoreline /dyke (Source: Field survey)
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Local streets connected with the lakeshore are advantageous for connecting the greenway segment
and the community by creating a network of public/open space, but on the actual site, they are unattractive

scenarios. Especially in rainy times, the route is used as a channel for stormwater.

Typical Street Section connecting the main road and the lake shore line

e | -

-5 X1

p—

| ¢ e

Figure 25: The actual situation on the routes connecting the lake shore to surroundings (Source: Field survey)

The study gauges the street environment from the angle of sustainability, socio-economic,
transportation and environmental aspects. The total coverage and surfacing of streets are also identified

after using to evaluate porosity to minimize surface runoff (Table 18).
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Table 18: Total coverage of street network and surfacing (Source: Filed survey and structural map)

Street pavement type Coverage( Hectare)
Total coverage 10.647
Asphalt 5.64291
Stone 1.80999
Earth 3.2

The communities along the corridors in the site are accessible by motorized and non-motorized
modes. However, there are diverse issues with crossings, travel way and sidewalks, paving, lighting,
furniture, open and active spaces, and trees. In terms of safety and comfort, the following challenges are
identified.

- The sidewalks are not safe as they are interrupted by access of vehicular entry to plots.

- The presence of fenced administrative functions and services occupying huge blocks have also
contributed to an inactive and unattractive definition of streets affecting the quality of the public realm.

- Lack of public amenities along the corridors such as the absence of street furniture, street
information, public arts etc. is a constraint.

- Lack of pedestrian ramps which is a hindrance for the usability of sidewalks by the disabled.

- Many facilities and amenities that are placed along the street are not efficiently used, waste
receptacles, poles interrupt the pedestrian flow.

- There are no traffic calming measures taken to reduce vehicular speed.

- There is a bike path on the main street from Saint George Church to lake Hawassa but it is used
as an extended vehicular lane, for parking, for loading unloading.

- High runoff is observed on the main streets, flowing down to the lake and overflowing over the
trails to the lake. During rainy season people do not use these trails.

- There are opportunities to adapt amenities and green infrastructure to solve the mentioned
challenges along all the width in the action area to improve functionality.

6.4.2 Land use and local amenities

The land use is primarily residential, social service, and recreation /green space, and also small
kind of commercial activities are emerging along main streets within the boundary. The city municipality
considers the site as pivotal for development and planning is still ongoing. Considering the site under
planning revision, it is an appropriate time for this study to consider the future of the community through
the lens of sustainability and the city. In this action area, the dominant use is residential but the

surrounding area is partially changing to commercial uses.
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Map 31: Existing land use of the project area (Source: Land use map).

6.4.3 Building a pattern and form
The action area is dominantly covered by natural vegetation. More than 90% of the buildings in the
area are zero stories. In terms of the pattern the dominant feature in the site is large vegetation and long
fences. The site is characterized by low density residential and small commercial activities. The
streetscape in the area is defined by vegetation and long inactive fences. All the buildings are detached
there is no defined setbacks rather they are bounded by fences. In terms of urban form, buildings are
arranged sparsely one from another with very fine grain with dominantly covered and hidden by bog
vegetation. The institutions in the action area covered with coarse grain in terms of urban grain.
Almost all of the existing buildings are oriented towards internal private front and backyard. The
streets in the project area defined by fenced edges in project area and very few active edges, frontages
(see Map 32), and no sense of guarding the lake, because the existing situation of building pattern and
plots give their back also use such areas for disposing waste, liquid and solid, this all condition made the
area deprived the public realm “eyes on the street”. Where there are a potential edge and open space
within the plan area but they are fragmented and not generally usable or accessible for the public at most
time in the day for keep guarding the lake and recreational advancement. All the city pattern especially
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the study area and its surrounding form and structure are taken by aligning parallel and perpendicular

with the lake shoreline.

Legend

gt [0

‘ e
- Buading_Existing

srsetve Area

Map 32: Building pattern of the actual situation of the project area (source: Base map).

6.4.4 Sensitive landscape

In the site, there are places characterized as floodplain. This is the location of all the stormwater
accumulation. The integrity and visibility of this place are unattractive. People use the area as damping
site and for wastewater disposal from their respective owned land. The actual landform and water quality
need to be preserved through minimizing the extent of earthworks undertaken in association with
development on the actual area. Any development should provide effective buffering from this sensitive

area.
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Map 33: Sensitive landscape in the project area (source: structural plan and written documents).

6.4.5 Active frontages
In the action area, most streets are defined by administrative service and institutions. Plots are

characterized by big size and long edges, except Fikir Hayek and Lake View hotel area. These scenarios
result in less active frontages in the action area. But there are extensions of vibrancy from the neighboring
site, the old market, Amoragedel, and the city center. Extending these surrounding opportunities to the

action area to make it more vibrant and the safe public realm is essential (Map 34).
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Map 34: Active frontages in and around the action area (Source: Field survey).

6.4.6 Public nodes

The action area is known for public celebration. Public celebration and events are held at different
times of the year; such as Timeket, graduation ceremony, Fiche Chemebelala, weddings, and other similar
events. These locations were identified and included in the first part of the study during the assessment

of demand location as part of the greenway network but are now considered at urban design scale. (Map
35)
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Map 35: Public focal points to meet, buy, sell and interact (Source: Field Survey).

6.4.7 Vegetation

Vegetation is an important part of the infrastructure to form a connection between human and nature,
achieve an integrated sense of harmony with vegetation and lake setting of the action area. The blocks in
the action area are rich in dense vegetation coverage, but less on the public realm, the street sidewalks.
The streets median characterized linear plant all along for the aesthetic purpose. For sidewalks and
activities reconsideration needed to facilitate comfort and wildlife corridor in the action area. Preserving
and restoring vegetation is important to forming those important bonds to the site as well as the city
ecosystems.
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Figure 26: Sidewalks and the public in the realm and the urban blocks in terms of vegetation (Source: Field Survey)

6.4.8 Topography

For this study topography factors in terms of accessibility, stormwater runoff, erosion, view, and
massing. Among factors, the site is accessible topography but affected by runoff because found at the
lowest elevation. Considering view in the action area no place taken in terms of the scenic point. For the

runoff issues, different greenways are a strategy to minimize similar issues.

Figure 27: the Topographic character of location between the urban landscape and the lake (source: field survey)

The topographic data used to consider the location of floodplain, location affected by erosion

and runoff direction mainly in the action area.
6.4.9 Water resource

Characteristics of the sites are downstream catchment, sensitive potential groundwater recharge
area, constructed storm water drainage channel. All the city of Hawassa has an average depth of
groundwater from seven meters to near the lake shoreline and, maximum of 50meter depth of
groundwater, the project area is in the near groundwater depth locations, so implies all the intervention
on the site is highly sensitive.

105



6.4.10 Climate: wind and sun

When we consider climatic factors of sun and wind, elements of the landscape such as tree and water
bodies are integral to design and design places and placements of building and public open space
throughout the site. Existing tree canopy coverage and additional tree placement can alleviate heat island
effect and have significant impacts on indoor temperature, energy usage, and comfortable outdoor
environment. As we said in vegetation subparts streets are less vegetated for people’s priority planted for
aesthetic purpose but the plots inside are the reach of large tree and canopies.

So, planting evergreens and tree varieties along the north and west of buildings should be considered
to protect areas of the site from sun rays and heat island effects.

6.4.11 Identifying conservation lands

The features that considered in the analysis include vegetation’s, topography, and hydrological
conditions inherent in the landscape. Together these features clearly reveal the dense formations of
landscape resources, wetlands, and vegetation along the lake Hawassa shore. Trees exist at different
locations, hydrological flow and the near groundwater depth (7m is the depth of ground near the lake),
so the area between the lake and the built is a portion which is protected and considered as conservation
lands.

6.4.12 Natural areas and wildlife

Both of these areas serve as important recreational amenities for Hawassa residents and visitors.
Together these areas, along with the city’s cultural attractions, represent a significant eco-tourism and
cultural tourism opportunity to the site and for the whole Hawassa. So, this area identified in previous
sub-chapters of segment analysis and need to managed and included in the design.

6.4.13 Environmental challenges

The site holds high potential to regain from its challenges facing today and in future. Among the
environmental issues the area facing are issues related to wildlife, there are species present in the area
sensitive to human influence and require wider corridors for adequate protection and shelter as well as
movement. The other issues considering the environment are issues related with riparian corridors, the
issues aquatic organisms are reduced due to alteration of uplands, runoff, litter, riparian vegetation;
extreme changes in water quality caused by urban development see below the picture which showing
actual situation on a different season. The picture describes the rapid growth and infrastructural
development cause in the reduction of natural surface, implies a reduction in infiltration capacity of the
urban land and effects become a high volume of runoff to the lowest elevation and wash the soil also

chemical and litter from the urban environment to the riparian corridor.(Figure 28)
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Figure 28: Environmental challenges

6.5 SWOT analysis of action area
The following section presents major findings of the situational analysis regarding the action area;
strengths and weaknesses, opportunities, and threat; the summary of all the action area situational analysis

from the compatibility of the greenway on the intended urban corridor to challenges are presented.
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Table 19: Findings/SWOT of action design area

SWOT analysis of action area

Strength

Weakness

Opportunities

Threats

e Streets have a linear
space along to
integrate ecological

e Functional conflict
between human
activities and wildlife

e Ecotourism
possibilities when
connected the

e Possible future loss
of rich natural
environments

engulf the public realm
e Shortage of public
open space

e Dis-continuity of
walkway

connecting with
nature on daily lives

features e Rapid changing of tourism and natural | e Increase in

S | e Street width natural surfaces recently | attractions infrastructure

S | Potential to storm , increase e Active vibrant provision surrounding

g water management( imperviousness areas surrounding site

2 LID - solution) e Drainage issue the action area e Increase in

£ | Diverse wild life on e Increasing surface run | include Hawassa old | imperviousness, the

4 the area off market. cause for erosion

S |« Potential fenced e Intense human ,siltation and

S | vegetation activities at the edge of sedimentation

u8J e Flexibility to relocate | the lake e Unmanaged and
human activities from | e Fragmented unplanned natural
sensitive landscape and | environment/need environments
to improve the reconnection between the lake and
capacity of recreating the built landscape
opportunity e Ground water depth

in the action area
needs high sensitivity
e EXxisting character of e No pedestrian service | e The action area ¢ Rapid

the site; potential at most frontages. holds a potential to | developments
public location for e Less inclusive act meet the needs of the | specially the shore of

= different purpose ivies; mostly bars users, in terms of the lake.

.2 | e Existing trails as a e No clear demarcation | group activities,

% passage between public and biking and more

S |e Street width private resources, passive form of

Q mainly land recreational

'§ e Privately run activities

% commercial services » Potentials of
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e Existing trails as a ¢ NoO pedestrian service
passage at most frontages. o Good
e Street width e The culture of biking | topographic setup
S §| e Biking and walking and walking are for walking and
8 F| culture changing biking in action area
= 5 |« Good topographic o Unsafe infrastructure | as well as at city
< & character scale
© | e Five pedestrian linkage | ® Unattractive trails that
= connect to the lake
through the action.
e Dis-continuity of
walkway
e The cross section of ¢ Regulation issue to o The city e Land leasing
g streets have potential protect the natural administration trends along the lake
© to integrate multi- environment indicate plans to shoreline not
§ purpose greenway e Limited signage develop considered the
g § e The municipality open | e Lack of urban conservation, sensitivity of the area
— 5| for new ideas and standards protection and e The city
g, S change improve administration of the
o accessibility master plan proposed
@) .
o Opportunity | asphalt concrete
to reconnect the roadway at the edge
natural environment | of the lake

6.6 Program development

Following the discussion on SWOT analysis, strategies and programs that should be prioritized for

the greenway and the challenges were listed based on the recommendation. As the main component, the

green corridors are the main parts of the greenway system that include alternative transportation, socio-

cultural attributes, and ecological service. By merging the site’s strength, weakness, opportunity, and

constraints various strategies were formulated according to recommendation is given on the first part of

this study.

General strategies

Table 20: Design strategies

Greenway framewq

Strategies

Ecological

- Protect the natural landscape of the project site.

- Promote its wildlife habitat and water quality.

- Protect the aquifer recharge/ reduce run-off and floods.
- Protect and conserve sensitive areas, of wetlands.
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Socio-Cultural

- Create a network of public green spaces with greenway segments.

- Extend activities to the public realm to activate the pedestrian walkway.

- Express the sense of identity and cultural connections by improving the existing
natural landscape and character of the site.

- Urban mass accommodate Mixity of functions

Alternative

transportation

- Create a network of sidewalks to improve the connectedness of the pedest

walkways.

- Create trails and pedestrian environment to improve non-motorized connections
- Create a streetscape that prioritizes the pedestrians and safety

Based on these strategies, designing the intended greenway segment, overcome the issues and use

opportunities on the project site different, programs, functions, design features and guidelines adopted as

per the recommendation is given above.

6.6.1 Programs and Design Features

Table 21: Programs and design features (Source: Study).

Design
Component

/Greenway Type

Functions/Criteria

Feature

Guide line used/Action
taken

e Riparian edges | e

To protect Lake Hawassa,
wildlife corridor, trails, filter
pollutant

e erosion reduction

e Vegetative area
o linear green space

o 30 meter offset from
the lakeshore no
imperviousness , except
seating ,boat deck,
temporary sheds
,temporary toilet

e Environmental | e
recreational park

Protection of sensitive ,
Stormwater management and
reduction of erosion

¢ Avoid disruption
of riparian buffers by
development

e More vegetation

% e vegetative, LID
2 practice to reduce run-
= off and recharge
g aquifer
§ % e Urban shared ¢ Non-motorized routes with e Bike route, e Improve street
=3 route vehicular sidewalk ,vegetative section and intersection
O area ,infiltration ,
(O social activity
e Active e Seating ,social gathering ,storm | e LID practice e Relocation of
recreational water management ,waking ,vegetative existing trail with intense
linear park area ,outdoor service, | activity

110




That promote open space
connectivity to the greenway
and adjacent communities
Minimize fragmentation
Create a sense of neighborhood
and its connectivity to a larger
community

e A connected
network of open space
in the hierarchy,

e Vegetative area

e LID practice ,Bio-
retention , vegetated
swales ,pervious
pavement ,rain garden

e Linking the entire
public realm, green area
and the private realm
including city scale
greenway proposed at
the city scale.

e Incorporate existing
patches of green and
corridors of natural
resources

Social activities ,small market ,
diverse service

o Keep the existing
like Fikir Haike

e Expanding and
upgrading the existing
public space and plaza
e Improve the
intersections

Linking the public and the
community areas through a
system of the pedestrian
walkway, bike lanes, and trails
Interactive and activate social
values

Promote connection to nature

e Multi-functional
sidewalks and trails
e Walkable
pedestrian-oriented
route

e Improving the
existing street section
aligned with the
greenway corridor.

e Improve the existing
trails and add to the
system

e The greenway
,park ,public
bt street ,square
= ,plaza and
s playground
2
O £
3
[%2]
>
(72}
- e Public pocket
a
<
s}
¢ Bike routes
o Pedestrian-only
@ routes
= ¢ Shared routes
< g
)
>
o
(.
¢ Housing and
retails
D
=pe
=
(5]
S
[<5]
©

Promote social interaction
Attract diverse people from
diverse location and also
accommodate diverse needs
Improve safety and security
Serve the public and enhance
the vibrancy

o Relatively dense,
integrated with
greenway by open
space system, defining
public realm, and
arcade.

e Increase the density
to attain more space on
the ground

e Activate the dead
frontage of institutions to
activate the public realm

6.7 Conceptual development
Based on the table above major components of integrated greenway systems, the ecological, social,

and transportation frameworks are to be designed in the project area Hawassa by taking the following

points comprehensive action plan (See Map 36).
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Map 36: Conceptual map of the action area.

6.8 The master plan of the action area

Following from the concept development process, the proposed layout of the project area reflects
the effort to improve the integration between the built environment of the area and the inherent natural
landscape. The social and cultural identity, in addition to its transportation mechanism and recreational
facilities, give the site a rich character. It’s a pedestrian-oriented community with naturalized open
spaces, an interconnected trail network and with an upgrading natural diversity, and corridor connection
within the community as well as at a city scale.
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Map 37: Proposed layout of design with greenway segments/
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Figure 29: Overall view of the new plan.

Figure 30: Overall view of the new plan.

6.9 Greenway at the local scale
This part presents the proposed city scale greenway network (part one) at the local scale. In the
action area, there are four segments of greenways as named before. All the segments of the greenway in

the action area are presented specifically below.
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6.9.1 Segment one/ riparian corridor

According to the existing situation on this segment, there are diverse natural resources and social
capital that need high sensitivity. Wildlife movement corridor, water protection, stormwater
management, and social landscape are key functions on the segment. For this situation, riparian greenway
type is chosen by its multi-functionality and for serving both the natural and social functions. Greenway
corridors adjacent to lake shoreline, trail held scenic, public destination, walking, and biking, which
creates opportunities for the recreation and interaction of people and activities like fishing and boating.
Between the trail and the lake thirty meters, vegetated lakeshore buffer is proposed to protect the water
quality, avoid erosion, to maintain the temperature and siltation.

n ! infltration
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Protection and Route | pedestrian- frung fouter 1 ibacknide Protection i

| route | Bufer |
! wildlife Corridor ST';'|="9 routejrole . ! |

Trees “_ Locaction Map

Figure 31: Sectional view of new segment one

Figure 32 Three dimensional views of the new segment one
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6.9.2 Segment Two

This segment was the city’s known public node that was used for, social interactions, boating
services, bike renting and riding, sitting and used as the main gate to the lake Hawassa. In recent years
this location has changed to asphalt concrete and vehicular parking area. The proposed project for this
segment is to hold diverse social functions, such as children playing area, café, restaurant, on the street
market, public art, and open exhibition, paths for pedestrians and bikers that are connected with other
networks with the integration of infiltration measures. The segment eliminates vehicular movement

especially at the lakeside but has proposed a parking area near the intersection of two main streets.

i{45mPorous:  10m Porous

i surface surface
6mRain | pedestrian | Plaza, Small
Garden | foute :  Market,and

H H Utilities

- 4m i
Archade :

Locaction Map

Figure 33: Sectional and three-dimensional view of new segment two
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Figure 34: Three-dimensional view of new segment two

6.9.3 Segment three

This segment is different in its function and content from greenway segments one and two. This
segment here holds the stress both recreational and conservation in the built environment of the action
area. Segment three holds programs for the connectivity of social activities including walking and biking,
habitat protection, improved safety and comfort for the public as well as environmental protection by
adding green infrastructure to stormwater management to minimize runoff. On the existing site, the
situation includes wide vehicular, bike paths on the same surface side by side and walkways which was
not continuous. On the proposed section segment minimizing the vehicular lane, separating the bike
paths, pedestrian and spaces for social activities are buffered then for safe interaction.

The principles of the plan are to improve people’s quality of life by helping individuals, families,
and society to achieve well-being and happiness. The action is taken to reduce conflict of activities to
increase social interaction, taken enhancement of functions, amenities, human scale treatment, and
improving the mobility of users.
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Figure 35: Sectional and three-dimensional view of new segment three
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6.9.4 Segment four

This segment also found the built part of the action area as a key function that contributes to a safe,
comfortable social space with attractive natural coverage. It improves the capacity of environmental
protection through flood controlling, and enhanced development of greenways can be important
mechanisms for helping development coming to the environment (see Figure 36 & Figure 37).
Development pressures the natural and social capital in various ways; it affects the biological and
attractiveness. Contribute to building environment beauty, visual coherence, sense of place and facilitate
social functions while helping the people with wayfinding. Similarly, the extension of this segment in the
action area proposes a similar segment but with more carriageways because it holds more vehicle traffic

than segment four (see Figure 38 & Figure 39).
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Figure 36: Sectional and three-dimensional view of new segment four
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Figure 37: Three dimensional view of new segment four
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Figure 38: Sectional and three-dimensional view of new segment four extensions to Amoragedel Park.
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Figure 39: Three-dimensional view of new segment four extensions to Amoragedel Park.

6.10 Ecological features

6.10.1 Greenway and wildlife

The overall aims of greenways in terms of wildlife are keeping their habitat protection and
connectivity enhances movement from location to location and fulfills a range of needs. This network
helps minimize the extinction of wildlife, migration of species and settle the conflicts of human

intervention.

Figure 40: The proposed plan situation of more vegetation and continuity for wildlife.

121



6.10.2 Greenway and lake protection

The design considers the lake as a natural resource its sensitivity, recreational magnet and wildlife
habitat to protecting and uses possibilities to exist together. The action taken in this area, propose 30
meter vegetative buffer zone. This zone softens the edges to serve filtration, minimize temperature, clean
and relocating the intense activities behind the buffer at the edge of building line to protect the sensitivity
of the area.

Figure 41: Showing buffer zone to protect the lake

6.10.3Greenway and environmental protection

The proposed greenways consider environmental sustainability designed by connecting natural and
social environments with greenway segment. It includes stormwater management techniques in
appropriate areas along the street by improving surface impervious to previous and integrating different
stormwater management measures like swales and bio-retention. The design entails the converting of
impervious surfaces into green/soft surfaces for stormwater runoff management. 5.2 hectares of
impervious asphalt is reduced to 2.43 hectares of asphalt surface designed. A reduction of more than 50%
of the impervious surface is designed. Trees are added which will improve the urban tree canopy
coverage. Consequently, adding vegetation decreases the amount of carbon dioxide emissions and other

greenhouse gases in the air. Native plants should be used for landscaping, improving comfort and to

manage stormwater.

Figure 42: The proposed environmental protection scheme.
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The environmental sustainability of the site is also restored by providing alternative sustainable
transportation like walking and biking instead of driving vehicles. The action area gives an opportunity
to utilize the actual right of way for improvement that prioritizes people and environmental protection.

6.10.4 Ecological service

The ecological service enhancement of the site upgrades the sustainability of the site in various ways.
Among the mechanisms provided in the study area, were the protection of natural systems, increase the
enhancement of vegetation, use of reforested routes, conservation of the natural resource, and defining
the wildlife corridor. Stormwater management and green infrastructures improve the ecology and
environment while enhancing the sustainability of the action area.
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Figure 43: Mechanisms added to improve ecological service of the action area

6.10.5 Protection to natural systems

Providing buffers to protect natural systems is mandatory, maintaining buffers between human
activities and adjacent sensitive natural areas is essential to ensure the long-term ecological quality,
diversity and habitat value. The study proposed a thirty-meter buffer zone to protect the lake with
vegetated native plants with minimum seating interventions for people that need more attachment with

the water.

Figure 44: Proposed buffer zone to protect the lake and wildlife

123



6.10.6 Increase vegetation

The type and availability of vegetation are considered in the design of the action area. Greenway
corridors enhance habitat quality, wildlife corridor, ecological sustainability and the aesthetic experience
for the greenway user. Greenways are more effective for wildlife habitat and human landscape when they
have native trees and shrubs present. Trees and shrubs can also shade users from sun and shelter from the
rain. In the proposed plan the seasonal comfort of the user is considered in vegetation. Areas with high

volume of runoff should consider high water intake plants.

Figure 45: Before and after view of segment three

6.10.7 Reforested routes

Vegetation along greenways offers enormous benefits, which include character, improving the user
experience by providing shade, and maintaining biodiversity and ecological values. In this project site
there are primary existing condition with respect to vegetation along trails and surrounding areas.
Vegetation along the lake shoreline shades the existing trail adjoining the lake. There is some significant
existing urban vegetation along streets. On the proposed plan the approach used is to minimize
disturbance and protect existing trees and their roots wherever possible. However, in areas with
opportunities for enhancement of vegetation add trees and use native plants in natural areas. Planting
along lake buffer and urban areas increase the sites capacity to provide habitat for wildlife and small
mammals. The plan recommends large canopy plants, at least 2m from the edge of trails in urban areas

but in greenway and sensitive areas plan native trees with larger canopies and dense leaves.

Figure 46: Proposed reforested lake buffer and urban corridors
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Figure 47: Proposed reforested social landscape

6.10.8 Conserve natural resource

Ecological form, character, and layout of the action area were a sensitive part of Hawassa. The
existing naturally rich character of the area is conserved and enhanced with various decisions. Increasing
vegetation, reforesting the corridors and improving the fragmented nature of the natural environment
were among decisions taken on the design.

6.10.9 Wildlife corridor

As corridor of wildlife, the design sought the inter-network of natural environment promoting
biodiversity and creating connected corridors that provide patches of habitat for native species and

wildlife to navigate through.

30m buffer Lake
I Protection and Route | pedestrian fr |
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Figure 48: Proposed wildlife corridor along the lake.

6.10.10 Stormwater management

Closely interconnected natural features in the proposed plan bring good opportunities and facilitate
ecological functions like stormwater infiltration, detention, and evapotranspiration. The major decisions
of the project are buffering the lake from intense human activity, increasing previous surface, integrating
the stormwater reduction mechanism along routes and increasing the coverage of tree canopy as
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enhancement of evapotranspiration process. Buffering and adding more vegetation along the lake
facilitates the reduction of erosion, filtration of water running to the lake and maintaining temperature.
Green infrastructure is necessary to maintain a stable environment safe from erosion. To mitigate
issues such as floods and excessive run-offs to the site the design takes water sensitive measures, such as
stormwater management systems along with all trails, medians, public spaces, green space, and paved
areas. However, the proposed wetland accounts for 40% of the stormwater collected within the project
site. Techniques proposed for mitigation include the dispersion of infiltration systems such as vegetated

swales and bio-retention systems, pervious pavement along pedestrian routes and parking.
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Figure 49: Sample Street section which shows the stormwater controlling techniques

Table 22: Stormwater management systems used in the site

Sensitive Treatment Water quality Water The location used on the project
Measure function guantity
function
Rainwater tank low High In Blocks integrated with building
Grass and Vegetated | High Low Median of streets
Swales

Bio-Retention System High Medium Median of the streets

Sedimentation Basin High Medium At the edge of the streets and walking path

Infiltration measure High Medium Green area

Porous pavement Medium Low All paved pedestrian environment and
parking area

Constructed wetland High Medium Water bodies in between the lake Hawassa
and the built environment

Table 23: Stormwater management evaluation scheme of vehicular carriageway before and after.

Scheme Pavement Area coverage Annual Coefficient Runoff Volume
Rainfall(mm)

Before Asphalt 5,2000 m2 956 0.9 44,740,800

After design Asphalt 2,4300m2 956 0.9 20,907,720
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Calculations of stormwater treatment to include the naturalized vegetative open spaces within the
design, as well as specific site conditions including slope and soil capacity are presented in Table 23,
before and after scheme showing the change in runoff volume by reducing the impervious surface to

porous.

6.11 Socio-cultural features

6.11.1 Greenway and urban mass

In the proposed plan, sustainable communities include different types of density and housing types.
The plan contains a mix of uses in the action area and on the building level. The mass should facilitate
social networks. Greenways and built elements are designed to increase the mix of diverse populations,
a mix of social opportunities, connectivity to nature, outdoor recreation, and physical activity.
Additionally the security of people on the public realm “eyes on the street”. The mixing of uses promotes

compact design and density; it enhances diversity and connectivity. Furthermore, increased natural land

coverage provides more comfort for walking and biking, in turn, reducing CO2 emissions.

Figure 50: Proposed greenway and urban mass.

6.11.2 Greenway and community integration

Peoples and natural processes are coexisting more closely when thinking about improving the
environment of the community. The contribution of this greenway corridor includes recreational, nature
conservation, stormwater management to reduce flood, social equality with the all-inclusive urban
setting, scenery enhancement and protection benefits are taken when we improve the integration of
greenway.

The integration includes both its natural and social components, interconnected networks of green
space that conserve natural ecosystem values and functions and provide associated to the community

found in the action area. Generally in this component conducted for the action area enhancement of its
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cultural and natural richness by designing greenway with the existing social and natural resources on the

site strengthen compatibility of the proposed greenway segment at the local scale.
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Figure 51: Connector trails that integrate the city scale segments with the community.

The proposed greenway on the action area could aid community development. Networked

recreational and attractive outdoor environment provides areas for people to gather and socialize.
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Segments of greenway and trails connector provide an opportunity for people recreating along the
greenway to stay, meat and socialize. Children’s play spaces provide chances for interaction among

people sharing similar interests.
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Figure 52: Connector trails that integrate the city scale segments with the community.
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6.11.3 Social capital enhancement
The proposed greenway corridor benefits the people in multiple ways; it creates opportunities for
social interaction along its routes. The segments facilitate activities open to the people for diverse

individuals engaging actively and passively. This ensures the enhancement of social capital through the

greenway corridor, further ensuring the social sustainability of the action area.

Figure 54: Streetscape view with different types of social space and massing support social interaction

6.11.4 Economic advantages

The proposed greenway brings more people to the site. The segment, as well as the city scale network
of greenway, could add to the efforts that bring more visitors, residents, and business into the project site
to make it vibrant. The greenway introduces more frontage, activities and makes safer while upgrading
social capital. Trail-based development is utilized in the greenway trails as amenities around which
different functions occur. These linear natural corridors with diverse functions that improve the quality
of life for residents are an advantageous input for additional residents, to generate new economic

development and new job opportunities.
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Figure 55: New greenway proposed for more people and more activities.

The whole dimensions of sustainability were considered in the study to improve the quality of life
and natural environment protection. The result in the study shows that the proposed greenway plays a
great role in multi-dimensional aspects of Hawassa for today and the future.

6.11.5Public realm and amenities

Issues that pertain to pedestrian and ecological concern were vehicles’ speed, crossing distance,
direct crossing, the surface of walking environment, shade, amenities and other social function and safety.
Among these issues surfacing is discussed here in this part. To further improve the ecological

performance, safety and comfort in the action area the project design continuous walking routes with

previous power materials. Parking lots designed off-street and on-street with previous surface to infiltrate
of run-off.

Figure 56: Proposed surfacing and materials

6.12 Alternative transportation features

6.12.1 A connected network of pedestrian environment

The proposed greenway brings an opportunity to the action area by connecting to the larger trail
network in Hawassa. Along the proposed greenway corridor, city scale and the local area introduces a

network of bike routes and walkways. The corridor converges at different potential locations in the city.
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The city scale corridor brings an opportunity of networked walking and biking trails. The connectivity at
different scales will increase options of transportation, encourage people to use carbon-free modes of
transportations, health, enhance social interactions, and create a new sustainable economic corridor and
environmental protection. As a result, in terms of transport connections, the network and segments of

greenway conform to the principles of sustainability.

Figure 57: New pedestrian and biking environment

6.12.2 Intersection for pedestrian priority

In the action area, there are intersections which are formed by the crossing of two main streets in the
site. The proposed plan changes the circle intersection to direct crossing to improve comfort for
pedestrian and biking direct crossing, to appreciate walking, biking and to reduce the vehicles speed.
Right angle turning point will minimize turning speed. Minimizing turning radius and providing shorter
biking and pedestrian crossings are the major actions taken on the main street intersection. Additional
pedestrian and bike refuges for safe crossing are proposed in between two sides when maximum crossing

lane is more than crossing two lanes.

Figure 58: The proposed intersection, the first picture (A) Showing the existing circular intersection and the rest three (B, C & D) showing

the proposed geometry and contents of right-angle intersection.
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6.12.3 Safety and comfort controlled with Greenway

The proposed greenway network at the city scale and designing the segments will help to improve
the safety of pedestrians and cyclists by making these transportation options inclusive, by keeping in
consideration disables, children and elders. People’s safety and comfort could improve through different
measures, by ensuring safe crossing areas, intersections, tree canopy coverage, amenities (lighting,
sitting, and signage) and surfacing.

The proposed design considers the situation of crossing the road without proper facilities as one of
the biggest challenges for pedestrians. The speed gap between vehicles, pedestrians, and bikers increases
the probability of accidents. Taking this situation in consideration the proposal adds facilities in the
proper location and improves crossing conditions in the designed streetscape. Among the facilities added
are standard zebra stripes and stop lines. Further minimizing the number of lanes pedestrians cross to

only two. Crossings are designed at the intermittent distance depending on the concentration of

pedestrians. The decision taken to reduce the speed of vehicles prioritizes cyclists and pedestrian (see
Figure 59).
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Figure 59: Proposed crossing.

Overall, the results indicate that the proposed outcomes of the design provide a substantial
contribution to social, ecological and alternative transportation performance of the action area as well as
the whole city while supporting the overall framework of the greenway to attain sustainability and keep

safe the natural environments with ongoing rapid development.
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