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Preface

The current world population is about seven billion, split almost evenly between
rural and urban. Projections are that by 2050 the global population will increase to
about ten billion. It is likely that the bulk of the increase will occur in urban popula-
tion, perhaps due to migration from rural areas. The massive migration is and will
be posing huge challenges with regard to water security, energy security, food secu-
rity, transportation, housing, education, health services, protection from natural
disasters, social tranquillity, economic opportunities and health of ecosystems.
These challenges will be daunting for any government — local, state and national.
Already, migration of people from rural areas to urban areas is occurring at an accel-
erating pace, particularly in developing countries, such as Brazil, China, Egypt,
India and Mexico. For the lack of space, urban development is moving into the
countryside, eliminating much of the best farmland surrounding cities, and peri-
urban areas are rapidly sprouting. In many countries, some of the highly valued
natural resource assets, such as biodiversity, native vegetation, peri-urban agricul-
ture, wetlands and waterways, occur in peri-urban landscapes. In view of the impacts
of climate change, energy costs, rising world population and changing patterns of
food consumption, the value of these assets will increase even further.

The aim of any government body is to strive for balanced urban development
(BUD). However, BUD may mean different things to different people and different
sectors. There is no universal definition of BUD. It is therefore important to have a
dialog on this very critically important issue. In many countries, the way urban
areas have come up, there are limited options left for BUD. The local and state gov-
ernments do not have well-developed strategies to achieve BUD or have limited
opportunities to develop new and innovative strategies for BUD. The motivation for
this book therefore stemmed from the desire to provide a discussion of BUD and
options and strategies for achieving it.

Introducing the theme of this book in Chap. 1, the subject matter of the book is
divided into nine parts. Part II deals with peri-urbanisation comprising five chapters.
Chapter 2 discusses lessons learnt from re-ruralising in the USA, Europe and Global
South; what is being done to keep the countryside (peri-urban areas) green is treated
in Chap. 3. Chapter 4 discusses rural design connecting urban and rural futures. The
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role of archaeology and urban dynamics in developing more resilient and sustain-
able cities in the peri-urban interface is presented in Chap. 5. One consequence of
urbanisation is the generation of pollutants and their transport by run-off. Chapter 6
deals with the decontamination of urban run-off.

Part I1I, comprising three chapters, deals with peri-urban culture and social econ-
omy. Chapter 7 discusses the case of Lisbon, Portugal, to illustrate the social and
economic dimensions of urban areas. Taking the case of Udaipur City in Rajasthan,
India, Chap. 8 discusses the changing economic scenario of peri-urban areas.
Chapter 9 deals with the stakeholder viewpoints on urbanisation, with particular
reference to Ma Oya River in Sri Lanka.

Peri-urban land use planning is the theme of Part IV that comprises three chap-
ters. Chapter 10 discusses the role of peri-urban land use planning, with particular
reference to Melbourne, Australia, whereas Chap. 11 discusses how to engage peri-
urban stakeholders in natural resource management which is a challenge in any
landscape. Chapter 12 deals with a master plan for urban farming in western Sydney
from planning to implementation. It highlights the challenges the plan will face,
including legislative and regulatory processes and environmental and social factors,
and provides insights into planning-to-reality of the farming plan.

Urban water security is the theme of Part V that comprises four chapters. Chapter
13 discusses urban water bodies, such as wetlands, that act as coolers for urban
environment and natural filters for water purification. Chapter 14 deals with ground-
water crisis, with particular reference to Delhi, India, and reflects on the sustain-
ability of this valuable resource. Using the case of peri-urban communities of
southeast Nigeria, Chap. 15 discusses safe water supply determinants, and Chap. 16
deals with risks of groundwater and aquifer contamination due to hydraulic
fracking.

Part VI deals with the recycling of wastewater and its use for irrigation. It con-
tains three chapters. Chapter 17 deals with the use of recycled wastewater for irriga-
tion of open spaces, such as lawns, golf courses and parks. Chapter 18 discusses
challenges and opportunities, based on global experiences on the use of wastewater
for irrigation. It makes a strong argument for the employment of modern technolo-
gies to mitigate detrimental environmental consequences of wastewater irrigation.
Discussing a case study of Udaipur City, Rajasthan, India, Chap. 19 deals with the
impacts of wastewater reuse on peri-urban agriculture.

Urban agriculture and food security constitute the subject matter of Part VII con-
taining four chapters. Chapter 20 deals with urban agriculture in Cuba, with regard
to legal structures in response to food security crisis. Chapter 21 discusses news
ways to identify high-quality agricultural lands and use them as a decision-making
tool, whereas Chap. 22 discusses planning and design of food-efficient neighbour-
hoods. Using Kampala, Uganda, as a case study, Chap. 23 discusses the role of
peri-urban areas in the food system.

Part VIII treats the impact of climate change and adaptations and contains four
chapters. Chapter 24 discusses a project in Victoria, Australia, that identifies, analy-
ses and evaluates climate change risks and develops an adaptation plan to prepare
for likely impacts of climate change. Chapter 25 emphasises the role of awareness
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through education and training to understand climate change impacts and develop
plans to cope with these impacts, using a case of Pakistan. Chapter 26 considers the
effect of climate change on food production with particular reference to urban agri-
culture and the associated impact on food security. It also considers the value of
urban agriculture to the health and nutrition of developing and developed countries.
Chapter 27 discusses the adaptive capacity of Indigenous People living in coastal
urban and peri-urban areas to climate change.

Legal, policy and institutional challenges are described in Part IX that contains
three chapters. Chapter 28 argues for voluntary collective action to be essential for
natural resource governance in peri-urban settings, where a complex behavioural
and institutional matrix and the net balance of incentives and disincentives, supports
and impediments determine the likelihood of effective action. The chapter explores
the dynamic nature of the challenge of collective action in a peri-urban setting. Real
estate is a major driver of the economy in many countries of the world and is one of
the main barriers to the development or implementation of zoning and planning
regulations that would make urban agriculture more than a fortuitous and temporary
use of space. Taking the case of Beirut, Chap. 29 deals with gentrification versus
territorialisation in reference to peri-urban agriculture. Chapter 30 discusses the role
of mega urban regions as economic integration regions in Southeast Asia.

The last part, Part X, deals with integrated urban development. Beginning a dis-
cussion of lessons learnt from the journey of engagement for the sustainability of
water resources in peri-urban landscapes in Chap. 31, it goes on to discussing the
development of future management options for Hawkesbury River in Chap. 32.
Case studies from New South Wales discussing the development of plans for reduc-
ing mosquito hazards in peri-urban landscapes are presented in Chap. 33. Chapter
34 presents and demonstrates the use of an information modelling platform for
assessing alternative urban development scenarios. It also illustrates the application
of the platform to a peri-urban development in the city of Melbourne, Australia.

It is hoped that peri-urban planners and managers, municipal council representa-
tives, local governments and state governments, as well as students, researchers and
consultants of water and land use planning, environmental management, peri-urban
agriculture, food security, water security, energy security and ecosystems manage-
ment, will find this book to be useful.

Penrith, NSW, Australia Basant Maheshwari
College Station, TX, USA Vijay P. Singh
Moratuwa, Sri Lanka Bhadranie Thoradeniya
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Chapter 1
Balanced Urban Development: Is It a Myth
or Reality?

Basant Maheshwari, Vijay P. Singh, and Bhadranie Thoradeniya

Abstract A major challenge we face globally is that cities are growing rapidly and
most of this growth is inevitably is occurring in peri-urban areas. The concept of
balanced urban development is complex and is linked to liveability of urban areas
along with water, food and energy security. Increasingly, liveability is becoming
important for urban planners and governments at all levels. There are many environ-
mental, economic, political and social challenges if the goals of achieving sustain-
able, liveable and productive urban regions are to be achieved. The concept of
sustainable development and liveable cities symbolise the big visionary ideas for
urban planning and balanced development but implementation of these popular
visions can encounter a host of conflicts due to a range of interests and stakeholders
involved. The process of achieving balanced urban development may require learn-
ing from the past successes and mistakes to identify what makes a good practice for
balanced urban development and guide local governments, planning agencies and
developers to plan and design future cities that are highly liveable. At present there
is insufficient policy focus on the challenges of the peri-urban areas of growing
mega-urban regions around the world, because they are not recognised as an inte-
gral part of the functional activities that drive the growth of these urban areas. Thus,
policies for peri-urban regions have to be given priority at both national and global
levels, if ‘globally just urban places’ are to emerge.

Keywords Liveable cities ® Urbanisation ¢ Peri-urban fringe ¢ Balanced urban
development ¢ Food security * Water security * Land management ¢ Urban
agriculture
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1.1 Introduction

A major challenge we face globally is that cities are growing rapidly, with current
forecasts indicating strong growth in the urban fringe well into the future (Cohen
2006). Most cities around the world play an increasingly dominant role in the
national economy in terms of both production and consumption but the urban
growth, particularly in developing world, so rapid in the 10—15 years that it is put-
ting a question mark on the capacity of most cities to provide adequate services and
amenities for their residents. Our local, state and federal governments are faced with
the complex task of creating future urban areas that are sustainable and liveable.
Most of the future urban growth will occur in peri-urban areas that are complex to
manage and have significant impact on the liveability of cities. Urban growth is
inevitably linked to peri-urban areas, the zones of transition from rural to urban land
uses located between the outer limits of urban and regional centres and the rural
environment. The boundaries of peri-urban areas are porous and transitory, as urban
development extends into the rural and industrial land. Irrespective of how the
boundaries move, there will always be peri-urban zones.

There are growing concerns about water and food security to meet increases in
population in urban areas. The pressure of urbanisation is enormous in the Asia-
Pacific region which includes six of the world’s most populous countries, viz.,
China, India, Indonesia, Pakistan, Bangladesh and Japan, and include over 55 % of
the world’s total population (CISS 2013). The population growth and ensuing
urbanisation, particularly in this region, has obvious implications for water and food
security and liveability of cities. For cities to be liveable and sustainable into the
future there is a need to maintain the natural resource base, food production and the
ecosystem services in the peri-urban areas surrounding cities. The development of
peri-urban areas involves the conversion of rural lands to residential use, closer
subdivision, fragmentation and a changing mix of urban and rural activities and
functions. Changes within these areas can have significant impacts upon ecohydro-
logical functions, environmental amenity and natural habitat, supply and quality of
water and water and energy consumption. These changes affect the peri-urban water
and land management and food production.

By the middle of 2009, the number of people living in urban areas exceeded the
number living in rural areas and according to the UN estimates, by 2050, two out
three people in the world will live in urban areas (United Nations 2009). Therefore,
peri-urban development as a consequence of urbanisation is inevitable. There are
challenges of water availability for urban irrigation, for drinking and a number of
other uses. The future liveability of urban areas is very much linked to water avail-
ability along with a number of other factors. There is some sort of ‘revolution’ tak-
ing place around cities and towns around the world to build new suburbs partly to
accommodate more people but it is also encouraged by government policies and
financial assistance (e.g., the first home buyers grant in Australia) to maintain a
“healthy” economy.
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The growth of urban areas is now dominated by vertical expansion around the
main city areas and horizontal expansion in surrounding areas, mainly into peri-
urban zones (McGee 2009). We still do not fully appreciate how the liveability of
cities is impacted by land and water use changes and consequent changes we cause
in natural vegetation and wildlife through urbanisation. The growth also has influ-
ence on peri-urban food production and range of other services. The urbanisation
process presents unprecedented complex environmental, social, economic and
political challenges, especially in terms of keeping urban areas greener and cooler
and thus more liveable. Although, there are some differences in terms of local con-
ditions and scales, the problems of urbanisation are similar for cities and towns
across different countries.

1.2 What Makes a City Liveable?

Liveability is becoming important now-a-days for urban planners and governments
at all levels. The definition of liveability varies depending upon the purpose of why
it is being considered in the first place and by whom, yet the common goal of live-
ability is that how we direct our actions, planning and designs that will make a place
enjoyable to live in (Ruth and Franklin 2014; de Haan et al. 2014). The idea of a
liveable city is to bring community together for healthy living, enhance their inter-
action among themselves and surrounding environment and promote their produc-
tivity and wellbeing in a sustainable way. Liveability is often related to the values
and preferences local community places for amenity, wellbeing aspect and sense of
place or belonging. However, it must be noted that the meaning of liveability may
vary, depending upon the needs of the community and local environment and place-
related factors. The main purpose of balanced urban development is to improve
liveability, and for this we need to plan for an appropriate access to drinking water
and sanitation, healthy waterways and efficient and environmentally friendly trans-
port networks. When urban development is well balanced with different needs, it
will provide opportunities for businesses and commerce to grow, create jobs and
facilitate affordable housing and living for different levels of society. Furthermore,
such development will result in access to surroundings that appeal to local residents,
provide ample opportunities for strong social and cultural networks, and foster a
sense of place and belonging (Goldberg et al. 2012).

1.3 Urbanisation is Inevitable

Urban expansion is accelerating with projections that cities will accommodate more
than 70 % of the global population by 2050 (United Nations 2011). The growth of
urban areas will be dominated by vertical expansion of mega cities and horizontal
expansion in surrounding areas into peri-urban zones. It is not fully appreciated that
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what occurs in peri-urban areas affects both the urban areas and surrounding rural
communities. The urbanisation process presents unprecedented complex environ-
mental, social, economic and political challenges. Although there are diverse local
conditions and scales, the problems of expanding cities have similarities worldwide,
e.g., loss of productive agricultural land, changes in the hydrology of the place due
to more areas under hard surfaces and loss of natural habitat.

In the period up to year 2050, the growth of urban population will occur primar-
ily in the developing countries of Asia and Africa (McGee 2009). This region could
contribute up some 60% of urban increase in this period. The growth of urban
places will be dominated by two spatial processes. First, the growth of central cities
in mega-urban regions, and second an ongoing process of horizontal urban expan-
sion into surrounding hinterlands creating peri-urban regions that will contain-up to
70 % of mega-urban regions population by 2050. This latter process presents many
environmental, economic, political and social challenges if the goals of achieving
sustainable, liveable and productive urban regions are to be achieved.

1.4 The Role of Water in Peri-Urban Landscapes

Water is a vital input to the liveability of cities but there are many other factors
related to population growth, competition for land and water resources, globalisa-
tion and climate change that need to be overcome for enhancing and sustaining the
liveability. When we see green space, it is pleasing to the human eye and indoor and
outdoor areas that contain green spaces benefit community in a range of ways,
including promoting physical activities, relieving mental stress, cooling environ-
ment through transpiration, and biodiversity (Schebella et al. 2012). For maintain-
ing green space, urban irrigation is critical and the provision of water that is secure
and fit-for-purpose is essential. In addition to significant changes in the local water
cycle, with urbanisation, there are also water policy and regulatory aspects that
impact the water sources available for irrigation, the places that are irrigated and the
management of irrigated spaces.

Provision of green spaces is increasingly considered important and promoted as
part of planning process in many urban growth areas. Functional green space is a
core element of liveability and therefore maintaining healthy vegetation, which
often requires irrigation, is essential for aesthetics, sport and exercise activities,
natural environment conductive to relieve everyday stress as well as a range of other
benefits (Fig. 1.1). Therefore, the role of water in maintaining soil moisture, thus to
support green space vegetation, is becoming more important in urban growth areas.

Water Sensitive Urban Design (WSUD) systems is another approach that is
being considered in many new growth areas to cope with future water scarcity. The
water supply systems that incorporate rainfall harvesting and reuse need to provide
reliable water supplies to support green spaces. The planning and design of urban
areas need to consider strategies for water supply during periods of low rainfall and
drought to maintain irrigation, when the value of green space to maintain liberality
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Fig. 1.1 Public open spaces will be quite important in the future and so will be maintaining them
green, especially during the periods of drought

becomes greater. In future, potable mains water may be limited for urban irrigation
and so the use of recycled water may play an important role in securing water for
urban irrigation in new growth areas. To ensure sustainable use of this water for
irrigation, the chemical quality of the recycled water and the soil chemical proper-
ties need to be technically assessed in terms of suitability for soil and plants to
maintain sustainable landscapes.

To sustain future urban areas liveable, we need to emphasise the following points
related to water for future urban planning and policy making:

» TIrrigation is central to future successful peri-urban development;

* Provision of secure and fit-for-purpose water for irrigation is essential;

* Capacity building of the irrigation and water industry is important in developing
viable and sustainable solutions; and

* Greater advocacy by the irrigation industry of the specific requirements of irri-
gated green space will assist in informing planners and developers of the specific
needs of sustainable sites.
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1.5 Key Challenges of Sustaining Future Urban Areas

The planning in the past has focused on community character and sense of place,
but there was little attention to protecting the environmental, social equity, and
place-based economic development (Berke 2002). The current rate and complexity
of urban expansion often results in ad-hoc and fragmented policy and planning at
the city or state level. There is no clear vision or policy related to urban water, espe-
cially related to the rainwater harvesting, reuse of water and the overall need to keep
new urban areas greener in the longer term.

The planning strategies and processes, during the urbanisation process, are often
more focussed on subdivision of land, building roads and some basic necessities but
urban irrigation is something that is added at the end. There is a need for holistic
thinking about how we are going to sustain urban irrigation. It is important to base
urban irrigation as part of liveable city agenda integrating perspectives from natural
and social sciences, economics, government, industry and community.

The key question we need to ask ourselves in relation future peri-urban areas is
‘how do we want to ‘do’ sustainable urban development successfully? Urban irriga-
tion is an essential component of green space and by giving it due consideration
during urban development will result in holistic environmental planning and eco-
friendly living. The common green space will be critical in the future if future urban
designs are focussed on high density housing (Fig. 1.2). It is important that decision-
makers are made aware of how urban irrigation and green space benefit the com-
munity through health and wellbeing.

The International Conference on Peri-Urban Landscapes: Water, Food and
Environmental Security (www.periurbanl4.org) was held in Sydney from July
8-10, 2014. Various issues and challenges, including governance were addressed at
the Conference, and it was attended by over 150 policy makers, researchers, plan-
ners, government officials, NGOs, private sector specialists and community groups
from 16 countries. The conference concluded that peri-urban development as a con-
sequence of urbanisation is unstoppable, and that it requires special and urgent
policy and governance attention to meet the challenges of water, energy, food, envi-
ronment and liveability of cities we face now and into the future. The conference
identified a number of key challenges and actions for policy and planning future
urban areas.

* The rate and complexity of urban expansion often results in ad-hoc and frag-
mented policy and planning with inequitable investment across the effected land-
scapes and unsustainable development.

* Vertical expansion of housing cannot alone meet the demand for urban expan-
sion, and so there will be continued pressure on non-urbanised lands.

* Given their transitional status and rapidity of change, peri-urban areas face
unique challenges. In particular, there is a need to address multi-dimensions of
poverty in emergent urban societies.

* Unless governments take immediate actions to address the resulting challenges,
current and future generations will suffer massive escalating economic costs,
ecological degradation, political disruption and cultural dislocation.
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Fig. 1.2 New development areas such as the one shown in this picture from Western Sydney are
now focussed on smaller backyards and so the public open spaces will be integral to urban living

* Governments must address the complex challenges posed by expanding cities as an
essential element of UN Post 2015 sustainable development and poverty allevia-
tion goals. We welcome the recent inclusion of a specifically urban goal in the draft
list and urge further work to ensure it has practicable and appropriate content.

* All levels of government need to work with the private sector and communities
to develop integrated strategies and plans, based on local engagement and trans-
parent decision making.

* Global and local investments in built and ecological infrastructure and services
should be directed to ensure equity between people occupying urban and peri-
urban landscapes.

* Regional planning strategies and processes should be based on trans-disciplinary
research and integrate perspectives from natural and social sciences, economics,
government, industry and community.

* National and international indices of “liveability” and “sustainability” should be
developed to guide future urban planning strategies and measure effectiveness of
urban development.
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1.5.1 Knowledge and Capacity Building Actions
for Future Cities

¢ Governments and knowledge providers must come together to generate, main-
tain and enhance knowledge bases on ecological, socio-economic, political and
cultural dimensions to build baseline conditions and test future development
scenarios.

¢ The education and planning sectors must address the shortcomings of existing
planning processes and management by developing innovative curricula and
delivery mechanisms for professional and community actors.

* Governments, R&D bodies, NGOs and donors are urged to make significant
investments in research and development to support and integrate hard evidence
into sound decision making.

¢ Emerging tools and techniques need to be customised and implemented to tackle
these challenges. There should be an integrated approach, for example, the
‘Circles of Sustainability’ method used by the United Nations Global Compact
Cities Programme, Metropolis and other organizations.

1.6 The Process of Balanced Urban Development

The concept of sustainable development and liveable cities symbolise the big vision-
ary ideas for urban planning and balanced development but implementation of these
popular visions can encounter a host of conflicts due to a range of interests and
stakeholders involved (Godschalk 2004). The process of balanced urban develop-
ment requires transdisciplinary approach and engagement of a range of stakeholders
(Fig. 1.3). In broad terms, the balanced urban development is concerned with three
key themes: place, people and planning. The aim is to help policy makers, local
governments, developers and service providers through development of the various
planning tools and models that help to analyse and visualise different options and
scenarios. The overall goal of the balanced urban development is to deliver liveable,
sustainable, resilient and affordable areas.

Urban development can impact health and wellbeing of people in the medium
and longer-term. During the process of achieving balanced urban development, we
can learn from the past successes and mistakes to identify what makes a good prac-
tice for balanced urban development and guide local governments, planning agen-
cies and developers to plan and design future cities that are highly liveable.

Engaging community in the planning, design and development of future growth
areas is equally important. In particular, we need to put in place planning processes
that will effectively engage stakeholders and will assist them to understand con-
straints and options for the future development and have their input in what the new
residential areas will look like and function as liveable places. This will particularly
help in better economic, social and environmental outcomes, while minimising the
need for costly redevelopment in the future.
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The Challenge
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Fig. 1.3 The process of balanced urban development

Developing liveable cities does not stop at planning, design and establishing the
new urban areas but the ongoing monitoring, refinement and learning need to con-
tinue in the future. Liveability of a place can change due to range of factors over
time and so what is liveable now may not be so in the future. Therefore, it will be
important to regularly collect data that will assess liveability, community health,
wellbeing and the range of factors that contribute to a better quality of life in a given
urban areas.

Another important area related to liveability is the social infrastructure and com-
munity interactions and their impact on access to quality health, educational, social,
cultural, business and recreational facilities in the area and overall in promoting
social interaction and a sense of community place and belonging. For sustainable
development, we need governance, policy mechanisms and investment and infra-
structure approaches that will facilitate resilience in future cities, not only from the
point view of economic but also from environmental, social and cultural points of
view. The future liveable cities must also have climate change adaptation and risk
management strategies, particularly taking care of natural disasters, such as flood-
ing and wildfire.
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From food security point of view, the process of balanced urban development
also needs to explore opportunities to maintain and develop existing agricultural
enterprises, together with the spin-offs for landscape value and environmental ame-
nity. The process need to examine alternative approaches to the protection of agri-
cultural land of strategic significance and the options for improving the profitability
of agriculture in areas that are inappropriate for urban development, such as flood-
plains. Biodiversity and ecosystems services are equally important in the develop-
ment process. Both biodiversity and ecosystems services are quite complex and can
be impacted by growth of new urban areas and may impact the broader catchment
health, including impacts on flooding, fire hazard, erosion, water quality, salinity
and biodiversity and the cost of delivering services over longer distances and
broader areas.

1.7 Concluding Remarks

At present there is insufficient policy focus on the challenges of the peri-urban areas
of growing mega-urban regions around the world, because they are not recognized
as an integral part of the functional activities that drive the growth of these urban
areas. Policies tend to focus on making the central city more globally connected and
internationally competitive, often absorbing a large proportion of national budgets
for urban development. There is a need to create more balanced budgetary alloca-
tion, so that challenges of peri-urban regions can be met. Further, there is a need for
more innovative research that can be fed into the formulation of peri-urban policies
that will make cities liveable and sustainable, while they are secure in terms of
water, food and energy. Thus, policies for peri-urban regions have to be given prior-
ity at both national and global levels, if ‘globally just urban places’ are to emerge.
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Chapter 2

Re-Ruralising the Urban Edge: Lessons
from Europe, USA & the Global South

Helen Armstrong and Abby Mellick Lopes

Abstract Major cities of the world are characterised as either growing cities, such
as in Asia and Australia, or shrinking cities as in Europe and North America.
Growing cities are destroying their rural edge while shrinking cities are creating a
new rural urbanism, often in their urban centre. This chapter describes the instru-
mentality of design and its enabling function in achieving new typologies for peri-/
inter-urban rural land with key drivers being state-of-the-art technology and map-
ping techniques. Peri-urban economics require new land-tenure models and innova-
tive forms of agriculture that synthesise agriculture, nature conservation,
infrastructure and communities. The chapter also looks at small-scale community
innovations including a number of initiatives in Penrith, Western Sydney, such as
Out & About in Penrith which explored community activities in local open space,
Penrith as a Regional City Garden with diverse models of urban agriculture and the
Cooling the Commons project which explores the role that forms of urban agricul-
ture might play in adapting urban environments for liveability in a climate-changed
future. Findings from these projects reveal the potential of mobile infrastructure and
temporary urbanism for Western Sydney.

Keywords Urbanisation ¢ Re-ruralisation ® Urban edge ® Urban economics ¢ Land
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2.1 Introduction

This chapter draws from a range of international projects in the peri-urban and
urban areas, both large and small, that are addressing the loss of food-producing
land such as the planning and design work occurring in the Netherlands where the
debate about urban development is focussed on how to achieve new forms of rural/
urban/natural landscapes. There are also important lessons to be learned from the
shrinking cities of Europe and North America where a new rural urbanism is emerg-
ing; either encouraged by government such as the Farmadelphia Program in
Philadelphia or informally as in Detroit and Berlin. Similarly in the German towns
of Hamburg, Frieburg and Tiibingen, the rural tide is turning with new models for
collective farming in the zschischenstadt or urbanised countryside (Sieverts 2003).

2.2 Four Ways to Revive Sydney’s Peri-Urban Agriculture

What role should planners and designers in Australia play to address the loss of
food-producing lands? We suggest this problem can be addressed in four distinct
ways.

First, many peri-urban farms are market gardens developed by migrants in the
1950s—1960s. The farmers are now elderly and understandably see rezoning their
farms for residential development as a retirement income. Respect for this equity
issue requires innovative planning for land tenure, related to productive land that
allows owners to realise their land’s development value without changing the rural
use. This can be achieved through transfer of development rights (TDR) (Armstrong
2005). Parallels exist with built heritage, successfully addressed through TDR
which enable owners of heritage buildings to realise similar capital returns to those
who own non-heritage buildings by transferring their development rights to other
locations. Western Sydney’s designated Growth Centres are ideally placed for such
transfer of development rights to save productive peri-urban land.

The second issue relates to reversing ‘Rural Residential’ zoning. Many local
government areas are pressured by the electorate to rezone agricultural land to
‘Rural Residential’. This is the least supportable way to use such valuable produc-
tive land as it merely satisfies the desires of affluent exurbanites seeking so-called
‘lifestyle living” in the rural areas outside cities. Conversion of prime farming land
in the Sydney region into rural residential lots has been at the forefront of political
and development conflict about appropriate planning for peri-urban lands (Sinclair
et al. 2003).

European designer/planners offer alternative models for ‘Rural Living’ that
allow for continued productive farming associated with new clustered residential
areas. This involves innovative land tenure and inventive forms of governance
drawn from the organizational strategies associated with cooperatives. There are
interesting examples in the Netherlands, Hamburg and Zurich, such as the
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award-winning proposal by the landscape designers, ceto-o/kunzt + herbert, for
‘Fischbeck Mississippi’, Hamburg (Aufmkolk 2003) and the Tiibingen-Siidstadt’s
community plan developed to contain the pressure for urban sprawl using orchards,
city farms and ecological infrastructure for water purification. This community plan
won a European Urban and Regional Planning Award (ECOCITY Tiibingen-
Derendingen n.d.). Zurich has new consumer-led cooperatives for the production of
local, seasonal and organic food ensuring the peri-urban stays productive. The
Netherlands sees its new Agroparks as providing numerous benefits of spatial clus-
tering such as closing the cycle with community waste and reducing transport
requirements (Smeets 2011).

These cooperatives have prompted the European Commission to instigate a
research project ‘Towards sustainable modes of urban and peri-urban food provi-
sioning’ called SUPURBFOOD and financed by the European Commission’s 7th
Framework Program for Research and Technological Development as a 3 year proj-
ect from 2012 to 2015. The project is analysing agri-food dynamics, policies and
governance arrangements in different European city regions and looking at how
observations from the Global South, such as short food chain delivery, water, nutri-
ent and waste management and multifunctional agriculture in urban and peri-urban
areas, can be applied to European city regions (Supurbfood n.d.). In Asia, Beijing is
actively promoting multi-functional recreational agriculture in the peri-urban zones,
using land use planning as well as allocating parts of the municipal budget for
investments in the peri-urban region (Supurbfood n.d.).

The third issue involves making productive land attractive to new farmers. The
recent market growth of water products, ecosystem services, and niche marketing of
gourmet products are emerging opportunities for rural economics.

Finally, the fourth issue; the development of new urban agriculture associated
with hybrid urban forms which conflate architecture, landscape, infrastructure and
high tech farming in innovative ways. Thomas Sieverts (2003), the Berlin-based
planner, called the peri-urban lands the ‘Zwischenstadt’ or ‘in-between lands’, sug-
gesting that urban-rural landscapes can be a new form of city characterised by
mutual penetration of built forms and rural landscapes. For over a decade he has
been asking why not develop a new cultural landscape in which food production,
recreation, and ecological balance create new relationships with built-up areas? It
would appear that such hybrid urban forms are emerging and many of them are
exploring innovations associated with temporary urbanism.

2.3 Lessons from the Global South

Planners in Casablanca, the largest port in Africa and an emerging megacity, are
responding to Sieverts’ question. Peri-urban agriculture in Casablanca has been the
focus of a large international research team funded by the German Federal Ministry
of Education and Research (BMBF) looking at Sustainable Development for
Megacities of Tomorrow in order to develop energy and climate efficiency (Urban



20 H. Armstrong and A.M. Lopes

Agriculture, Casablanca (UAC) n.d.). They have been working together to observe
how urban agriculture can contribute to sustainable, climate-optimised, urban
development. Their focus has been on the integration of the existing agricultural use
in Grand Casablanca into urban development and on its transformation from typical
rural land use into multifunctional green infrastructure. The teams have used reflex-
ive action research to explore synergetic rural-urban linkages and new livelihoods in
peri-urban areas (Giseke 2011).

The environmental implications of these new hybrid urban agricultural forms
now include issues related to food security under climate change. Assessment of
climate change and urban/peri-urban agriculture was recently initiated in nine cities
across Africa and South Asia in order to understand the complex interplay of cli-
mate change, urban agriculture, and urban food systems. This is being funded by the
European Commission, with co-funding from UNEP and additional support from
USAID.

The extensive programs being initiated in Europe and involving Africa and Asia
are big steps. There are also small steps involving community actions in the shrink-
ing cities of North America and Europe.

2.4 Lessons from the Shrinking Cities

Detroit, epitomising the extensive low-density suburbanised American city, is now
designated as a ‘shrinking city’. The extent of abandonment due to de-industrialisation
has resulted in sprawling anarchy. Yet out of the ashes something optimistic is hap-
pening that is far removed from the models used by planners or architects. The inner
ring of worker-housing surrounding the remnant central business district has become
a new form of rural land. The city is now a mosaic of deteriorating urban structures
and new rural spaces. The new rural areas, made up of many hundreds of urban
farms, intersect strangely with the decaying infrastructure of an abandoned big city.
These community-initiated farms, facilitated by the Detroit Agriculture Network,
are resulting in a different urban paradigm where an outer suburban ring surrounds
a re-ruralised core of new farmland and forests occupying the former inner-city.
Although most of the farms are on squatted land, the success of the community
enterprises has encouraged the city administration to develop ‘Land Banks’ where
for one dollar, residents can receive the title to land, providing they maintain the
land and pay taxes. So successful has the community enterprise been, that investors
are now seeking to be part of the new urban agriculture (Guss 2010).

Philadelphia is another shrinking city. The increasing number of derelict spaces
and vacant buildings in the urban fabric prompted the city to hold a design competi-
tion for Philadelphia’s ‘voids’ in 2005. The winning entries addressed water manage-
ment and environmental rehabilitation, but one entry, particularly empowering for
the community, was an urban farming proposal called FARMADELPHIA by the
designers, Front Studio. The FARMADELPHIA proposal involves a city-wide
conversion of vacant lots into farmlands where each block maintains responsibility
for the management and harvesting of crops. Within a far-reaching 7 year agricultural
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plan for the city, sequenced crop are proposed, starting with easy to grow perennial
crops such as corn, raspberry bushes, mustard greens, herbs and so on and progress-
ing through to well-managed permaculture (Farmadelphia 2006).

Ruralising the urban is also being explored as a hybrid between recreation and
cultivation in the form of new models for city gardens such as Gleisdreieck Park in
Berlin which involve community engagement and responsible citizenship. Harking
back to the medieval system of interlocking duties and obligations of all, from the
city institutions to the homeless, these city gardens are proposed as the locus of
local food production, new forms of bartering, innovative environmental design,
resilient and flexible examples for twenty-first century communities.

In Western Sydney, Penrith planners have been exploring the idea of a regional
city garden. As the largest of the three river cities in Sydney, Penrith is a city at the
nexus of the Cumberland Plains, the Blue Mountains and the emerging Penrith
Lakes. Penrith planners are looking at ways to contribute to responsible urban living
in the twenty-first century by forging local and regional partnerships with peri-
urban farmers and other developing industries. Drawing from city garden and peri-
urban research and consultative workshops, a proposal for a regional city garden
was developed as a major focal site in the ‘Penrith Lakes’ area with supplementary
loci throughout the region that can consolidate community partnerships and show-
case local products, including those from local farms. The educative role of Penrith
City Garden was intended to operate through smaller thematic gardens, including
innovative peri-urban agriculture enterprises as well as collaborative research proj-
ects with Hawkesbury Harvest and the University of Western Sydney.

Using the principles of eco-urbanism, particularly open-endedness, complexity
and resilience when subjected to dynamic change, these regional city gardens
develop Sieverts’ ideas where the landscape acts as multiple ‘Soft Systems’, includ-
ing urban water features that undertake water treatment, phyto-remediation on der-
elict sites, energy harvesting, green roofs and walls, and designed landscapes that
accommodate climate change by employing increasingly sophisticated use of rain
water to address unpredictability.

Another innovative example of urban agriculture was proposed for the White
Bay-Rozelle Bay precinct just west of the Sydney CBD, currently lying derelict.
The innovation lay in the concept of urban agriculture as a temporary use involving
flexible infrastructure that can exploit abandoned industrial sites. The proposal
included ‘light’ and ‘dark’ agriculture. The ‘light’ concept, proposed for the empty
hardstand previously used for container storage on Glebe Island, was an urban
orchard under a giant flexible glasshouse; while ‘dark agriculture’ was proposed for
the long nondescript maritime storage shed on the western edge of White Bay.

The proposed glasshouse was a glazed space-frame over a sub-tropical and citrus
orchard adjoining glazed vertical farms and assisted by the old silos, which were
reworked into a complex system for water purification using recycling water, as
well as sites for storage of produce. Surrounding the diamond facetted glasshouse,
a shrubby wind-blown embankment of hardy bush-food contrasted with the moist
sub-tropical environment inside. ‘Dark’ agriculture in a large abandoned shed,
consisted of enclosed layers of agriculture systems needing less and less light; on
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top, a system known as valcent vertical hydroponics took advantage of roof lighting,
below this were omega carousel gardens with internal lighting, and below this com-
mercial mushroom farms in the dark. These were all modular enabling rapid assem-
bly and disassembly. A key to the feasibility of these proposals lay in the economics
of temporary use (Armstrong 2011).

2.5 The Value of Temporary Uses

Temporary use of urban space has progressively become the focus of innovative
planning (La Varra 2005). A European urban forum, Urban Catalyst, has developed
a unique archive for planners, municipalities, developers and others from their
investigations into temporary uses in residual urban areas. They note that conven-
tional architecture and urban planning are increasingly unable to find answers to the
radical transformation occurring in cities. To address this, Urban Catalyst’s interdis-
ciplinary network has developed strategic planning tools which integrate temporary
uses into long lasting urban developments. These are now available in the publica-
tion, URBAN CATALYST- THE POWER OF TEMPORARY USE (Oswalt et al.
2013); a compilation of more than 10 years of research and practice in the field of
temporary use as a catalyst of urban development in Europe. Urban agriculture with
its annual crop cycle is well suited to temporary and flexible infrastructure.

The British-based urban theorists, Bishop and Williams (2012) have provided an
overview of numerous temporary urban projects in Britain and North America in
their book The Temporary City. Of the 68 projects they describe, most are related to
creative interventions or community agriculture and gardening initiatives.
Community horticulture projects also feature in the four case studies described in
Urban Tactics, Temporary Interventions + Long Term Planning (Killing Architects
2012).

In Australia, the concept of temporary use has been well-developed by the Pacific
Islander community in Brisbane who manage a mobile yam plantation. They
approach various authorities with vacant land and request the right to use it for a
community plantation for 3 years. They carry insurances and use their own water
truck so that they do not require assistance from the authorities who own the land
and the owners are not liable for accidents etc. Usually a number of families plant
and cultivate the plantation, often sharing banana or guava trees with other families.
The yams are harvested and shared while some are kept for next year’s planting.
When the land is required, the trees are transplanted to the next site, leaving the
temporary site as it was (Armstrong pending publication).

Another successful model of temporary use, this time in local parks, has been
explored by Penrith City Council: the Mobile Play-van (Sofoulis et al. 2008). The
Council’s mobile Play-van is stocked with a changing array of children’s play
equipment, furniture, toys and art materials. Experienced Council community
workers take the Play-van on scheduled visits to local and pocket parks and
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neighbourhood centres, bringing opportunities for adult and child social engage-
ment. Play-van visits transform even the bleakest looking environments into hives
of positive social activity. The service has a community facilitation role, providing
educational and community service information as well as a role in alleviating
social isolation. Aside from mothers, many grandparents, single dads and involved
neighbours accompany the young children. The Play-van has a role in getting peo-
ple into the habit of going to parks; some stay on after the van has gone. Many
councils offer a Mobile Play-van service; however the transformative value of the
service is magnified in a low-density city like Penrith, which is not served particu-
larly well by public transport infrastructure.

The Play-van service demonstrates that open spaces do not have to offer the same
facilities to the same groups of ‘average’ users every hour of the day; nor do differ-
ent groups of users necessarily need different open spaces. Instead, park uses and
facilities can be temporary, allowing the park to become an attractor for different
social and cultural activities at different times. Thought of in this way, the park is
not a static space but a dynamic event (Sofoulis et. al. 2008).

In this context, parks and open space in Western Sydney can include community
agriculture in interesting ways, such as the National Gallery of Victoria’s successful
Urban Commons (Urban Commons n.d.) and the Nomadic Green in Berlin which is
a mobile garden in the Kreuzberg district set up as a not-for-profit open organic
garden dedicated to exchanging knowledge and work through growing vegetables.
By growing vegetables in rice bags, plastic crates and milk containers they have
created a dynamic system where they can bring the plants with them if a change of
location is needed. The garden was started as a pilot project in the summer of 2009
by Nomadic Green (International Network for Urban Agriculture 2009).

The concept of mobile urban agriculture has also been explored by Atelier
d’architecture autogérée (aaa) described as a studio for self-managed architecture.
Based in Paris and co-founded by architects, Constantin Petcou and Doina Petrescu
(2012), aaa’s projects are experiments in the temporary reuse of leftover urban
space using catalysts in the form of enabling infrastructure that local residents grad-
ually transform into self-managed spaces (International Network for Urban
Agriculture 2009). The success of their ‘Ecoboxes’, a series of vegetable gardens
made from recycled materials, has prompted urban horticulture ideas to be extended
further in the project called ‘Passage 56°. This involved the transformation of a
disused passageway into a productive farm/garden whose ecological footprint
through recycling, composting and use of solar panels was minimal. Tactically, aaa
learned from these projects that it is easier to use space with easy access, such as
disused laneways or vacant land, to avoid being blocked by various authorities.
Rather than buying land, aaa negotiate for short and long term use, focussing on
interstices and urban spaces which are not currently subject to financial speculation.
They also realise that mobility of the structures is a key to allaying municipal con-
cerns about permanent appropriation of land. Their urban agriculture project called
‘Agrocité’ began in 2012 in Colombes, a suburban town near Paris. As an agro-
cultural unit, Agrocité comprises an experimental micro-farm, community gardens,
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educational and cultural spaces and a series of experimental devices for compost
heating, rain water collection, solar energy production, aquaponic gardening, phyto-
remediation. ‘Agrocité’ can be thought of as a ‘Civic Agriculture Unit, which con-
sists of a micro-farm aimed at collective and familial use’(Urban Tactics n.d.).

The project at Colombes is divided into three areas; one for activities related to
nature and agriculture, one for community gardening and one for an ‘AgroLab’
experimenting with intensive organic agricultural production. It also has a shared
greenhouse for plants and seedlings, equipment for collecting rainwater, phyto-
purification, solar energy and biogas, aquaponics crops, and agricultural short cir-
cuits. Despite being such an elaborate project, the components can be disassembled
and moved to other locations if required.

2.5.1 Temporary Use as a Strategy for Urban-Rural
Reimagining

These examples provide valuable lessons for how new ways of imagining the
dynamic relationship between rural and urban spaces might be enabled. Temporary
uses can initiate, introduce and elicit social creativity, as well as provide an environ-
ment for ‘social dreaming’ (Dunne and Raby 2013) while garnering support for
interventions prior to more fixed and permanent ‘solutions’ taking place. In the fol-
lowing we elaborate on some design considerations based on the projects we have
explored in this chapter that may productively inform strategies for temporary agri-
cultural and horticultural use in cities and suburbs on the urban edge.

2.5.1.1 Cultural Sensitivity and Shared Vision

Communities are complex and dynamic and already involved in using peri-urban
landscapes in ways that need to be acknowledged and understood prior to urban
agriculture initiatives taking place. Collaborative and reflexive forms of community
engagement and co-design, including creative mapping strategies, elicit the creativ-
ity of non-designers, generate shared future visions and promote ongoing commu-
nity involvement.

As the previously discussed examples of mobile and temporary urban agriculture
show, successful initiatives are often community-led and operated enterprises.
Co-design processes might facilitate engagement with peri-urban communities to
respond creatively to emerging opportunities for rural economics that may not have
been previously considered.

2.5.1.2 Identifying Shared Values and Needs

Culturally specific designs can exacerbate territoriality, while designs for shared
age, life stages and interests can foster social cohesion. There is an opportunity for
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urban agriculture to contribute to the development of social and practical skills, and
foster intergenerational communication. Knowledge exchange, experimentation
and social learning as exemplified by the R-Urban project, need to be seen as a criti-
cal part of re-ruralising the urban edge.

2.5.1.3 Identifying Enabling Infrastructure

As shrinking cities such as Detroit and Philadelphia show, derelict and abandoned
sites, vacant lots and voids are being reimagined for their regenerative possibilities.
Such ‘in between’ spaces, as well as existing roof and wall surfaces, become
enabling infrastructure as ‘platforms’ for creative communities (Manzini 2005).
Mobile infrastructure like the Play-van facilitate temporary use, and enterprises
such as the Nomadic Green and aaa projects reveal the potential for the sustainable
reuse of discarded materials and products in flexible applications.

2.5.2 Temporary Urbanism in the Peri-urban Riverlands
of Western Sydney

Drawing on the model provided by aaa (Paris), the R-Urban project, and learning
from the previous Penrith projects, the MURRS group (Mapping Urban Resilience
in Riverland Sydney) seeks to explore a local dialogue with the concept of urban
‘resilience’ through a hybrid collective approach using Action Research to explore
both human and non-human factors.

Initially the team are establishing local government partners in order to under-
take a series of mapping processes that explore human and non-human aspects of
the agreed local context. Blacktown City Council, a local government area east of
Penrith City and including large areas of peri-urban land, has expressed interest in
mapping their numerous pockets of left-over spaces that are too small for develop-
ment with a view to community urban agriculture projects. Blacktown City also has
large areas of land already subdivided and partially developed. The MURRS team
are exploring partnerships with developers where temporary community projects,
including vegetable gardens and workshops for temporary shade houses, could ani-
mate the currently vacant land awaiting development.

In recent times Urban Heat Islanding (UHI) has emerged as a significant concern
for Western Sydney’s future (Western Sydney Regional Organisation of Council
2008). UHI results from the replacement of vegetation with heat-absorbent sur-
faces, increasing ambient temperatures and extreme heat days. This unanticipated
consequence of hard urban development provides further impetus for the explora-
tion of new forms of urban agriculture. In addition to providing substantial cooling
benefits (Susca et al. 2011), urban vegetation provides protection from heat stress
(Loughnan et al. 2012), potentially alleviating reliance on energy-intensive air con-
ditioning; as well farming and gardening supporting social participation in open
spaces, which has substantial wellbeing benefits. In ‘Out & About in Penrith’, the
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lack of shade was revealed as a strong inhibitor of the use of open public space
(Sofoulis et al. 2008). The creation of ‘cool commons’ is a creative challenge for the
growing city.

2.6 Conclusion

The peri-urban productive lands in coastal areas of Eastern and South-Western
Australia, including the rich volcanic land of Northern New South Wales and South
East Queensland and the alluvial soils of Western Sydney, are continuing to be
appropriated by urban sprawl. To address this loss, lessons can be learned through
the current planning and design work occurring in the shrinking cities of Europe and
North America where a new rural urbanism is growing. In this chapter we have
outlined four ways in which this rural urbanism is retrieving lands for urban agricul-
ture. Findings from these projects reveal the potential of mobile infrastructure and
temporary urbanism for adapting urban environments to enhance liveability in a
climate-changed future. The MURRS group is exploring partnerships that could
exploit the potential of these lessons in creating opportunities for ‘re-ruralising’ the
urban edge in Western Sydney.
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Chapter 3
Nimbyism and Nature: Whose Backyard Is It
Anyway?

Jennifer Scott, Marnie Kikken, Michelle Rose, and Penny Colyer

Abstract The Ku-ring-gai community have long expressed a strong desire to keep
their suburbs green. When asked, most people comment that they moved to the area
to live in a bushland setting. Given this enduring set of values, it is interesting that
Council spends a great deal of time fielding complaints from residents about nature’s
miscreants, those birds, animals and plants that fail to respect property boundaries
or intrude into the lives of residents in the bushland interface areas. This paper
examines one such dilemma challenging public land managers; when people and
nature come into conflict. The issue in question is that of a long standing flying fox
camp in Ku-ring-gai and the problems arising from the close proximity of these
animals to local residents. It is a debate that has passionate proponents on both
sides.

The flying fox management issue provides an insight into the juxtaposition
between people who want to live close to nature but on strictly human terms. The
strategies proposed to keep the peace between the residents and the champions of
the flying fox is an instructive environmental management example that is likely to
become increasingly common as pressure on the remaining natural resources in
urban areas continues to rise.

Keywords Suburbs ¢ Bushland ¢ Nature ¢ Land manager ¢ Environmental
management

3.1 Introduction

The Ku-ring-gai Council Local Government Area (LGA) is located to the northwest
of the city of Sydney and is regarded as part of the city’s North Shore region. The
LGA covers 84 km? and contains distinctive physical features such as deeply incised
and forested gullies, with Sydney Blue Gum vegetation dominating the ridgelines.
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The area receives an annual average rainfall of 1,118 mm per annum and contains 2
critically endangered and 5 endangered vegetation communities, 1 threatened popu-
lation and 18 threatened species (Biodiversity Strategy 2006).

Trees, specifically Sydney Blue Gums, are considered iconic and give the local
area a distinctive character. The Blue Gum High Forest and Sydney Turpentine
Ironbark vegetation communities (assemblages of flora associated with the trees)
have been classified critically endangered with less than 1% of the original pre
European settlement forest area remaining (Biodiversity Strategy 2006).

The Ku-ring-gai Biodiversity Strategy (2006) p.7 states ‘Within our LGA the
bushland-urban interface is a major factor defining our character and influencing
biodiversity’.

After thousands of years of occupation of the area by Garingai people, Europeans
first settled in the area around 1810. Given the high rainfall and productive clay
soils, the area served to provide fresh fruit and vegetables to the Sydney market.
During the early part of the twentieth century, Ku-ring-gai became popular with
wealthy city dwellers looking for a rural retreat that was close to, but also a world
away from, the dirty polluted atmosphere of the city. The Ku-ring-gai community
today remains one of the least disadvantaged communities in Australia (SIEFA
Index 2012).

The urban footprint of Ku-ring-gai dominates the higher contours with housing
extending into bushland areas along ridge lines to the north and south of the main
ridge that divides the municipality in half. With a major road artery and railway line
located on the top of the main ridge, urban development is intensifying along the
length of this corridor. Three national parks surround the LGA and 120 bushland
reserves are managed by Council within the area. Around 13,000 homes are directly
located on the bushland interface and as a consequence bushfire is an ever present
danger.

The Ku-ring-gai Community Strategic Plan expresses the Vision for 2030 as
‘Ku-ring-gai will be a creative, healthy and liveable place where people respect
each other, and conserve the magnificent environment and society for the children
and grandchildren of the future’

Efforts to conserve the natural resources of the area continue, although external
funding and support for such programs is currently declining. At the same time
there are those in the community that find living so close to nature arduous for one
reason or another. Some residents believe that their property is their property and
trespassers, whether they are human or not, should enter only upon invitation. In
some cases this may not have always been their opinion. Advancing age, ill-health
and other changes in life circumstances can alter a person’s attitude to the bushland
from one of inspiration to exasperation. New residents, particularly those from
overseas can be intimidated by the bush and its creatures as they are completely
alien to them.

Within the community there is a wide range of views regarding conservation;
from the entitlement of a reasonable person to enjoy their property to a deep green
commitment. The behavioural characteristics of many wild species are not always
consistent with the needs and expectations of some land owners.
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This paper explores the tension between residents and wildlife on the urban
bushland interface in Ku-ring-gai. As the urban footprint expands and intensifies so
does the pressure on the survival of species and their habitats in remnant bushland.
The management of the flying fox and their camps in the Ku-ring-gai municipality
and elsewhere has generated a broad range of responses in the community, both
positive and negative. The subsequent policies and strategies introduced by various
land managers to control the impacts of flying foxes on residents contain instructive
lessons for the wider management of urban wildlife. Ku-ring-gai Council gathered
data from other land managers to review the success of flying fox management
strategies already attempted. The information coming from this investigation along
with extensive community and stakeholder consultation provided the basis for
Ku-ring-gai’s own approach to the management of the flying fox and its habitat.

3.2 The Benefits of Bushland

Being near bushland brings a sense of calm and substance, a place where the hectic
pace of life can be shut out. The air seems fresher and the scent of the bush invigo-
rating as the trees and other plants play host to a myriad of insects, birds and
animals.

Many people elect to purchase property in Ku-ring-gai because they enjoy the
‘natural’ feel of the area. Apart from the inherited and contemporary societal values
associated with living in close proximity to nature, other more tangible benefits can
be linked to bushland. These benefits have been expressed in Council’s Community
Vision and include enhanced property values; educational values; market values
such as income from fees charged for film locations; seed banks; and recreational
activities, to name but a few that enrich the lives of the local community.

Communities with extensive tree canopy are generally cooler in summer (Brown
et al. 2013) and quieter for the most part. While these benefits are acknowledged
both unofficially and officially, the contention for some living in specific bushland
locations demand Council’s time and attention.

3.3 The Disbenefit of Bushland

Trees cause a great deal of angst and sometimes rightly so. The Ku-ring-gai area has
a long history of severe storms characterised by gale force winds and hail. Storms
have on occasions (such as 1991 in North Turramurra) caused millions of dollars of
damage and taken the lives of local residents.

Storm damage to homes, infrastructure, cars, roads, parks, gardens and businesses
often occurs as result of falling trees and their limbs. Thousands of trees can come
down in a severe storm, taking months to clear away and dispose of. The costs are
not only financial but also physical and psychological. The 1991 storm generated a
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clean-up bill of $670 M (Ku-ring-gai Council 1991) which in 2014 dollars would be
well over $1B. Street trees contributed to the damage bill but so did trees located in
bushland reserves, close to homes, gardens, pools and other infrastructure.

The other local issue of great concern regarding trees is bushfire. Ku-ring-gai
also has a long history of impact by bushfire and some in the community believe that
a canopy tree close to their home makes their home more vulnerable to radiant heat.
Extensive research has demonstrated that the loss of most homes in bushfire is from
ember attack as it is the major source of ignition (Blanchi and Leonard 2005; NSW
RFS 2011). Regardless, some in the community continue to believe the only way to
reduce the risk of losing their home in a bushfire is to remove the trees.

Fire and storm dominate the conversation around trees and their associate risks.
However other nuisances are associated with living in close proximity to bushland,
for example, leaf drop blocking gutters and littering swimming pools, animals such
as lizards and snakes taking up residence in gardens and birds stealing food from
unsuspecting pets. While these issues may seem trivial, to those people who have
to endure them it is very serious. Some people feel trapped in their homes during
magpie mating season, gardens get taken over by weeds for fear of stepping on a
snake and pool owners give up trying to keep their pool clean having been defeated
by the mass of leaf litter falling most days.

Living in close proximity to wildlife habitat s can be exhilarating to some and
obnoxious to others with both ends of the spectrum populated by relatively small
percentages of the interface community. Both extremities make good sense in their
arguments for and against the conservation of these natural areas and the constituent
wildlife. Land managers are required to tread a wary path between the two factions.
With no easy answers available and a strong incentive to avoid win/lose outcomes,
land managers continue to search for win-win solutions.

3.4 The Flying Fox

In recent times one species has demanded a great deal of attention, both within
Ku-ring-gai and across Australia. This species highlights some of the challenges of
managing habitats and animal populations in close proximity to the community.
Managing flying fox populations on the urban interface has required considerable
time, research and investment to be directed to it. An examination of the issues and
the strategies may yield some important lessons for public land managers when
facing the challenges of managing urban interface spaces and species.

Grey-headed flying foxes (Pteropuspoliocephalus) are large migratory bats that
occupy forests and woodlands in the coastal lowlands, tablelands and slopes of
southeast Australia from Bundaberg (Queensland) to Geelong (Victoria). They are
present continuously in coastal lowlands in the northern part of their range and in
metropolitan areas such as Brisbane, Newcastle, Sydney and Melbourne, where
artificially diverse food occurs because of plantings.
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Grey-headed flying foxes feed primarily on blossoms and fruit in canopy
vegetation and supplement these with leaves. Their diet includes over 100 species of
native flowering trees and fleshy-fruited trees and vines.

The modern flying fox diet now includes fruit of introduced plants such as garden
and orchard trees, street trees, introduced palms and some noxious weeds. Grey-
headed flying foxes forage over extensive areas with one-way commutes of over
50 km recorded between camps and foraging areas, although commuting distances
are more often less than 20 km.

Flying foxes play a vital role in our ecosystems, particularly in pollination and
seed dispersal of flowering and fruiting trees. Because they move freely among
habitat types during their foraging trips they transport and disperse pollen and seeds
of diet plants across fragmented, degraded and urban landscapes. Seeds have a
greater chance of growing into mature plants when they germinate away from their
parent plant. Seed dispersal also helps to expand the gene pool within forests which
in turn promotes forest resilience to future impacts to the local environment (Qld
EHP 2014).

The Grey-headed flying fox is listed as Vulnerable under the NSW Threatened
Species Conservation Act 1995 (TSC Act) and the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act). Females give birth
to only one live young each year, which is one of the reasons their population is very
vulnerable. This legislation protects these animals and it is illegal to harm or try to
move them without the appropriate consent.

Within the Ku-ring-gai area an important maternal colony of Grey-headed
flying-foxes roosts in the Ku-ring-gai Flying-fox Reserve (KFFR). The bushland
reserve is adjacent to an urban residential area and bounded by approximately 100
properties.

Covering an area of 15.34 ha, the KFFR contains a variety of wildlife habitats. In
addition to flying foxes the reserve supports other threatened species such as the
Powerful Owl and Sydney Turpentine Ironbark Forest (an Endangered Ecological
Community under the NSW TSC Act and EPBC Act) (Fig. 3.1).

In 1991, an urban residential property development was approved in close
proximity to the Ku-ring-gai flying fox camp. A Reserve area was identified and a
Conservation Agreement entered into between Ku-ring-gai Council and the New
South Wales Government in response to concerns the maternal colony was likely to
be under threat. The Agreement ensured the continued protection and preservation
of native flora and fauna, in particular the Grey-headed flying fox colony and all
elements of its habitat within the reserve (Ku-ring-gai Flying fox Reserve
Management Plan 2013).

The Reserve is significant for the flying foxes as it provides a roosting and
maternity habitat, access to food in both urban landscapes and native forests and a
stopover habitat for migrating animals, whilst supporting a resident population. The
Reserve is also a site for long-term research, including the longest population
monitoring of any flying fox camp in Australia (Ku-ring-gai Flying fox Reserve
Management Plan 2013).
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Fig. 3.1 Map of Ku-ring-gai Flying Fox Reserve (Ku-ring-gai Flying Fox Plan of Management
2013)

Since the 1980s the Ku-ring-gai Bat Conservation Society and other researchers
have monitored flying fox numbers in the Reserve. This data has been incorporated
into a national database to better understand trends in flying fox movements and to
detect any decline in numbers.

Ku-ring-gai data shows annual and seasonal variations in the KFFR camp
population from zero to around 80,000 animals. During winter numbers may fall
to only a few hundred with no flying foxes recorded on eight occasions. During
the summer months numbers swell to around 20,000-40,000 peaking in the
March breeding season. Numbers of 70,000 or more animals have been recorded
only twice — in 2000 and 2009. The local data indicates a trend of decreasing
average numbers in Grey-headed flying foxes between 1998 and 2012. This trend
is consistent with the increase in the number of camps in the Sydney Basin from
7 in 1989 to 22 in 2013.

Historically the flying fox colony has moved periodically around the KFFR, in
response to seasonal conditions and as an adaptation to roost tree damage. At times
when the flying fox colony inhabits the deeper areas of the Reserve the impacts to
residents have been negligible. However, since 2009 the flying fox colony moved
into an area very close to properties adjacent to the KFFR, as depicted in Fig. 3.2
below.
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* Flying-fox population seasonal 1998 to 2012 variation At
Ku-ring-gai Flying Fox Reserve at Gordon NSW
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Fig. 3.2 Flying Fox numbers over time in the Ku-ring-gai Flying Fox Reserve (Ku-ring-gai Flying
Fox Plan of Management 2013)

3.5 Ku-Ring-Gai Flying Fox Management

While Council is the land manager of the KFFR, the community has played a vital
role in the Reserve’s management. The Ku-ring-gai Bat Conservation Society has
provided valuable advice and assistance with on-ground works since 1985. In recent
years, the number of issues from residents adjacent to the Reserve has risen as a
result of the noise, smell and droppings impacting them when the flying foxes have
shifted closer to the Reserve edge.

The KFFR has a specific management plan prepared in accordance with the
Ku-ring-gai Flying-fox Reserve Conservation Agreement. In response to the
ongoing lifestyle, health and wellbeing impacts on residents adjacent to the KFFR,
the 2013 Ku-ring-gai Flying-fox Reserve Management Plan attempts to strike a
balance between management actions to conserve the threatened species and
ecological communities within the Reserve and management actions to reduce the
impacts of the flying foxes on residents. Such balance had to occur within a
prescribed management framework, largely determined by State and Federal
legislation (for example, the Threatened Species Conservation Act 1995 and the
Environment Protection & Biodiversity Conservation (EPBC) Act 1999) and the
conditions of the Conservation Agreement.

The 2013 plan was prepared in consultation with the Ku-ring-gai Flying fox
Reserve Advisory Group, consisting of representatives from Council, the Ku-ring-gai
Bat Conservation Society, residents and relevant government agencies.

In developing the management strategy for the KFFR, Council and the Advisory
Group critiqued a number of potential management actions (which were derived



36 J. Scott et al.

from other land managers who had already attempted many different strategies with
varying success) against a set of criteria, including the terms and conditions of the
Conservation Agreement, relevant legislation, research, Council plans and policies,
the Reserve’s physical constraints, funding, staff resources, community support and
volunteer capacity. Council also consulted numerous stakeholders and residents
adjacent to the KFFR during the public exhibition period of the 2013 KFFR
Management Plan.

3.6 Learning from the Experience of Other Land Managers

Many Councils in NSW and other states manage bushland reserves containing
flying fox camps. Flying foxes do not always choose to camp in bushland reserves
and occasionally move into town areas where park and street trees provide a source
of food and shelter. In these instances the impact of these animals is more obvious
and immediate and more likely to bring the animals into closer contact with a larger
number of people. At least in reserves there is a ‘buffer’ between the flying foxes
and people, although in Ku-ring-gai this buffer can be quite small depending on the
exact location the flying foxes choose to roost each season.

Given the protection afforded to the flying fox under law, there are limited
options available to land managers to control the impacts of flying foxes on local
communities.

Roberts et al. (2011) discuss the remedies utilised to reduce the impact of flying
foxes on the community. These have included minimising disruption to the camps
and nudging-dispersal-relocation techniques. Numerous agencies have attempted to
re-locate flying foxes with varying degrees of failure as the animals demonstrate a
strong fidelity to camps that is not easily broken. If they do move it is not as a group
(Eby and Roberts 2011).

The outcomes of 17 recent Flying fox dispersal attempts were systematically
reviewed (Roberts and Eby 2013) and a set of common outcomes were identified to
guide their use in Australia. Camps varied in size from several hundred animals to
over 200,000. This review identified that:

e inall 17 cases, dispersed flying foxes did not abandon the local area;

e in 16 of the 17 cases, dispersals did not reduce the number of flying foxes in a
local area;

e dispersed flying foxes did not move far (in approximately 63 % of cases the
flying foxes only moved <600 m from the original site, contingent on the distri-
bution of available vegetation. In 85 % of cases, new camps were established
nearby);

 in all cases, it was not possible to predict where replacement camps would form;

 conflict was often not resolved. In 71 % of cases conflict was still being reported
either at the original site or at other unacceptable locations years after the initial
dispersal actions;
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* repeat dispersal actions were generally required (in all cases except extensive
vegetation removal); and

 the financial costs of all dispersal attempts were high, ranging from tens of
thousands to millions of dollars, for active dispersals (for example, using noise,
smoke etc.).

Roberts and Eby (2013) note that these patterns only varied where abundant
financial and human resources were available (for example, Royal Botanic Gardens —
Melbourne and Royal Botanic Gardens — Sydney); or specific landscape character-
istics existed (for example isolation from neighbours in Batchelor, NT); or the
connection through a habitat link to an ‘acceptable’ location as in the Royal Botanic
Gardens — Melbourne).

It appears that the potential for unintended consequences, the lack of ability to
pre-determine or control the new location of replacement camps and the high costs
involved make relocation an unviable option.

3.7 Viable Management Options for the Ku-Ring-Gai Flying
Fox Reserve

3.7.1 Council Management Actions

Management actions implemented in the 2013 Ku-ring-gai Flying fox Reserve
Management Plan, aimed at reducing the impacts of the flying foxes on residents
adjacent to the Reserve, include: the re-location of a flying fox release cage (as part
of the KFFR rehabilitation and release program) to a nearby Reserve; canopy
replenishment in the core of the KFFR; strategic tree removal and treatment works
in the KFFR, close to residential housing; formalised community engagement
processes and elevated community engagement efforts during periods of greatest
community concern; and continued consultation with relevant agencies, organisa-
tions, councils and flying fox experts on management options for the Reserve.
Unfortunately, the activities conducted to date have had little success in alleviating
the impacts on residents adjacent to the Reserve.

Hence, in November 2014 a range of management options aimed at nudging or
dispersing flying foxes from properties adjacent to the KFFR were re-assessed
based on their economic, social and environmental costs/benefits, and in their
ability to, as stated in the recently released Flying Fox Camp Management Policy
2014 — Consultation Draft (NSW OEH 2014) be “legally defensible in balancing
community concerns and neighbourhood amenity with environmental outcomes”.
The management options assessed were:

e Improving roost habitat in the KFFR core, away from residents

e Private property tree removal

* Selective roost tree removal/pruning within 10 m of a dwelling wall, pool, deck
or other living space in the most affected areas
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e Selective roost tree removal/pruning within 10 m of the KFFR boundary in the
most affected areas

e Creation of 10 m vegetation buffer zone from the KFFR boundary in the most
affected areas

e Creation of 25 m vegetation buffer zone from the KFFR boundary in the most
affected areas

e Creation of 50 m vegetation buffer zone from the KFFR boundary in the most
affected areas

» Use of noise to disperse and re-locate flying-foxes

This assessment revealed that the key factors in determining the likely success of
any nudging/dispersal attempts can be identified as follows:

» whether the conflict is likely to be resolved in the broader community and not
just around the original site, that is, the problem is not transferred from one unde-
sirable location to another, or several, other undesirable locations;

e whether the financial and human resources required are proportionate to the
scale of impact being experienced within the community;

e the likelihood and scale of any unintended (but detrimental) social and environ-
mental impacts;

» the specific landscape characteristics, that is, are alternative camp locations
isolated from urban settlements and is there a habitat link to ‘acceptable’
locations?;

 the welfare outcomes for the flying foxes; and

 the availability of food sources — flying foxes are unlikely to leave a local area
when a camp is dispersed as long as food remains available.

In light of the above, in the case of the KFFR, the physical, legislative, environ-
mental and financial constraints, as well as the potential unintended social conse-
quences deem any management actions to nudge or disperse the camp location,
beyond further strategic tree removal to alleviate the most direct impacts of the
flying foxes, not appropriate or feasible. As a result, Council recently resolved to
fund selective roost tree removal/pruning within 10 m of the KFFR boundary in the
most affected areas.

3.7.2 Encouraging the Community to Adapt

The local community is divided on the best way to deal with the flying fox. Apart
from the physical discomfort experienced by some, resident concerns extend to the
health risks arising from the proximity to flying foxes. Council provides information
on the prevention and treatment of diseases transmitted to people through bites and
scratches from flying foxes. Encouraging people directly involved with the flying
fox to be vaccinated against diseases transmitted through bites and scratches is the
first priority. Educating the residents on their risk exposure from living in proximity
to a flying fox is aimed at alleviating their concerns relating to this aspect.
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In extreme situations residents can consider the benefits of retro fitting proper-
ties, including acoustic insulation, pool covers and high pressure water pumps for
cleaning down surfaces quickly and effectively.

With no good alternative responses yet available, Council manages the KFFR
with conservation and habitat protection as main objectives. It is thought that by
doing so, this will contribute to the overall health of the species and conform to the
Conservation Agreement and the species ‘threatened’ status.

3.8 Discussion

As with any community debate land managers need to juggle a number of responsi-
bilities. Legislation often dictates the type of responses that can and cannot be
considered. Nimbyism and justice in decision making on environmental issues is
usually topical. The label of Nimbyism has been used by some in the past to disem-
power the arguments regarding an unwanted and arguably unwarranted develop-
ment. In particular the Nimbyism label can be applied intentionally to disengage the
views of those in the community negatively affected by a development from
the decision making process. It is unsurprising then that dissatisfaction with land
managers occasionally features in newspapers across the country. While the case of
flying fox management is a different context to that of a development, there are
certain similarities. Both sides of the case (want flying foxes; do not want flying
foxes) have passionate proponents with valid viewpoints that need to be reconciled
to a conclusion. Some residents enjoy the presence of these animals while others
suffer them unwillingly.

Fairness in such dichotomous and emotionally charged situations is a hard road
to tread. Chances are that nobody will be satisfied with a compromise except
possibly the flying foxes. As Smith and Scott (2006) notes urbanisation generates
pressures from a combination of expanding population and increasing demands on
natural areas. Inevitably tensions grow and conflict follows.

Institutional arrangements for the conservation of remnant habitat areas and
endangered species come under close scrutiny from time to time. This scrutiny is
particularly fierce from those whose properties adjoin the natural areas where
wildlife activity impacts upon the peace and enjoyment of home owners. Councils
are generally the target of any complaints in situations where the Council is the land
manager.

Ku-ring-gai residents reportedly (North Shore Times 28/08/13 Danielle Nicastri)
endure ‘a living hell’ created by the noise and odour from the nearby flying fox
camp. One resident claims in the article that ‘you cannot hold a conversation in our
back yard, we cannot swim in our pool and we haven’t had friends stay over or have
a BBQ because of the bats’.

Clearly their complaints have substance as anyone who visits the local flying fox
camp during times of activity will attest to. Ku-ring-gai Council’s Councillors and
the General Manager have described the resident’s situation as ‘horrific’ (North
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Shore Times, 28/08/13 Danielle Nicastri) and have since responded with strategies
designed to reduce the impact of noise inside homes by removing roosting habitats
adjacent to houses.

Flying fox activity regularly appears in the news at locations traversing the length
of the Australian east coast. Flying fox numbers swell and decline up and down the
coast for reasons not yet well understood. The Royal Botanic Gardens in Melbourne
elected to encourage the flying foxes out of the gardens to limit damage to trees and
public areas. The Royal Botanic Gardens in Sydney has attempted to do the same.
Some Ku-ring-gai residents worry it will mean more flying foxes on their door step
while others believe that increasing the pressure on these animals will see emerging
diseases such as Hendra virus take a stronger hold on the weakening condition of
the flying foxes over time. According to the NSW DPI (2014) “..hungry bats may
have been carrying Hendra virus, and stressed animals tend to shed more virus’.
Directing resources towards flying fox habitats to keep the animals healthy may
reduce the probability of viruses, such as Hendra, causing problems in the future.

Flying fox supporters join together in societies (such as the Ku-ring-gai Bat
Conservation Society) to promote the welfare of the flying fox. In Cairns, the ABC
News (29/04/14) reported that the Council attempted to relocate a flying fox camp
out of the main street by trimming trees and removing the roosting sites. Local
protestors claimed that these actions would do nothing to solve the problem but
rather make it worse. ‘it causes stress to the colony and possibly to individuals and
if there is some relocation occurring then this can be to a more problematic area’
one protestor claimed.

According to those supporting the flying fox in Ku-ring-gai, ‘before 1989 there
were seven flying fox camps around Sydney... located on the edge of cleared land
where animals had easy access to both bushland and urban gardens. In 2013 there
are now twenty two camps .... And some [camps] are now occupied through winter’
(Friends of Bats newsletter, June, 2013). It is proposed that misguided attempts to
modify habitats and scare flying foxes onto other locations has had the effect of
fragmenting the camps into a series of smaller camps (Friends of Bats newsletter,
June 2013). Arguably this has increased the number of people coming into close
contact with the species, increasing the number of complaints and pressure for fur-
ther control attempts to no good effect for either the flying foxes or local residents.

Millions of dollars in public funds has been spent across the country in attempts
to move flying foxes to more desirable locations. According to Roberts et al. (2011)
relocation attempts have been ‘.ad hoc, and lacking of systematic documentation,
costing and monitoring’ and flying foxes have relocated to ‘new sites that have been
unanticipated and in undesirable locations’.

Presently there is no foreseeable change in the legal status of flying foxes and
current research and experience suggests that there are no viable management
options in sight to alleviate the most severe impacts of the flying foxes on residents
living in close proximity to camps. In most cases those negatively affected by the
noise and odour have little choice but to improve the resilience of their homes and
properties in an attempt to lessen the effects of living in close proximity to the flying
foxes.



3 Nimbyism and Nature: Whose Backyard Is It Anyway? 41

3.9 Lessons Learnt

The experience of managing land devoted to the conservation of the flying fox in
urban Australia has been complex and lengthy. Several lessons emerge from the
research into flying fox management that could be helpful in the management of
other species that affect properties neighbouring bushland areas. The following
lessons have informed Council’s management approach within the KFFR:

 Interfering with habitats or attempts to modify the natural behaviour of the flying
fox inevitably exacerbates the problem through unintended consequences.
Attempts by the Sydney Royal Botanic Gardens to move flying foxes out saw the
flying foxes end up in Centennial Park. Attempts by Cairns City Council to move
the flying foxes out of trees in the main street saw the animals move into trees at
a local school. In both cases the magnitude of the problem was amplified by
bringing more people into closer contact with the animals;

e Community education: the most popular community education events run by
Ku-ring-gai Council concern local wildlife particularly when it involves species
that are controversial and have a human impact such as flying foxes, ticks, bandi-
coots and bush turkeys. People can happily co-exist with the flying fox habitat
nearby when they better understand the values associated with flying foxes, the
general magnitude of impact and options available to manage any negative impacts;

* Modification of the built environment: a far more practical, effective and effi-
cient management measure is to strengthen the resilience of homes, properties
and lifestyles to the impact of wildlife;

As Roberts et al. (2013) note it is the magnitude of the perceived problem that is
important. This needs to be understood before responding. For example, if noise,
smell and faeces from a camp affect only a small number of residents, then smaller,
local-scale mitigation options should be applied. In this way the unintended conse-
quences of the management action will be minimised and be less likely to result in
a worsening of the problem.

It is the unintended consequences of management actions that need to be thor-
oughly investigated and understood. For example altering the flying fox habitat or
the animal’s natural behaviour may inadvertently foster the incidence of zoonotic
disease by increasing the stress on animals who are already experiencing pressure
for resources from urbanisation of habitat areas.

Biodiversity integrity and human health have long thought to be inextricably linked
(Pongsiri et al. 2009). Strategies to manage wildlife impacts on urban populations
need to be mindful of the bigger picture surrounding the immediate context of these
decisions. Increasing pressure by further degrading biological resources to the point
where the system declines could have a range of significant consequences. Conserving
the integrity and diversity of biological resources can assist in maintaining resilience
to emerging diseases. The response to the problems created by urban development
encroaching on conservation areas must prioritise minimal disruption to the service
and functions of the natural systems for any successful resolution to emerge.
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Chapter 4
Connecting Urban and Rural Futures
Through Rural Design

Dewey Thorbeck and John Troughton

Abstract Urbanisation has been accelerating around the globe as people move
from rural areas to urban areas for economic advancement creating urban develop-
ment that sprawls into the countryside, eliminating much of the best farmland sur-
rounding cities. By 2050 there may be another 2.5 billion people on the planet with
100 million more in the United States and Australia’s population may increase by
13 million or more. Urban design and planning has attempted to shape urban devel-
opment as cities have expanded, but it has done so primarily from an urban perspec-
tive. Areas of transition from rural to urban and land uses at the urban/rural edge in
the peri-urban landscape require the lens of spatial arrangement from both urban
and rural perspectives to shape, manage, and preserve the ecosystems that people
depend upon.

Keywords Urbanization ¢ Rural design ¢ Urban development ¢ Peri-urban land-
scape ® Ecosystem

4.1 Introduction

Urban is defined as having the characteristics of a city, whereas rural is defined as a
combination of natural and human landscapes — in reality they are both much more
complex with integrated natural systems. Urban design and rural design are similar
in that both embrace quality of life. However, rural design is fundamentally differ-
ent in seeking to understand and embody the unique characteristics of open land-
scapes and ecosystems where buildings and towns are components of the landscape,
rather than defining infrastructure and public space as in urban design (Thorbeck
2012).
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Connecting Urban and Rural Futures through Rural Design discusses how rural
design and the problem-solving process of design and design thinking that can help
resolve land-use issues in the peri-urban landscape and how the quality of life and
the economies of people living and working in both rural and urban areas can be
improved in the process?

Rural areas around the world are undergoing profound demographic, economic,
cultural, and environmental change creating considerable challenges and stress for
their residents and on the ecosystems upon which they depend for their livelihood
and quality of life. Critical global issues such as climate change (that is currently
having a large impact in Australia), renewable energy, water resource protection,
food security, and healthy human development will dominate international and local
rural policy for years to come as citizens and governments try to manage change.
The peri-urban landscape is of particular concern because urban expansion has his-
torically been done at low density requiring large amounts of land causing infra-
structure and public services to be provided at great cost.

4.2 Rural Design

Rural design is an emerging design discipline that was started at the University of
Minnesota in 1997 when Dewey Thorbeck founded the Center for Rural Design
(CRD). Since that time the CRD has been involved in a wide range of rural projects
that impact the quality of life in rural areas, primarily in the State of Minnesota.
These projects and experiences working with rural citizens implied that the princi-
ples of rural design could be applied anywhere and were documented in Thorbeck’s
book Rural Design: A New Design Discipline (Thorbeck 2012). The book is now
being translated and published in China by PHEL

Rural design is the design discipline that brings design thinking and the problem-
solving process of design to rural issues at both the macro and micro levels while
making connections between urban and rural futures. Rural design is a way to
understand the dynamic behaviour of natural and human systems, and to unify and
conceptualise the complex and dynamic reality of sustainability in integrating
humans, animals, and the environment in both rural and peri-urban areas. We are
living in a time of rapid change and rural design is needed to make connections
between urban and rural futures at the urban/rural edge, and in the process it can
help minimize the negative impacts of change while increasing the positive impacts
with economic resiliency, social interaction, and appreciation for diversity in art and
culture (Fig. 4.1).
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Fig. 4.1 Rural design is a connector of urban and rural futures
4.3 Rural Design for Urban Agriculture

Urban agriculture is gaining strong worldwide support to integrate agriculture into
urban landscapes. It has a long history emanating from the Garden Cities movement
in the nineteenth century and has evolved today into a new vision for the role of
agriculture in urban contexts to enhance quality of life by retaining the land’s capa-
bility to contribute to sustainable societies and cultures. Urban agriculture is an
emerging design opportunity to think about and shape common open space to pro-
vide for food security, water resources and maximize the value of open landscapes
in urban expansion. However, most of the design ideas focusing on urban agricul-
ture that have recently emerged illustrate a very narrow point of view as architecture
that incorporates plants in an urban setting. Urban agriculture is more profound and
inclusive requiring a perspective of both urban and rural design. It is that connection
between the high density city core and the rural landscape, defined as a transect, that
needs to be rethought to fit twenty-first century living. A proposed project that the
CRD is working on in Minnesota will look at that issue to redefine the connections
between urban, per-urban, and rural (Fig. 4.2).

The design process used for this study (involving the University of Minnesota’s
CRD and Metropolitan Design Center, and planning staff from Dakota County) will
provide policymakers a wide range of options as how to shape urban and rural
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Fig. 4.2 Twin cities metropolitan region and its peri-urban landscape and the planning transect

landscapes to increase water resources, provide for food production, protect natural
amenities, and identify development rules that will enhance sustainability, provide
housing and public infrastructure at lower long-term cost while improving quality
of life.

This idea was first discussed in a paper about urban development with a creative
commons. The creative commons is local open space that facilitates neighbourhood
development and social progress through inclusivity, creativity and entrepreneur-
ship (Troughton and Walsh 2011). The paper argues that the creative commons can
become a dynamic substrate for urban agriculture by challenging how food and
plant production, and associated activities, can be programmed and managed in
many ways for generations to come. It can create a source of plant and food knowl-
edge available to everyone, but above all it becomes a community asset. This can be
shown as the design approach and as an actual plan (Figs. 4.3 and 4.4).

Rural design provides a methodology to shape rural and urban landscapes before
climate change and concerns for food production and security and water resources
become critical for a rapidly expanding world population. Using community
engagement, design-thinking, and the lens of spatial arrangement in shaping the
human and natural landscapes, rural design can incorporate agriculture into existing
cities and along the urban/rural edge for food as well as opportunities for recreation,
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Fig. 4.3 Illustrating the design approach

economic development, and environmental understanding. Rural design is a process
to nurture collaboration and cooperation amongst rural and urban communities to
shape the landscape to make connections and provide an integrated system of human
communities, plants and animal production that meets the needs of people, the
economy, and the environment in the present without compromising for the future.
This is particularly true at the urban/rural edge and the peri-urban landscape
(Fig. 4.5).

Design thinking and the problem-solving process of design is a strategic resource
and source of creativity, innovation, and entrepreneurship to find ways that limited
land and water resources in peri-urban landscapes can be better shaped and utilised.
They are a process that can be taught and utilised by human communities to analyse
issues, seek solutions, and select a preferred pathway to a better future that does not
necessarily require design professionals to generate the solution. Rural design is not
a science, but a methodology for holistically crossing borders and connecting issues
to nurture new design thinking and collaborative problem solving. It recognises that
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human and natural systems are inextricably coupled and engaged in continuous
cycles of mutual influence and response. As a process rural design brings science to
society and in doing so it can identify new research questions (Fig. 4.6).

The 2014 International Conference on Peri-Urban Landscapes: Water, Food and
Environmental Security was an exciting opportunity to dialogue about connections
and how science and society can more fully interact for social, economic, and envi-
ronmental sustainability. The authors of this book chapter believe that the Second
International Symposium on Rural Design being planned to be held in Australia in
the near future (the first was held at the University of Minnesota in January 2010)
can be an important follow-up to provide a strong evidence-based argument for
political and policy changes impacting urban expansion at national, state, regional,
and local levels in Australia and worldwide.

Rural Design can integrate knowledge across disciplines, and while not directly
engaged in research, rural designers can translate and apply research knowledge to
the design process, helping bridge the gap between science and society, while
improving the social, economic, and environmental conditions of human communi-
ties on Earth, as articulated by this diagram of the rural design process (Fig. 4.7).

4.4 Case Studies of Rural Design

The following are two case study examples of where rural design thinking and the
architecture expressing that thinking illustrate new approaches to linking urban
design and rural design together while crossing borders. They reflect a desire to con-
nect urban and rural design to provide a product for the market with an architecture
that relates to place and climate — embracing the concept of one healthy planet that
integrates through design human, animal, and environmental wellness — as a way to
understand and appreciate the importance of connecting all life on Earth.
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The first project (Fig. 4.8) is a woolshed designed by Australian architect Peter
Stuchbury. The Deepwater Woolshed was designed and constructed for the New
South Wales landscape and designed around the functional flow of humans and
sheep with an adaptable structure that can adjust to change with a structure of
appropriate durability. The award winning building has a beautiful design that will
protect it from the winds and is cooled by water during extreme heat. It is one of the
rare examples of good architects working in the rural landscape on agricultural
buildings that illustrate a rural point of view rather than an urban point of view as
typically done.

The second project is a large installation of glass greenhouses in the peri-urban
landscape of New Zealand (Fig. 4.9) for more effective minimization of environ-
mental risks, while improving plant and labor productivity. The project is a good
example (of a project that has been constructed rather than a project that is pro-
posed) of functional and cost effective urban agriculture that is being utilised more
and more in the peri-urban landscape around cities worldwide. The modern CO,
enriched glasshouse maximises the use of non-productive land, increases the pro-
duction per unit of land area by as much as ten times and dramatically increases the
efficiency of water and fertilisers. Also, it is an architecture that can be recycled.

Development like this may change the face of food security for ever and the
technology will spill over into urban and city farms with the ability to use any urban
nook and cranny to make existing cities green and produce food for its citizens.
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Fig. 4.8 Deepwater woolshed in New South Wales, Australia

Fig. 4.9 Glass greenhouse in the peri-urban landscape of New Zealand

4.5 Concluding Remarks

There are very few existing studies of the complex food systems that provide food
products to cities and the impact on the environment that those food systems impact.
Those cities along the sea coasts may be the most vulnerable because of rising sea
levels due to climate change. The real question is how can urban populations world-
wide make plans for effective and reliable food sources without some form of urban/
rural partnerships?
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The answer will require the involvement of private sector businesses engaged in
agricultural, food, forestry, energy and water to work with the public sector at local,
regional, national, and international levels incorporating long-term resilience with
development goals. Food and nutrition security is jeopardised by climate change,
limited water resources, and the relative lack of accessibility that the increasing
global population has to secure safe food and nutrition (Foster and Gets Escudero
2014). This important study identified a critical concern for balancing production
and consumption making it clear that urban and rural populations must work
together for mutual benefit.

Design thinking is a problem-solving process and a methodology to bring the
evidence of science to help resolve urban, rural, and peri-urban societal needs.
Research issues are by nature interdisciplinary and require a dialogue between citi-
zens and the academy for scholars to understand the issues and respond with
research and effective solutions. The research, however, must recognise that human
and natural systems are inextricably linked and engaged in continuous cycles of
mutual influence and response and this requires an understanding of both urban and
rural to fully respond to global issues of potable water supplies, energy and food
supplies, and the ecosystems services that human and animal communities depend
upon.

Urban design and rural design have many similarities in that both embrace those
unique characteristics in design thinking that acknowledges social and cultural val-
ues to enhance quality of life. Urban design has been taught in university design
schools for some time, but rural design is an emerging new design discipline that
needs to be developed in higher education around the world.

Rural design and urban design are design methodologies to address peri-urban
issues and resolve peri-urban needs. To be effective and relevant for this task, the
methodology must be founded on solid research, and its practice must be based on
validated data that will result in transformational changes. Using the lens of spatial
arrangement in shaping landscapes and methods of community engagement, rural
design helps citizens manage change and in the process it can help organise peri-
urban landscapes and rural regions for recreational, agricultural, cultural, economic,
and ecological purposes to enhance quality of life — urban and rural.

Rural design, when applied with research evidence connected to peri-urban
place, provides:

e Design thinking information to policy makers of the spatial, ecological, and
ethical impact of various alternatives and the choices they make;

* A methodology to resolve land-use issues at a variety of scales, including climate
change and water management, and crossing borders while encouraging collabo-
ration and cooperation;

e A process for geographic information systems and other communication tech-
nologies to enhance urban and rural citizen knowledge to enhance economic
development and business opportunities;

e A community-based design process to empower citizens in shaping their futures;

* An opportunity to bring new technologies to create synergism and entrepreneur-
ship through systemic and holistic linkages and connections;
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* Anunderstanding of regional quality of life and unique sense of place in the peri-
urban, urban, and rural landscapes;

* A way to understand, connect and resolve rural and urban land-use issues world-
wide for a better and prosperous quality of life for people, animals, and the
environment.

We are living in a time of rapid change and the problem-solving process of
design is needed to make connections between urban and rural futures at the urban/
rural edge, and in doing so it can minimize the negative impacts of change while
increasing the positive impacts with economic resiliency, social interaction, and
appreciation for diversity in culture and arts. Urbanisation and the sprawl into the
rural landscape is also increasing people’s contact with the natural environment
creating concerns for new forms of zoonotic disease transmission from animals to
humans that could greatly impact civilization. A sustainable future will require
cooperation and collaboration between the private sector in the flow of goods and
services and the public sector in defining land uses and infrastructure systems. This
will require high level leadership from involved men and women to break down
barriers and cross borders to find optimal solutions for the benefit of both urban and
rural populations.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution-
Noncommercial 2.5 License (http://creativecommons.org/licenses/by-nc/2.5/) which permits any
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Chapter 5

Archaeology and Contemporary Dynamics
for More Sustainable, Resilient Cities

in the Peri-Urban Interface

David Simon and Andrew Adam-Bradford

Abstract Understanding of urban fringes or peri-urban interfaces (PUIs) as zones
characterised by rapid transitional change and sprawling urbanisation has increased
markedly over recent years. Archaeological evidence also illustrates the pivotal role
that peri-urban zones once played in the survivability of ancient urban centres. Over
the last three decades, urban growth and associated transitional changes have accel-
erated in most regions, producing major challenges to the development of resilient
cities capable of absorbing climatic, economic and environmental shocks. Globalised
processes of industrialisation and market interdependence have remoulded urban
fringes, bringing increased environmental impacts, including the loss of natural
resources and environmental buffers now recognised as essential for urban resil-
ience. Furthermore, ongoing global environmental change (GEC) and increasing
socio-economic inequality are generating new priorities as peri-urban zones con-
solidate, erode and shift outwards. Given the inadequacies of existing frameworks,
we advocate a hybrid approach to PUI planning and design that draws on integrated,
agropolitan-type perspectives embedded within a resilient, locally appropriate
regional-urban focus within broader socio-spatial and geo-economic systems.
Diverse historical and contemporary examples inform the discussion of the PUI
planning and design and the identification of policy recommendations for a hybrid
planning approach based on adaptive capacity and resilience.

Keywords Hybrid planning ¢ Peri-urban interface ¢ Urban fringe * Urban sustain-
ability  Urban resilience
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5.1 Introduction

The growth of peri-urban areas around cities, particularly as urban growth outpaces infra-
structure development, is one of the most prominent current changes to urban structure. In
Asia, this is occurring on a dramatic scale: in Jakarta and Bangkok, some 77 % and 53 % of
urban growth by 2025, respectively, is expected to be in peri-urban regions, while in China,
some 40 % of urban growth by 2025 is expected to be in peri-urban areas as far as 150—
300 km from core cities. In Asian cities, lateral spread is occurring along transport corri-
dors, creating a form of ‘regional urbanisation’ ... The growth of ... as well as the
development of peri-urban areas — are occurring in Latin America and the Caribbean and in
the transitional countries. Peri-urban informal development is a key pattern in sub-Saharan
Africa, particularly on customary land (UN-HABITAT 2009: 153).

This chapter is not intended as a review of the vast and diverse literature on the
transitional zones on the periphery of larger urban areas known variously as the
urban-rural fringe, peri-urban area or interface (PUI), urban edge or periphery. That
task has been undertaken elsewhere (e.g. Mbiba and Huchzermeyer 2002; Simon
et al. 2004; McGregor et al. 2006; Simon 2008). Our objectives here are fourfold: to
draw a few key insights from the state of the art; to develop further the understand-
ing that, empirical diversity notwithstanding, such interface zones occur worldwide
across both space and time; to explore the implications of global environmental
change (GEC) for PUIs and those dependent upon them for their livelihoods; and to
propose a novel, hybrid approach to planning in PUIs appropriate to their character-
istic range of activities and dynamic changes in order to promote urban resilience.

The terminology used for these interface zones reflects different urban research
and planning paradigms, urban planning and management traditions in different
parts of the world, the duration and particular form of urbanisation, theoretical and
disciplinary differences, and analytical purpose. For instance, urban planners seek-
ing to delimit the spatial extent of a city or to determine appropriate urban politico-
administrative boundaries are interested in finding tangible ‘clean breaks’ in the
built-up area to distinguish what lies within the boundaries from that without. By
contrast, systems analysis, national infrastructural or logistical planning, and
research on mobility/migration and livelihoods tends to emphasise spheres of influ-
ence, functional relationships and movement spaces and associated flows, all of
which transcend such boundaries and emphasise continuities and connections
across physical, agro-ecological and politico-administrative entities. Simon (2008)
has examined these different traditions and emphases, showing that there are com-
mon threads around the world despite different combinations and the differing rela-
tive importance of various underlying factors and processes.

The traditional notion of a rural-urban dichotomy is now widely recognised to be
simplistic and that, for most purposes, a continuum is more appropriate and, indeed,
compatible with the highly diverse rural-urban gradients, rates of transition, combi-
nations of factors, and functional or land-use complexities encountered in different
regions. Many interfaces are not linear but have diverse and complex spatial forms,
including edge cities, urban archipelagos, desakota/extended metropolitan regions,
and the like. Furthermore, the rapid globalisation of economies, populations and
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urban design and governance approaches through corporate endeavour, aid and
development programmes, planning/management education and training, and the
recent proliferation of city twinning, partnership and network arrangements have
substantially reduced some of these traditional differences.

It is now becoming increasingly necessary to transcend the traditional historico-
spatial analytical and ‘planning ghettos’ that, for instance, have largely restricted the
flourishing research and increasingly sophisticated understanding of PUI interac-
tions and their livelihood implications to the global South. Economic change, not
least the suddenness and depth of the credit crunch and consequent global recession
since 2008, together with ecological and environmental concerns for sustainability,
local resilience and self-reliance, and increasing vulnerability to the impacts of
GEQC, strongly suggest that peri-urban dynamics, environmental sustainability, live-
lihoods and food security are becoming central concerns worldwide. Therefore,
many of the traditional concerns of peri-urban ‘development’ research and planning
in the global South can and should provide lessons for (post-) industrial cities in
countries of the Organization for Economic Co-operation and Development (OECD)
and the transitional economies struggling to adjust to rapidly changing circum-
stances in the context of rigid or outdated planning legacies on the urban fringe or
in the Zwischenstadt (e.g. Audirac 1999; Jones 2000; Bunker and Houston 2003;
Sieverts 2003; Busck et al. 2006; Gallent et al. 2006; McFarlane 2006; Qvistréom
2010, 2013; Ravetz et al. 2013). Most existing forms of urbanism are morphologi-
cally, functionally and environmentally unsustainable under current conditions.
They also face profound challenges in overcoming the obstacles to becoming more
resilient cities capable of absorbing climatic, economic, environmental and demo-
graphic shocks while also addressing structural inequities and injustices.

There has been renewed recent interest in urban history over the very long durée
(e.g. Taylor 2012), deriving at least partly from new archaeological work referred to
below and also from a desire to understand urban environmental legacies that might
be relevant to current sustainability and resilience concerns, including landmark
contributions by Douglas (2013) and Elmqvist et al. (2013a). In this context, it is
also noteworthy that such research has to date not generally identified historical
analogies with present-day issues at the urban fringe or through peri-urban inter-
faces or transition zones. That is the first objective of this chapter, as an aid then to
transcend the diversity of current institutional and planning settings and processes
in order to identify appropriate principles for addressing the dynamic challenges of
such zones to promote adaptive and transformative urban sustainability and
resilience.

5.2 Historical Perspectives on the PUI

As indicated in preliminary terms a few years ago (Simon 2008), recent archaeo-
logical advances, facilitated by new remote sensing and associated technologies,
reveal that ancient civilisations in various parts of the world had urban systems with
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features consistent with characteristics of present-day PUIs. New evidence contin-
ues to emerge and, to date, such published findings relate to the Khmer complex
centred on Angkor in present-day Cambodia, Mayan sites in Meso-America and the
Upper Xingu region of the Amazon basin in Brazil (Evans et al. 2007; Heckenberger
et al. 2008; Mann 2008; Smith 2010, 2012; Fletcher 2012; Isendahl 2012; Barthel
and Isendahl 2013; Isendahl and Smith 2013) but there is every reason to anticipate
comparable evidence in future relating to complex ancient urban cultures of the
Middle East, South Asia (not least Pollonaruwa and Anuradhapura in Sri Lanka),
sub-Saharan Africa, Europe and the Mediterranean rim and elsewhere. The greater
Angkor area covers some 3,000 km?, over one third of which was covered by an
urban complex of settlements integrated by an extensive hydraulic system (Fig.
5.1). Settlement densities varied within and beyond the boundaries of the known
complex, itself centred on several key temples and major reservoirs. The hydraulic
networks were quite possibly developed to ensure reliable food production in order
to support the increasing concentrations of people living in these growing conurba-
tions in the face of fluctuating rainfall and other environmental conditions (Evans
et al. 2007). Indeed, there are speculations in the literature that a failure of food
production, perhaps due to lack of maintenance or destruction of key hydraulic
facilities during conflicts or natural disasters, may have been implicated in the col-
lapse of these societies, along with the more commonly proffered explanations
relating to environmental changes, including in prevailing temperatures and
rainfall.

Similarly, recent evidence shows that pre-Hispanic Maya grew a significant pro-
portion of their food within an ‘agro-urban landscape’ at Xuch (Isendahl 2012:
1123) and elsewhere, which had distinct hallmarks of what we would today recog-
nise as peri-urban:

The general distributional pattern of architecture at Xuch follows the familiar low-density
settlement model and suggests that the settlement may have extended over as much as
20 km?... despite the civic-ceremonial core being only mid-sized in comparison to other
regional centres. At the centre of the agro-urban landscape is a large pre-Hispanic rainwater
reservoir, which played an important economic, political and symbolic role in the physical
transformation and social construction of landscape (Isendahl 2012: 1117).

In a synthetic paper drawing on their respective previous work, Isendahl and
Smith (2013) compare Mayan and Aztec urban forms and are the first archaeolo-
gists within this new literature to draw attention explicitly to the distinctive peri-
urban nature of many residential areas. Following Smith (2010), they also challenge
the ‘recentism’ of much current urban agriculture literature and argue that these
ancient urban forms were highly sustainable over several centuries; indeed Mayan
cities collapsed only when their socio-ecological system was reorganised. The
authors also specifically posit the importance of learning from such historical les-
sons for present day urban sustainability initiatives.

The pre-industrial and pre-colonial walled cities of West Africa provide further
evidence of integrated indigenous approaches to regional land management and ter-
ritorial development that supported pre-colonial urban cores through a highly
organised and co-ordinated peri-urban interface. The walled cities of Hausaland and
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Fig. 5.1 Approximate extent of temple-and-pond-based agricultural settlements of the Angkorian
and pre-Angkorian periods on the basis of an analysis of Landsat imagery and the spatial coverage
of recent archaeological maps (Source: modified after Evans et al. 2007, Fig. 5.3)

Yorubaland provided the urban inhabitants with a degree of physical defence, par-
ticularly as these areas had high populations so that competition for resources and
control of trade often resulted in regional conflict. Moreover, labour-intensive urban
infrastructures such as city walls necessitated organised communal labour, which in
turn was dependent on a meticulously planned and integrated peri-urban interface
for food and subsistence. For example, in the Benin City area, much of the extraor-
dinary network of interlocking earthworks allowed demarcation of sufficient land to
ensure that each enclosed settlement had land for cultivation and extended fallow,
while surrounding ‘wild forest’ resources were also planned and allocated to differ-
ent settlements within the urban core (Connah 2000).
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The import of this still localised but mounting evidence from different (sub-)
tropical regions is threefold: first, it is enhancing our understanding of agro-
environmental underpinnings and sustainability of historical urbanisms across
space, time and cultural domains. Secondly, it is highlighting that features like a
PUI, which have been associated particularly with present-day urbanism driven by
mechanised transport and industrial globalisation, have been features of complex
and sometimes large-scale urbanism since ancient times in diverse political ecolo-
gies, cultural realms, social formations and technological systems. Thirdly, these
ancient peri-urban areas may provide valuable lessons for current efforts to develop
sustainable, resilient cities with greater security of food supply and livelihoods. In a
sense, they represented early examples of how a ‘basic-needs strategy’ sustained
urban populations though a forerunner of a generic ‘agropolitan’ approach, to bor-
row a term first utilised in the mid-1970s by John Friedmann and Mike Douglass to
describe their anti-growth-pole vision of rural urbanisation, and to which we return
below.

5.3 The PUI: A Contemporary Perspective

In North America, Western Europe, Australia and Japan, PUIs are characterised by
distinctive urban-rural boundaries with clearly demarcated planning zones that
illustrate the conventional urban and rural planning divide (e.g. Audirac 1999;
Jones 2000; Bunker and Houston 2003; Busck et al. 2006; McFarlane 2006). In
these regions, early urban environmental challenges were met through reactive
urban planning strategies that consolidated a superficial urban-rural dichotomy and
gave rise to rigid urban planning doctrines based on homogeneous land use zones
and were later to be exported through colonial influence and associated bodies of
practice such as town and country planning. In the United States of America (USA),
far more attention is still devoted to the quintessential post-World War II urban
phenomena of suburbanisation and sprawl than peri-urbanisation (Teaford 2006).
Hoggart (2005: 5) highlights that in the United Kingdom (UK), ‘the land-use plan-
ning system keeps vigorous checks on the incursion of ‘urban land-uses’ into ‘the
countryside”. By contrast, in France, Germany and Spain, Hoggart discerns ele-
ments of consistency in socio-cultural and landscape changes near urban fringes, as
well as in districts that are more distant from the city, but a town and country plan-
ning divide has remained, although there are now examples of more nuanced
approaches, and Hoggart calls for new methods to address complexity based on a
‘hierarchy of (often urban-centred) ‘functional regions” (Hoggart 2005: 6). His is a
somewhat different perspective from that of the literal in-betweenness of the
Zwischenstadt phenomenon and process identified and problematised by Sieverts
(2003). Changing demographic structures and economic conditions affect the rela-
tive pressures to redevelop urban brownfield sites versus greenfield expansion on
urban fringes (Simon 2008), but also highlight the importance of restoring ‘work-
ing greenspaces’ (especially for urban agriculture and woodland management)
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within mature, slow-growing or stable cities in Japan and other post-industrial
countries as contributions to enhanced urban sustainability (Yokohari and Bolthouse
2011). Qvistrom (2010, 2013) identifies a legacy of incomplete peri-urban inter-
ventions in Western countries (his term) by numerous sectoral and spatial planning
agencies, including local authorities, that create a ‘crowded policy space’ where
discursive selectivity obscures other storylines that may be vital for the promotion
of landscape integrity, sustainability and resilience. He demonstrates this with a
detailed case study of a small Swedish town, whereas Busck et al. (2006) reveal
considerable land conversion from agriculture to urban uses in peri-urban
Copenhagen over the 1984—2004 period. This also demonstrates a far more dynamic
PUI than much of the European literature implies. Modest change towards charac-
teristically mixed peri-urban land-use is evident in various other places, including
Vancouver (Fig. 5.2).

Interestingly, a tangible trend is now emerging in Europe for urban fringe
research to be framed explicitly in peri-urban terms (e.g. Busck et al. 2006; Rosol
and Schweizer 2012; Cabannes and Raposo 2013; Qvistrom 2013, Ravetz et al.
2013). This might herald a welcome move towards more compatible analytical
perspectives worldwide, since they emphasise the dynamics of European PUIs
rather than the essentially static picture painted by most previous authors with very
few notable exceptions like Sieverts (2003). Of particular note in this context is that

Fig.5.2 Typical mix of smallholder agriculture and new upper middle class housing in Vancouver’s
southern peri-urban interface (© David Simon)
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Cabannes and Raposo (2013) address urban and peri-urban agriculture (UPA) in a
manner hitherto associated largely with the global South, examining the extent to
which such practices in allotment gardens and other spaces in Lisbon and London
assist in integrating migrants socially and in biodiversity enhancement. Their find-
ings again point to the importance of local contextual specificities, with cohesion
maintenance within particular migrant communities outweighing integration with
the host population. Interestingly, their paper, and that by Rosol and Schweizer
(2012) examining an experimental organic peri-urban co-operative farm as a model
of solidarity economics, form part of a collection explicitly examining the extent to
which UPA everywhere forms part of a global movement (Atkinson 2013).

In much of the global South, PUIs are characterised by dynamic transformations
and rapid urbanisation, largely as a consequence of global processes of colonisa-
tion, industrialisation, independence, and a rapidly expanding and globalising mar-
ket economy which continues to reshape and remould the urban fringe. In India, for
example, development and environmental issues impacting along the urban-rural
interface predate independence in 1947 and were already firmly on the policy
agenda as Gandhi himself researched, practised and advocated cottage industries
and rural self-sufficiency in an attempt to stem rural-urban migration and reduce the
growth of urban slums that were commonly located in the PUI. After independence,
urbanisation accelerated, producing even greater social and environmental impacts.
In some early peri-urban research, Saini (1989) highlighted the development and
environmental issues in metropolitan Delhi’s urban-rural interface and stressed the
importance of ‘peripheral community development’ as urban sprawl consumed vast
tracts of arable land and natural resources.

Such work has now been followed by considerable output from multiple peri-
urban sites in the Americas, Asia, and Africa, reaching similar conclusions, although
the rates of peri-urban landscape change are generally greater and environmental
contamination is higher, while slum expansion is now almost ubiquitious. While
research conclusions may highlight that the fundamental issues remain the same,
the rate and intensity of peri-urban change have gained considerable pace, bringing
irreversible environmental changes to the PUI (McGregor, et al. 2006; Simon 2008;
see also Fig. 5.3). Such rapid change has resulted in considerable loss of biodiver-
sity and natural resource buffers that once provided important sources of subsis-
tence, fibre and fuel to urban populations, while also providing even greater
ecological systems services in relation to regional ecology and local climatic condi-
tions. With the loss of such important ecological functions and protection, urban
areas and particularly their PUIs are more vulnerable to natural hazards such as
heavy rainstorms, flash flooding and landslides and also to less frequent but equally
devastating tsunamis and earthquakes (Elmqvist et al. 2013b).

Much of this vulnerability stems from the expansion of urban areas into marginal
lands such as the many urban settlements found on steep slopes or onto flood plains.
In both cases, changing land uses and the associated removal of vegetation and
increase in areas covered by impermeable construction materials have profound
impacts on the local ecology, such as reducing rainwater infiltration, destabilising
soils and slopes, and increasing urban runoff. In the context of disaster risk reduc-
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Fig. 5.3 Rapid urbanisation of Kumasi’s PUI in Ghana (© David Simon)

tion, these very same PUI areas that are characterised by complex and dynamic
mixes of socio-economic inequality and social and physical vulnerability are also
subject to diverse planning omissions and ambiguities. This situation arose because
these intermediate locations often straddle urban and rural administrative boundar-
ies and are thus neglected by both urban and rural planning and governance institu-
tions and political processes because PUIs rarely have specific, appropriate
institutions or contain politically powerful interests (McGregor et al. 2006).

5.3.1 Global Environmental Change and the PUI

The bidirectional relationships between urbanisation and global environmental
change (GEC) are now attracting increasing research efforts in recognition of the
fact that urban areas generate up to 75 % of a country’s greenhouse gas emissions
and other contributions to GEC. Moreover, since humankind is now predominantly
an urban-dwelling species, it is in urban areas that many of the impacts of GEC will
be most widely felt (e.g. Sdnchez-Rodriguez et al. 2005; Leichenko and Solecki
2006; Parnell et al. 2007; Simon 2007, 2010; Rosenzweig et al. 2011; Simon and
Leck 2015a, b). Although the importance of the PUI to urban livelihoods, resource
utilisation, leisure activities and ecosystem services has been recognised
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(Sdnchez-Rodriguez et al. 2005), very little attention has yet been devoted to empir-
ical research on GEC implications for such zones (see Olwig and Gough 2013;
Lwasa et al. 2014, 2015).

As explained above, PUIs are undergoing rapid change as cities expand and new
areas on or beyond the urban periphery are drawn increasingly into their spheres of
activity and influence. Yesterday’s adjacent rural area is today’s PUI and tomorrow’s
outer suburb. It is important to ascertain just how the processes of land-use conver-
sion from rural to urban uses and of livelihood changes contribute to GEC and, in
turn, render PUISs increasingly vulnerable to its impacts. Given the rapidity of such
changes, it is very likely that PUIs represent a focal point for environmental changes
contributing to GEC and, in turn, areas where many residents are poor and vulnerable
to the impacts of GEC. Loss of farmland and hence food supply, conversion of natu-
ral land cover to tarmac and concrete, increasingly intense run-off of surface water
after rain, increasing abstraction of groundwater, extraction of resources for con-
struction, infrastructure and other industries are among the more important changes.

Conversely, sea level rise, saltwater intrusion into fresh water aquifers, increas-
ing mean temperatures, damage to housing, commercial and industrial premises and
infrastructure are specific risks, most of which are felt particularly acutely in PUIs
as a result of the loss of natural barriers that provide protection and underpin resil-
ience. Importantly, the impacts of GEC are already being felt, a trend that will
increase in intensity. GEC comprises two distinct but overlapping elements: the
increasing intensity and probably also frequency of extreme events, with shorter
recovery periods between them, and slow-onset but (semi-)permanent changes, e.g.
rising sea levels and changing atmospheric conditions. These intersect in ways that
have profound importance for urban areas in both coastal zones and in drought-
prone inland areas. There is already sufficient evidence to demonstrate that GEC
can no longer be dismissed as being only a long-term phenomenon that will merely
become a problem for future generations; some changes are already occurring (e.g.
Fall et al. 2005; Adger et al. 2009; Bicknell et al. 2009; Simon 2010, 2014;
Rosenzweig et al. 2011; Simon and Leck 2015a, b).

Mitigation can often be achieved relatively quickly through simple restrictions
and incentives to accelerate behavioural changes to reduce the impact of current
activities and reduce vulnerability to GEC impacts. Adaptation is generally longer
term and involves strategic decisions and political will. However, there is no neces-
sary tension between these sets of response; indeed, well targeted measures can
contain elements of both mitigation and adaptation simultaneously. Conventional
urban planning is rigid and restrictive in nature, unsuited to the rapidity of changing
conditions or the flexible and facilitatory orientation required in changing times.
Conversely, ‘spontaneous’ or informal ‘popular’ planning by low-income communi-
ties in shantytowns will also not be able to cope with the magnitude of changes and
levels of resourcing required. Coping with GEC impacts and ‘climate proofing’ cit-
ies therefore require innovative, hybrid, flexible and adaptive approaches that are
appropriate to the dynamic nature of PUIs. As elaborated below, these should
embody some of the appropriate principles underlying the sustainability of ancient
agro-urban systems examined above.
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5.4 Hybrid Planning and Design for the PUI

5.4.1 From Integration to Hybridity

A common priority in order to address environmental issues on urban fringes world-
wide is the facilitation of future strategic/integrated urban planning across the
numerous local authority boundaries (including different categories of local author-
ity) (Simon 2008; Rosenzweig et al. 2011). The indigenous urban planning and
agricultural design strategies found in the pre-colonial Aztec and Mayan cities of
Meso-America, the Angkor complex in present-day Cambodia and walled cities of
Hausaland and Yorubaland in present-day Nigeria illustrate the benefits of an inte-
grated and strategic approach at the urban-regional level. In such a context, planning
addressed the allocation of resources along the urban-rural continuum, while design
was practised through traditional wisdom — comprising an amalgam of indigenous
knowledge, religious values and/or customary practice — which provided the tech-
niques used for allocating natural resources in accordance with local land tenure
systems. Crucially too, many of these systems were underpinned by an acute appre-
ciation of the importance of water and local hydrological cycles. Elaborate and
integrated agro-hydrological systems were developed across the urban and peri-
urban zones to store, distribute and safeguard water and to maximise its harvesting
and conservation.

In indigenous Nigerian cities, forms of intensive food production such as stall-
fed livestock were maintained within the walls, thus providing some security if the
city was under siege. Manures were then used outside the walls on intensively main-
tained vegetable plots. Further away from the city, staple crops would be grown with
rainfed dryland agricultural techniques; access to dryland forestry was also avail-
able in these locations. Good crop storage facilities within the city enabled the resi-
dents to keep food stocks for both human and livestock feed during conflicts and
sieges (Connah 2000). Through this system, natural forests were conserved, agricul-
tural land managed with a rotational fallow verging on precision, and even urban
organic waste was recycled, thus closing an important peri-urban nutrient recycling
loop (Connah 2000). In such a context, planning and design were delivered as an
integrated approach and at a strategic level — the urban-rural continuum or the
urban-regional area. While it would be impossible and naively nostalgic to attempt
to recreate such conditions today, the importance of applying an integrated approach
to the urban-rural continuum is paramount, particularly in the light of the rapid
changes now being experienced in these transitional zones.

By contrast, today’s densely populated and dynamic PUISs in fast-growing urban
contexts are usually poorly integrated into their urban systems. They straddle differ-
ent governance systems as explained above, and experience instability and often
uncontrolled resource extraction and waste dumping. Water resources are neglected
and often heavily contaminated, with food production in steep decline. Changing
this equation — and the underlying short-termist view of local landowners, residents
and governance institutions — towards longer-term, more integrated and sustainable
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approaches will be complex and challenging but essential for the PUIs and their
urban cores. Under such conditions the planning response required is not just inte-
grated but rather a hybrid approach that allows urban planners and municipal
authorities to draw on a range of urban and rural land planning and risk reduction
methodologies and tools to address specific issues at the urban-regional level but
within a global context. Such a planning approach will inevitably move resources
from the current national planning focus back to a regional level but should have
due regard to global economic markets and environmental processes. In essence,
this decentralisation of the planning processes, or ‘devolution of power’, is aimed at
increasing the flexible and facilitatory orientation of planning (and design) at the
urban-regional level in a similar manner to that previously proposed in the early
conceptions of agropolitan development.

5.4.2 Agropolitan-Type Approaches

A nostalgic return to pre-colonial or pre-industrial urban conditions, when agricul-
ture still frequently featured as an important urban activity, is neither feasible nor
desirable. But we do argue that revisiting such models is relevant and appropriate
for contemporary urban and peri-urban planning and design, especially in view of
current urban sustainability imperatives. In cities subject to political, economic and
ecological conditions such as increasing oil prices, erratic seasonal rains in sur-
rounding rural areas, war and conflict, coupled with limited urban sanitation, water
shortages and food insecurity, the emphasis on city-regional planning is likely to
re-emerge as a strategy to reconnect cities with the natural resources obtained from,
and ecosystem services (however valorised or quantified) provided by, peri-urban
areas. However, this will need to happen in a manner that maximises the effective
and efficient use of natural resources while minimising resource depletion such as
tree, vegetation, soil, water and nutrient losses.

Such regional planning strategies — an agropolitan approach — were first articu-
lated by Friedmann and Douglass in a UN Centre for Regional Development sym-
posium in 1975 as a critique of the inequalities being generated by traditional
growth pole strategies. Friedmann (2002: 138-9) describes it as a counter-model of
rural development:

Favoring rural townships, the model could as easily have been dubbed “the urbanisation of
the countryside.” Given prevailing densities in many parts of Asia, which were generally
higher than suburban densities in the USA, agropolitan development seemed to us to have
reasonable prospects in the densely populated regions of South and East Asia. The problem
was twofold: how to bring urban infrastructure, services, and nonfarm jobs to rural areas
and how to give local people a more effective voice in the use public funds for local
development.

The ideas were disseminated more widely in Friedmann and Weaver’s seminal
text, Territory and Function, in which they advocated ‘a basic-needs strategy for
territorial development’ (1979: 193), labelled an agropolitan approach to develop-
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ment. This they defined broadly as a ‘self-generated process of dynamic change
from within agricultural communities to the larger processes of central guidance by
the state’, with the strategy involving substantial devolution of power to small ter-
ritorial units within the overall system of societal guidance (Friedmann 1985: 155).
Friedmann and Weaver (1979: 206) highlighted the importance of sound ‘political
leadership’ for such approaches, remarking that ‘agropolitan development is thus
more likely to evolve in response to particular historical opportunities than as a
result of technocratic planning’. This was the case in Cuba during the 1990s, where
reactive planning policies were introduced to address sustainable agriculture and
food security in an era of oil scarcity (Wright, 2009). Without such political leader-
ship, success was likely to be limited: ‘The political choice, then, would seem to be
between planning for equality and political self-determination at the lowest levels of
territorial governance or planning for inequality and political autocracy’ (Friedmann
1985: 155).

Although conceived in the context of spatial and politico-economic inequalities
characterising urbanisation in the global South, its tenets have global relevance. In
a generic context, if planning for equality and political self-determination has
remained elusive, then more nuanced or alternative strategies with specific compo-
nents addressing inequality are required, and such approaches can be found in disas-
ter risk reduction and integrated watershed management strategies, both of which
provide the planner with hybrid options that are highly relevant to the PUI, but most
importantly involve a substantial devolution of power to smaller territorial units
such as an urban region or a watershed. These are also very relevant to the imple-
mentation of mitigation and adaptation in the context of global environmental or
climate change, not least the biophysical parameters of adaptive capacity for exist-
ing socio-ecological systems.

5.4.3 Disaster Risk Reduction and Integrated Watershed
Management

Two distinct but nevertheless related planning approaches gaining increasing atten-
tion in academic, policy and practitioner circles are disaster risk reduction (DRR)
and integrated watershed management (IWM). DRR uses planning and policy tools
to address issues of vulnerability and build capacity and resilience to natural haz-
ards and anthropogenic disasters (Pelling and Wisner 2009). Vulnerability has been
defined as the lack of capacity to anticipate, cope with, resist and recover from the
impact of a hazard (Wisner et al. 2004; Pelling and Wisner 2009). IWM, which has
a longer tradition, has been practised in various guises such as ‘comprehensive river
basin planning’, which dates back to the 1930s and its pioneering model, the
Tennessee Valley Authority (TVA). This early planning approach sought to tackle
the industrial and urban expansion challenges of the period through watershed link-
ages and the integrated management of water and land resources (Friedmann and
Weaver 1979).
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IWM has undergone several transformations, and although DRR is a more recent
concept, it too has been moulded to suit specific local conditions at different scales.
These evolutionary changes in both fields have sought to develop ‘self-generated
processes of dynamic change’ by a ‘substantial devolution of power to smaller ter-
ritorial units’ within an overall system, thus we now see the emergence of
community-based disaster risk reduction (Twig 2004) and participatory watershed
management (McGregor et al. 2006; Gregersen et al. 2007), both of which can be
suitably characterised by using elements of Friedmann and Weaver’s (1979)
approach. However, the related connection between the two planning approaches is
effected through the medium of water: as Gregersen et al. (2007: 2) highlight, ‘water
flows downstream, ignoring all political boundaries en route’ and ‘most of the things
that people do to their land and water upstream affects the water quantity, timing of
flow and quality downstream and, as a consequence, downstream land productivity
in its various forms.’

This applies equally in the context of disaster risk reduction as land use changes
in the watershed can have profound implications for vulnerability as experienced by
others (rural, urban and peri-urban) located downstream. This has clear ramifica-
tions in the context of rapid peri-urban change, particularly where marginalised
lands are settled, and compounds vulnerability issues stemming from agricultural
productivity in surrounding rural areas as well as urban water scarcity and food
insecurity. In such scenarios, the watershed approach could be a crucial planning
and policy tool for effective and efficient management of natural resources, particu-
larly in regard to reducing disaster risk and maintaining future food security in
expanding populous urban cores, where high quality agricultural land is often a
primary focus of conversion to other, more urban land uses. The watershed approach
is equally important in the tackling of ‘wildland’ fires in the PUI, as water resources
can form effective physical barriers for mitigation and fire breaks, and natural water
storage features become water reservoirs for fire fighting operations. Wildfires regu-
larly cause extensive devastation, affecting both poor and rich, in the USA, Australia,
Europe (including Portugal, Spain, France, Italy and Greece); and South Africa
(Goldammer 2005; Ye 2005). The vulnerability stemming from problems associated
with wildland fires is particularly acute when the PUI is characterised by extensive
forestry and tree-based systems as opposed to lands predominantly used for agricul-
tural purposes. The demand for, and high value profits from, suburban development
set in woodland areas exacerbates these issues which is one reason that wildfires
often occur on the fringes of Australian, European and North American cities
(Goldammer 2005; Ye 2005), although such risks and vulnerabilities are not unique
to high-income countries; for example, wildfires have also devastated many peri-
urban areas in Indonesia (Tacconi et al. 2007).

5.4.4 Urban and Peri-urban Natural Resource Management

The ecosystems services approach is another analytical tool suited to urban and
peri-urban natural resource management. Four categories of ecosystem services are
commonly used: provisioning services (e.g., food/water/minerals/pharmaceuticals/
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energy); regulating services (e.g., carbon sequestration/waste decomposition and
detoxification/purification of water and air/crop pollination/pest and disease con-
trol); habitat services (e.g., nutrient dispersal and cycling/seed dispersal/primary
production) and cultural services (e.g., cultural, intellectual and spiritual inspira-
tion/recreational experiences/ecotourism/scientific discovery) (ten Brink 2011;
Elmgqvist et al. 2013b). Planning and designing at a wider urban ecosystem scale
have the potential to bring ‘macro’ scale benefits, including improved urban sanita-
tion; disaster risk reduction through better urban flood management and slope stabi-
lisation of steep hillsides; protection and rehabilitation of fragile and vulnerable
habitats, including riverbanks and wetlands which act as natural sponges and wild-
life havens; and reductions in the urban heat island effect.

The ecosystem services approach is used to detail the multiple benefits of appro-
priate urban and peri-urban natural resource management and conservation, includ-
ing in part what is now increasingly known as ‘greening the city’, thus clearly
linking urban ecosystem services to climate change mitigation and adaptation as
well as promoting urban-regional resilience. Examples from urban case studies
already experiencing high climatic variability (Fall et al. 2005; Bicknell et al. 2009;
Pelling and Wisner 2009; Simon 2010, 2014; Gotz and Schiffler 2015; Leck and
Roberts 2015) illustrate future scenarios and the importance of adopting appropriate
urban and peri-urban environmental policies now to foster climate change adapta-
tion and build urban-regional resilience. Dodman et al. (2010) demonstrate the
power of community-led adaptive strategies to reduce disaster risk in the face of
environmental change. One potentially problematic aspect of the ecosystem ser-
vices perspective is the temptation to attach monetary values to the various services,
linked to the payment for ecosystem services (PES) approach favoured by some
international agencies. Although intended to ensure that these biophysical functions
are not undervalued, the result is often that only services to which monetary values
can be attached are regarded as valuable, and/or that ability to pay becomes the basis
of entitlement, thereby introducing potentially serious inequalities of access.

Although distinctive in some ways, urban and peri-urban political ‘hot-spots’
provide further illustrations and interesting potential scenarios of how climate
change-induced events may impact in peri-urban interfaces in future, triggering
rapid population displacements and regional food insecurity. Recent examples
include Afghanistan, Sudan’s Darfur region, occupied Palestinian territories,
Somalia and South Sudan, in all of which political conflicts are impacting on agri-
cultural processes or flows in ways which broadly anticipate the negative conditions
and consequences that are likely to emerge from climate change. The sustainable
agriculture and food security lessons that were learnt in Cuba during the early
1990s’ era of oil scarcity provide the classic example of this phenomenon. Following
the collapse of the Soviet Union and subsequent cessation of subsidised imports of
Soviet oil and oil-based agrochemicals, Cuban farmers could no longer irrigate and
fertilise their fields as previously practised during the subsided Soviet era (Wright
2009). The effects of these two agricultural constraints provide a possible foretaste
of climatic-induced events, for example the effects of limited irrigation are similar
to those of increased rainwater variability (no longer having the right amount of
water at the right time on the field). In relation to soil fertility, the effects of a sudden
lack of fertilisers are similar to those likely to emerge during warmer climatic
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conditions, including increased soil degradation and a higher carbon decomposition
rate in soils, ultimately leaving agricultural plots nutrient deficient and prone to
erosion.

Sustainable PUI management clearly involves a high degree of integrative plan-
ning using an urban-regional approach that draws from a multitude of urban and
rural planning approaches to transcend the traditional town and country or urban
and rural dichotomies of social construct, political entity and planning paradigm.
While this combination of planning methods and design tools lies at the core of a
hybrid planning and design approach, it also draws strongly on urban and peri-
urban natural resource management, not in the context of a utopian vision of urban
self-reliance but rather as a means to promote urban and peri-urban resilience and
sustainability through enhanced food security, conservation of natural resources and
use of ecological protection to reduce disaster risk in urban and peri-urban areas. An
example of how linkages can be made between the conventional disaster manage-
ment cycle and (peri-)urban agriculture is illustrated in Fig. 5.4. Here, agriculture is
being used as the conduit for a range of capacity-building measures, including
disaster preparedness and risk reduction through enhancement of community cohe-
sion. This provides the foundation since strong community networks can then be
utilised to implement a range of specially related disaster risk reduction measures
such as early warning and evacuation response plans which require a high degree of
community organisation in order to work effectively. Urban agriculture sites can
also be used for zoning vulnerable and fragile areas such as steep slopes and the
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food security / UA
programme catalyst

Mitigation:
ecological

protection
measures

Pre-Disaster Phase

Fig. 5.4 Conventional disaster management cycle with urban agriculture linkages (Source: Adam-

Bradford et al. 2009)
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sides of urban and peri-urban river systems, while increased food security forms a
key component of urban resilience (Adam-Bradford et al. 2009).

The linkage between agriculture and resilience is again central in the concept of
‘stabilisation agriculture’, a term coined by Phillip Harris at the Centre of
Agroecology and Food Security,' Coventry University in 2010. Stabilisation agri-
culture focuses on enhancing the ecological and social resilience of agricultural
communities to withstand and respond to adverse conditions in countries affected
by natural and human-induced disasters. In the pre-disaster phase, agroecology can,
for example, be used as a land management tool in disaster risk reduction pro-
grammes, while in the post-disaster phase the aim of stabilisation agriculture is the
swift re-establishment of primary food production systems that are more resilient
than previous systems. The six main components of stabilisation agriculture include:

(i) Integrating and mainstreaming agroecology through programmes, policies and
institutions, for disaster risk reduction (DRR).
(i) Agroecology for refugee camps and settlements.
(iii) Urban agriculture for dispersed refugees and host communities in urban areas.
(iv) Facilitating transitions: a) food aid to food production; b) refugees to returnees
and; c¢) combatants to farmers.
(v) Sustainable management of abiotic stresses in agriculture, such as drought,
salinity, contaminated land and climate change.
(vi) Sustainable management of biotic stresses in agriculture, such as invasive
plant species and insect plagues.

Stabilisation agriculture embraces an integrated and participatory approach to
the management of agriculture in disasters and emergencies in both rural and urban
settings. As a result, programme ‘beneficiaries’ are transformed into pro-active
agents of change, through processes that empower local communities, including
refugees, internally displaced persons (IDPs) and host communities. Integration is
achieved at the programme, policy and institutional level, thus building capacity for
local governments, non-governmental organisations (NGOs) and UN agencies, to
support communities to scale-up and facilitate stabilisation agriculture interven-
tions (Adam-Bradford et al. 2009; Sutton and Cheese 2011).

Many of these stabilisation agricultural components are highly relevant in the
PUI context, particularly because in post-disaster scenarios, the PUI often experi-
ences acute population influxes, exacerbated land degradation and resource deple-
tion as is currently occurring in peri-urban areas of Somalia, as Tilstone (2011: 2)
highlights in her analysis on addressing climatic-induced disasters in pastoral areas,

It is becoming clear that unless local capacities are built, and underlying vulnerabilities
reduced in this increasingly unpredictable environment, the potential of pastoralism to sup-
port millions of people — on land suited to little else — will be undermined. Governments
and development agencies will be faced with the far more intractable problem of sustaining
even larger numbers of unskilled peri-urban dwellers in remote and low potential areas.

'Known as the Centre for Agroecology, Water and Resilience since 2014.
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Future interventions will require extensive capacity building so that individuals
and local authorities can make better-informed decisions which can then be sup-
ported through public and donor investment (REGLAP et al. 2011). In drylands,
such as the Horn of Africa, integrating the PUI in long-term planning will be crucial
for sustainability and resilience. The control and access to land, protecting commu-
nal land rights, and the traditional decision-making bodies that should determine
development priorities, all require urgent attention if natural resource-based liveli-
hoods are to be protected, and developed, in the PUI (REGLAP et al. 2011). In the
context of dryland recovery and development, REGLAP et al. (2011: 47) highlight
the requirement for ‘building community capacity to determine development priori-
ties, control natural resources and monitor the use of funds’, along with appropriate
education and investment in pro-poor infrastructures including financial services,
market infrastructure, secondary roads, telecommunications and information provi-
sion. Such integrated approaches will be critical for the peri-urban spaces in these
regions and this will require a determined hybrid planning approach to ensure the
PUI functions sustainably rather than becoming the next environmentally degraded
informal settlements dependent on external aid.

Even in non-disaster PUI situations, complex, fast-changing and often ambigu-
ous land tenure systems are characteristic (McGregor et al. 2006; Adam 2014), yet
relatively secure access to cultivable land without risk to personal safety is a prereq-
uisite for any form of agriculture. Along with coherent and integrative institutional
governance, this is frequently unavailable in dynamic PUIs, which merely high-
lights the contrast between the integrated and sustainable precolonial systems and
the harsh realities of most present-day contexts outside of the OECD countries.
However, the diversity of conditions belies easy generalisation and even within
tropical Africa, for instance, the extent and nature of urban and peri-urban agricul-
ture and forestry (UPAF) vary from negligible to substantial and commercial. A
recent meta-study has indicated the conditions — consistent with the analysis above —
under which it can not only help to alleviate the poverty of practitioners but also
contribute to urban food security and mitigation and adaptation to climate change
(Lwasa et al. 2014, 2015) if farmers are themselves able to adapt their practices to
changing environmental conditions (Odewumi et al. 2013) (Fig. 5.5).

Integrated approaches are likely to evolve in response to particular historical
opportunities rather than as a result of technocratic planning (Friedmann and
Weaver 1979: 206). Clear examples are the reactive urban agriculture programmes
including the ‘Dig for Victory’ campaign in Britain during the Second World War,
and more recently in ‘Operation Feed Yourself’ implemented in Ghana during the
1970s, and the ‘Special Period in Peace Time’ implemented in Cuba during the
1990s. Momen (2009) provides a recent example from Nepal, demonstrating how a
municipality has fostered a more integrated approach to rural-urban linkages and
micro-enterprise development that has helped reduce exploitative socio-spatial
relations. Contemporary examples include two programmes now being imple-
mented in peri-urban areas of Somalia: the Somalia Resilience Program (SomReP)
funded by the Danish International Development Agency (DANIDA) and the
Building Resilient Communities in Somalia (BRCiS) programme funded by the UK
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Fig. 5.5 Peri-urban riverbank agriculture, Ibadan, Nigeria, with flood erosion evident (© David
Simon)

Department for International Development (DFID). These programmes each com-
prise two different consortia of international non-government organisations target-
ing peri-urban areas with a focus on pastoralism, agro-pastoralism and peri-urban
livelihoods. In response to weak local institutions, these projects are adopting a
multi-sectoral approach that includes capacity building, community mobilisation
and participatory planning, with the aim of building resilience into these rapidly
expanding peri-urban areas.

As argued above, successful integrated and locally appropriate planning was
once practised in contexts such as the pre-industrial and pre-colonial walled cities
of West Africa, and the low-density urban-based complexes of Angkor in Cambodia
and the classic Aztec and Mayan cities of Meso-America. While such settlements
and urban patterns were embedded within very different global contexts and stable
land tenure regimes, the level of integration and the technical sophistication of the
planning and design involved clearly offer way markers when considering the chal-
lenges facing the sustainable and participatory management of urban and peri-urban
areas in an era marked by rapid urbanisation and globalisation, climate change
uncertainty, unequal access to energy, increased geo-political tensions in water-
scarce regions, and declining agricultural productivity in many rural areas.

Food security, environmental integrity and heritage conservation are widespread
challenges across the spectrum of peri-urbanisation processes worldwide. Ayutthaya,
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the historic capital of Thailand before its relocation to Bangkok 50 km further south,
provides an acute example of globalisation-related pressures in economically
dynamic regions of the world-economy. This growing urban region now forms a
peri-urban part of the Bangkok Extended Metropolitan Region, which attracts some
90 % of foreign direct investment into Thailand. The rapid expansion of transna-
tional corporate manufacturing, and the infrastructural, housing and population
pressures associated with it, have created profound challenges for the conservation
of the old ruined capital, which is a UNESCO World Heritage Site, as well as for the
maintenance of environmental services and rice production in what is a highly pro-
ductive and intensely cultivated rice-growing basin of global importance. Current
governance and planning institutions are fragmented and grossly inadequate to this
task (Maneepong and Webster 2008). Although these authors advocate a strengthen-
ing of high-level governance institutions as a result, we suggest that traditional top-
down mechanisms alone will not succeed without active community engagement
and an integrated approach adopting the holistic principles outlined above. Such
integrated and multidimensional approaches also entail practical implications for
research and any subsequent intervention in the PUIL

Similar concerns apply in China, where Beijing’s substantial expansion since the
early 1980s has shifted its PUI progressively outwards. The current PUI is experi-
encing complex dynamics linked to ongoing marketisation, an increasingly dichot-
omised land tenure system and the establishment of new middle income communities,
often drawn from the ranks of migrants from other regions (the so-called yi zu ‘ant
people’ who lack local registration and benefits under what remains of the hukou
permit system). They face discrimination and often remain on temporary jobs
despite being well educated and holding responsible skilled jobs. Perhaps linked to
this, novel forms of collective and ‘incomplete ownership housing’ village organisa-
tion are emerging, while — as elsewhere — development management remains frag-
mented and hence ineffective (Zhao 2012).

Mounting evidence indicates clearly that effective peri-urban management
requires high levels of local participation and ownership (McGregor et al. 2006;
Dodman et al. 2010). Hence research methodologies are crucial aspects of planning
and design and should incorporate a well-informed community focus through par-
ticipatory action research or co-production. While participatory technology devel-
opment works best in promoting the interests of the poor and marginalised in the
PUI, such interventions must remain affordable and based upon self-help.
Community participation and mobilisation are also crucial to promoting sustain-
ability, a prime requirement for PUI work, particularly in regard to environmental
sustainability. Conducting such research requires frameworks for each distinct scale
of research focus, as different data will be required to inform the way forward at
multiple scales, hence interventionist and pro-poor strategies must be carefully
researched and executed.
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5.5 Concluding Remarks

We have argued that current institutionalised planning paradigms and practices
almost invariably fail to address the essential dynamic processes of change that
characterise PUIs worldwide. This reflects an abiding dichotomy within all-too-
rigid planning systems based on often numerous politico-administrative territorial
units which are deemed to be either predominantly urban or rural. Conventional
land-use zoning and related standards and regulations also remain outdated and fail
to keep pace with ongoing changes. By contrast, recent archaeological evidence
from different regions is demonstrating that sophisticated and integrated urban sys-
tems comprising extensive areas that we would identify as agricultural PUIs existed
over long periods of time. These sustained urban populations and gave them
resilience.

In today’s complex and rapidly changing world, fragmented urban planning can-
not succeed. Instead, strategic or integrated urban planning across local authority
categories and boundaries is needed in order to provide coherence and a holistic
approach to functional urban areas. Such systems need to remain flexible and more
permissive in order to cope with the dynamics of change and unorthodox combina-
tions of activity that characterise PUIs almost everywhere. Most existing systems
remain rigid and restrictive in orientation. Hence the hybrid planning approach
advocated here requires the integration of multiple approaches and perspectives,
including agropolitan development, disaster risk reduction, environmental change
mitigation and adaptation, integrated watershed management, ecosystem services
and stabilisation agriculture.

Commitment to peri-urban or urban fringe issues by individual local authorities
that are either urban or rural in nature or statutory classification is often low because
such areas lie on their territorial and often political margins. One rationale for inte-
grated functional-area planning is to overcome this marginality. Equally, the gener-
ally inadequate levels of capacity and resourcing for local or metropolitan
governance institutions at the urban fringe represent a handicap that must be
addressed. In many parts of the world, urban expansion over time means that
different land tenure (e.g. forms of communal and individualised) and planning
systems may exist within a single urban area, presenting often intractable strategic
and practical/routine problems. In the absence of coherent strategies to address this,
creeping de facto individualisation of tenure in communally-based areas often wid-
ens socio-economic disparities, thus greatly complicating the existing challenges of
how to address the conflicting resource needs and demands of rich and poor house-
holds, often with diverse cultural and class priorities, within individual localities
and across an urban area. As a result, post-structural approaches have been applied
to urban planning for some time — arguing the need for flexible, responsive and
hybrid planning that blends traditional and modern, indigenous and ‘international’
architectural styles, technologies and urban idioms in locally appropriate ways. As
Acevedo and Carreira (2011: 66) conclude in their analysis of such challenges in
Medellin, Colombia,
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It is not a matter of development or stagnation; rather, it is a process in which traditions and
uses modify, re-interpret and re-create those models imposed under the development ideal.
When the dynamics between what is planned and how this is used by real people and local
communities are understood as a totality, it would be possible to create more versatile and
adequate responses to the challenges of a dynamic society moving towards a global order.

This applies no less directly to the dynamic mixture of people, activities and land
uses that comprise the PUI, which is very much part of the urban ‘totality’. However,
the novelty of what we are proposing here is underscored by the very limited coverage
of peri-urban areas in the Global Report on Human Settlements 2009, the theme of
which was ‘Planning Sustainable Cities’ (UN-HABITAT 2009). While PUIs are men-
tioned briefly in a number of places, this comprised mainly general statements about
the rapidity and predominant informality of growth and urbanisation there, and the
challenges that this presents for coherent urban planning and the installation and
upgrading of services and infrastructure. The principal focus of the report remained
resolutely urban and although its arguments for substantive changes to rigid, modern-
ist, blueprint-style planning based on outdated norms, regulations and standards were
well made, there is little firm planning advice for those concerned with PUIs and they
appear somehow still to be conceived of as a separate suite of evolving spaces, in that,
for instance, “[n]ew and incremental approaches to service and infrastructure deliv-
ery, in partnership with local communities, will have to be found” (p. 203) (see the
final summary for some of the policy recommendations this raises). This could equally
well be said of unserviced area within cities. Surprisingly, integration of PUIs with the
growing cities that spawn them and with which they are increasingly functionally
bound up, is not advocated and the planning advice is equally vague and equivocal:

A further issue is whether the planning of peri-urban areas calls for local or regional plan-
ning action, and which level of government is best placed to deal with such areas. A com-
bination of regional and local planning approaches may well be required (UN-HABITAT
2009: 203).

Such issues and dynamic, even contradictory, pressures are not restricted to mega-
conurbations or even just large cities that interface between local, national, regional
and global economies. They apply globally across the urban spectrum in terms of
better integrating urban areas into their peri-urban and regional hinterlands. The pre-
cise dynamics of change in the PUI of individual urban areas are contingent but plan-
ners and city managers are very often reduced to little more than spectators.
Conventional wisdoms can be inverted; contradictions and discontinuities abound.
For instance, as Klaufus’ (2010: 135) comparative study of remittance economies and
the growth of Quetzaltenango (Guatemala) and San Miguel (El Salvador) concludes,

Intermediate Central American cities face rapid urbanisation on the fringes. Whereas
uncontrolled urban growth used to be associated with informal self-provision of houses,
suburban disorder is now attributed to fully serviced residential projects for a new middle
class, built on ecologically vulnerable land. Target groups are remittance-receiving families
or other people with access to foreign currency These gated communities are spatially seg-
regated from the rest of the city, sometimes even designed as parallel cities. The construc-
tion of private water supply systems causes a reduction in groundwater levels, while
deforestation in higher areas where urbanisation projects are developed causes flooding in
lower urban areas.
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In the very different context of peri-urban Zanzibar island in Tanzania, Myers
(2010) illustrates the heterogeneity of ‘place making’ by individuals and house-
holds, often defined in terms of their personal relationships with elements of the
state. These in turn have specific historical roots, and the diverse and even conflict-
ing interests militate against efforts at coherence or even alternative, bottom-up and
more sustainable planning than what has resulted from the failed modernist legacy.
Yet, in peri-urban Maputo, where the state still technically owns all land, fragmenta-
tion is also occurring although technically illegal informal markets appear to oper-
ate quite efficiently (Kihato et al. 2012).

These few examples attest to the diversity of situations and processes which are
remaking peri-urban spaces everywhere through territorial disintegration and urban
fragmentation, generally on the basis of wealth and political power through growing
marketisation, whatever the formal legal situation. This indicates the strength of the
challenges to be overcome if the integrative and holistic approaches we advocate
and which we believe to be essential to achieving greater urban and peri-urban sus-
tainability, equitability and resilience are to become practicable in dynamic, fast-
growing contexts. Equally, recent literature from various parts of Europe and
elsewhere in the OECD suggests that many peri-urban interfaces there are far more
dynamic than portrayed in earlier literature and that similar issues and concerns
over ambiguities and weaknesses of governance frequently exist. To some extent, at
least, the increasing adoption of peri-urban nomenclature and approaches in
European literature symbolises an effort to break down intellectual and geopolitical
ghettos and open up these dynamic spaces of fragmented place making for mutual
learning.
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Chapter 6
Decontamination of Urban Run-Off:
Importance and Methods

Check for
updates

Leo Crasti

Abstract The removal of contaminants from urban run-off waters is vital to pre-
serving the health of urban communities that live in contact with and around the
receiving waters. The apparatus developed is a Stormwater Screening and Filtration
Unit (SSFU), which embodies a series of processes for the removal and retention of
trash and litter, sediment, suspended solids, emulsified hydrocarbons, dissolved
nutrients (both Total Nitrogen and Total Phosphorus), heavy metals and other chem-
icals as required by the run-off water composition and the receiving water quality of
a specific catchment.

In addition to a small foot print and negligible installation time, the implementa-
tion of an SSFU as the sole method of contaminant removal from runoff, can reduce
capital expenditure often by more than 60 % and reduce on-going service cost by
over 80 %, when compared to the implementation of conventional multiple treat-
ment measures in a treatment train as a means of meeting pollution reduce targets.

The SSFU is available to integrate with various applications, ranging from in-line
drainage lines, as a pre-process within on-site detention (OSD), discharge outlets to
wetlands or receiving waters and with the addition of passive secondary media can
remove even fine silts and chemicals prior to harvesting and aquifer re-charge.

Keywords On-site detention ¢ Stormwater screening e Filtration ¢ Runoff e
Wetlands ¢ Contaminants

6.1 Introduction

Contaminants in stormwater runoff are a key contributor to the collapse of freshwa-
ter ecosystems and at source measures need to be implemented to address water
quality issues (Allison et al. 2008). The findings cite reluctance by authorities to
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mandate Water Sensitive Urban Design (WSUD) treatment measures as the addi-
tional capital and maintenance costs may inhibit acceptance and implementation.

Our investigation amongst engineers, property developers and builders shows the
reluctance to implementation is primarily driven by costs associated with loss of
land use, installation and maintenance. Our research and development aims were to
provide a low impact, low cost easy to maintain solution for the removal of all con-
taminants that are undesirable to receiving waters. The benefit generated by achiev-
ing this outcome in addition to preserving the environment and human health, is
allowing the water to be safely used for recreation, agriculture and harvested for
re-use.

To further bring the importance of preserving freshwater quality into focus the
fundamental importance of fresh water as a limited resource needs to be stated.
Water (H,0) on our planet earth is finite, with astronomers agreeing that water was
imported to the planet by ice meteors. Abramovitz (1996) estimates that the human
use of fresh water has increased 40-fold in 300 years with 50 % of that increase
since 1950. Lefort (1996) calculate that only 0.01 % of the world’s water is available
for regular human use.

6.1.1 History of Stormwater Management in Australia

Australia and the cities of Sydney, Melbourne and Brisbane are amongst the most
recently developed urban environments in the western world. Urban design was
greatly influenced by the original British colonists and further impacted by European
migrant designers. Because of this recent history, there are substantial lessons that
can be learnt by reviewing this history.

There have been a number of articles published that draw from archaeological
records that clearly show a relationship between urbanisation and pollution of
creeks, rivers and harbours (Everingham 2007). The migration in the mid-nineteenth
century brought debris, garbage and deterioration of harbours. Roadways became
drains and the source of sediment erosion, whilst also transporting animal manure,
industrial discharge and sewage that flowed into natural waterways (Fraser 1989).
Yielding to public pressure caused municipal and other public authorities to adopt
urban drainage systems (O’Loughlin and Joliffe 1987). Prior to the 1890s, urban
drainage included both sewer and stormwater systems. Stormwater in time was seen
as a problem, causing flooding and disruption to the drainage system and surround-
ing infrastructure.

Separate stormwater and sewer systems became an Australian standard practice
by the 1920s (O’Loughlin and Robinson 1999) as a response to public concern of
waterborne diseases. From this point on, sewer systems were well designed and
implemented, whilst stormwater drains became a mechanism to transport street and
surrounding waste to receiving waters. This followed a similar trend in Europe and
the US. Unseen below ground and unnoticed because of dilution, the practice has
continued unabated until recent times.
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Though the removal of visible gross pollutants has been a focus through the
implementation of trash racks and GPT’s, a large amount of anthropogenic contami-
nants continue to enter the waterways. Allison et al. (2002) note the Australian
Federal Government Senate enquiry into Australia’s Urban water management,
which noted that many of Australia’s waterways are in critical condition due to pol-
lution. Studies and experience by (Pratten 2009) and (Allison et al. 1998) showed
that 90 % of gross pollutants entering both Sydney Harbour and Melbourne’s Port
Phillip Bay sink to the bottom and give the deceptive appearance of clean water.

More recently, the Sydney Institute of Marine Science (SIMS) have been engaged
to conduct detailed studies of the sediment beds in Sydney Harbour. Their success
has spread to a global linkage titled “World Harbour Project” aimed at addressing
the challenges of urbanisation and the impact on marine environments. Recent
achievements by SIMS includes the confirmation that micro plastics have entered
the food chain and are compromising the population and health of benthic organ-
isms in the sediment beds. Further studies are in progress to quantify the impact of
heavy metals and numerous other chemicals transported by stormwater, on the
marine eco system. These studies are also parallel by the CSIRO in Australia and
linked groups worldwide.

There are numerous references that express concerns with the accumulation of a
diverse range of contaminants in aquatic sediment beds. The author proposes that all
urban designers should adopt a proactive approach and limit if not eliminate all
anthropogenic derived content from runoff water and thereby not be party to increas-
ing the current environmental degradation and threats to bio diversity.

6.2 Urban Drainage Design

As cities developed over the centuries, drainage systems were installed under-
ground. Though this served to create an improved built environment, the result was
a hidden disposal system which transports matter into waterways and in turn seas
and oceans. A dramatic example is the Pacific Gyre and the impact of micro plastics
spreading across all coastlines.

In recent times the principles of WSUD have been promoted to urban designers.
The Australian Runoff Quality (ARQ) 2006 was used as a core document and source
of design parameters. Installing and operating the SSFU in both existing drainage
networks as well as an integrated element of WSUD was a primary design goal.
Variants were developed for application in locations such as:

* In-line as an integral part of the drainage line, either a new or existing pipeline or
culvert.

e Off line in circumstances where an in-line application is not practical. However
the method of diversion or flow splitting requires specific design knowledge to
avoid hydraulic jumps and premature by-pass

* End of line at headwalls which favours existing drainage outlets
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Table 6.1 Contaminant type with specified percentage and design reduction targets

Contaminant/pollutant % Reduction target | % Reduction possible
Trash and litter (gross pollutant) 90 % 95 %
Total Suspended Solids (TSS) 85 % 90 %
Total Phosphorus (TP) 65 % 80 %
Total Nitrogen (TN) 45 % 70 %
Hydrocarbons, including emulsified and free 90 % 90 %
Heavy metals 90 %
Turbidity 50%

e Prior to detention systems, ensuring water entering a detention basin or tank is
free of contaminants allowing the OSD to perform it’s function without
maintenance.

6.2.1 Contaminant Type and Load

The following are a list of contaminants that are considered to occur in drainage
systems. The highlighted contaminants are typically noted in environmental policy
documents with percentage reduction targets (Refer Table 6.1)

Gross Pollutants These include trash, packaging, organic matter such as a leaf lit-
ter and grass clippings, clog drains and choke waterways. Though trash, particularly
plastics are obvious pollutants, some question whether leaf litter and grass clippings
are pollutants or contaminants. The simplest way to determine if a substance is a
pollutant (or contaminant) is to relate the substance and it’s influent volume to the
pre-urban condition of that catchment. For example, litter fell from trees and pro-
vided a compost bed below the tree canopy providing a microenvironment, for a
diversity of organisms. The compost bed was reasonably well anchored and acted as
an energy dissipater even during intense rainfall events, allowing water to filter into
the soil or migrate at low velocity to the nearest water course. However in an urban
landscape, litter falls and is either not encouraged for aesthetic reasons and removed
or accumulates on an impervious surface and is washed away at high velocity dur-
ing the next (often mild) rainfall event. This large volume of raw litter overloads the
downstream water way and can have significant detrimental impacts, including tur-
bidity increase, coverage that excludes light, delivery of nutrient overdose and sub-
sequent oxygen depletion. Additionally that raw litter may be foreign to the
environment and not able to be digested by the indigenous organisms.

Sediments Sediments washed from impervious surfaces (roof surfaces, pavements
etc) or as erosion can change the light penetration into water, clog the gills of fish
and negatively impact their breeding and feeding habits. Particles (dust and dirt)
generated from road surfaces (Dempsey et al. 1993) carry a range of contaminants
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Fig. 6.1 40 pm particle illustration shows large surface area and high chemical entrapment
capability

and heavy metals. The author has worked with Sydney and the University of Western
Sydney to understand the role of particles as a transport mechanism. Figure 6.1
shows a an illustration of a 40 pm particle which was created from actual video
recordings then translated into a 3D animation medium. This clearly shows that the
particle comprises a flocculation of sub particles, creating a combined capacity to
attract chemicals, both by way of surface attraction over the large surface area, as
well as mechanical entrapment between the sub particles. There is further evidence
emerging (which is the subject from the current studies) that these particles con-
glomerate to form sediment and retain the chemicals for extended periods of time.
Of further interest is that nutrients such as Nitrogen have an affinity for particles.
Analysis of pond systems showed that only 10 % of the total Nitrogen was available
in solution whilst the remainder (90 %) was attached to particles. This view is fur-
ther supported by the addition of clay to water in order to extract nutrients and
improve water quality (Bakel 2006; Guo et al. 2011). There is further evidence in
support from student studies and field experiments that correlate nutrient release
time to catchment materials, which show that the capture of particles is an effective
method of reducing nutrient load in run-off as the wetted exposure time to effect
release is longer than the duration of run-off from a local catchment, prior to entry
into infrastructure drainage systems. This is the subject of current research.

Organics These are mostly chemical compounds used in the manufacturing of
consumer products, which, at even low concentrations have serious health implica-
tions. Analysis of stormwater (Pitt et al. 1995) showed that a significant portion of
stormwater run-off contained extreme to moderate toxic organic compounds and
that filtering of particles to 40 pm reduced toxicants by 70 %.
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Nutrients When added to an aquatic environment can quickly cause excessive
algae growth consuming available (dissolved) oxygen previously available for other
aquatic flora and fauna. Then as algae die, decomposition further reduces available
oxygen, which can only be replenished by a significant change to the water body,
such as aeration or a complete water change. Isolated water bodies can suffer long-
term loss of bio-diversity if the condition is allowed to continue. This is known as
eutrophication and is harmful to fish and other aquatic organisms. Certain strains of
algae are sufficiently toxic to be harmful to livestock and humans.

Oil and Grease These in stormwater introduce toxicants and coat plants and the
gills of fish with a film preventing the exchange of oxygen and nutrients. Some of
these compounds are dangerous even at low concentrations, include Chlorobenzenes
and Surfactants, which as a generic group, impact on the health and population of
benthic organisms.

Heavy Metals These are transported by urban run-off mostly bonded to particles
as noted earlier. These are of concern due to their potential toxicity and ability to
bio-accumulate. There is also growing evidence that these heavy metals are finding
their way into the food chain, with many harbour based fisheries being closed. The
Food and Agriculture Organisation of the United Nations have noted in part that
many harbours world wide are adversely impacted by the heavy metals (Sciorintino
and Ravikumar 1999).

Chlorine, Acid Wash and Erosion from the maintenance of pools, spas, and foun-
tains can pose a major risk to stormwater through erosion, increase in sediments and
the addition of pollutants such as chlorine and acid wash.

Bacteria and viruses are pathogens present in faecal matter which can be present
in stormwater runoff as pet and wildlife waste, leaky septic systems, runoff from
agriculture, broken sanitary sewers, and cross connections.

Thermal stress occurs when warmer stormwater runoff enters a coldwater system
negatively impacting on cold-water dependant species.

Improperly designed and/or maintained stormwater infrastructure offers habitat
for rodents, small animals and other disease carriers.

6.2.2 Treated Flow

Experience and simple observation shows that after a period of rainfall, a catchment
“cleans-up”. Motor vehicle drivers are well aware of the slippery road phenomena
for the initial period of rainfall on roadways.

Therefore, it stands to reason that only a portion of the rainfall event needs to be
treated. This is defined as the treated or design flow and is a fundamentally critical
design assessment, which needs to be made prior to selecting a treatment measure.
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6.2.3 Definition

The gross flow is the total flow, which may potentially be conveyed by the drainage
system and is typically determined by local area needs and is expressed as a flood
event, determined from statistical records. The treated flow and gross flow are not
necessarily interrelated. For example a drainage system sized to accommodate a
1 in 100 year flood event will be larger than if designed to accommodate a 1 in 25
year event. The defined gross flow alters the size of a pipe or channel without neces-
sarily altering the treated flow, which is required to pass through a process to sub-
stantially remove the target contaminants.

There is a misunderstanding that a 3 month rainfall event (being estimated as
approximately 50 % of a 1 year event) is sufficient as the treated flow. The Australian
Runoff Quality Guidelines (Engineers Australia 2006) notes that a 3 month event
should mobilise up to 90 % of the contaminants in a catchment. This level of treated
flow is simplistic and could lead to under design and inadequate performance. The
following additional factors need to be included in defining the treated flow.

Firstly, the nature of the catchment and the extent of impervious areas creating high
or low velocity flows needs to be considered. This will have a bearing on the
flushing effect. For example, smooth hard surfaces at higher gradients will
mobilise contaminants at a lesser water volume than rough low gradient
surfaces.

Secondly, is the flow and time delay within the catchment area. Many drainage sys-
tems exceed 200 m in run length, with pipe flow velocities of 0.5-2.0 m/s. When
overland flow times are added, the catchment time lag between entry points close
to a treatment measure versus the furthest catchment areas could exceed 10 min.

If a 3 month event equivalent flow were treated, then only a small portion of the
catchment load will be included in the treated flow and potentially a majority of the
load would by-pass the treatment measure. Off-line systems predominantly suffer
from this misunderstanding.

Therefore, the treated flow definition in sizing a Stormwater Treatment Measure
(STM) is to firstly use the 3 month event as a minimum, then add the catchment area
time delay factor to determine the actual treated flow and link this with the rainfall
event hydrograph.

In general terms, a one (1) year event typically represents the minimum treated
flow with increased treated flow up to a five (5) year event in catchments with
extended flow paths.

The application of “First Flush” principles based on a one (1) factor design
parameter of for example a 3 month ARI is flawed. The aim of this section is to
propose a treated (design) flow calculation, which is consistent with all the research
results over a 20 year period and recommends that designers take into account the
nature of catchments and the sensitivity of receiving waters on a case by case basis.
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6.2.4 The First Flush

Jean et al. (1997)) analysed 197 rainfall events in 12 separate catchments in France
and Germany. Their analysis included the creation of non dimensional models and
charts know as M(V) curves (Refer Fig. 6.2) which related flow rates and concentra-
tions versus cumulative flows and mass transported, for a variety of contaminant
types. This is a comprehensive and thorough attempt to establish a “first flush rule”
which could be used to establish a treated flow ratio and hence size a treatment
measure. Comment and analysis was also provided for several earlier attempts by
various authorities and experts to create a first flush definition and 29 references
were also included. Typically these attempts were proposing a rainfall volume %
versus pollutant transport volume %. The authors chose to use 30/80 ie 30 % of the
rainfall volume would transport 80 % of the pollutant load from a catchment as the
definition of the “first flush”.

The conclusion reached was unexpected. In the conclusion to the paper the
authors wrote, “The analysis of the data available in France and abroad shows that
this 30/80 first flush is very rare.” This was stated in the context that the ratio was
too low and that a much higher rainfall volume had to be treated in order to capture
a high proportion of pollutants. The conclusion in the paper then went on to state,
“Nevertheless, it appears that the concept of the first flush can not be used alone
to establish a reliable design methodology for treatment facilities, as it does not take
into account the complexity and variability of the phenomena involved. It is conse-
quently proposed to renounce the first flush concept itself’.

6.2.5 Sediment and Pollutant Load Modelling

Rodriguez et al. (2010)) recognised that modelling methods, which reliably predict
the relationship between flow and pollutant transport from a catchment area, are
becoming a necessary requirement in urban drainage design. Of note is the constant
reference to complexity and time lag. The issue of complexity acknowledges that
input data and parameters in the simulation need to be varied across catchments,
drawing the conclusion that there are no simple underlying constants. The time lag
factor is a common denominator in all studies reviewed, which clearly shows that
sediments will continue to be transported and appear in the flow path well after the
rainfall peak has passed.

The conclusion drawn from these and several other papers is that a simple across
the board rule cannot be applied and that intra-catchment time lag must be a primary
function within the calculation.
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6.2.6 The Australian Runoff Quality Guideline 2006 (ARQ)

The ARQ is a comprehensive document, which intends to provide a design guide
toward the application of WSUD. Of note the ARQ makes the following comments.
Section 2.4.2, notes that 70-90 % of pollutants are exported by storm events of 1
year ARI or smaller. Particle sizes down to 20 pm size range are the prime carriers
of toxic contaminants and nutrients (Refer Fig. 2.1 in Engineers Australia 2006).

Chapter 8 in Engineers Australia (2006), Melbourne Water is referenced as
expecting a 70 % reduction in litter load to 20 mm in size, by treating flows equiva-
lent to a 3 month average recurring interval (ARI). A further acknowledgement
follows that treating a one (I) year ARI would be necessary for the removal of par-
ticles to 90 %.

6.2.7 The Catchment Hydrology

The hydrology of a catchment created by man-made development will exhibit simi-
lar characteristics to any watershed (catchment). Principally, that rainfall impacts on
the surface and transfers energy to mobilise particles, then as water depth increases,
water starts to flow at a velocity determined by gradient, then enters a drainage sys-
tem, which conveys that water to a discharge point. Water becomes the carrier of
contaminants.

The Fig. 6.3 shows charts of the relationship between various factors that impact
on water flow in a typical watershed. The same factors also apply to a man made
catchment where natural flow paths are replaced by a drainage system.

The factors, which influence treated flow are:

1. Flow gradient in the catchment being the gradient of areas water must flow over
before entering a drainage conduit. Flat areas will hold more contaminants and
require higher flow rates than larger gradients to mobilise materials.

2. Impervious areas are often simplistically the only area considered as the catch-
ment, however run-off from other areas both pervious and semi pervious also
hold contaminants and may take greater flows to mobilise these materials. A
typical example is soil and organic matter, which is the source of nutrients and
other chemicals, held in landscaping surrounded by paved areas. Soil types and
the moisture levels will also generate different flow conditions and materials
export characteristics.

3. The texture of catchment areas will also influence the flow rate required to
mobilise contaminants. Smooth concrete surfaces will have a lower flow versus
contaminant transport rate than course surfaces such as bitumised pavements,
which inherently hold sediment.

4. The flow gradient of drainage conduits will induce large differences in flow
velocity, which is the fundamental source of energy that transports material.
Gradients generally range from 0.5 to 3 % and induce flow velocities of 1-5 m/s
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Fig. 6.3 Shows charts of the relationship between catchment factors and discharge/time
relationship

when fully charged. However as Figs. 6.4, 6.5, and 6.6 show there is a non-linear
relationship between flow depth, rate and velocity. At low flows, drainage lines
and pits accumulate a range of contaminants. This is exacerbated by the need to
often design drainage systems for extended events such as 1 in 50 and 100 year
flood events as overland flow paths may not be available without asset damage.
Large sized pipe systems cause shallow flow depths and low mobilisation flows,
which further add to the accumulation of materials within the drainage system.
The relationship between pipe size, gradient and the likelihood of materials
ingress into the drainage system are all factors, which need to be considered in
the level of treated flow and operation of an STM.

5. Materials within the catchment are transported relative to their physical proper-
ties, such as buoyancy, density, shape and size. There are further more complex
factors such as wetting and clumping which complicate attempts to synthesise
and model contaminant behaviour. Practical observations of many urban drain-
age systems reveal that accumulated materials are left behind by low rainfall
events as these materials are dry and are retained by rough surfaces, then as fol-
low on rainfall occurs, these clumps of material are carried into drainage inlets.
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6.3 Proposed Design Flow Calculation

There is sufficient literature to indicate that a one (1) year ARI is the minimum
rainfall event that will most likely mobilise a high percentage of the contaminants
within a catchment. Therefore this should be assumed as the base design flow, or
minimum treated flow.



6 Decontamination of Urban Run-Off: Importance and Methods 97

In addition, consideration is required for the time lag factor across the catchment.
This will vary depending on the catchment characteristics and influencing factors
listed earlier, which influence the behaviour of water as a transport medium. There
are a number of modelling tools, which allow designers to calculate the time lag of
flow across surfaces and in drains. Tools that relate pollutants and the interaction
with water are still in development and are unlikely to be widely used until catch-
ment specific data is accumulated and categorised/classified.

The aim of the design is to ensure that the entire catchment surface, (which may
collect contaminants) is exposed to a rainfall equivalent to a 1 year ARI with suffi-
cient time for that flow to arrive at the STM, before by-pass occurs. By definition
therefore, the level of flow to be treated in many instances will be higher than the
minimum | year event, and will vary in accordance the rain fall hydrograph for that
area.

6.4 Location of a Treatment Measure

Urbanisation and man-made catchments typically involve an increase in impervious
areas and a change of gradient. Unfortunately, the net result is a significant increase
in discharge volume over the same time interval. The location of an SSFU will vary
with each catchment area topography and access to discharge or receiving waters.

It does not necessarily follow that the least number of SSFU’s installed will be
the lowest cost alternative. Aggregating pipe flows to convey water to one discharge
location and hence one SSFU will invariably increase the cost of the drainage sys-
tem. Whilst potentially reducing the cost of the SSFU the net result may a total capi-
tal increase, which could have been avoided by reducing pipe work and increasing
the number of SSFU’s. Other factors are long term service and maintenance, which
may be, favour one centralised SSFU due to easy of access.

A common practice is to location of an STM after an OSD as the flow is low and
the STM is down sized, resulting in an apparent lower capital cost. This includes the
OSD as the primary treatment measure with significant consequences. Firstly any
limited screening ahead of the discharge orifice will be blocked causing the OSD to
over flow, releasing the buoyant materials. In some cases the overflow relief weir
may also become blocked, back up the drainage system and cause inundation with
asset loss. A final consequence is that the OSD become part of regular maintenance
requiring intensive labour activities often in a confined space and subject to occupa-
tional health and safety provisions. Ultimately, this inadequacy will need to be
solved driven by both environmental non-compliance and on going costs (Figs. 6.7,
6.8 and 6.9) shows an example of an SSFU, designed by the author.

Figures 6.10, 6.11, and 6.12 show some examples of on-site detention pits and
tanks, which were not fitted with pre-treatment measures. Typically screens are
blocked and high water level untreated discharge occurred in even moderate rainfall
events as a result of blocked orifice plates.
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Fig. 6.9 Access available through lockable covers

There are two distinct OSD pre-treatment solutions. One is to install an SSFU in
the pipe work prior to the OSD. The alternate is to integrate the SSFU processing
cartridge into the OSD construction. The latter in most cases is the lower cost solu-
tion. If an open wetland is to be used as an OSD then pre-treatment is recommended
(as discussed in the following section) with the addition of an overflow riser to
prevent buoyant materials from being discharge during extreme rainfall events.
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Fig. 6.10 This picture
shows mesh screen in an
open fop detention pit,
preventing flow through
the orifice plate

Fig. 6.11 This picture
shows mesh screen in an
underground detention
tank fully blocked,
preventing design
discharge
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Fig. 6.12 This picture
shows a mesh screen,
which is unsecured to the
walls of an underground
detention tank with some
of the trash collected
whilst smaller materials
were allowed to be
released

Open detention basins can then become part of the site amenity as a permanent
water feature, with a flow metering weir and allowance for a top water level increase
during flood events. Restricted to flood mitigation and not a treatment measure, the
open basin (pond) can be used to restore bio-diversity as an integral point of the
development and avoid costly remediation required by a build-up of sediments,
trash and litter.

6.5 Wetlands, Natural and Constructed

Both natural and constructed wetlands either fresh or saline are a transition between
land and water and may hold surface water on a permanent or periodical basis.
Some wetlands are basins that are designed to hold water whilst others may be
designed to allow full or partial infiltration and may not be permanent water bodies.
All forms of wetlands have a role in water quality improvement as well as being of
environmental and social benefit.

In all configurations wetlands can deteriorate and are subject to collapse due to
influents generated by urbanisation. Though litter traps may provide a partial solu-
tion for visible pollutants, the main cause of collapse is from the adverse impact of
nutrients, silt and toxic substances many of which also include heavy metals.

The conclusion that can be drawn is that wetlands should not be used as a dump-
ing ground for urban run-off with an expectation of self remediation. Wetlands
should be regarded as a sensitive environment, which needs to be protected from the
discharge of contaminants derived from urbanisation.
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Avian botulism in pond birds is commonly reported in circumstances where
there is a low oxygen content in the water. The botulism bacteria are common in
many soils and thrive as oxygen levels deplete. Maggots also concentrate the
toxins.

The cause of an anoxic condition or eutrophication (depletion of dissolved oxy-
gen) is well documented. This often occurs when the rate of oxidation of organic
matter by bacteria is greater than the supply of dissolved oxygen. Eutrophication is
often caused by the inflow of phosphates present in detergents, fertilizers or sewage.
These conditions are manifested by “algal blooms” visible as green slim in or on the
water surface.

In conclusion, water entering wetlands should be of a similar quality to that
which would have occurred before urbanisation. This therefore requires influent
flows to be removed of harmful contaminants.

6.6 Broad Spectrum Treatment

The SSFU is designed and tested to remove a broad range of contaminants from the
catchment run-off. Table 6.1 shows pollutant reductions expressed as a percentage
for a range of contaminant groups. The table shows the generally required reduction
targets as required by many authorities, alongside the potential reduction achievable
if the SSFU is installed and serviced in accordance with best practice and preferably
by a trained technician.

To achieve the full potential reduction performance, the design (treated) flow
must be well defined so that contaminated run-off is treated and that the SSFU is
located to take full advantage of the processes included within the SSFU.

In addition to the SSFU design performance, a managed inspection and service
routine is required to ensure that captured materials are removed before these com-
promise the performance of the processes with the unit.

For critical applications where receiving waters are deemed sensitive, additional
telemetry measures are available on request. These measures include water quality
monitoring, performance logging and remote data transmission. These measures are
custom designed to suite the specific needs of the local environment.

In summary a correctly specified, installed and serviced SSFU nominally returns
run-off water quality to pre-urbanisation standards.

6.7 Design Performance

The development of the processes started with defining the contaminants, required
to be removed by local environmental policy. It is noted that the current method of
defining compliance is to publish a table of contaminants and then specify the
reduction target as a percentage reduction (Refer Table 6.1). It is our view that abso-
lute water quality targets consistent with the nature of receiving waters should be
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adopted. Basing discharge water quality on percentage reductions has the potential
for under and over performance by STM’s. Of greater potential, is that the perfor-
mance of treatment devices is subject to misinterpretation. As an example the defi-
nition of suspended solids is not consistent and is also overshadowed by the term
totally suspended solid (TSS), which can include particle sizes from 2.0 mm down
to 8 pm for very fine silt. GPT’s generally claim removal of suspended solids, how-
ever theses solids also have specific gravity greater than 2, which by definition is
will not be suspended, unless in high flow turbid conditions. It also follows that
materials of this density are sands and not associated with the attraction and transfer
of chemicals.

Dempsey et al. (1993) found that the concentrations of heavy metals and total
phosphorous (TP) were highest in particles between 250 and 74 pm in size. Walker
and Wong (1999) compiled particle size grading from numerous catchments and
charted that 20 % of particles by mass could be below 100 pm in size. The conclu-
sion reached in determining the sediment removal aims was that particles as small
as 20 pm need to be removed. This conclusion is supported by (ARQ) who observed
that suspended solids in urban run-off typically occurs in the 1-50 pm size range.

Physical and chemical properties of contaminant groups were analysed to estab-
lish the removal process and retention mechanisms.

Table 6.1 shows a summary of the reduction targets currently adopted by
Environmental and Local Government Authorities and the potential SSFU reduc-
tion levels which were established during performance testing and field sampling.

6.8 Process Design

The design and development of the processes included in the SSFU followed a
series of disciplined steps that are briefly described in this section. The disclosure of
further details are available to interested parties, but may be the subject to confiden-
tiality as some of the process details are the subject of patent applications and on
going research.

The first critical element in the design was an understanding of the relationship
between catchment, contaminants, rainfall and water flow. This was described ear-
lier as the treated (design) flow and establishes influent characteristics that must be
dealt with in the design and operation of the SSFU.

In conjunction with treated flow the mobilisation of materials and the relation-
ship between pipe depth, flow and velocity (Fig. 6.6) was studied and simulated.
Contaminants of varying sizes and densities were tested to understand the mobilisa-
tion forces and reaction to flow patterns. After analysis, flow modelling and testing
an in-line diversion was adopted as the most reliable orientation of the SSFU rela-
tive to the flow. Off-line diversion efficiency was sensitive to pipe gradient, flow
velocities, weir shape and attack angles, therefore should only be used as a last
resort.
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During hydraulic modelling differential velocities across a pipe section (Fig. 6.6)
generated unwanted turbulence within a receiving chamber. A transition was devel-
oped (Fig. 6.7), which reduced the differential velocity across the pipe section and
eliminated turbulence, creating near laminar flow within the chamber. In-chamber
velocities and flow patterns were also analysed and modelled to establish a self
cleaning action at near zero differential cross screen pressure, eliminating the ten-
dency for materials to adhere to screen surfaces. This modelling also included relat-
ing the in-chamber water flow factors to screen materials, orientation and types.

Trash and Litter design reduction was set at 100 %, on the basis that this group is
generally buoyant and the blend of litter and packaging could not be separated. A
buoyant materials chamber is provided which is one-way entry, which together with
the modified flow patterns eliminates the possibility of draw back and re-mobilisation
in circumstances where discharge maybe temporarily below water as in a tidal or
detention application (Fig. 6.8).

Total Suspended Solids (TSS) design reduction was set at 90 % to reflect the
understanding that particles are the prime carriers of nutrients, heavy metals and
some hydrocarbons. Figure 6.1 is an illustration of a particle, which is approxi-
mately 40 pm in size. The particle appears as a flocculation of micro-particles,
which creates a large surface area and extensive opportunity for chemical entrap-
ment (as described earlier).

Background levels of Nitrogen are essential for ecosystem biota at certain con-
centrations. As a general rule, it is the level of nitrogen in the environment that
limits plant growth in fresh water (Engineers Australia 2006), and therefore if con-
centrations are too low there may not be enough biological material to sustain the
ecosystem. This nitrogen can enter waterways as nitrate, nitrite and ammonia, which
are taken up within the aquatic community to maintain life. Nitrogen is a major
component of proteins, hormones, chlorophyll, vitamins and enzymes essential for
plant life, predominately in the production of plant and animal tissue.

This means that when decontaminating stormwater there must be some level of
nitrogen that remains post treatment. The Australian Runoff Quality Guidelines
(Engineers Australia 2006) cites a concentration of approximately 0.8 mg/L for land
use classified as ‘Forest’, which would most likely represent pre-anthropogenic
conditions, whereas research of untreated urban stormwater is recorded as 3.09
mg/L and therefore a reduction of up to 70 % may be required to return water to
background concentrations.

Total Nitrogen (TN) design reduction was set at 70 % on the above basis and
further supported by numerous papers that together with our own research, alerts
that TN in urban run-off has been recorded up to several times greater than the N
necessary for biological sustenance in receiving aquatic environments. In peri-urban
areas most of the N, which impacts on receiving waters is bonded to particles from
fertilizers, wastewater and many other products.

To accomplish the reduction particle sizes to below 20 pm are removed by the
combined action of screening and if necessary tertiary media. Nutrients promote
growth of aquatic plant life including floating macrophytes and in large concentra-
tions produce algal blooms on the surface. With an increase in nutrients, algal
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growth becomes excessive often resulting in the production of toxins (refer com-
ments earlier).

Total Phosphorus (TP) design reduction was set at 80 % on the basis that P in
water is a trigger for alga in freshwater. P compounds are slow to dissolve and there-
fore many accumulate in sediment. Furthermore, the availability of P in the pre-
urban environment is low and released from mineral bonded conditions. Removal of
TSS also removes the soil bonded P allowing low levels of dissolved background P
to remain.

Hydrocarbons in run-off water have many adverse impacts on receiving waters
due to the extent and complex nature of additives. Reduction was set at 90 %. They
appear as a scum, are emulsified and also bonded to particles. The method devel-
oped is to coalesce micro-globules that attract into larger globules, and then apply a
range of capture methods to suit the nature of the catchment area. In low hydrocar-
bon concentration catchments, such as residential developments a hydrophobic
media is utilised. Whereas for potentially high hydrocarbon concentrations such as
infrastructure applications a non-return separation process has been developed
which can be monitored and purged at a higher frequency than the main service
interval. If hydrocarbon spills are a potential, then a dry sump to act as a bund can
also be introduced.

Heavy metals are included in the target contaminants and are removed by virtue
of their attachment to TSS. Reduction was set at 50 % and testing indications higher
removal rates are achievable.

Turbidity is also reduced by a large reduction of TSS. In sensitive receiving
water conditions an additional tertiary media is added to boost reduction by a fur-
ther 50 %.

All of these processes are housed in a processing cartridge (Fig. 6.8).

6.9 The Final Device

The apparatus developed is termed a Stormwater Screening and Filtration Unit
(SSFU).

The following design features are included in the SSFU in addition to the con-
taminant removal design targets noted earlier. The SSFU construction is compact
and light weight. Installation is by on-site equipment and can be installed as part of
a new drainage installation or retrofitted. Pipe adaptors are provided for varying
pipes sizes. Variable risers are provided to match inverts. Inspection and service
covers (Fig. 6.9) are light weight and lockable. Servicing intervals are calculated on
the basis of catchment area load with nominal service intervals of at least 12 months.

Catchment loads vary with catchment nature and type. Process and containment
recommendations are provided to designers to optimise water quality, installation
and service costs.
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SSFU’s are available in different sizes, that are selected based on treated flow,
gross flow, catchment size, catchment characteristics (that define potential load) and
the sensitivity of receiving waters.

6.10 Cost Effectiveness

Table 6.2 shows the performance zone of the SSFU as an overlay to the recom-
mended treatment measures recommended in the Engineers Australia (2006). This
table overlay graphically shows how one SSFU replaces the need for a treatment
train, which may include a number of measures in sequence in order to remove
urban generated contaminants. In some cases when used as a pre-treatment to wet-
lands, the capital cost may be slightly reduced with the main benefit arising from the
amenity being self sustaining and not requiring remediation on regular intervals.

Life cycle analysis shows that compliance with contaminant reduction targets
can be achieved in many cases at 80 % lower cost than current treatment train mea-
sures. Installation costs are typically less than 2 % of the development capital works,
with service costs consistent with monthly landscaping maintenance.

Table 6.2 Figure 1.3 in Engineers Australia (2006) overlain with SSFU performance zone

Treatment Measures
Particle Size

Grading Gross

Pollutant Traps

Gross Solids Sedimentation
Basins Grass Swales
paotooHm (Wet & Dry)

________ SSFU Performance Zone ..

Coarse to Medium Filter Strips

i A Surface
sized Particles

Flow

5000pm - 125um Wetlands

infiltration ~

Fine Particles Systems Sub-Surface
Flow
125um - 10pum Wetlands

Very Fine/Colloidal
Particles

10pm - 0.45pum

Dissolved Particles

<0.45pm
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6.11 Conclusion

The installation of SSFU’s distributed within a watershed in both Peri Urban and
Urban areas could prevent an increase of contaminant load into the receiving water
and associated ecosystem, allowing time for nature or assisted remediation to take
place and restore the water health to a long term sustainable level.
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Chapter 7
Socio-Economy of Peri-Urban Areas: The Case
of Lisbon Metropolitan Area
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Abstract The chapter presents typologies of peri-urban areas of Lisbon
Metropolitan Area (LMA) regarding social and economic dimensions. These typol-
ogies are the outcome of a trans-disciplinary research developed by the project
PERI-URBAN involving different Portuguese universities, crossing academic fields
and integrating the knowledge of stakeholders from diverse institutional and territo-
rial (local and regional) backgrounds. By bridging science and society, trans-
disciplinarity allows the translation of knowledge acquired in research into useful
and relevant information for planners and decision-makers. The analysis reveals
diverse socioeconomic realities demanding different and specific political
approaches envisaging sustainable peri-urban territories in a changing world. The
socioeconomy of peri-urban areas considers identities and lifestyle issues (e.g., age,
family patterns, living and working conditions) and economic characteristics (e.g.,
main economic activities, economic organisation and structuring, attractiveness).
The influence of a metropolitan area is expressed by continuing investments in
peripheral areas that offer sources of labour and natural resources such as land. The
presence of industries, services, logistics and distribution platforms, enterprises,
housing, big store chains, etc., constitutes manifestations of this realm. Plus, and in
parallel, the coexistence of a rural-agriculture matrix establishes a hybrid territory
where distinct activities co-exist defining distinct degrees of specialisation/diversity
of the economic tissue.
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7.1 Introduction

The characterisation of peri-urban areas of LMA within Peri-Urban project consid-
ered the following dimensions: economy, society, environment, mobility, and land
cover. The chapter presents the results obtained in the design of typologies for social
and economic dimensions. The conception of peri-urban as an interface of social
and territorial metamorphosis, imminently fragmented, and composed of changing
communities with distinct identities, is translated in a geographic image of attri-
butes and trends, that is, typologies of LMA peri-urban areas for social and eco-
nomic realities. The chapter is structured as follows: presentation of a peri-urban
project, its main goals and methodological options; characterisation of LMA; iden-
tification of the indicators used in the design of typologies; presentation of the
typologies of LMA for social and economic dimensions; concluding remarks.

7.2 Peri-Urban Project: Goals and Methodology

Peri-urban areas encompass both characteristics of the urban and rural world and
they are located somewhere in-between the urban core and the rural landscape.
They have been traditionally approached from an urban planning perspective as
ground for urban sprawl and location of regional and trans-regional infrastructures.
Several European key policy documents (e.g., Lisbon Strategy, European Spatial
Development Perspective, Territorial Agenda, Leipzig Charter, and European
Landscape Convention) have been fostering the understanding of sustainable urban
development as an increased integration of economic prosperity, social equity and
cohesion, and environmental protection, as well as the strengthening of rural-urban
relationships. The strategic role of peri-urban areas must be understood within the
current societal challenges like, for instance, climatic changes and food security
concerns.

Unlike urban areas, which were the object of in-depth research for a long time
and from multiple disciplinary perspectives, peri-urban areas have not deserved
much attention until more recently. Nevertheless, research and policy initiatives, as
FP6 PLUREL Project or the PURPLE network, have put forward the case that peri-
urban areas in Europe might occupy nowadays the same amount of land as consoli-
dated urban areas, concluding that these have become a “new” kind of space that
needs more targeted policies and it should be treated as a “spatial system in its own
right”. PURPLE (Peri-urban Regions Platform Europe) presented The Peri-Urban
Charter. According to the Charter, peri-urban means: “a mix of urban and rural
characteristics which co-exist and interact in the same territory; a wide spectrum of
opportunities and urban/rural lifestyle choices for inhabitants economic diversity
and intellectual capital; food production close to large populations with a range of
well-established land-based services — agriculture, horticulture, forestry; infrastruc-
ture and communication — transport links, energy and other essential resources and
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services including fresh water for urban and peri-urban inhabitants; valued land-
scapes and open space for recreation and health, enjoyment of countryside, leisure
and sport”. Portugal was not integrated in the mentioned initiatives focused on peri-
urban territories. It was precisely this absence that justifies the Portuguese Peri-
urban project, which has as a main goal the assessment of the potential of peri-urban
areas of LMA to meet future challenges for sustainable development in a changing
world. To achieve this goal the project integrates several steps including the defini-
tion of peri-urban areas through the construction of LMA multi-dimensional typolo-
gies. These allow the delimitations of areas with similar characteristics and,
therefore, the contribution to the design of public policies dedicated to these territo-
rial contexts. The concern with the translation of knowledge acquired in research
developed in the project into useful and relevant information for planners and
decision-makers justifies the adoption of a methodological approach that bridges
science and society (Ramos et al. 2013) through a transdisciplinary perspective.

The integration of stakeholders knowledge and proposals, allows a more holistic
and systemic view and contextualises knowledge production: the challenges related
with sustainability need to be envisaged through the integration of societal stake-
holders such as the private sector and the broader public as well as diverse scientific
disciplines into the process of generating knowledge” (Clark et al. 2005 in Luks
et al. 2007: 420, apud Ramos et al. 2013). The crossing views of diverse and terri-
tory based stakeholders and wider public interests provide a more complete and
comprehensive understanding natures of peri-urban areas. The integration of the
expert (team) scientific knowledge with non-scientific (stakeholders) knowledge
into the project regarding the (i) definition of peri-urban areas and (ii) construction
of typologies, was made through participatory methodologies in different moments
(Ramos et al. 2013). The group of stakeholders was constructed gathering people
from different areas with influence on the management of the landscape in the study.
These actors had the opportunity to contribute to the definition of peri-urban areas;
to identify the relevant indicators to the description of typologies and to their valida-
tion. These indicators where subsequently used in statistical analysis that made
possible the design of a range of territorial typologies for LMA.

7.3 Lisbon Metropolitan Area

LMA integrates the capital city of Portugal (Lisbon) and corresponds to an associa-
tion of 18 municipalities (Alcochete, Almada, Amadora, Barreiro, Cascais, Lisboa,
Loures, Mafra, Moita, Montijo, Odivelas, Oeiras, Palmela, Sesimbra, Setubal,
Seixal, Sintra, and Vila Franca de Xira) (Fig. 7.1). With a population of 2,8 million
inhabitants (26 % of the total national), there was a demographic decrease of its
center during the last years related with a displacement of population to boarder
municipalities and a consequent daily movement for working reasons. LMA has a
positive demographic trend with a multicultural expression, which is also associated
with immigration flows. In fact, and after the ‘industrial’ urbanisation process until
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Fig. 7.1 Lisbon Metropolitan Area (LMA)

the 1960°, with flows comings essentially from rural areas, the immigration dynamic
of the 1970s and the 1980s is mainly related to the population of the ex-Portuguese
colonies, which occupied the first peripheral crown of Lisbon. According to a recent
characterisation of LMA with planning purposes (Regional Coordination
Commission of Lisbon and Tagus Valley [CCDR]), this is a polarised territorial
entity with an influence that exceeds its administrative borders, explained by, and
among other factors, the improvement of transport infrastructures (CCDR 2009:
33). LMA is the location of multinational enterprises and several industrial activi-
ties, especially in the South bank of Tagus River. It is the most competitive eco-
nomic center of the country (38.6 % of National GDP) (CML 2012) with global
integration and a strong presence in international markets. This is also a territory
with problems like the lack of land use planning, urban and landscape dis-
qualification, mobility, environmental risks, social exclusion and inequality
(Figs. 7.2 and 7.3).
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Fig. 7.2 LMA —social typologies

Social problems were aggravated with the current economic crisis and increase
of the unemployment rate. Positively, LMA presents environmental and ecological
amenities related to the presence of coastal areas (Atlantic Ocean and two rivers —
Tagus and Sado), and other places of important ecological value (e.g. Natura 2000
places, natural parks like Sintra-Cascais and Arrabida, Natural Reserves of Tagus
and Sado Estuaries, the presence of rural areas with high productive land resources).
LMA has also important subterranean water resources: the aquifers of Tagus and
Sado basins represent 53 % of the water reserves of Portuguese Continent and are
crucial to the development of agro-forestry sector which occupy 57 % of LMA area.
The main planning instrument of LMA is the PROTAML (Regional Plan of Territory
Planning), a Regional Plan that develops the goals and guidelines of National
Program of Territory Planning Policy. The Municipal Plans of Territorial Planning
constitute the local instrument of territory planning in Portugal.



116 M.FE. de Ferreiro et al.

LEGEND
N 1
-
A —
£
D LMA MUNICIPALITIES

Fig. 7.3 LMA — economic typologies

7.4 Dimensions and Indicators for the Design of Peri-Urban
Typologies

Instead of defining in advance a set of criteria to identify peri-urban landscapes, the
project formulated a conceptual framework broad enough to accommodate distinct,
and sometimes opposite, perspectives and characteristics about what can be consid-
ered as peri-urban spaces. This involved an intensive selection of the appropriate
dimensions and indicators of peri-urban areas. This effort was done using a trans-
disciplinary approach bridging scientific and non-scientific knowledge through
deeply participated working sessions. One of the major innovations of the project
was the bond between spatial based and socio-economic indicators allowing a more
inter-connected comprehension of facts and dynamics. Using 83 indicators aggre-
gated in 5 distinct dimensions (economic, social, environment, mobility and land
cover) it was possible to identify a set of typologies that represent the variety and
dynamic of peri-urban areas.



7 Socio-Economy of Peri-Urban Areas: The Case of Lisbon Metropolitan Area 117

Tal?le 7.1 Indic':ato'rs used in Variation rate of resident population (2001-2011)
i(i\/lmil ;:sfi:;zr:f;z?o;fes Var%at?on ?n ageing infiex .(2001—201 1)
Variation in rejuvenation index (2001-2011)
New residents (diverse indicators) (in relation to 2005)
Population born in the parish of residence
Location coefficient regarding different family types
Variation of single-family houses (2001-2011)
Secondary housing rate (2011)
Variation in secondary housing rate (2001-2011)
Land-use changes (2000-2006)
% of ‘Social Inclusive Income’ (RSI) beneficiaries
Variation of population with higher education (2011-2001)
Average municipal voters (2005-2009)

7.4.1 Social Characterisation: In Between Identity, Territorial
Recomposition and Community Relations

Considering peri-urban spaces as ‘in transition’ and strongly marked by social and
territorial recomposition, there was an option for a ‘flows-based’ approach in order
to address the ‘processes of rapid economic, sociological, institutional, and environ-
mental change’ that occur in these territories (Marshall et al. 2009). Understanding
inherent social dynamics in LAM, leaded us to the identification of trends/charac-
teristics through the use of static and dynamic indicators. This approach made pos-
sible the distinction between urban centre and peri-urban territory, but also the
identification of types of peri-urban spaces with diverse social character. Considering
peri-urban as an interface of social/territorial metamorphosis, imminently ‘frag-
mented’, and composed of changing communities with distinct identities, it was
necessary to translate the fragmented territorial and social mosaic (as it’s inner
‘movement’) in a geographic image of attributes and trends. Portuguese Census
(2001 and 2011) information enabled the characterisation in social terms (Table 7.1)
considering the following dimensions: population growth and composition; residen-
tial mobility and social diversity; family types; types of housing; territorial recon-
figuration; spatial inequalities; community relations.

7.4.2 Economic Characterisation: In Between Local, Regional
and Global Relations

Peri-urban areas are characterised by complementary relations between urban and
rural systems. This complementarity results from the flow of products, information
and people as from the connections between sectors related to agriculture, manufac-
turing, and services (Pradoto 2012). Peri-urban areas are also strongly influenced by
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Table 7.2 Indicators used in economic characterisation of LMA peri-urban territories

Specialisation of employment (2011)
Specialisation of companies
Diversification of employment
Diversification of employment
Diversification of companies

Location coefficient of logistic and distribution
Significance of agro industrial sector
Average size of agricultural farm (ha)
Proportion of farmers under 65 years
Proportion of pluriactivity in agriculture
Average size of agricultural farms

Importance of ‘caixa agricola’ (bank specialised in agricultural sector) dependencies in relation
to total (other) bank branches

Average value of housing supply (€/m?)
Index of corporate rent — warehouse (industry) — (€/m?) (confidential values)

the interaction of local/regional/global dynamics, and local anchoring processes of
global dynamics. The influence of a metropolitan area is expressed by continued
investments in peripheral areas as they correspond to sources of labour and land.
The presence of industries, services, logistics, distribution platforms, services, real
estate, big chain stores etc. constitutes the physical manifestation of this realm. This
complex set of conditions defines distinct degrees of specialisation and diversity of
the economic tissue and different relations with the territory. The economic charac-
terisation of LMA peri-urban areas considered the following analytical dimensions:
specialisation and diversity of economic activities; presence of agriculture, agro-
business, and other specific sectors (e.g., logistics and distribution); types of agro-
industrial explorations, and real estate attractiveness. Table 7.2 presents the
indicators selected envisaging the design of economic typologies.

7.4.3 Typologies of LMA Peri-Urban Areas

The previous indicators were analysed through cluster analysis. It was used a ‘prin-
cipal component’ analysis by dimension. Then four of the most significant indica-
tors were chosen by dimension, and, finally, a cluster analysis was applied. The
original group of 83 indicators was reduced to 24, which allowed the identification
of 7 clusters. The result was the design of typologies of peri-urban areas of LMA in
social and economic terms. Each cluster represents one specific typology. In social
terms six clusters (clusters 3 and 6 were not considered because they correspond to
urban centres) were identified which clearly demonstrates a high fragmented terri-
tory and important processes of social recomposition. Demographic change, resi-
dent population balance, as well as age structure composition can function as
explanatory elements of these spaces where it is normally verified by the growth of
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population, explained either by demand of rural population (proximity to urban
centre) or by demand of urban population. In fact, processes related to attractiveness
(e.g., lower prices of houses) also induce a tendency of population growth and
regeneration in these territories.

As determinant factors for the differences achieved, cluster 1 is mainly charac-
terised by a tendency of population growth and dynamism matching high values of
land use change, the highest values of secondary houses and the highest values of
couples with children and negative values in ageing variation index. This is the most
dynamic cluster providing its capability to attract new residents using the great
improvement of accessibilities and the existence of new residential models, namely
single-family dwellings. The new inhabitants of peri-urban areas, namely from the
medium social class, are driven by the proximity of urban centre and quality of life;
cluster 2 presents a stagnation with low capacity to attract new residents and a high
level of ageing. Demonstrating simultaneously a large presence of single-parent
families. In fact, this cluster shows the decline of territories in geographical continu-
ity of the metropolis centre and who have participated in the first phase of the
metropolisation process; cluster 4 is characterised by a loss of importance on sec-
ondary housing simultaneous with a relative population growth (2001-2011). It
presents high values for families with children and single-family nuclei and a low
participation in municipal elections.

Extensive bibliography draws attention on the importance of single-family
houses in peri-urban areas, which derives not only from an existent ‘rural model
matrix’ but also from the new demand of space, comfort, and quality driven by ‘new
comers’ (Berger 2004). According to Charmes (2011), peri-urban inhabitants seek
to ‘consume and enjoy a certain quality of life’ rather than developing a political
attachment to the community in which they live. Generally, the analysis of social
and demographic dynamics of these three clusters shows a trend of population dis-
placement towards more peripheral areas of LMA; cluster 5 corresponds to the most
rural municipalities, with a lower proportion of new residents and high percentage
of resident population born in these municipalities. It presents low values for varia-
tion of population with higher education (2001-2011) and high values for couples
without children and an important presence of secondary houses and single-family
houses. This is the cluster that shows fewer processes of social and territorial recom-
position, but probably one that may suffer a strong economic and social pressure for
changing in the future.

Four clusters were identified concerning economic aspects of LMA peri-urban
areas, with variations in the mix of economic activities and, thus, distinct degrees of
diversity and character. In fact, measuring the specialisation of economic activities
allows the recognition of the ‘fragmented economic mosaic’ of peri-urban areas of
LMA. Furthermore, exploiting certain indicators we can identify the specific activi-
ties that are present in each specific space. Cluster 1 is determined by the diversifi-
cation of the economic base in relation to employment and enterprises, exhibits low
presence of companies and jobs related to agricultural activity. The price of housing
has a positive valuation. However, requests for construction are low; cluster 2 pres-
ents some level of specialisation of the economic base in relation to employment. It



120 M.FE. de Ferreiro et al.

is characterised by a small presence of economic sectors such as logistics and dis-
tribution, agricultural or agro-industrial and presents a positive tendency in house
valuations, lower industrial rents and few requests for construction. Cluster 3
expresses a relative degree of specialisation (employment and enterprises) probably
induced by the importance of logistics/distribution sector, but also by a relative
dynamic of agro-industrial and agricultural sector. It also presents low values of
housing prices and high rental values of industrial facilities. Cluster 4 is character-
ised by high levels of economic specialisation in agriculture (employment and
enterprises) based on the higher values for several indicators. This cluster also pres-
ents the lowest average price of real estate supply and a high number of requests for
construction. The presence and the role of agriculture in peri-urban areas should be
stressed. Agriculture still represents the main land use of peri-urban areas, despite
its decline in economic terms. The process of industrialisation, the improvement of
transport infrastructures and technology involved in storage of agricultural prod-
ucts, concur to this decline. However, agricultural activities in peri-urban areas
reveal also a changing nature related, for instance, with pluriactivity, the increase of
subsistence farming and the presence of agro-food industry. Therefore, peri-urban
areas are fundamental in the reflection about food security and sustainability of
metropolitan territories.

7.5 Conclusions

The presentation of peri-urban typologies related with the social and economic real-
ity of LMA results from the research within the peri-urban project. The absence of
Mediterranean territories from the European research about peri-urban areas was
one of the driving forces of the project. LMA occupies a particular geographic situ-
ation: the Tagus River, two river estuaries, a political, administrative and economic
centre, the presence of important natural resources and ecological values, the
cultural diversity, important social and demographic dynamics. These aspects
contribute to the existence of a peri-urban socioeconomic specific situation, charac-
terised by a diversification of activities and social practices, but also by a diversity
of territorial dynamics, which appeals to different forms of intervention regarding
present and future challenges of metropolitan areas including peri-urban areas. The
design of typologies with stakeholders participation allows the perception of this
diversity and may be an important instrument to support more coherent and realistic
decision-making regarding the enhancement of the sustainability of a territory
whose evolutionary pathways are strongly conditioned by planning, governance
mechanisms, and territorially management policies, as well as by general driving
forces of change in-between local and global processes.
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Chapter 8
Changing Economic Scenario of the
Peri-Urban Area of Udaipur City, India

P.S. Rao, Hari Singh, and R.C. Purohit

Abstract The demographic data of the last few decades revealed an increasing
tendency of urbanisation in many states in India, including Rajasthan. The
rural:urban ratio of the population which remained 80:20 in 1971 changed to
69:31 in 2011. The high growth rate of the population in urban areas increased the
urban demand for agricultural commodities on one hand and widened the demand
for land for the construction of houses, roads and other civil amenities on the other
hand. With the expansion of urban areas, the adjoining rural areas are changed to
peri-urban in terms of facilities, amenities and lifestyle. Evidently, there is a visible
tremendous expansion in the value addition of land in the peri-urban area of the city
of Udaipur. The present study is aimed to ascertain the changing scenario of land
utilisation, change in farming system, and composition of household income in
peri-urban areas.

The study revealed that urban coverage in Udaipur has increased from 17 km?
in 1946 to 221 km? in 2011, while the density of population in the city area has been
found to decline from 4347 persons per km? in 1946 to 3773 persons per km? in
2011. This is because more than 25 % plots in the urban limit are left idle after the
conversion of land for residential purposes, which are owned by the people only for
value addition and protected by boundary walls. This area is neither used for con-
struction of houses nor for crop production. Large numbers of small land holders
residing in the periphery of urban areas generally sold their land and purchased land
40-50 km away from the city areas. The study further revealed that farmers who
partially sold their land in peri-urban areas of the city are mostly cultivating vegeta-
bles and dairy enterprises on their remaining holdings. These farmers are getting
446 days of employment and Rs. 3.52 lacs as income per year from both the
enterprises. The farmers who did not sell their land area at all are getting 694 days
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employment and Rs. 4.72 lacs as income per year, while farmers who sold their total
land area for residential purposes to the urban people have their income reduced up
to Rs. 1.47 lacs and are getting negligible employment.

Keywords Peri-urban area  Value addition ¢ Crop production ¢ Vegetable farming
* Employment days

8.1 Introduction

A demographic census of India is carried out every 10 years and the last census was
held in 2011. The demographic data of the last few decades revealed an increasing
tendency of urbanisation in many states, including Rajasthan. The rural:urban ratio
of population which remained 80:20 in 1971 had changed to 69:31 in 2011. The
high growth rate of population in urban areas has increased the urban demand for
agricultural commodities on one side and widened the demand for land for the con-
struction of houses, roads and other civil amenities in urban areas on the other side.
With the expansion of urban areas on all sides of the cities the rural areas adjoining
them were changed to peri-urban in terms of facilities, amenities and lifestyle. The
land value in such areas has gone up very high. The large demand for highly perish-
able commodities like vegetables and milk in urban areas and also the expanding
need for residential homes generated mixed responses to the census in peri-urban
areas in most parts of the state. People residing within the periphery of city areas
have been changing their source of income and making great changes in their farm-
ing systems. Udaipur city, being an educational hub as well as a tourist centre of
global importance, resulted in the migration of a large number of people not only
from nearby areas of Udaipur but from other parts of Rajasthan as well as from
other states of the country. Evidently, there is a visible expansion in peri-urban areas
in the city of Udaipur. The present study is aimed to (i) ascertain the changing sce-
nario of land utilisation in peri-urban areas, (ii) ascertain the change in the farming
system in peri-urban areas, and (iii) ascertain the level and composition of house-
hold income in peri-urban areas.

8.2 Methodology

It is stated that land beyond the 15 km periphery of the Udaipur Nagar Nigam area
is identified as peri-urban (Socio- Economic Census-2012 of Udaipur). Ud