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INTRODUCTION 

 

 It is evident through the course of history that the city as an economic, social, and cultural 

type of human organization has transformed and developed in parallel with human evolution. 

Most of the earliest cities were human-scale settlements, small both in area and in population. 

Due to technological development, affecting all aspects of human life, population growth was 

inevitable and so was the city expansion and transformation. 

 It is also a fact that the relationship between human evolution and natural environment, 

although it has gone through different phases, has always been crucial for the existence of both: 

there is a number of ancient cities where one can detect that humans lived within the limits of 

the ecosystem and with the natural capital remaining present and renewable for thousands of 

years. On the other hand, there is a number of ancient settlements and cities that exploited the 

natural capital of their local and regional hinterlands beyond its regeneration capacity, disturbed 

the balance of the ecosystem and eventually were led to their own demise. 

 Today, we live in an era where this balance is further disturbed and the first signs of planet 

deterioration are already evident. Climate change, accumulation of greenhouse gases, ozone 

depletion, species extinction and exhaustion of natural resources are a few of them. The huge 

environmental stress imposed on the planet does not derive only from the exploitation of the 

natural resources, as happened in earlier cities, but also from a number of issues all associated 

with the type of urban organization and our society’s lifestyle: dependence on fossil fuels for 

energy causes unprecedented levels of earth pollution while consumption levels of natural 

resources not only exceed by far the rate they can be renewed but also result to vast amounts of 

waste production. In a broader economic, political and social aspect the current levels of 

economic activity and population growth have resulted in a situation where “…while 20 percent 

of the world’s population enjoys unprecedented material well-being, at least another 20 percent 

remain in conditions of absolute poverty.” 1 Our conventional economic development has 

created global social inequity as strong countries survive and develop in expense not only of the 

planet but also of the poorest countries. In a regional aspect, cities control national economies 
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and are responsible for the stress imposed on rural areas for the production of goods that they 

consume, resulting very often in their demise. Therefore, an efficient human development and 

management relates not only to environmental and ecology issues but also to economic, political 

and social choices. 

 Action and counteraction of the fundamental law of nature has already brought out the 

problems created by human activity. Scientists of different fields have been trying to address the 

problems, identify the causes and find ways of dealing with them in a sustainable way. The 

Brundtland Report, published in 1987 from the World Commission on Environment and 

Development (WCED), summarizes the concept of sustainable development and defines it as 

“… development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs.” 2 In order to be able to quantify the impact of human 

activity and therefore the resultant problems, sustainability assessment methods have been 

developed. Ecological Footprinting, developed by William Rees and Mathis Wackernagel, is 

one of them and is described as: “… a planning tool that can help to translate sustainability 

concerns into public action…” 3 Because of its simple and comprehensive concept, it claims to 

be able to build public awareness and to contribute to decision-making by providing a better 

understanding of the issues while it is relied on facts and figures. It also demonstrates that the 

ecological problem cannot be separated from the current political, economic and social issues 

because its solution lies exactly upon the socioeconomic choices that we adopt.  

 In the environmental field and towards sustainability, Ecological Footprinting points at two 

directions that this effort should be orientated: resource preservation, through the reduction of 

consumption levels, and reduction of fossil fuel dependence for energy use, which will result 

to lower levels of pollution. Since cities today are the main engines of economic power, the 

centres where production and services are concentrated and where most consumption -both of 

goods and also of energy- takes place, there seems to be an imperative need to re-organize our 

cities, in terms of function and management, and find a more sustainable city model. 

Specifically, in terms of energy consumption, cities today are its major consumers and the vast 

majority of energy is used for heating and transport, both of which are subject to the city form 
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and structure to one extent or another. In particular, transport is considered to be a major issue 

in the current debate about city form, since it is closely related both to environmental issues but 

also to the quality of life in cities. 

 In this context, there is one city model that is claimed to achieve an energy-efficient urban 

development which will allow for resource preservation and reduction of energy use, along with 

a socially sustainable urban life. The model of Compact City, proposed clearly by the CEC 

Green Paper, is indicated as a sustainable model which can correct the current city deficiencies 

and reduce its environmental impact. 

 The object of study in this paper is therefore to focus on the Compact City and examine it 

with reference to transport energy use. The question that arises is how the Compact City form 

responds to Ecological Footprinting directives for transport energy use reduction, preservation 

of fossil fuel and pollution levels decrease, through the transport component.   

 To answer this question, we first need to see in Chapter One how cities have developed 

over the centuries in relation to the natural resources; the environmental context of our times 

and the development of sustainability concept and assessment methods. In Chapter Two, there 

is a deeper analysis of Ecological Footprinting concept and directives; also, the indirect 

relationship between these directives and urban form/structure are established, with reference to 

the transportation component. Finally, in Chapter Three, the Compact City is further explored 

and examined with reference to the reduction of transport energy use. 
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City, Environment and Sustainability 
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1.   CHAPTER ONE: City, Environment and Sustainability 

 

1.01 History of city development in relation to the natural environment 

 In an era where the quest for a new type of urban life, laid on new foundations and new 

principles is a general agreement, looking back at the nature and the essence of the city is 

valuable. While cities today grow at an unprecedented scale and the balance between humans 

and nature has been disturbed it is worth looking at how cities have been developed through 

time in relation to the natural environment by some indicative examples. 

 The first human settlements were created by hunter bands. These bands used either 

temporary camps or occupied caves where food was available. The characteristics of the stone-

age hunters are that they had access to vast amounts of food resources which they shared with 

animal species but also the fact that they changed considerably their living environment by the 

use of fire. The emergence of sedentary living, where tens or hundreds of people shared one 

space dates to 10,000 BC and is associated with the beginnings of farming. The departure from 

hunting to farming is a milestone to the history of human evolution and was achievable through 

the concentration of food production on set areas of land. Thereby, the emergence of agriculture 

allowed people to settle in a particular area and also to change their lifestyle from nomadic to 

sedentary. New challenges were introduced: keeping land productive through the improvement 

of soil fertility on a continuous basis as well as the storage of crops. By 9,000 BC, many 

common crops were cultivated and animals were domesticated, while farm implements and 

devices came to use, marking a different era on human control upon nature. The emergence of 

towns and cities, as social and cultural type of human organization, is defined by “…the 

appearance of formalized political and spiritual hierarchies, administrations, writing and 

military power…” 1 and, one could argue, that at this point of human history the relationship 

between humans and nature starts to be defined in an interesting “framework”. 

 Attention-grabbing examples of such urban forms have always been the cities of Sumeria, 

a region in the southern Mesopotamia defined by Tigris and Euphrates rivers. Archaeological 

excavations and research specify that the first complex societies developed there at around 



  

 

- 6 -

3,500 BC. Apart from the magnificent cultural advances of Sumeria’s cities (the first use of 

wheel, the invention of writing and the development of metallurgy) there are also technological 

advances on which development and prosperity depended. Agriculture was very much extended 

while the invention of irrigation-based farming systems allowed their farming activities to 

flourish and subsequently facilitated their social and cultural progress. However, despite of all 

the accomplishments achieved by the Sumerians, which reveal a unique and exceptional 

civilization, some signs of a disruption on human-nature relationship are evident. Uruk, which at 

around 3,000 BC was possibly the largest city in the world with 50,000 inhabitants on 500 

hectares, was led to demise through the vast exploitation of natural resources and particularly, 

extended deforestation. Ur was the capital of Sumerian empire with 360,000 inhabitants and 

apart from the massive scale of deforestation that occurred in the region (leading to catastrophic 

inundations and the covering of the city by layers of mud) “…the salinisation of farmland as a 

consequence of the injudicious use of irrigation water, with catastrophic consequences for the 

productivity of farmland feeding these cities…” 2  was another factor linked with the city’s 

decline: the yields of  barley and wheat were destroyed and only date palms were able to grow 

in such a soil condition. By contrast, looking at the example of Egypt, one can identify that the 

decline of its cities was caused from wars or just the passage of time and not from their 

relationship to the environment. It is worth mentioning that the strip of farmland along the bank 

of the Nile has been productive for 7,000 years -due to more sophisticated and cautious 

irrigation systems- while salinisation has been prevented until our times. 

 Carrying onwards, one can identify the considerable environmental stress that even early 

cities imposed on their hinterland. Either we talk about deforestation, salinisation of water or, 

generally, exploitation of natural resources all are continuously present and evident, describing 

the impact of humans and their cities on their immediate environment. A city which is 

considered to have many similarities to contemporary modern city is Rome which, at about 750 

BC, was only a village located on the banks of the Tiber. Of course, Rome’s proximity to water 

was an undeniable advantage and so was the fact that it stood in the heart of a trade route 

linking the northern Italy with the Greek colonies on the south. As soon as the Romans 
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developed an unprecedented road network across Italy their dominance upon the country and 

colonial territories was inevitable. As Rome grew bigger to a city of approximately a million 

people, the natural resources of timber and food in its hinterland were not adequate anymore so 

almost all of the requirements in timber and food were met by bringing supplies from distant 

territories –which Rome had under control. First, territories in the Mediterranean basin supplied 

Rome with the necessary food and timber products; after all these areas were exhausted, the 

northern African territory was the next to be brutally exploited: productive land from nomadic 

tribes was appropriated while forests were converted to farmland; vast amounts of forest timber 

was exported to Rome or used for shipbuilding; thousands of wild animals were captured and 

brought to Rome while hundreds of towns were built to serve as satellites of Rome, with huge 

impact on the local environment. During the following years, climate change, salinisation and 

soil erosion –amongst other equally or even more important factors but irrelevant with the 

environmental deterioration- led to Rome’s fall from a dominant city of around one million 

citizens which created a historical empire to a town of only 30,000 people (between 400 and 

1000 AD). 

 In Europe, during the Middle Ages, people lived in small villages or farms generally 

controlled by feudal landlord while towns and cities gained more and more ground as another 

way of living which, at that time, was associated with people’s freedom from the feudal 

landlord ownership. Medieval cities were surrounded by defensive walls which defined their 

limitation and prevented sprawling, while their inner layout was characterized by many narrow 

lanes that served the circulation. This compact layout created cities that were human-scale 

places and therefore walking and human interaction was allowed. In terms of self-sufficiency 

and their relationship to the immediate hinterland, medieval cities are considered to be the first 

economic urban forms which kept a balance between human activity and natural environment. 

They supplied their food products from the local surrounding area while organic waste was 

returned back to the soil; forests were sensibly exploited for timber products, firewood and 

charcoal; technological innovations as watermills, windmills and the use of horse power were 

milestones for the development of transport and farming. Girardet, describing the integration of 
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medieval city into its hinterland, writes: “…concentric rings of market gardens, forests, 

orchards, farmland and grazing land usually surrounded it. Cows were often stabled within the 

city and herded out to the fields in the morning and back into the city for milking at dusk. The 

townspeople helped to maintain the fertility of the farmland that fed them by returning animal 

manure and night-soil to it…” 3 and he continues to describe the city layout: “… the innermost 

zone is used for horticulture and milk production, where cultivation is very intense, with regular 

applications of manure and night-soil from the town. The second is the wood products zone, for 

both firewood and timber. The third zone is for intensive crop rotation, where the land is 

fertilized annually. The fourth zone is a less intensive rotational cropping system with fallowing 

and dairying. The outer zone is extensive livestock grazing for meat and wool. When a major 

transport route such as navigable river (or a motorway) is available, the circles are “bust 

open” and replaced by an increasingly linear arrangement.” 4 Many medieval cities still exist 

today and some of them are great examples of how a city grows and prospers by assuring that 

the balance on the surrounding environment is kept undisturbed.  

 Contrasting to the example of medieval cities is the Renaissance city growth which was 

associated with great environmental impact. Looking at Venice in the 14th century, one can find 

a city of major importance due the extended and well established trade of products, as glass and 

salt. The city growth to over 100,000 inhabitants and the reality of building an island city on 

swampy ground along with the need for shipbuilding to support trade are in straight line with 

the vast deforestation of the islands in the Mediterranean. As Ottoman Empire became a 

powerful competitor on maritime activity, Venice turned to the slopes of Italian Alps to secure 

timber supplies causing both deforestation of the Alps and also massive soil erosion. 

 Up to this point, it is evident that the function of traditional towns and cities were mostly 

depended on the muscle power, the technological innovations on water and wind power as well 

as the use of firewood and charcoal. Production and transportation systems were clearly defined 

by the means available and this implies an important factor that contributed to their limitation 

on growth. As human evolution continues with the Industrial Revolution, the innovations in 

energy and combustion technology provide new and different tools for development: the 
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introduction of coking coal in the 18th century offered a new range of tools and objects in 

quantities that they were not possible before while the replacement of charcoal for smelting iron 

by coke from coal increased the availability of iron and steel products, marking a revolution in 

building industry, production and transport systems; steam engines were used in a number of 

applications (factory machinery, train and ship powering, pumps, lighting) and, for the first 

time, the introduction of centralized places of industrial production emerged. Large factories 

were located in the cities which attracted more and more industrial workers who bunched in 

these urban production centres. Cities became overcrowded pathological settlements with 

problems of traffic congestion and pollution while their expansion was inevitable. In terms of 

layout, industrial city model was conceived as a place of production where everything was 

arranged to serve this function. Housing, shops and other services were all located around 

factories. Moreover, problems like poverty, illness and dirt were caused from the form and 

structure of these cities. 

 However, at this point of history and onwards, the valuable relationship between city and 

its hinterland seems to be lost; cities do not depend on local resources to meet their requirements 

in food or energy but their rather depend on global resources; they consume instead of produce 

while vast amounts of waste are created. Furthermore, cities are considered to be dominant 

factors contributing to resource and energy decline as well as environmental pollution. In this 

context of environmental deterioration, with several signs of the forthcoming threats upon life 

on the planet, there has been a turn towards more efficient management of natural resources, 

reduction of pollution and environmentally friendly development. Sustainability is the concept 

which involves the decisions to be taken towards the re-establishment of the balance between 

human and nature, and at the same time sets the framework for sustainable development. 

 

1.02 Environmental Context and City today 

 Since 1971, global energy consumption has risen by approximately 70 per cent and it is 

claimed that it will continue to rise by 2 per cent per year over the 15 years while CO2
 emissions 

have increased almost four times compared to 1950 emission levels (Dalal & Bass, 2002). The 
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current situation of the ecosphere is indicated by a number of issues: global warming, the 

greenhouse effect and the general global climate change -seen through extreme weather 

conditions, shifts of climatic zones and dramatic changes in the composition and productivity of 

the ecosystems; the decline of natural resources and biodiversity by 33 per cent over the last 30 

years while demands have doubled (Dalal & Bass, 2002); the destruction of almost half of 

Earth’s original forests and the collapse of fisheries; clean water shortage, an issue with which 

one third of the population has already come across while this number is expected to increase to 

two thirds over the next 30 years (Dalal & Bass, 2002). Resource consumption levels in 

industrialized regions account for “…86% of the world’s aluminum consumption, 81% of its 

paper, 80% of its iron and steel and 76% of its timber…” 5. At the same time the expected 

population growth from 6 billion to 8 billion over the next 20 years, with 97% of this increase 

taking place in developing countries (Dalal & Bass, 2002), makes one wonder of the 

consequences when these developing countries start to claim their fair share on natural 

resources. 

 In a smaller scale, post-modern cities in either developed or developing countries have 

been transformed from a “…place of production to a place of consumption…” 6 and not only 

contribute to the urban environment deterioration but also to the global decline. Cities cannot 

function as self-efficient systems and they are entirely dependent on natural resources brought 

from any other place on the planet rather that their own surroundings; they cannot sustain 

themselves and, all the more, they cause unprecedented levels of pollution and waste 

production. “In 1992, seven millions Londoners used around 20 million tones of oil equivalent 

per year, or two supertankers a week, and discharged some 60 million tones of carbon dioxide 

into the atmosphere. But at least the same amount of fuel again is required to bring in goods 

and products from outside, with more and more being flown in halfway around the world.” 7  

 Specifically, since cities have turned out to be the main human habitat, the assessment of 

their functions related to the environment and their impact upon the ecosphere is critical, 

especially due to their astonishing change over the last 100 years: in 1990, 15 per cent of the 

global population (1.5 billion) lived in cities and there were only four cities which 
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accommodated population of around one million (Delhi, Beijing, Tokyo and London); by 2000, 

47 per cent of the global population (6 billion) lived in cities while there were 20 cities of more 

than ten million, 100 between one and ten million and 200 cities of one million people.  The 

expectation by 2030 is that 60 per cent of the world population (equals to 4.9 billion people) 

will live in urban areas. (United Nations, 1999)  

 In this context of rapid urbanization and its subsequent results, it is a common knowledge 

that environmental stress imposed on the planet derives not only from the extended exploitation 

of natural resources but also -perhaps more significantly- from a number of issues all associated 

with the city function and management. Naming the obvious of these issues would include the 

dependence on fossil fuel for energy, high levels of consumption and waste production and the 

demise of rural areas; issues that not only threaten human existence in the long term but lessen 

dramatically the quality of everyday living. Given the fact that the current development model is 

based on consumption, the stress on the ecosphere is dramatic. Of course, scientific research on 

new technologies has tried to offer alternatives and, in some cases they have been successful, 

but the need of a totally new perspective on the whole development model is imperative. 

Because, even if there are valuable technological attempts for the implementation of alternative 

energy strategies (solar, hydro-electrical, geothermal, wind power) the cost is higher compared 

to the cost of fossil fuel energy production and there are questions on how these alternatives can 

be employed in a large scale (Dalal & Bass, 2002). 

 However, there has been an awakening of politicians, public opinion and decision makers 

in order to overcome the problems created. There is a common agreement that a framework 

must be established, in which the human development must be constrained. Sustainability 

concept defines this framework and points towards specific directions. 

 

1.03 Sustainable Development and Assessment Methods 

 As already pointed out, the quest for ways to establish a sustainable living on the planet 

for all individuals and nations has already emerged as a mature and conscious demand. The 

main objective is how humans can continue growth in the framework of a different development 
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model which will not impose such a stress on the planet. World conferences, research projects, a 

number of related publications and actions taken towards a sustainable approach of development 

indicate the current stage that humanity has reached. The first United Nations conference on the 

Human Environment was held in Stockholm, in 1972, and produced an action plan for the 

environmental protection, setting over 100 recommendations towards this aim. This conference 

resulted to the establishment of “United Nations Environment Programme” (UNEP) and 

“International Institute for Environment and Development” (IIED). In 1987 the World 

Commission on Environment and Development (WCED) published the so-known Brundtland 

Report (Our Common Future summary report) which defines the definition of sustainable 

development as “… development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs.” 8, followed by the CEC’s Green Paper on 

the Urban Environment published in 1990 and the UN’s Earth Summit in Rio in 1992 which 

formed the production of “Agenda 21”. These initiatives are considered to be the indicative of 

both the realization of environmental problems and the intention to deal with them.  

 However, by examining the essence of sustainable development, one can detect that 

although it deals with the preservation of resources and the natural environment, it is 

unbrokenly related to the economic development and the social morals of human societies. In 

other words, sustainability is environmental, economic, political and social issue with all these 

aspects equally important. It is common knowledge that the current economic development 

model cannot be the solution to the current problem since it is the one that has created them at 

the first place; but this economic model is present and powerful due to social acceptance seen 

through political choices; and this social acceptance is nowadays responsible for all 

environmental and social issues related to the well being and equity of all humans. Robert 

Newman describes clearly this relationship when stating that “Capitalism is not sustainable by 

its very nature. It is predicated on infinitely expanding markets, faster consumption and bigger 

production in a finite planet. And yet this ideological model remains the central organizing 

principle of our lives, and as long as it continues to be so it will automatically undo (with its 

invisible hand) every single green initiative anybody cares to come up with.” 9 But the 
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multidimensional nature of sustainability is obvious in the very function of economic 

development itself. For example, “… the use of raw materials extracted in the third world, 

manufactured in Asian countries and consumed in western societies is initially an economic 

issue addressing the production of cheap products. Since third world resources are exhausted 

and wastes are produced… it also becomes an ecological issue. At the same time, the way 

products are manufactured in Asian countries, where labor is overexploited, formulates the 

basis of a moral and political issue.” 10 

 Due to these numerous interdependencies between environmental, political and 

socioeconomic issues it is therefore very difficult to have a clear understanding of what is 

sustainable development and what is not, despite the availability of a generally accepted 

definition. So, the problem of how one can “measure” sustainability in such a complex 

framework has led to the development of sustainability assessment methods, trying to focus 

exactly on the measuring of the impact of human activity on the natural environment: Human 

Development Index, Genuine Progress Indicator and Gross Domestic Product, Life Cycle 

Analysis, Wellbeing Assessment, Dashboard of Sustainability, Environmental Sustainability 

Index, Living Planet Index. Because of the wide range of scientific origin involved (economy, 

biology, ecology), from which each one of these methods derives, there are major differences 

between them in terms of evaluating a certain variable. But the assessment method that actually 

takes into account the multidimensional nature of sustainability and the one that is most easily 

communicated to public is the Ecological Footprinting method. Due to its concept that is 

simple and comprehensive Ecological Footprinting points towards not only the 

environmentally related directions but also the social revision that are involved in that 

sustainability issues. 

 Therefore, in the next chapter, Ecological Footprinting concept is introduced and 

analyzed while its contribution to the realization of what sustainable development 

means is examined in relation to the city form and structure. 
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CHAPTER 2  

Ecological Footprinting and Urban Form 
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2. CHAPTER TWO: Ecological Footprinting and Urban Form 

 

2.01  Ecological Footprinting Concept 

 Ecological Footprinting was developed by William Rees and Mathis Wackernagel as a 

sustainability assessment method able to quantify the impact of human activity on the planet. 

This method clearly defines sustainability issue not only as an environmental problem but also 

as a political, economic and social one since it realizes the socioeconomic implications on the 

wider ecological reality. It is described as “…a planning tool that can help to translate 

sustainability concerns into public action” 1 and claims to be able both to build public 

awareness and to contribute to decision making by providing a better understanding of the 

issues involved. There are numerous examples where Ecological Footprinting is applied, from 

small scale assessments to regional or national scale ones. Herbert Girardet has used it to 

estimate the ecological footprint of London while it was incorporated in regional development 

strategies in the UK. (Chambers & others, 2000) 

 The starting point of Ecological Footprinting analysis is the broad agreement that the 

planet cannot longer support current levels of economic activity, resources exploitation, 

consumption and waste production. Given the fact that these levels are expected to increase in 

the future (due to population growth which will result into a more intense economic activity but 

also due to the conventional approach of development expansion which aims solely to economic 

growth), it is clear that humans can no longer harvest natural resources and generate waste in 

rates that exceed Earth’s regeneration capacity: “…we must ensure that we use the essential 

products and processes of nature no more quickly than they can be renewed, and that we 

discharge wastes no more quickly than they can be absorbed.” 2 Therefore, this analysis 

expounds a concept that is derived and based on such a demand: “… it accounts for the flows of 

energy and matter to and from any defined economy and converts these into the corresponding 

land/water area required from nature to support these flows.” 3 In other words, Ecological 

Footprinting operates as an accounting tool which assists to estimate the requirements of 

productive land area that are related to the resource consumption and waste assimilation of a 
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given economy or population; the conversion of energy flows and matter to measurable 

productive land includes the land needed: to produce food/goods we consume, to absorb waste 

produced and to assimilate CO2 emissions. So, this analysis clearly indicates that for each 

person there is a defined land appropriated and that the problem starts when this person exceeds 

this given share of land. 

 By calculating the ecological footprint of a person, household or economy, some very 

interesting and provoking conclusions arise which are not always related only to the 

environmental crisis but are connected dramatically to the socioeconomic aspects of the current 

development model. To put this into perspective, according to 1995 facts, the ecologically 

productive land that was available for each person was decreased from 5.6 to 1.5 

hectares/person, in contrast with the land area per person that was “appropriated” by residents of 

richer counties which was increased: the ecological footprint of an average North American 

citizen grew almost three times beyond his/her “share”; in fact if everyone lived like the average 

American we would need three planets to support their living (Wackernagel & Rees, 1996). 

Another example is the one of The Netherlands: although average Dutch people consume less 

than the average Americans “…they require 15 times the available land within their own 

country for food, forest products and energy use”. 4  

 Taking these facts forward, the conflict between the demands of rich countries citizens 

and per capita available earth supply is crucial to a balanced and fair existence of humans 

globally since the ecosystems that sustain these industrial regions lie far beyond their 

geographical boundaries and include areas from all over the world. This is evident in the 

example of The Netherlands when compared to Canada’s Lower Frazer Valley. Although both 

regions have almost the same density of 4.4 people per hectare and while the average Canadian 

consumes more resources than the average Netherlander (Wackernagel & Rees, 1996), Holland 

still uses more land than the one that lies within its political boundaries; in fact, five to seven 

times the country’s actual footprint. In other words, although the geographical area of the 

Netherlands is approximately 34,000 square kilometers, the Dutch use almost 5,400 square 

kilometers of built-up area, 70,000 square kilometers for forestry products, 100,000 square 
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kilometers for food production for domestic consumption and need 320,000 square kilometers 

for CO2
 absorption. Also for fodder only, The Netherlands appropriates approximately 100,000 

to 140,000 square kilometers of productive land, much from the Third World (Wackernagel & 

Rees, 1996). So, even if the ecological footprint of a country or region is very important 

environmentally, it becomes socially and morally significant when seen in the context of 

industrialized countries supporting their material prosperity on the ecological productivity of 

poorer regions. Such a reality results in the current situation where not only the burden on the 

ecosystem is insupportable but also rich and developed countries live at the expense of the 

poorest ones since they do not allow them a fair share on earth’s supplies so that they can first 

meet their basic needs and furthermore to develop. Ecological Footprint therefore, emphasizes 

precisely this reality where the pattern of resource consumption and socioeconomic and political 

decisions are inextricable.  

 The Ecological Footprinting method has been often keenly criticized mainly because of 

the limitation on the availability of data collection (Chambers & others, 2000), especially when 

dealing with the footprint at regional level resulting to limitation on the possibilities at this 

level. Additionally, even when data can be collected, potential users have a difficulty to deal 

with the complexity of the calculation procedure while in some cases the results are not 

accessible (PROSUS, 2000).  

 However, because of the simplicity of Ecological Footprinting concept that “translates” 

items of consumption and waste assimilation into productive land, this assessment method is 

very simple to be communicated. Its objective to build and raise public awareness towards 

environmental issues is successfully met with regard both to individuals, politicians and 

environmental managers. Additionally, as an indicator, Ecological Footprinting not only 

presents facts and shapes demands but also points out the direction policies should be moving. 

“It illustrates strategies by presenting the key components of consumption, and thereby, the 

potential for change by different efforts. The effectiveness of changes in energy resources, 

production systems, transportation, dematerialization, bio-production etc, becomes visible.” 5 

Another strong aspect of this tool is that it allows for comparisons between populations or 
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economies at small and larger scale. In this way, valuable conclusions related to households, 

regions or countries and also lifestyles can be collected and used.  Furthermore, it can be 

successfully used in the battle for influencing policies that in many cases hesitate to take the 

political cost and challenge for reformations and changes. 

  

2.02  How it works 

 Theoretically, the ecological footprint of a population or an economy is estimated by the 

calculation of how much productive land and water area is required in order to produce the 

goods consumed and to assimilate the waste generated by this population. However, the data-

processing problems which such a procedure would create if all consumption items, waste types 

and ecosystem functions were included, lead to a more simplified approach and a number of 

concessions that are described below: 

 

 Calculations are based on the assumption that the harvest practices are sustainable 

(although this often is not a reality) 

 Only basic services of nature are included although they are directly or indirectly 

appropriated by human activities (e.g. soil contamination, forms of pollution, fresh 

water withdrawal). The research is concentrated only on: the harvest of renewable 

resources, the extraction of non-renewable resources, the waste absorption and paving 

over 

 Usually, when the same area of land provides more than one service it is not double-

counted 

 Ecological productivity is classified by eight land categories (or ecosystem 

categories) (Table 2.1) 

 Marine areas are not always included, even though marine ecosystems are already 

used at the same intensive way as land is, due to the fact that human consumption 

provided by the sea is limited while the sea is less subject to policy than terrestrial 

ecosystems  
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2.03  Calculation Procedure    

 Since the EF concept is based on the thought that for every unit of material or energy 

consumption a specific amount of land is required (either to provide the consumption flow or to 

act as waste sink), the estimation and valuation of land-use implications of consumption is 

essential. In order to simplify data collection, EF analysis divides consumption into five main 

categories: 

 Food 

 Housing 

 Transportation 

 Consumer goods 

 Services 

 Of course, these categories can be further subdivided when dealing with refined analyses: 

transportation can be separated into private and public or food can be divided into vegetable and 

animal based products. But since it is almost impossible to assess land requirements for both the 

provision and disposal (let alone the maintenance) of each of goods, usually the calculations are 

restricted to main categories and individual items. 
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 The procedure to estimate the ecological footprint of a given population is a multi stage 

process and whether the subject is resource consumption or waste production/assimilation, the 

structure and approach is very similar. Initially, the average person’s annual consumption of a 

particular item is estimated from division of annual total consumption of this item by the 

population size (based on statistical data). Then, in order to estimate the area appropriated per 

capita for the production of the particular consumption item, the average annual consumption of 

that item is divided by its average annual productivity or yield. After that, the total ecological 

footprint of the person is computed “…by summing all the ecosystem areas appropriated by all 

purchased items in his/her annual shopping basket or consumption goods and services…” 6 

Finally, the ecological footprint of the population is obtained by multiplying the population size 

by the average per capita footprint. 

  

2.04  Ecological Footprinting Directives and Urban Form: An Indirect Association 

 By examining how Ecological Footprinting operates as a sustainability assessment 

method, it is clear by now that it is not directly involved with the city form and structure. The 

Directives drawn by EF analysis neither define nor even indicate an “ideal” city model; for EF 

analysis the objective is the reduction of the ecological footprint and the minimization of human 

impact on the ecosphere; they are closely related to human behaviour in terms of consuming 

habits and the correlative levels of waste production. Moreover, the directives are focused on 

the increased levels of fossil fuel based energy consumption that subsequently lead to increased 

fossil fuel production and pollution. So, EF analysis is mostly orientated towards a radical 

reduction of fossil fuels energy consumption which is able to result into less fuel use, less waste 

and less pollution. Our present technology is both shaped and dependent on the intensive use of 

fossil fuels and only the energy costs account for over 50% of our ecological footprint 

(Wackernagel & Rees, 1996). At the same time, transportation is one of the categories that 

Ecological Footprint defines as the major contributors in energy consumption since “…the 

Ecological Footprint of one person traveling five kilometers twice each workday (10km per day) 



 

 

 - 22 -

varies according to transportation mode: for bicycles, it is about 122 square meters, for buses 

303 square meters and for cars 1,530 square meters”. 7  

 As mentioned earlier, cities today consume huge amounts of energy for local transport, 

electricity supply, housing, provision of services and manufacturing, let alone the embodied 

energy contained in globally produced consuming goods or the waste created. Thereby, the 

objective of reduction in energy consumption undeniably involves major changes in many 

aspects of the city function while some of them can be translated in transformations of the city 

form and structure. One of these changes undoubtedly involves the transportation component -

since large amounts of energy is used for commuting- and its contribution in the increased 

pollution levels (Tables 2.2 & 2.3). 
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 In terms of city form, Ecological Footprinting suggests that a compact form is more likely 

to allow for lower levels of transport energy use, since distances are shorter and an attractive 

transportation system can be implemented more easily and more efficiently. Additionally, it 

claims that high densities and mixed use development can contribute towards lower 

transportation costs that would reduce the ecological footprint of cities. So, even if Ecological 

Footprinting does not actually indicate an ideal city model, it explains the imperative need of 

more energy-efficient land-use patterns and urban physiology which subsequently lead to 

transformations of city function and sustainable development. 

 Nowadays, a discussion on the form and structure of the city has been raised and it is 

based on the agreement that the city today functions in a way that can no longer be accepted, 

due to numerous consequences mentioned earlier. At the same time, a wide recognition has been 

achieved of the major contribution that a better and more efficient city design could make to the 

global problem. After the Brundtland Report, giving the general definition of sustainable 

development, the Green Paper on the Urban Environment, published by the European 

Commission (CEC, 1990), indicates the environmental, socioeconomic and functional problems 

of cities today. It is argued furthermore, that a compact city model could contribute to 

environmental sustainability. Along with the Rio Earth Summit in 1992, which led to Agenda 

21, Green Paper contributes significantly to the debate about sustainability of cities, since it 

forms the political basis on which the problems could be resolved. Such an awakening of 

politicians, scientists and professionals is today a reality which has generated many research 

projects that focus exactly on the quest for a more sustainable urban development. .  “The issue 

here is not the sustainable or the unsustainable city; we cannot afford not to sustain the city. 

But it must become more readily and easily sustainable, economically as well as socially and 

environmentally. The all-important question is what form and structure would make the city 

more sustainable.” 8  

 The intention of this paper is to assess the proposed by European Commission Compact 

City model, with reference to the demands on reduction of energy consumption through the 

transportation component. So, in the next chapter, after an introduction of the concept behind 
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the compact city, the arguments that such an urban form can reduce the overall transport energy 

consumption are examined through related characteristics and variables 
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CHAPTER 3  

Compact City seen through the Transport Dimension 
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3. CHAPTER THREE:  Compact City seen through the Transport Dimension 
 

3.01  Compact City Concept and Structure 

 The basic concept behind the compact city model is an urban form with a high degree of 

containment, high population densities and mixed use of development. Its structure is very 

similar to the traditional European cities with one central core and rings of development 

surrounding it.  

 From a social aspect, the compact city has the potential of social mix and equity into 

rejuvenated existing urban areas that can result in urban vitality, variety of a wide range of 

activities, social amenities and cultural facilities (Girardet, 1999). Also, mixed use development 

appears to have the potential of viability –due to overall high population densities- while, the 

results of local concentration of activities and employment can support services and businesses. 

Finally, an overall accessibility and mobility along with a safe and vibrant environment can 

result in a high quality life. 

 From an environmental aspect, the preservation of valuable land through planning 

policies that enforce the use of previously developed land -within the city limits- while 

discouraging the sprawling of the city, is an important benefit which can reduce the vast 

exploitation of the city surroundings as development land. Also, higher densities resulting in a 

dense urban fabric with less energy consumption for housing heating can have great a impact on 

the preservation of resources and reduction of pollution. As mentioned earlier, the major 

problem of cities concerning the resources and pollution is the energy used for heating and 

transportation. It is claimed that a compact city form and structure can concentrate development, 

offer availability and accessibility of facilities and services that can result in the desirable 

reduction of travel need and therefore less transport energy use, lower levels of pollution and 

better overall health. Because of its high densities, its accessibility and the implementation of an 

attractive transport system, it is considered to be the urban form that can promote the use of the 

public transport, walking and cycling while the traffic calming is also a benefit (Jenks & others, 

1996).  
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 In the following sections this particular relationship of urban form and transport energy 

use is examined, in terms of how a compact urban form and structure can actually be the 

dominant factor of shaping energy demand for transportation. 

  

3.02  Compact City and the Transport Dimension 

 It is obvious in every aspect of human evolution that all developments in every field of 

human activity have been subject to the available technologies. The “shape” and function of 

cities today depend profoundly on the means available both in the field of technology and the 

type of energy used. So, it is evident that the relationship between urban form and transport 

energy use is bidirectional. “The form of our cities to a large extent reflects the transport 

technologies which were dominant at different stages of their development.” 1 Today one major 

issue involving sustainability is to reduce the transport energy use in cities. This involves both 

less travel need and also travel by energy-efficient means. Urban form and structure must 

promote both and at the same time must provide the framework to satisfy these two premises. 

People traveling less and by efficient means “…implies arranging land uses so that there is less 

need to travel [the former]… and aiming for land-use patterns which are most conductive to 

public and non-motorized transport [the latter].” 2 The main argument of the compact city 

advocates is that urban intensification as a way of reaching higher densities with concentrated 

mixed use development would reduce both travel distances and the need to travel. Thus a 

reduction of fuel consumption and vehicle emissions could be achieved (Hillman, 1996). 

Additionally, such compactness can offer a highly energy-efficient public transport system, 

developed through centre-to-periphery transport corridors. (Thomas & Cousins, 1996) 

Moreover, because of the accessibility of facilities and services, this structure would affect 

travel behaviour and promote more energy-efficient ways of commuting, like walking and 

cycling, while reducing car-dependency that results in high levels of fuel use (Lloyd-Jones, 

2004). 

 In the ongoing debate about the search for a more sustainable urban form, there are doubts 

on whether such a model may actually result in a more energy-efficient urban structure. All the 
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claims of compact city advocates about the benefits of density, mixed use development, 

availability and accessibility of activities and minimization of car dependence are questioned, in 

terms of the extent in which they can actually result in less transport energy use. Moreover, 

there are arguments that deal with the congestion problem, which such a form may cause, 

resulting in increased fuel use and pollution levels. 

 In order to view and analyze this debate, in the following sections the compact city form 

is examined through different scales and in relation to specific characteristics and variables, and 

their correlation to transport energy use. At a regional scale there is the issue of Urban Size 

while at the intra-urban scale the key issues are Urban Density, Mixed Use 

Development/Accessibility and Congestion. These variables, although interrelated, are 

examined separately in an attempt to result in a clearer picture of the problems, since there are a 

number of contradictory arguments, often based on different interpretations and evaluations.  

 

3.03  Urban Size 

 The question of urban size has been the focus of discussion long before the environmental 

problem and the energy-efficiency of cities became dominant focal points. At this regional 

scale, the question whether there is actually an ideal size, in which cities must be developed in 

order to be energy-efficient, remains unanswered and results to a number of issues related to 

city function. Perhaps because “…there is always a faint air of unrealism surrounding any 

attempt to identify “ideal” patterns of any kind at this scale.” 3 Unresolved also remains the 

correlation between urban size and travel need, since it cannot be clearly defined as positive or 

negative. There are a number of factors interfering in this relationship and cannot be all 

involved and identified within relative studies: urban size, structure, density, type of 

development (centralized-dispersed, clearly defined uses or mixed use), transport infrastructure 

and availability, travel behaviour and a multitude of social and economic issues need to be all 

included in empirical evidence in order to provide strong arguments for or against an urban size 

suggestion. However, despite the fact that such a collection and correlation of data is almost 
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impossible and, in some cases, subject to individual interpretation, it is possible to extract some 

indicative trends. 

 On the surface, there is a general view that, apart from the local accessibility of facilities 

or the constraints on car ownership, travel behaviour can be influenced by urban size, since 

residents of small towns or especially rural areas tend to travel more than those of larger urban 

areas. Getting deeper inside the subject, the complexity that is involved in the attempt to define 

and establish a straightforward relationship is indicated very clearly. According to a study in the 

United Kingdom, analyzing the relationship of different urban sizes and transport energy, the 

energy consumption per capita declines as the size increases (Figure 3.1). However there is the 

interesting exception of Greater London in which the highest per capita energy consumption, 

among the areas examined, is present (Owens, 1986). Also, a similar trend is evident in terms of 

per capita distance traveled. So in the example of London, it seems that despite the accessibility 

of services –like public transport availability, shops, facilities- or employment opportunities, 

there are latent reasons which contribute to high per capita energy use. One can argue that this 

happens because of high levels of car ownership that cannot be influenced by urban size alone 

and therefore, the issue of travel mode itself is, to a certain extent, detached from urban size.  

 

 

                     Figure 3.1 Travel and energy use for transport by different types 

           of area, 1972 (source: Owens, 1986, p.29) 
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 The complex relationship is further described, in a more recent study carried out by 

George Barrett, and summarized in table 1, where different aspects of travel behaviour in the 

UK are presented (Table 3.1). The influence of urban size on different modes of transport is 

evident: overall levels of travel are different between small towns/rural areas, urban areas of 

25,000 and 250,000 people and larger urban areas and increase as size falls; the same happens 

with the levels of car use -although the percentage is high (above 50%) in all urban sizes; the 

bus and rail use levels are increased in large conurbations and fall as size falls (with some ups 

and downs at intermediate sizes) (Barrett, 1996).  

 

 



 

 

- 31 -

 However, in a similar study, when Barrett makes a distinction of work and non-work 

travel patterns relationship to urban size -based on a research on the UK West Midlands, he 

concludes that work related travel increases when the population size is below 50,000 while, on 

the other hand, non-work travel increases when population reaches at around 25,000 people 

(Barrett, 1996). So, when accessibility comes to play, there seems to be a key relationship 

between facilities, services and jobs that can be supported in a given size and transport energy 

use along with the range and quality of transport services which can be offered in the local scale 

(Stead & others, 2000). So, in small settlements, that theoretically cannot offer the diversion of 

services and facilities which may be required, it is very possible that their residents have to 

travel longer distances to have access to these facilities. In the other situation of large 

settlements, long distances can also be present since in order for the residents to reach facilities 

and services located in the core(s) of these settlements, they may also have to make longer trips 

from their residence which is located in an outer core ring. The choice of transport mode may be 

or may be not subject to availability of different modes or employment opportunities or the 

accessibility of services/ facilities. Car use seems, to a certain extent, to be unaffected by factors 

like these. Therefore the travel behaviour, as a variable of transport energy use, cannot be 

absolutely determined by urban size. 

 Since the issue of how to make cities more energy-efficient is undoubtedly subject to a 

number of variables, one can argue that the relationship between urban size and transport energy 

use is an indirect one and that urban size alone cannot determine a positive or negative 

correlation. Dominant factors seem to be the change in travel behaviour –as in many issues 

following this chapter- and the minimization of car dependency. Even if travel behaviour can be 

influenced by the city structure, through attractive public transport system or accessibility of 

local facilities and so on, there is always the question of how far the implementation of public 

transport and the rest can go in very large cities. For example, the compact city of Amsterdam, 

having solved to a very satisfying degree the transportation problem, by implementing different 

transport modes and by providing bicycle and walking routes, has achieved less car dependency 

and thus less transport energy use. But Amsterdam has a population of only 700,000 people. 
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The question is more concerned with larger cities where the problems of size, accessibility and 

the implementation of satisfying transport systems become more complex (e.g. London). From 

such questions derives the argument that, although the compact city can present remarkable 

achievements on energy-efficiency when it actually remains of a small size, it is questionable 

whether it can really function successfully when it grows beyond a certain size (Frey, 2006). 

 

3.04  Urban Density 

 The correlation of density and transport energy use is perhaps the most discussed subject 

in the debate about urban form and energy-efficiency. There is a rather generally accepted 

argument that transport energy use declines as density rise and this is supported by a number of 

studies and cross-sectional analyses of different areas, countries and also different areas within 

cities (Owens, 1986). Although it is often suggested that high density is not the only way 

towards energy-efficiency of cities (Breheny, 1996b, Owens, 1986), when assessing the 

compact city model in terms of density-energy use relationship, the critical issue seems to be the 

travel distance rather than the frequency of travel. So, because high urban density reduces travel 

length and travel need –due to local availability of services and facilities-it is considered to be a 

dominant factor in influencing travel behaviour and thus transport energy consumption. How 

clear this relationship is, and whether urban density actually contributes in reducing energy-rich 

modes of transport, has been the subject of a multitude of studies. 

 In a regional scale, it is claimed by a number of scientists that residential densities reflect 

the most important influence on personal travel behaviour (Barrett, 1996). It is evident through a 

qualitative analysis that although neighborhoods of high residential densities are usually located 

near the city centre, close to facilities and services, sometimes occupied by people with below 

average income and perhaps low car ownership, density is still one of the key influences on 

travel behaviour, and is not always dependent on these factors (ECOTEC, 1992). Also, in terms 

of choice of transport mode, a relatively recent comparison between Milton Keynes (UK), a low 

density residential development, and Almere (the Netherlands), a more compactly planned 

town, shows some evidence of the positive way in which density and mixed use contributes to 
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sustainable transport (TEST, 1991). "The most obvious finding and an important one, was the 

much higher percentage of trips made by car and the much lower level of bicycle use in Milton 

Keynes when compared to Almere (65.7% of trips by car compared to 43.1%, 5.8% of trips by 

bicycle compared to 27.5% respectively)" 4  

 However, according to Kate Williams who carried out research related to the impacts of 

intensification on three London boroughs that have adopted this planning policy (Williams, 

2000), intensification does not necessarily result in reduction of demand for energy-rich modes 

of transport. Specifically, she compared the objectives of intensification to what actually 

happened in Harrow, Camden and Bromley. Although different circumstances apply to each one 

of these boroughs in terms of condition, approach and implementation, they all shared a 

common aim to reduce the number and lengths of travel by environmental damaging modes of 

transport, particularly cars, and increase the use of other modes, like public transport, cycling 

and walking. The results, drawn over a period of ten years, were not particularly positive for 

intensification impacts on travel behaviour. In Camden (an inner London borough that is part of 

London regional employment markets), which is considered to be an area with high density 

population, concentration of mixed uses, low levels of car ownership and an attractive and 

articulated public transport system, the traffic on nearly all routes has increased. This is mostly 

related to through traffic, since more people work than live in the area. Also, there is an 

indication that shopping and leisure trips may be reduced for local needs, but no evident 

argument that planning influence alone could affect travel patterns. Given the fact of high levels 

of traffic, the prediction of planning policy did not promote cycling and walking. In Harrow and 

Bromley (outer London boroughs), where intensification was promoted or restricted in different 

areas in the former while it was more environmentally driven in the latter, the results also 

showed that car use has increased, despite the successful development of retail and offices in 

central areas. In all three cases public transport use decreased, a finding that further strengthens 

the argument that the relationship between urban form and travel patterns is more deep and 

multidimensional than a planning policy (Banister, 1992a). Furthermore, the results cannot be 

evident in the short term but they are likely to emerge in the long term of a 30 or 40-years plan. 
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 In terms of density and fuel consumption, comparisons of gasoline usage per person 

between different cities from all over the world have shown that consumption rises as densities 

fall. The research carried out by Newman & Kenworthy (1989) is one of the strongest 

arguments of compact city advocates. They make an analysis of how urban form and transport 

modes can reduce fuel consumption and it is based on ten US cities and twenty two around the 

world, trying to examine the correlation of different features with petrol consumption per capita. 

These features include petrol prices, incomes, city size, population density and car ownership. 

Since, according to Newman & Kenworthy, the rest of the features have very little association 

with fuel consumption, the focus is on urban density and their findings, regarding the US cities, 

conclude “…that urban structure within a city is fundamental to its gasoline consumption”. 5 

Table 3.2, showing this correlation for different parts of New York, reveals clearly the decrease 

of consumption as densities rise. Again, according to them, there is a potential of 20 to 30% fuel 

saving in low-density cities as Phoenix or Houston (which are the least densely populated cities 

in the US) if they move to urban structures with higher density and provide a satisfactory public 

transport system. Of course, it seems obvious that the correlation between high densities 

combined with high levels of public transport implementation is very closely linked to low fuel 

consumption per capita, since lower densities are usually more car-dependent and prohibit the 

implementation of an attractive public transport system.  

 

 The counter-argument comes to challenge the strength of Newman & Kenworthy study by 

stating that “…little can be done to reduce petroleum consumption other by taxation”. 6 Gordon 

& Richardson (1989) argue that pricing policies –in this case fuel tax- are more likely to 

determine the consumption of scarce resources rather than just urban structures. Also, they point 
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out that patterns of consumption between different cities may be simply affected by travel habits 

or life-styles and that accrediting urban form for them can only be based on assumptions rather 

than on an existing correlation. Additionally, they seem skeptical about the conclusions of 

Newman & Kenworthy due to the absence of the relationship between work travel and fuel 

consumption and they constitute their doubt on the fact that, due to decentralization of jobs over 

the last years, most of the work trips take place from suburb to suburb while the journey trips to 

urban centres are a small proportion. Breheny (1992b), commenting particularly on these two 

studies, suggests that even if Gordon & Richardson highlight some very important and rather 

neglected issues (i.e. the nature of journey-to-work flows) they seem to misjudge the urgent 

importance of energy consumption. Of course, the specific targets about CO2 emissions is a 

rather recent target but he finds the Newman & Kenworthy study more relevant with what 

nowadays is addressed as a major issue.  

  

3.05  Mixed Use Development / Accessibility 

 In the ongoing debate about how transport energy requirements can be reduced it seems 

obvious that there are two ways of achieving this: by reducing the need to travel and by 

promoting more energy-efficient means. People traveling less can be provided by an 

arrangement of land uses that reduce their need to commute; the energy-efficiency of transport 

can be a result of influence on travel behaviour in a way that public transport and non-motorized 

transport means are employed (Owens, 1986). It is today common knowledge that car 

dependency is one of the top issues that national policies have to deal with, both due to the 

decline of fossil fuel production and to the environmental impact which is nowadays dramatic. 

“Automobile dependence exists where urban form and transport options are such that choices 

are limited to car use.” 7 In this context, the imperative need to reduce car dependency seems to 

find an outlet through the review of urban structures and travel patterns.  

 Whether and how a city is structured to provide accessibility to facilities and services are 

certainly major issues. Therefore, in order to assess the urban structure in terms of its 

sustainability, the characteristics of intra-urban travel behaviour must be examined and 
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analyzed. Mixed-use urban developments which provide interspersion of activities, accessibility 

to services and facilities, provision of infrastructure for public transport and alternative means of 

commuting (walking, cycling) seem to be strong variables but their influence on travel 

behaviour is rather unclear. There are again inconclusive results concerning these relationships 

and also contradictions between different studies. The difficulty lies on the complexity of the 

factors that may affect travel behaviour and the multitude of variables combinations that 

actually influence it.  

 Additionally, there is again the life-style variable, which to a certain degree determines 

travel mode choices, that tends both not to be affected only by planning policies and is almost 

impossible to predict.  There are also other factors, totally irrelevant to the urban form and 

structure, which affect travel choice. For example, the economic aspect of fuel consumption is 

again a predominant factor affecting travel behaviour. If the fuel price is high and therefore the 

propensity to travel is low, then local accessibility to facilities and services is more likely to 

affect behaviour. In the opposite scenario, when the price is low, accessibility might only make 

a little difference (Breheny, 1992a).  

  Nonetheless, there are useful research projects that can give an idea of this complex 

relationship. Some of them stress the importance of accessibility while others are more skeptical 

about its role in determining travel behaviour. Hillman & others (1976), studying areas in the 

outer South East England region in terms of non-work related travel, found that the local 

provision of facilities played a significant role in promoting walking and also in the more 

frequent use of these facilities -in  a larger or a smaller extent, but nevertheless larger than 

before. One can argue, though, that perhaps it is the type of facility which attracts people more 

than before and not proximity, as there is a number of facilities that people need to visit despite 

the length of journey. Therefore, the link between accessibility and travel behaviour is indirect 

and cannot imply an absolute correlation. In other words, even if encouraging people to walk, 

by reducing travel length for facilities that are often used, has a potential of reducing car trips, 

there cannot be a generally proved relationship between types of facilities and travel mode 

choice. This argument is further extended in a study carried out by Farthing & others (1996), 
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concerning five new developments on the periphery of the Bristol, Kingswood and Bath urban 

area. They range from large-scale to infill and village expansion developments, with different 

levels of availability and thus accessibility to facilities. In order to identify which facilities can 

benefit from local accessibility, they focus their research on a small group of seven: open space, 

a food shop, a newsagent, a post office, a primary school, a public house, a supermarket and a 

secondary school, all of them used frequently despite their location as a preliminary analysis of 

use patterns indicated. The research reveals that increasing local accessibility does not have a 

major impact in promoting walking to these facilities. A reduction in car use and increase of 

walking are evident in only two out of seven facilities: the secondary school and the public 

house. So unfortunately, even if the reduction of travel journey is a positive outcome, car use is 

not considerably discouraged by accessibility.   

 Another aspect of this debate emphasizes the lack of availability of certain types of 

facilities and services in a local scale since important ones such as recreational and cultural 

facilities, retail or employment cannot always be provided locally (Breheny, 1992b). Studies 

have shown that even if trips may be reduced for some jobs provided locally, there still remains 

the problem of work-related travel since more specialized employment cannot be provide 

locally. The same applies to facilities and services mentioned above. Even if some shopping and 

leisure needs can be met on a local scale, there are others which cannot be fulfilled (Williams, 

2000).  So there is still a question of the degree in which people actually choose the nearest 

destination -for work, shopping, leisure- where, in some cases, this choice is not dependant on 

and cannot be affected by the length of journey. “This diversity of skills, opportunities, and 

tastes means that the value of getting a particular job, going to a particular shop, and so on, far 

outweigh the additional costs of the extra travel” 8 As far as the issue of promoting public 

transport over car use is concerned, the travel behaviour seems to be subject to a number of 

issues, mainly related to the function of this mode and not necessarily on the urban structure. 

 For example, the waiting time implication seems to play an important role upon the 

choice of people to use public transport, especially when shorter distances are involved. In the 

Netherlands, “…40% of all car trips are for distances below 5km, while this figure is only 16% 
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for all public transport trips.” 9 Other factors may also be very important determinants on 

people’s choice: frequency and reliability of public transport along with their dependence upon 

supplementary modes of transport. “Traveling by collective modes is inter-modal by nature, 

while individual modes offer door-to-door transport. This makes the functioning of collective 

modes dependent on the level of connectivity with other transport systems (including walking 

and cycling) that offer transport to and from the nodes. Co-ordination problems between 

different modes therefore may be an important factor in the failure of collective transport” 10 

Also, the provision of bicycle and walking routes seems to have an important role to play on the 

promotion of these alternatives ways of commuting. 

 As seen from the above, there are well documented arguments about whether mixed use 

developments and accessibility of facilities, although they reduce travel distance and demand, 

can actually contribute in reducing car use and promoting walking or cycling. Moreover, the 

controversy over the study results indicate that there cannot be a general agreement on the 

matter and that problems should be tackled locally and by taking account of specific situation 

and needs. Again, the issue of travel behaviour has a role to play while the extent in which it can 

be affected by planning policies only is questionable; it seems to be a long-term goal which 

involves a wider realization of sustainability issues.  

 

3.06  Congestion 

 Apart from the quality of life aspect, congestion is obviously linked to the environmental 

problem, in terms both of pollution reduction and of resource conservation. In relation to the 

compact city model, even though its concept claims that in such city structure congestion is 

spread into more roads and for shorter periods of time (Frey, 1999), there are strong arguments 

claiming just the opposite: that not only traffic congestion levels may be higher in a large 

centralized city, but also that the possible fuel energy savings from density, mixed use and 

accessibility of services may not compensate for the energy prodigality and increased pollution 

through congestion. It is rather sensible that fuel-efficiency is significantly reduced through 
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slower speeds while the exhaust emissions related to congestion aggravate the pollution problem 

in a situation where it should be minimized. 

 In particular, there are many concerns that higher densities are more likely to result in 

increased congestion, subsequently raising more doubts about their claimed benefits. These 

doubts are described in respect to a number of issues. First, the significant costs related to 

congestion; second, the increased energy use and high levels of pollution which diminish the 

benefits of shorter travel distances and reduction of travel need; and finally, the concentration of 

vehicle emissions in particular areas where more people are likely to be affected and the 

consequent question whether the objective is to reduce travel or to minimize its harmful effects 

(Barrett, 1996).  

 Car dependence, attractiveness of public transport and travel behaviour in terms of choice 

of travel mode seem again to be important factors contributing to the problem of congestion. 
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CONCLUSION 

 

 Having looked at some indicative paradigms of how cities have developed in the course 

of time, it is obvious that the city as a socio-economic and cultural organization has developed 

and transformed in parallel with human evolution, always depended on technological 

advancements. Also, it is evident that the interdependence of humans and natural environment 

has always proved crucial for the existence of both. Historically, there have been cities that 

lived within the limits of the ecosystem, preserving the natural capital for thousands of years; 

there have been others which exploited the available local or regional natural resources vastly 

and were led to their own demise, but also disturbed the balance of the ecosystem and 

contributed significantly to the environmental deterioration. 

 Today, this balance between nature and humans is further disturbed and has resulted in a 

situation where the environmental stress imposed on the planet has reached unprecedented 

levels. In this context, the city has a dominant role to play since it is considered to be one major 

contributor to resource decline and also to environmental pollution – through high levels of 

consumption, waste production and energy use. The need for the reversal of the situation is 

imperative and the realization of the problems has resulted in a turn towards more efficient 

management of natural resources, reduction of pollution and environmentally friendly 

development. The generally accepted term of Sustainable Development describes clearly this 

turn while, at the same time, involves the decisions need to be taken and sets the framework for 

such development.  

 However, having analyzed the concept of sustainability and the basis on which it stands, it 

is clear that apart from an environmental issue is also a socio-economic and political one. This 

is mostly due to the current economic development which is based on growth and consumption 

and the morals of our time. A tool that communicates the three-fold nature of sustainability is 

Ecological Footprinting analysis and is one sustainability assessment method. The particular 

method acts like a planning tool in order to translate sustainability issues into public action, and 

therefore to help in decision-making, by providing a clear understanding of the issues involved. 
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Its starting point is the wide agreement that the planet cannot support the current levels of 

resource consumption, waste production and pollution. Having analyzed the concept and the 

calculation procedure of Ecological Footprinting, its methodology is the conversion of energy 

flows and matter to measurable productive land. This is the land needed for food/goods to be 

produced and consumed, waste to be absorbed and CO2 emissions to be assimilated. Therefore, 

it is clear that for each individual, city, country or region there is a certain amount of land 

appropriated and that the problem starts when this amount exceeds beyond its limits.  

 Today, developed countries have exceeded by far their “fare share” on Earth’s resources 

while, developing countries adopt the same economic development model based on 

consumption and unlimited growth.  The ecological footprints of the western countries exceed, 

in an unacceptable way, beyond their political and geographical boundaries, resulting in 

repressed development in poorest countries. At the same time, the planet deterioration is evident 

and the role of the city is, widely accepted, dominant. After the Brundtland Report, the Green 

paper on the Urban Environment and Agenda 21, the political basis on which the problems 

should be resolved is established, and the contribution of cities to the problem is generally 

accepted: they are the major energy consumers for heating and transportation; they consume and 

produce waste at rates that exceed the Earth’s capacity of absorption and pollute the natural 

environment. According to Ecological Footprinting Directives, the main aim should be a radical 

reduction of consumption, fossil fuel energy consumption and waste production. Urban form is 

unbrokenly related particularly to the issue of energy use since it includes land use patterns, 

energy consumption through heating / transportation systems and also pollution levels due to 

fossil fuel use. Therefore, the link between Ecological Footprinting Directives and Urban Form 

is an indirect one. Ecological Footprinting points towards a city model that is energy-efficient 

and more environmentally friendly but it does not actually indicate one; it seems to 

acknowledge the potential of compactness / mixed use / accessibility but it has certain 

objectives to meet, related to the reduction in energy consumption.  

 In the ongoing debate about sustainable urban forms, a model that is considered to be 

energy-efficient and socially sustainable is the Compact City model. In particular, as far as the 
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transport energy use is involved, the compact city has the potential in energy savings since it 

reduces travel distances. After introducing the concept of Compact City model and focusing on 

the correlation between the particular urban form and transport-energy use, four main variables 

of the transport dimension are explored: Urban Size, Urban Density, Mixed Use/Accessibility 

and Congestion. Due to their interrelation and the various interpretations they are subject to, the 

four variables are presented in relation to the reduction of transport-energy use through Urban 

Form, in this case, the Compact City model. The main arguments of the advocates of Compact 

City depend on its very characteristics: high densities, mixed use development, accessibility to 

facilities and services. This urban model stands in the opposite direction of the current 

“sprawling” city model and promotes compactness combined with articulated public transport 

system. In theory, high density cities and a certain degree of containment are considered to have 

positive influence on the reduction of transport energy use, since they reduce travel distance and 

therefore travel need. Additionally, concentrated mixed use development offer accessibility to 

facilities and services, while promote alternative and energy-efficient ways of commuting 

(walking, cycling). Car dependency, a major issue related to the choice of travel mode, may be 

discouraged through planning policies, land-use patterns and implementation on an attractive 

public transport system.  

 However, there are valuable counter-arguments and a number of studies challenging the 

benefits that compactness has to offer in terms of reducing transport energy consumption. 

Generally, these arguments question the basis on which the subject is brought up which is the 

extent in which the Urban Form alone can influence travel behaviour. As far as the Urban Size 

is concerned, it is clear that there is not an ideal size in which the cities must develop in order to 

be energy-efficient. Although there seems to be a correlation between size and travel need -as 

the former increases the latter falls- this correlation is indirect and can only be indicative of 

some trends, not an absolute rule. In particular, it is logical that inhabitants of small settlements 

-with limited accessibility to workplaces, facilities and services- tend to travel more and perhaps 

by energy-rich modes. On the contrary, it also seems logical that people in large cities -with 

better access to all amenities mentioned before and perhaps a better public transport system- 
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generally consume less energy for transport. However, this is not always the case and the size 

itself cannot be determinant factor influencing travel demand. Characteristics as travel distance 

and accessibility have a major role to play, since they both affect travel behaviour. Also car 

dependency and use seem to remain unaffected by urban size, since they are, in a certain extent, 

part of the current lifestyle.  

 The question whether cities with high densities actually use less energy for transport has 

been the focal point of sustainability debate for years. It is widely accepted that a degree of 

compactness reduces the travel demand, especially the demand for car travel. Also, the 

assumption that transport energy use declines as density rise, has been the focus of studies and 

cross-sectional analyses while their correlation is evident. Density seems to be a dominant 

clarifying variable for the transport-energy use levels. Since it is associated with mixed use 

development and good accessibility to facilities and services, density has a positive impact on 

reducing travel distance. The critical point here is that the reduction of travel distance is far 

more evident and important than the reduction in frequency of travel. And this is a reason why 

density is considered to be an urban characteristic which promotes walking, cycling and non-

motorized means of commuting. At the same time, there are cost saving benefits and the 

potential of an attractive public transport system, which may further influence travel behaviour. 

However, the issue of density has not always been proven to be responsible for reduction in 

transport energy use. There are a number of situations where density has not really “performed” 

in the desirable way. The slow rate of urban change and a number of economic, social and 

political issues are involved. But under the prism of the transport issue, apart from the 

accessibility that mixed use development offers, variables like proximity and planning policy 

are not likely to influence travel demand and behaviour. High densities undoubtedly reduce 

travel lengths, sometimes also travel need, but do not necessarily influence the choice of mode 

for commuting. Car use remains at high levels and it is unclear whether density can have a 

significant contribution in reducing car dependency or promoting non-motorized ways of 

traveling. 
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 The last issue examined, is the role of mixed use development and better accessibility in 

reducing transport energy use. It is clearly addressed that such a land-use pattern can actually 

encourage walking and cycling while deter car use for some types of journeys. At the same 

time, a mix of uses can contribute to significant reductions in length both of time and distances 

traveled. Accessibility to facilities and services, offered by mixed use development, plays an 

important role for some types of travel. However, this role cannot be considered as determinant. 

Despite the influence of economic issues related to energy consumption, there are other 

qualitative characteristics involved in the travel behaviour that actually cannot be influenced. 

For example, proximity is an important variable but it does not seem to be as strong as the type 

of facility or service that people need to travel to; or, the extent in which people actually choose 

the nearest destination for any reason of commuting is another variable indirectly related to 

land-use patterns but not straight-forward involved. 

 Therefore, from one side there is the imperative need to reduce energy use and one way of 

achieving this, is through the reduction of transport-energy consumption; from the other side, 

the quest for an energy-efficient urban form and structure is very much related to the desirable 

energy savings. Compact City model offer the potential for energy saving through the transport 

component and its contribution in reducing travel length and demand is important. However, 

urban form and specific characteristics alone do not seem to have great impact on travel 

behaviour, while through very complex and multidimensional studies, it is often difficult to 

extract absolute conclusions concerning the actual dimensions of urban form influence on travel 

behaviour. At the same time, travel behaviour is influenced in a large extent by social, economic 

and political variables as lifestyle, morals, economic status and sometimes ideology. Thus, in 

order to understand sustainability issues, a certain degree of environmental, political and social 

consciousness is needed. Perhaps Ecological Footprinting main contribution is the convenience 

in which environmental issues can be communicated rather than the supply of quantitative facts, 

describing the stress imposed on the planet by human activity. And that is because sustainability 

depends profoundly on public awareness demanding for the political, economic and social 

sustainable development. 
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