Chapter 25: Sustainable Cities 
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Case Study


The Ecocity Concept in Curitiba, Brazil


Environmental and urban designers envision the development of more sustainable cities, called ecocities or green cities. The ecocity is not a futuristic dream. One of the world’s most livable and sustainable major cities is Curitiba, Brazil, with more than 2.5 million people.


This city decided in 1969 to focus on mass transit.


Curitiba probably has the world’s best bus system, which each day carries more than three-fourths of its people throughout the city along express lanes dedicated to buses (Figure 25-1).


Bike paths run throughout most of the city. Cars are banned from 49 blocks of the city’s downtown area, which has a network of pedestrian walkways connected to bus stations, parks, and bike paths. Because Curitiba relies less on automobiles, it uses less energy per person and has less air pollution, greenhouse gas emissions, and traffic congestion than most comparable cities.


To reduce flood damage and add green space, the city transformed flood-prone areas along its rivers into a series of interconnected parks that are crisscrossed by bike paths. Volunteers have planted more than 1.5 million trees throughout the city. No tree in the city can be cut down without a permit, and two trees must be planted for each one cut.


The city recycles roughly 70% of its paper and 60% of its metal, glass, and plastic, which is sorted by households for collection three times a week. Recovered materials are sold mostly to the city’s more than 500 major industries that must meet strict pollution standards.


Most industries are in an industrial park outside the city limits. A major bus line runs to the park, but many of the workers live nearby and can walk or bike to work.


The city uses old buses as roving classrooms to give the poor basic skills needed for jobs. Other retired buses have become health clinics, soup kitchens, and some of the city’s 200 day-care centers, which are open 11 hours a day and are free for low-income parents.


The poor receive free medical, dental, and childcare, and 40 feeding centers are available for street children.


The city has a build-it-yourself system that gives each poor family a plot of land, building materials, two trees, and an hour’s consultation with an architect.


In Curitiba, virtually all households have electricity, drinking water, and trash collection. About 95% of its citizens can read and write and 83% of the adults have at least a high school education. All schoolchildren study ecology. Polls show that 99% of the city’s inhabitants would not want to live anywhere else.


This ecocity design is the brainchild of architect and former college teacher Jaime Lerner, who has served as the city’s mayor three times since 1969. Under his leadership, the municipal government dedicated itself to two goals. First, find simple, innovative, fast, cheap, and fun solutions to problems. Second, establish a government that is honest, accountable, and open to public scrutiny.


An exciting challenge during this century will be to reshape existing cities and design new ones like Curitiba that are more livable and sustainable and that have a lower environmental impact.


Figure 25-1 Solutions: bus system in Curitiba, Brazil. This system moves large numbers of passengers around rapidly because each of the five major spokes has two express lanes used only by buses. Double- and triple-length bus sections are hooked together as needed, and boarding is speeded up by the use of extra-wide doors and raised tubes that allow passengers to pay before getting on the bus (top left).
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The city is not an ecological monstrosity. It is rather the place where both the problems and the opportunities of modern technological civilization are most potent and visible.
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This chapter addresses the following questions:


How is the world’s population distributed between rural and urban areas, and what factors determine how urban areas develop?


What are the major resource and environmental problems of urban areas?


How do transportation systems shape urban areas and growth, and what are the advantages and disadvantages of various forms of transportation?


What methods are used for planning and controlling urban growth?


How can cities be made more sustainable and more desirable places to live?


25-1 URBANIZATION AND URBAN GROWTH


What Causes Urban Growth? Magnets for Business and Hope for the Poor


Many people move to cities because “push” factors force them out of rural areas and “pull” factors give them the hope of finding jobs and a better life in the city.


At the beginning of the industrial revolution about 275 years ago most people lived in rural areas and small villages and towns. Today almost half of the world’s people live in densely populated urban areas, as rural people have migrated to cities with the hope of finding jobs and a better life.


Urban areas grow in two ways—by natural increase (more births than deaths) and by immigration, mostly from rural areas. This urban immigration is influenced by push factors such as poverty, lack of land to grow food, declining agricultural jobs, famine, and war that force people out of rural areas. Rural people are also pulled to urban areas in search of jobs, food, housing, a better life, entertainment, and freedom from religious, racial, and political conflicts.


People are also pushed and pulled to cities by government policies that favor urban over rural areas.


For example, developing countries spend most of their budgets on economic development and job creation in urban areas, especially in capital cities where their leaders live. Some governments establish lower food prices in urban areas, which pleases city dwellers, helps keep leaders in power, and attracts the rural poor.


What Are the Worldwide Patterns of Urbanization and Urban Growth?


More People and More Poverty


Urban populations are growing rapidly throughout the world, and many cities in developing countries have become centers of poverty.


A country’s degree of urbanization is the percentage of its population living in an urban area. Urban growth is the rate of increase of urban populations.


Five major trends are important in understanding the problems and challenges of urbanization and urban growth. First, the proportion of the global population living in urban areas is increasing. Between 1850 and 2004, the percentage of people living in urban areas increased from 2% to 48% (Figure 25-2). According to UN projections, by 2007 half of the world’s people will live in urban areas and by 2030 about 60% will. Between 2004 and 2030 the world’s urban population is projected to increase from 3.1 billion to 5 billion. Almost all of this growth will occur in already overcrowded cities in developing countries such as India, Brazil, China, and Mexico (Figure 25-2).


Second, the number of large cities is mushrooming. In 2004 more than 400 cities had a million or more people, and this is projected to increase to 564 by 2015. Today there are 18 megacities or meagalopolises (up from 8 in 1985) with 10 million or more people—most of them in developing countries (Figure 25-2).


A third trend is that urbanization and urban populations are increasing rapidly in developing countries (Figure 25-3). Between 2004 and 2030, the degree of urbanization in developing countries is expected to increase from 41% to 56%. In Latin American and Caribbean developing countries, 75% of the people are urban dwellers compared to only 35% in Africa and 39% in Asia.


Fourth, urban growth is much slower in already heavily urbanized developed countries (with 76% urbanization) than in developing countries. North America’s urbanization is 79%, the highest in the world. By 2030 urbanization in developed countries is projected to increase to 84%.


Fifth, poverty is becoming increasingly urbanized as more poor people migrate from rural to urban areas, mostly in developing countries. The United Nations estimates that at least 1 billion poor people live in the urban areas of developing countries. If you visit poor areas of such a city your senses may be overwhelmed with a chaotic but vibrant crush of people, vehicles of all sorts, street vendors, traffic jams, noise, smells, smoke from wood and coal fires, and people sleeping on streets or living in crowed, unsanitary, and rickety and unsafe slums and shantytowns.
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How Urbanized Is the United States?


City-Dwellers Dominate


Almost eight of every ten Americans live in urban areas, about half of them in sprawling suburbs.


Between 1800 and 2004, the percentage of the U.S. population living in urban areas increased from 5% to 79%. The population has shifted in four phases. First, people migrated from rural areas to large central cities. Currently, three-fourths of Americans live in 271 metropolitan areas (cities with at least 50,000 people), and nearly half live in consolidated metropolitan areas containing 1 million or more residents (Figure 25-4, p. 566). Second, many people migrated from large central cities to suburbs and smaller cities. Currently, about 51% live in the suburbs and 30% in central cities. Third, many people migrated from the North and East to the South and West. Since 1980, about 80% of the U.S. population increase has occurred in the South and West, particularly near the coasts. California in the West, with 34.5 million people, is the most populous state, followed by Texas in the Southwest with 21.3 million. This shift is expected to continue. Fourth, some people have migrated from urban areas back to rural areas since the 1970s, and especially since 1990.


How Has the Quality of Urban Life in the United States Changed? Progress and Challenges


The quality of urban life improved significantly for most Americans during the last century, but there is still a long way to go.


Since 1920, many of the worst urban environmental problems in the United States have been reduced significantly.


Most people have better working and housing conditions, and air and water quality have improved (Figure 10-11, p. 181). Better sanitation, public water supplies, and medical care have slashed death rates and the prevalence of sickness from malnutrition and infectious diseases. And concentrating most of the
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Figure 25-2 Major urban areas throughout the world based on satellite images of the earth at night that show city lights. Currently, the 48% of the world’s people living in urban areas occupy about 2% of the earth’s land area. Note that most of the world’s urban areas are found along the coasts, and most of Africa and much of the interior of South America, Asia, and Australia are dark at night. This figure also shows the populations of the world’s 18 megacities with 10 or more million people in 2001 and their projected populations in 2015. Note that all but four are located in developing countries. Use this figure to list in order the world’s five most populous cities in 2001 and the five most populous ones projected for 2015. (National Geophysical Data Center/National Oceanic and Atmospheric Administration and United Nations) 1970 1950 1990 2010 2030 3.0 1.5 0 4.5 Population (billions) Year
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Figure 25-3 Urban population in developed and developing countries, 1950–2003, with projections to 2030. (Data from United Nations Population Division)


population in urban areas has helped protect the country’s biodiversity by reducing the destruction and degradation of wildlife habitat.


However, a number of U.S. cities, especially older ones, have deteriorating services and aging infrastructures (streets, schools, bridges, housing, and sewers).


Many also face budget crunches from rising costs as some businesses and people move to the suburbs or rural areas and reduce revenues from property taxes.


And there is rising poverty in the centers of many older cities, where unemployment typically is 50% or higher.


What Is Urban Sprawl and What Are Its Effects? Paving Paradise and Driving to Get Anywhere


When there is ample and affordable land, urban areas tend to sprawl outward, swallowing up surrounding countryside.


Another major problem in the United States and other countries with lots of room for expansion is urban sprawl. Growth of low-density development on the edges of cities and towns gobbles up surrounding countryside—frequently prime farmland or forests—
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Figure 25-4 Major urban areas in the United States based on satellite images of the earth at night that show city lights (top).


About 8 out of 10 Americans live in urban areas that occupy about 1.7% of the land area of the lower 48 states. Areas with names in white are the fastest-growing metropolitan areas. Nearly half (48%) of Americans live in consolidated metropolitan areas with 1 million or more people, which are projected to merge into megalopolises (bottom and Figure 25-7, p. 568). (Data from National Geophysical Data Center/National Oceanic and Atmospheric Administration, U.S. Census Bureau)


and increases dependence on cars (Figure 25-5). The result is a far-flung hodgepodge of housing developments, shopping malls, parking lots, and office complexes —loosely connected by multilane highways.


Before sprawl, people in cities and small towns lived, shopped, and worked close to their homes and could meet most of their daily needs by walking.


Every few blocks had a small grocery store, a pharmacy, professional offices, and other stores. Often shop owners lived above their stores or rented out such spaces. Most people could walk, bike, or take mass transit to neighborhood schools and parks without the need for a car.


Starting in 1945, most U.S. cities began spreading out and more people followed what was advertised as the “American Dream,” living in their own house on their own piece of land away from the central city.


Six major factors promoted urban sprawl in the United States. First, ample land was available for most cities to spread outward. Second, federal government loan guarantees for new single-family homes for World War II veterans stimulated the development of suburbs. Third, low-cost gasoline and the federal and state funding of highways encouraged automobile use and the development of once-inaccessible outlying tracts of land that were affordable for many Americans. Fourth, tax laws encouraged home ownership by allowing deduction of interest on home loans from income taxes. Fifth, most state and local zoning laws required large residential lots and separation of residential and commercial use of land in new communities. Sixth, most urban areas consist of numerous political jurisdictions, which rarely work together to develop an overall plan for managing and controlling urban growth and sprawl. In a nutshell, urban sprawl is the product of affordable land, automobiles, cheap gasoline, and poor urban planning.


Figure 25-6 shows some of the undesirable consequences of urban sprawl. Look carefully at this figure.


Urban sprawl has increased travel time in automobiles, decreased energy efficiency, increased urban flooding problems, and destroyed prime cropland, forests, open space, and wetlands. It has also led to the economic decline of many central cities.


To pay for heavily mortgaged houses and cars, adults in a typical suburban family have to spend
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1952 1967 1972 1995 Figure 25-5 Urban sprawl in and around Las Vegas, Nevada, 1952–1995—a process that has continued. Between 1970 and 2004, the population of water-short Clark County which includes Las Vegas more than quadrupled from 463,000 to 2 million. The growth is expected to continue but may be limited by lack of water (Spotlight, p. 326).


Image provided courtesy of the U.S. Geological Survey
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Figure 25-6 Some undesirable impacts of urban sprawl or car dependent development.


Do you live in an area suffering from urban sprawl?


many of their non-working hours driving to and from work, or running errands over a vast suburban landscape.


This leaves many of them with little energy and time for their children and themselves, or getting to know their neighbors.


In 2003, Reid Ewing and other researchers discovered a connection between sprawling suburbs and spreading waistlines. They found that people living in suburbs, where it is hard to get anywhere on foot or by bicycle, are heavier than those in central cities and in pedestrian-friendly towns.


As they grow and sprawl outward, separate urban areas may merge to form a megalopolis. For example, the remaining open space between Boston, Massachusetts, and Washington, D.C., is rapidly urbanizing and coalescing. The result is an almost continuous 800- kilometer-long (500-mile-long) urban area that is sometimes called Bowash (Figure 25-7 and Figure 25-4, bottom).


Megalopolises developing all over the world include the area between Amsterdam and Paris in Europe, Japan’s Tokyo–Yokohama–Osaka–Kobe corridor known as Tokohama, and the Brazilian industrial triangle made up of São Paulo, Rio de Janeiro, and Belo Horizonte.


25-2 URBAN RESOURCE AND ENVIRONMENTAL PROBLEMS


Case Study: What Are the Advantages of Urbanization? Concentrating People Helps


Urban areas can offer more job opportunities and better education and health, and can help protect biodiversity by concentrating people.


For more than 6,000 years, cities have been centers of economic development, education, jobs, technological developments, culture, social change, and political power. The high density of urban populations provides governments and businesses with significant cost advantages in delivering goods and services.


Urban residents in many parts of the world live longer than rural residents, and urban populations tend to have lower infant mortality and fertility rates.


In addition, urban dwellers generally have better access to medical care, family planning, education, and social services than people in rural areas.


Urban areas also have some environmental advantages.


For example, recycling is more economically feasible because of the large concentrations of recyclable materials, and per capita expenditures on environmental protection are higher in urban areas.


Also, concentrating people in urban areas helps preserve biodiversity by reducing the stress on wildlife habitats.


Case Study: What Are the Disadvantages of Urbanization? Concentrating People Has Some Harmful Effects


Cities are rarely self-sustaining, and they threaten biodiversity, lack trees, grow little of their food, concentrate pollutants and noise, spread infectious diseases, and are centers of poverty, crime, and terrorism.


Although urban dwellers occupy only about 2% of the earth’s land area, they consume about three-fourths of all resources. Because of this and their high waste output (Figure 25-8), most of the world’s cities are not self-sustaining systems.


Large areas of land must be disturbed and degraded to provide urban dwellers with food, water, energy, minerals, and other resources. This decreases the earth’s biodiversity. Also, as cities expand they destroy rural cropland, fertile soil, forests, wetlands, and wildlife habitats. At the same time, they provide little of the food they use. From an environmental standpoint, urban areas are somewhat like gigantic vacuum cleaners, sucking up much of the world’s matter, energy, and living resources and spewing out pollution, wastes, and heat. Thus, urban areas have large ecological footprints (Figure 1-7, p. 10) that extend far beyond their boundaries. If you live in a city, calculate its ecological footprint by going to the website www.redefiningprogress.


org/. Also see the Guest Essay on this topic by Michael Cain on this chapter’s website.


In urban areas most trees, shrubs, and other plants are destroyed to make way for buildings, roads, and parking lots. Most cities thus largely lose the benefits provided by vegetation that would help absorb air pollutants, give off oxygen, help cool the air through transpiration, provide shade, reduce soil erosion, muf-
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Figure 25-7 Two megalopolises: Bowash, consisting of urban sprawl and coalescence between Boston and Washington, D.C., and Chipitts, extending from Chicago to Pittsburgh.


fle noise, provide wildlife habitats, and give aesthetic pleasure. As one observer remarked, “Most cities are places where they cut down all or most of the trees and then name the streets after them.” As cities grow and water demands increase, expensive reservoirs and canals must be built and deeper wells drilled. This can deprive rural and wild areas of surface water and deplete groundwater faster than it is replenished.


Flooding also tends to be greater in cities, in some cases because they are built on floodplains or in low-lying coastal areas subject to natural flooding. Another reason is that covering land with buildings, asphalt, and concrete causes precipitation to run off quickly and overload storm drains. In addition, urban development often destroys or degrades wetlands that act as natural sponges to help absorb excess water.


Another threat is that many of the world’s largest cities are in coastal areas (Figure 25-2) that could be flooded sometime in this century if sea levels rise due to projected global warming.


Because of their high population and resource consumption, urban dwellers produce most of the world’s air pollution, water pollution, and solid and hazardous wastes. Also, pollutant levels are generally higher in urban areas because they are produced in a smaller area and cannot be as readily dispersed and diluted as are those produced in most rural areas.


Most urban dwellers are subjected to noise pollution: any unwanted, disturbing, or harmful sound that impairs or interferes with hearing, causes stress, hampers concentration and work efficiency, or causes accidents.


Noise levels (Figure 25-9, p. 570) above 65 dBA are considered unacceptable, and prolonged exposure to levels above 85 dBA can cause permanent hearing damage.


In addition, high population densities in urban areas can increase the spread of infectious diseases, especially if adequate drinking water and sewage systems are not available.


Cities generally are warmer, rainier, foggier, and cloudier than suburbs and nearby rural areas mostly because of their buildings, pavement, and lack of green space. The enormous amounts of heat generated by cars, factories, furnaces, lights, air conditioners, and heat-absorbing dark roofs and roads in cities create an urban heat island surrounded by cooler suburban and rural areas.


Higher CO2 and soot concentrations from fossil fuel–burning, cars, factories, and buildings intensify this heat-island effect. The higher CO2 levels can increase plant growth, especially opportunistic species such as ragweed, that can worsen asthma. Also, tiny soot and other particles help deliver pollen, mold, and other allergens deep into the lungs. This may help explain why childhood asthma rates have climbed
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Figure 25-8 Natural capital degradation: Urban areas rarely are sustainable systems. The typical city depends on large nonurban areas of land and water for huge inputs of matter and energy resources and for large outputs of waste matter and heat. For example, according to an analysis by Mathis Wackernagel and William Rees, an area 58 times as large as that of London is needed to supply its residents with resources.


They estimate that meeting the needs of all the world’s people at the same rate of resource use as that of London would take at least three more earths.


steadily in recent years in many U.S. and Canadian urban areas. As cities grow and merge, their heat islands also merge and can keep polluted air from being diluted and cleansed.


There are also problems with the artificial light created by urban areas (Figures 25-2 and 25-4). Lighting up the sky prevents people from seeing the glories of a starry night and hinders astronomers from conducting their research. There is also growing evidence that artificial light is affecting plants and animals in a variety of ecosystems. Species affected by such light pollution include turtles who lay their eggs on beaches at night and migrating birds that are lured off course by lights on high-rise office buildings and fatally collide with such structures. Chicago, Illinois, leads U.S. efforts to have major city-center buildings turn off their lights between 11 P.M. and dawn, and Toronto, Canada, has had a similar lights-out program since 1996.


Wesley College professor Marianne Moore and her colleagues have found evidence that artificial illumination can alter aquatic ecosystems and could ultimately decrease water quality. Minute zooplankton avoid predators by remaining well below the surface during the day and then rising to graze on algae at night. But artificial light from urban glows can discourage their nightly surface feeding. If their grazing is inhibited, algae populations could explode and these blooms would deplete dissolved oxygen needed by fish and decrease water quality.


Urban areas can intensify poverty and social problems. Crime rates also tend be higher in urban areas than in rural areas (Connections, p. 572). And urban areas are more likely and desirable targets for terrorist acts.


Case Study: How Do the Urban Poor in Developing Countries Live—Living on the Edge with Ingenuity and Hope


Most of the urban poor in developing countries live in crowded, unhealthy, and dangerous conditions, but many are better off than the rural poor.


Many of the world’s poor live in crowded central city slums—multifamily tenements and rooming houses where three to six people live in a single room. Most of these dwellings have inadequate sanitation and ventilation and many are in unsafe structures. Others live in squatter settlements and shantytowns on the outskirts of most cities in developing countries, some perched precariously on steep hillsides subject to landslides. In these illegal settlements, people take over unoccupied land and build shacks from corrugated metal, plastic sheets, scrap wood, and other scavenged building materials.


Still others live or sleep on the streets, having nowhere else to go.


Squatters living near the edge of survival in these areas usually lack clean water, sewers, electricity, and roads, and often are subject to severe air and water pollution and hazardous wastes from nearby factories (Case Study, p. 549). Their locations may be especially prone to landslides, flooding, earthquakes, or volcanic eruptions.


Most cities cannot afford to provide squatters with basic protections and services, and their officials fear that doing so will attract even more of the rural poor.


Many city governments regularly bulldoze squatter shacks and send police to drive the illegal settlers out.


The people later move back in or develop another shantytown somewhere else.
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Figure 25-9 Noise levels (in decibel-A [dBA] sound pressure units) of some common sounds. Sound pressure becomes damaging at about 75 dBA and painful at around 120 dBA. At 180 dBA it can kill. Because the dB and dBA scales are logarithmic, sound pressure is multiplied 10-fold with each 10-decibel rise. Thus a rise from 30 dBA (quiet rural area) to 60 dBA (normal restaurant conversation) represents a 1,000-fold increase in sound pressure on the ear. You are being exposed to a sound level high enough to cause permanent hearing damage if you need to raise your voice to be heard above the racket, if a noise causes your ears to ring, or if nearby speech seems muffled. Ways to control noise include modifying noisy activities and devices, shielding noisy devices or processes, shielding workers from noise, moving noisy operations or machinery away from people, and using anti-noise (a new technology that cancels out one noise with another).


Despite joblessness, squalor, overcrowding, and environmental and health hazards, most squatters and slum residents are better off than the rural poor. With better access to family planning programs, they tend to have fewer children and better access to schools.


They work, raise families, educate their children, and often have to care for their parents. Some work together to establish water supplies, sewer, and health care facilities, and schools. Many squatter settlements provide a sense of community and a vital safety net of neighbors, friends, and relatives.


Mexico City is an example of an urban area in crisis.


About 18.3 million people—roughly one of every six Mexicans—live there (Figure 25-2). It is the world’s second most populous city, and each year, about 210,000 new residents arrive.


Mexico City suffers from severe air pollution, close to 50% unemployment, deafening noise, overcrowding, traffic congestion, inadequate public transportation, and a soaring crime rate. More than one-third of its residents live in slums called barrios or in squatter settlements without running water or electricity.


At least 3 million people have no sewer facilities.


This means huge amounts of human waste are deposited in gutters, vacant lots, and open sewers every day, attracting armies of rats and swarms of flies. When the winds pick up dried excrement, a fecal snow often falls on parts of the city. Open garbage dumps also contribute dust and bacteria to the atmosphere. This bacteria- laden fallout leads to widespread salmonella and hepatitis infections, especially among children.


Mexico City has one of the world’s worst photochemical smog problems because of a combination of too many cars and polluting industries, a sunny climate, and topographical bad luck. The city lies in a high-elevation bowl-shaped valley surrounded on three sides by mountains—ideal conditions for thermal inversions that trap pollutants at ground level (Figure 20-7, top, p. 443). Since 1982, the amount of contamination in the city’s air has more than tripled, and breathing that air is said to be roughly equivalent to smoking three packs of cigarettes a day.


The city’s air and water pollution cause an estimated 100,000 premature deaths per year. Writer Carlos Fuentes has nicknamed this megacity “Makesicko City.” Water demands are pushing the city’s aquifer beyond its limits. Energy costs to extract water have soared as wells have become much deeper. Withdrawal from aquifers caused parts of the city to subside by 9 meters (30 feet) during the twentieth century.


Some areas now subside as much as 30 centimeters (1 foot) a year.


The city government has banned cars from a 50- block central zone, required catalytic converters on all cars made after 1991, phased out use of leaded gasoline, and replaced old buses, taxis, and delivery vehicles with cleaner vehicles running mostly on liquefied petroleum gas. The city also planted more than 25 million trees to help absorb pollutants and bought some land for use as green space.


Some progress has been made. The percentage of days each year in which air pollution standards are violated has fallen from 50% to 20%. But the city still has an inadequate mass transportation system and weak, poorly enforced air pollution standards for industries and motor vehicles. If you were in charge of Mexico City, what are the three most important things you would do?
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25-3 TRANSPORTATION AND URBAN DEVELOPMENT


How Do Land Availability and Transportation Systems Affect Urban Development? Stack or Sprawl


Land availability determines whether a city grows vertically or spreads out horizontally and whether it relies mostly on mass transportation or the automobile.


The two main types of ground transportation are individual (such as cars, motor scooters, bicycles, and walking) and mass (mostly buses and rail systems).


About 90% of all travel in the world is by foot, bicycle, motor scooter, or bus—mostly because only about 10% of the world’s people can afford a car.


Land availability is a key factor determining the types of transportation people use. If a city cannot spread outward, it must grow vertically—upward and downward (below ground)—so it occupies a small land area with a high population density. Most people living in such compact cities like Hong Kong and Tokyo walk, ride bicycles, or use energy-efficient mass transit.


A combination of cheap gasoline, plentiful land, and a network of highways produces dispersed cities.


They are found in countries such the United States, Canada, and Australia, where ample land often is available for outward expansion. Sprawling cities depend on the automobile; motor vehicles are increasing in both compact and dispersed cities. Today there are about 700 million cars, trucks, and buses in the world.


By 2050, the number of motor vehicles is projected to increase sevenfold to 3.5 billion—2.5 billion of them in today’s developing countries.


Is this sustainable? No one knows. Some analysts believe that phasing in motor vehicles with clean burning hybrid and fuel cell engines would allow the


HOW WOULD YOU VOTE? Should squatters around cities of developing countries be given title to land they live on? Cast your vote online at http://biology.brookscole.com/ miller14.


world’s motor vehicle fleet to double while emitting less air pollution than today’s fleet.


Vehicle emissions are not the only problem. Producing motor vehicles and building roads, parking lots, and garages use huge amounts of energy and matter resources that produce pollution and environmental degradation. Also, motor vehicles take up space and thus cause congestion as their numbers multiply. More and more people could end up stuck in traffic jams in fuel-efficient and low-polluting cars going nowhere.


What Is the Role of Motor Vehicles in the United States? Cars Rule


Passenger vehicles account for almost all U.S. urban transportation and travel to work, and each year Americans drive as far as everyone else in the world combined.


America showcases the advantages and disadvantages of living in a society dominated by motor vehicles.


With 4.6% of the world’s people, the United States has almost a third of the world’s motor vehicles. About two-thirds of the 225 million motor vehicles (excluding big trucks and buses) in the United States are cars and the remainder are sport utility vehicles (SUVs), pickup trucks, and vans.


Mostly because of urban sprawl and convenience, passenger vehicles are used for 98% of all urban transportation and 91% of travel to work in the United States. About three-fourths of all trips are less than 1.6 kilometers (1 mile) from home. About 75% of Americans drive alone to work, 5% commute on public transit, and 0.5% bicycle to work. Mostly because of urban sprawl and a network of highways, Americans drive about 4 trillion kilometers (2.5 trillion miles) each year, about the same distance driven by all other drivers in the world. Each year American vehicles consume about 43% of the world’s gasoline. According to the American Public Transit System, if Americans doubled their use of mass transit from the current 5% to 10%, it would reduce U.S. dependence on oil by 40%.


Many governments in rapidly industrializing countries such as China want to develop an automobile- centered transportation system. Suppose China succeeds in having one or two cars in every garage and consumes oil at the U.S. rate. According to environmental leader Lester R. Brown, China would then need slightly more oil each year than the world now produces and would have to pave an area equal to half of the land it now uses to produce food.


What Are the Advantages and Disadvantages of Motor Vehicles? A Troubled Love Affair


Motor vehicles provide personal benefits and help run economies, but they also kill lots of people, pollute the air, promote urban sprawl, and lead to time- and gas-wasting traffic jams.


Motor vehicles have a number of important benefits.


On a personal level, they provide mobility and are a convenient and comfortable way to get from one place to another. They also are symbols of power, sex, social status, and success for many people. For some they also provide escape from an increasingly hectic world.


From an economic standpoint, much of the world’s economy is built on producing motor vehicles and supplying roads, services, and repairs for them. In the United States, for example, $1 of every $4 spent and one of every six nonfarm jobs is connected to the automobile. And five of the seven largest U.S. industrial firms produce motor vehicles or their fuel.


Despite their important benefits, motor vehicles have many harmful effects on people and the environment.


They have killed almost 18 million people since 1885, when Karl Benz built the first automobile.


Throughout the world they kill an estimated 1.2 million people each year—an average of 3,300 deaths per
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Most people do not realize that reducing crime can help improve environmental quality. Crimes such as robbery, assault, and shootings can have several harmful environmental effects.


It can drive people out of cities, which are our most energy-efficient living arrangements. Every brick in an abandoned urban building represents an energy waste equivalent to burning a 100-watt light bulb for 12 hours. Each new suburb means replacing farmland or reservoirs of natural biodiversity such as forests with dispersed, energy- and resource wasting roads, houses, and shopping centers.


Crime can make people less willing to walk, bicycle, and use energy-efficient public transit systems.


It also forces many people to use more energy to deter burglars. For example, trees and bushes near a house help save energy by reducing solar heat gain in the summer and providing windbreaks in the winter. But to help reduce break-ins many homeowners clear away trees and bushes near their houses, as well as installing yard lights and leaving indoor lights, TVs, and radios on to deter burglars.


The threat of crime also causes overpackaging of many items to deter shoplifting or poisoning of food or drug items.


Critical Thinking


Can you think of any environmental benefits of certain types of crimes?


How Can Reducing Crime Help the Environment?


CONNECTIONS


day—and injure another 15 million. Each year they also kill about 50 million wild animals and family pets.


In the United States, motor vehicle accidents kill more than 40,000 people a year and injure another 5 million, at least 300,000 of them severely. Car accidents have killed more Americans than have all wars in the country’s history.


Motor vehicles are the world’s largest source of air pollution. They emit six of the eight major air pollutants (Table 20-2, p. 438), which prematurely kill 30,000–60,000 people per year in the United States, according to the Environmental Protection Agency.


Motor vehicles are also the fastest-growing source of carbon dioxide emissions—now producing almost one-fourth of them. In addition, they account for two-thirds of the oil used in the United States and one-third of the world’s oil consumption.


Motor vehicles have helped create urban sprawl.


At least a third of urban land worldwide and half in the United States is devoted to roads, parking lots, gasoline stations, and other automobile-related uses.


This prompted urban expert Lewis Mumford to suggest that the U.S. national flower should be the concrete cloverleaf.


Another problem is congestion. If current trends continue, U.S. motorists will spend an average of 2 years of their lives in traffic jams, wasting about $60 billion a year in gasoline and lost time.


Building more roads may not be the answer. Many analysts agree with the idea, stated by economist Robert Samuelson, that “cars expand to fill available concrete.” Motor vehicles have harmful economic costs, mostly because of deaths and injuries, higher insurance rates, pollution, work time wasted in traffic jams, and decreased property values near noisy, congested roads. According to the International Center for Technology Assessment, such costs amount to $1,970– 5,990 per American each year. Because these costs are not included in the prices of motor vehicles and gasoline, most people do not associate them with the motor vehicles they buy and use.


How Can We Reduce Automobile Use?


Use Honest Accounting


We can reduce automobile use by having users pay for its harmful effects but this is politically unpopular.


Environmentalists and a number of economists suggest that one way to reduce the harmful effects of automobile use is to make drivers pay directly for most of the harmful costs of automobile use—a user-pays approach based on honest environmental accounting.


One option is to include the estimated harmful costs of driving as a tax on gasoline. Such taxes would amount to about $1.30–2.10 per liter ($5–8 per gallon) of gasoline in the United States and would spur the use of more energy-efficient motor vehicles.


Proponents urge governments to use gasoline tax revenues to help finance mass transit systems, bike paths, and sidewalks. The government could reduce taxes on income and wages to offset the increased taxes on gasoline and thus make such a tax shift more politically acceptable.


Another way to reduce automobile use and congestion is to raise parking fees and charge tolls on roads, tunnels, and bridges—especially during peak traffic times. For example, densely populated Singapore is rarely congested because it taxes cars heavily and auctions the rights to buy a car. Also, anyone driving downtown pays a daily user fee of $3–6 that rises during rush hours. The government uses the revenue from taxes and fees to fund an excellent mass transit system. This approach is also being used in Oslo, Norway; Melbourne, Australia; and London, England.


In London, charging $8 for any vehicle entering the central city during the workday has cut traffic congestion by a fourth and increased use of mass transit.


Scores of cities including Rome, Italy; Stockholm, Sweden; Copenhagen, Denmark; Prague, Czechoslovakia; Geneva, Switzerland; and Curitiba, Brazil, (p. 563) have established car-free areas.


More than 300 cities in Germany, Austria, Italy, Switzerland, and the Netherlands have a car-sharing network. Each member pays for a card that opens lockers containing keys to cars parked at designated spots around a city. Members reserve a car in advance or call the network and are directed to the closest locker and car. They are billed monthly for the time they use a car and the distance they travel. In Berlin, Germany, car sharing has cut car ownership by 75% and car commuting by nearly 90%.


Another way to reduce car use and accidents and save gasoline is the electronic commute in which people use computers and other telecommunication devices to do all or much of their work at home. Shopping online also reduces the need to travel to shopping malls and other stores, although this is offset partially by increased delivery truck trips.


Is It Feasible to Reduce Automobile Use in the United States? Kicking Auto Addiction Is Hard


Reducing car use in the United States is difficult because of political opposition from the public and powerful car-related industries, too little emphasis on establishing modern, efficient mass transit options, and addiction to cars.


Most analysts doubt that the approaches just discussed are feasible in the United States, for three reasons.


First, it faces strong political opposition from two groups, one being the public, largely unaware of the huge hidden costs they are already paying. The other
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group is the politically powerful transportation-related industries such as oil and tire companies, road builders, carmakers, and many real estate developers.


However, taxpayers might accept sharp increases in gasoline taxes if the extra costs were offset by decreases in taxes on wages and income. Second, fast, efficient, reliable, and affordable mass transit options and bike paths are not widely available in most of the United States. In addition, the dispersed nature of most U.S. urban areas makes people dependent on cars. Third, most people who can afford cars are virtually addicted to them, and many people in the U.S. and elsewhere who cannot afford a car hope to buy one someday.


What Are Alternatives to the Car? Use Your Muscles and Travel with Others


Alternatives include walking, bicycling, driving scooters, and taking subways, trolleys, trains, and buses.


There are a number of alternatives to cars, each with advantages and disadvantages. One widely used alternative is the bicycle. Because of their advantages (Figure 25-10), bicycles outsell cars by more than two to one.


Bicycles are widely used for urban trips in countries such as the Netherlands, China, and Japan. Bicycling and walking account for about 28% of the trips in the Netherlands, compared to only 6% in the United States. In Copenhagen, Denmark, 2,300 bicycles are available for public use at no charge. The system is financed by ads attached to the bicycle frames and wheels, and is so popular that each bicycle is used on average once every 8 minutes.


Only one of every 200 Americans bicycle to work.


But one out of five say they would do so if safe bike lanes were available and if their employers provided secure bike storage and showers at work.


About 2 million electric bicycles are on the road worldwide, and about 400,000 more are added each year. Existing bikes can easily be converted to electric bikes, and new ones can be bought for $500–1,200. Bicycles powered by small fuel cells should be available within a few years.


Motor scooters have advantages and disadvantages (Figure 25-11) and are especially useful for people in developing countries who cannot afford a car. Electric scooters can reduce air pollution and noise.


Heavy-rail systems (subways, elevated railways, and metro trains) and light-rail systems (streetcars, trolley cars, and tramways) have their advantages and disadvantages (Figure 25-12). To be cost effective, rail systems must travel along densely populated corridors in urban areas. At one time the United States had an effective light-rail system, but it was dismantled to promote car and bus use (Case Study, p. 576).


The rail system in Hong Kong is one of the world’s most successful for three reasons. First, the
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Trade-Offs


Bicycles


Advantages Disadvantages


Little protection in an accident • Do not protect riders from bad weather • Not practical for trips longer than 8 kilometers (5 miles) • Can be tiring (except for electric bicycles) • Lack of secure bike parking • Affordable • Produce no pollution • Quiet • Require little parking space • Easy to maneuver in traffic • Take few resources to make • Very energy efficient • Provide exercise


Figure 25-10 Trade-offs: advantages and disadvantages of bicycles. Pick the single advantage and disadvantage that you think are the most important.


Trade-Offs


Motor Scooters


Advantages Disadvantages


Little protection in an accident • Does not protect drivers from bad weather • Gasoline engines are noisy • Gasoline engines emit large quantities of air pollutants • Affordable • Produce less air pollution than cars • Require little parking space •  Easy to maneuver in traffic • Electric scooters are quiet and produce little pollution


Figure 25-11 Trade-offs: advantages and disadvantages of motor scooters. Pick the single advantage and disadvantage that you think are the most important.


Trade-Offs


Rapid Rail


Advantages Disadvantages


Expensive to run and maintain • Must operate along heavily used routes to be profitable • Cause noise and vibration for nearby residents • Can reduce travel by car or plane Ideal for trips of 200–1,000 kilometers (120–620 miles) • Much more energy efficient per rider over the same distance than a car or plane


city is densely populated, making it ideal for a rapidrail system running through its corridor. Second, half the population can walk to a subway station in 5 minutes.


Third, a car is an economic liability in this crowded city even for those who can afford one.


Buses are the most widely used form of mass transit within urban areas, mainly because they have more advantages than disadvantages (Figure 25-13).


Curitiba, Brazil, has one of the world’s best bus systems (Figure 25-1).


A rapid-rail system between urban areas is another option. In western Europe and Japan, high-speed bullet trains travel between cities at up to 330 kilometers (200 miles) per hour. Figure 25-14 lists the major advantages and disadvantages of such rapid rail systems.


In 2004, Shanghai, China, began operating the world’s first commercial high-speed magnetic levitation train between its airport and downtown. The train, suspended in air slightly above the track and propelled forward by strong repulsive and attractive magnetic forces, travels much faster than bullet trains.


In the United States, a high-speed bullet train network could replace airplanes, buses, and private cars for most medium-distance travel between major American cities (Figure 25-15, p. 576). Critics say such a system would cost too much in government subsidies.


But this ignores the fact that motor vehicle trans-
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Trade-Offs


Mass Transit Rail


Advantages Disadvantages


Expensive to build and maintain • Cost effective only along a densely populated narrow corridor • Commits riders to transportation schedules • Can cause noise and vibration for nearby residents • More energy efficient than cars • Produces less air pollution than cars • Requires less land than roads and parking areas for cars • Causes fewer injuries and deaths than cars • Reduces car congestion in cities


Figure 25-12 Trade-offs: advantages and disadvantages of mass transit rail systems in urban areas. Pick the single advantage and disadvantage that you think are the most important.


Trade-Offs


Buses


Advantages Disadvantages


Can lose money because they need low fares to attract riders • Often get caught in traffic unless operating in express lanes • Commits riders to transportation schedules • Noisy • More flexible than rail system • Can be rerouted as needed • Cost less to develop and maintain than heavy-rail system • Can greatly reduce car use and pollution


Figure 25-13 Trade-offs: advantages and disadvantages of bus systems in urban areas. Pick the single advantage and disadvantage that you think are the most important.


Figure 25-14 Trade-offs: advantages and disadvantages of rapid-rail systems between urban areas. Pick the single advantage and disadvantage that you think are the most important.


portation receives subsidies of $300–600 billion per year in the United States.


Case Study: Mass Transit in the United States— Destroying a Great System


In the early 1900s the United States had one of the world’s best streetcar systems, but it was bought up and destroyed by several companies in order to sell cars and buses.


In 1917, all major U.S. cities had efficient electric trolley or streetcar (light-rail) systems. Many people think of Los Angeles as the original car-dominated city. But in the early 20th century Los Angeles had the largest electric-rail mass transit system in the United States.


That changed when General Motors, Firestone Tire, Standard Oil of California, Phillips Petroleum, and Mack Truck (which also made buses) formed a holding company called National City Lines. By 1950, the holding company had purchased privately owned streetcar systems in 83 major cities. It then dismantled these systems to increase sales of cars and buses.


The courts found the companies guilty of conspiracy to eliminate the country’s light-rail system, but the damage had already been done. The executives responsible were fined $1 each, and each company paid a fine of $5,000, less than the profit returned by replacing a single streetcar with a bus.


During this same period, National City Lines worked to convert electric-powered commuter locomotives to much more expensive and less reliable diesel-powered locomotives. The resulting increased costs contributed significantly to the sharp decline of the nation’s railroad system.


In the United States, 80% of federal gasoline tax revenue is used to build and maintain highways, and only 20% is used for mass transit, bike paths, and walkways. This encourages states and cities to invest in highways instead of mass transit. The federal tax code also penalizes mass transit users and those who bicycle or walk to work because employers who provide parking for their employees can deduct this expense from their taxes.
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Figure 25-15 Solutions: potential routes for high-speed bullet trains in the United States and parts of Canada. Such a system could allow rapid, comfortable, safe, and affordable travel between major cities in a region. It would greatly reduce dependence on cars, buses, and airplanes for trips between these urban areas. (Data from High Speed Rail Association)


25-4 URBAN LAND-USE PLANNING AND CONTROL


What Is Conventional Land-Use Planning?


Focusing on Growth


Most land-use planning in the United States leads to poorly controlled urban sprawl and environmental degradation and funds this often-destructive process with property taxes.


Most urban and some rural areas use some form of land-use planning to determine the best present and future use of each parcel of land.


Much land-use planning is based on the assumption that considerable future population growth and economic development should be encouraged, regardless of environmental and other consequences. Typically this leads to uncontrolled or poorly controlled urban growth and sprawl.


A major reason for this often destructive process in the United States and some other countries is that 90% of the revenue that local governments use to provide public services such as schools, police and fire protection, and water and sewer systems comes from property taxes levied on all buildings and property based on their economic value. Thus local governments often try to raise money by promoting economic growth because they usually cannot raise property tax rates enough to meet expanding needs.


Typically the long-term result is poorly managed economic growth, leading to more environmental degradation.


Land-use planning can be aided by the use of geographic information system (GIS) technology (Figure 4-35, p. 84). Many cities and counties in the United States have used this technology to convert their planning maps into digital form.


In the 1990s, GIS data from satellite images, historical data, and census data were used to create maps showing snapshots of certain years of urban development in the Baltimore, Maryland–Washington, D.C.,


HOW WOULD YOU VOTE? Should half of the gasoline tax be used to develop mass transit, bike lanes, and other alternatives to the car? Cast your vote online at http://biology .brookscole.com/miller14.


area (Figure 25-7) between 1862 and 1999. They were presented in an animated video showing how the cities merged into one gigantic urban area by the 1990s. The video helped a governor of Maryland win legislative approval for an antisprawl, smart growth program.


What Are the Advantages and Disadvantages of Using Zoning to Control Land Use? Useful but Improvable


Zoning is useful but can favor high-priced development over environmental protection and can discourage innovative solutions to urban problems.


Once a land-use plan is developed, governments control the uses of various parcels of land by legal and economic methods. The most widely used approach is zoning, in which various parcels of land are designated for certain uses.


Zoning can be used to control growth and protect areas from certain types of development. For example, cities such as Portland, Oregon, and Curitiba, Brazil, (p. 563) have used zoning to encourage high-density development along major mass transit corridors to reduce automobile use and air pollution.


Despite its usefulness, zoning has several drawbacks, one being that some developers can influence or modify zoning decisions in ways that cause destruction of wetlands, prime cropland, forested areas, and open space. Another problem is that zoning often favors high-priced housing, factories, hotels, and other businesses over protecting environmentally sensitive areas and providing low-cost housing. The reason is, again, that most local governments depend on property taxes for their revenue.


In addition, overly strict zoning can discourage innovative approaches to solving urban problems. For example, the pattern in the United States and in some other countries has been to prohibit businesses in residential areas, which increases suburban sprawl. Some urban planners want to return to mixed-use zoning to help reduce sprawl. For example, in the 1970s, Portland, Oregon, decided that it could cut driving and gasoline consumption by resurrecting the idea of neighborhood grocery stores. It worked.


How Is Smart Growth Used to Control Growth and Sprawl? Channeling Growth and Reining in the Car


Smart growth can control growth patterns, discourage urban sprawl, reduce car dependence, and protect ecologically sensitive areas.


There is growing use of the concept of smart growth or new urbanism to encourage more environmentally sustainable development that requires less dependence on cars, controls and directs sprawl, and reduces wasteful resource use. It recognizes that urban growth will occur.


But it uses zoning laws and an array of other tools to channel growth to areas where it can cause less harm, discourage sprawl, protect ecologically sensitive and important lands and waterways, and develop more environmentally sustainable urban areas and neighborhoods that are more enjoyable places to live.


Figure 25-16 (p. 578) lists smart growth tools used to prevent and control urban growth and sprawl. Which, if any, of these tools are being used in your community?


The most widely used ways to slow and control urban sprawl are to set growth boundaries around cities, preserve open space outside of urban areas, develop spaces within urban areas that have been left behind from urban sprawl, create new towns and villages within existing cities, and revitalize neighborhoods and downtown areas.


Portland, Oregon used some of these strategies to control sprawl and reduce dependence on the car, and it worked. Since 1975 Portland’s population has grown by about 50% but its urban area has increased by only 2%. And abundant green space and natural beauty is just 20 minutes from downtown.


The city also encourages clustered, mixed-use neighborhood development consisting of stores, light industries, professional offices, high-density housing, and access to mass transit that allows most people to meet their daily needs without a car. Portland has further reduced car use by developing an excellent lightrail line and an extensive network of bus lines, bike lanes, and walkways. Employers are encouraged to give their employees bus passes instead of providing parking spaces. Downtown Portland is a vibrant and thriving community and, in 2000, Money magazine listed Portland as the most livable city in the United States. Curitiba, Brazil (p. 563) has also used a variety of such strategies to control sprawl and reduce dependence on the car. And car-free villages have been created in cities such as Munich, Germany; Vancouver, Canada; and Zurich, Switzerland. Several studies have shown that most forms of smart growth provide more jobs and spur more economic renewal than conventional economic growth.


China has taken the strongest stand of any country against sprawl. The government has designated 80% of the country’s arable land as fundamental land.


Building on such land requires approval from local and provincial governments and the State Council— somewhat like having to get congressional approval for a new subdivision in the United States. Developers violating these rules face the death penalty. National land-use planning also is used in Japan and much of Western Europe.


Most European countries have been successful in discouraging urban sprawl and encouraging compact cities. They have controlled development at the national level and imposed high gasoline taxes to


577 http://biology.brookscole.com/miller14


discourage car use and encourage people to live closer to workplaces and shops. High taxes on heating fuel also encourage people to live in apartments and small houses. Governments have used most of the resulting gasoline and heating fuel tax revenues to develop efficient train and other mass transit systems within and between cities.


Solutions: Land-Use Planning in Oregon— Control from the Top


Oregon has zoned rural land to prevent environmental degradation, controlled urban growth, and put land-use planning in the hands of state officials.


Since the mid-1970s, Oregon has had a comprehensive statewide land-use planning process based on three administrative decisions:


To permanently zone all rural land in Oregon as forest, agricultural, or urban land


To draw an urban growth line around each community in the state, with no urban development allowed outside the boundary


To place control over land-use planning in state hands through the Land Conservation and Development Commission Not surprisingly, the last action has been the most controversial. It is based on the idea that public good takes precedence over private property rights—a well-established principle in most European countries but generally opposed in the United States.


Oregon’s plan has worked because it is not designed to “just say no” to development. Instead, it encourages certain kinds of development, such as dense urban development that helps prevent destruction of croplands, wetlands, and biodiversity in the surrounding area.


Because of the plan, most of the state’s rural areas remain undeveloped.


Before these land-use and planning laws, the state lost about 12,100 hectares (30,000 acres) of agricultural land a year; now it is only losing about 810 hectares (2,000 acres) a year.


How Can Urban Open Space Be Preserved and Used? Be Protective and Creative


Small and large parks, greenbelts, urban growth boundaries, cluster development, and greenways can be used to preserve open space.


One way to preserve open space outside a city is to employ Oregon’s urban growth boundary model, used also in the states of Washington and Tennessee. Amore traditional way is to preserve significant blocks of open space in the form of municipal parks. Central Park in New York City, Golden Gate Park in San Francisco, and Grant Park in Chicago are examples of large urban parks. Many European cities also have large- and medium-size parks.


578 CHAPTER 25 Sustainable Cities


Solutions Smart Growth Tools


Preserve existing open space Buy new open space Buy development rights that prohibit certain types of development on land parcels Limit building permits Urban growth boundaries Greenbelts around cities Public review of new development


Limits and Regulations Protection


Tax land, not buildings Tax land on value of actual use (such as forest and agriculture) instead of highest value as developed land Encourage mixed use Concentrate development along mass transportation routes Promote high-density cluster housing developments


Zoning Taxes


For owners agreeing legally to not allow certain types of development (conservation easements) For cleaning up and developing abandoned urban sites (brownfields) Ecological land-use planning Environmental impact analysis Integrated regional planning State and national planning


Planning Tax Breaks


Revitalize existing towns and cities Build well-planned new towns and villages within cities


Revitalization and New Growth Figure 25-16 Solutions: smart growth or new urbanism tools used to prevent and control urban growth and sprawl.


In 1883, Minneapolis, Minnesota, officials vowed to create “the finest and most beautiful system of public parks and boulevards of any city in America.” In the eyes of many, this goal has been achieved. Today the city has 170 parks spaced so that most homes in Minneapolis are within six blocks of a green space.


Some cities provide open space and control urban growth by surrounding a large city with a greenbelt (Figure 25-17): an open area used for recreation, sustainable forestry, or other nondestructive uses. Satellite towns can be built outside the belt. Ideally, the outlying towns and the central city are linked by an extensive public transport system. Many cities in western Europe and Canadian cities such as Toronto and Vancouver have used this approach.


We can also let nature reclaim spaces we have developed as examples of reconciliation ecology (p. 247).


On the west side of Manhattan, New York, for example, an abandoned elevated rail line now suppors abundant plant and animal life—an example of nature creating a self-seeding, self-sustaining urban landscape without human input.


Case Study: How Is New Urbanism Creating More Livable Spaces? Returning to Traditional Neighborhood Development


There is a growing movement to create mixed-use villages and neighborhoods within urban areas where people can live, work and shop close to their homes.


Since World War II, the typical approach to suburban housing development in the United States has been to bulldoze a tract of woods or farmland and build rows of houses on standard-size lots (Figure 25-18, middle).


Many of these developments and their streets are named after the trees and wildlife they displaced such as Oak Lane, Cedar Drive, Pheasant Run, and Fox Fields.


In recent years, builders have increasingly used a pattern, known as cluster development, in which high density housing units are concentrated on one portion of a parcel, with the rest of the land (often 30–50%) used for commonly shared open space (Figure 25-18, bottom). When done properly, high-density cluster developments are a win-win solution for residents, developers, and the environment. Residents get more open and recreational space, aesthetically pleasing surroundings, and lower heating and cooling costs because some walls are shared. Developers can cut their costs for site preparation, roads, utilities, and other forms of infrastructure.


Some communities are going further and using principles of new urbanism to develop entire villages and recreate mixed-use neighborhoods within existing cities. These principles include walkability with most things within a 10-minute walk of home and work by
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Major highways Greenbelt Urban center Satellite towns Undeveloped land Marsh Pond Creek Cluster Cluster Typical housing development Cluster housing development Creek


Figure 25-18 Conventional and cluster housing developments as they might appear if constructed on the same land area.


With cluster development, houses, town houses, condominiums, and two- to six-story apartments are built on part of the tract. The rest, typically 30–50% of the area, is left as open space, parks, and cycling and walking paths.


Figure 25-17 Establishing a greenbelt around a large city can control urban growth and provide open space for recreation and other nondestructive uses. Satellite towns sometimes are built outside the belt. Highways or rail systems can be used to transport people around the periphery or into the central city.


recognizing that our bodies are biologically designed for walking; mixed-use and diversity where there is a mix of pedestrian-friendly shops, offices, apartments, and homes and people of different ages, classes, cultures, and races; quality urban design emphasizing beauty, aesthetics, and architectural diversity; environmental sustainability based on development with minimal environmental impact; and smart transportation with high-quality trains connecting neighborhoods, towns, and cities. The goal is to create places that uplift, enrich, inspire the human spirit, and that are incubators of friendship, cooperation, and civic engagement.


One of the larger examples is the newly constructed mixed-use Mayfaire Village within the city of Wilmington, North Carolina. This 162-hectare (400- acre) village has clusters consisting of a town retail center with loft rental apartments above some stores, condominiums, apartments, rental houses, single family homes, offices, hotels, and lots of green and recreational space. The town center is within easy walking or biking distance of the housing clusters. A major portion of the site is dedicated to open spaces such as soccer fields, parks, bike paths, and hiking trails, all within a few minutes of the housing and shopping clusters. About one-fourth of the site is preserved in its natural state. The village is located only a few minutes from Wrightsville Beach on the Atlantic Ocean. Other examples of such villages are Mizner Place in Boca Raton, Florida; Middleton Hills near Madison, Wisconsin; Phillips Place in Charlotte, North Carolina; Kentlands in Gaithersberg, Maryland; and Valencia, California (near Los Angeles).


25-5 MAKING URBAN AREAS MORE LIVABLE AND SUSTAINABLE


How Can We Make Cities More Sustainable, Desirable Places to Live? The Ecocity Concept


An ecocity allows people to walk, bike, or take mass transit for most of their travel, and recycles and reuses most of its wastes, grows much of its own food, and protects biodiversity by preserving surrounding land.


According to most environmentalists and urban planners, the primary problem is not urbanization but our failure to make cities more sustainable and livable. They call for us to make new and existing urban areas more self-reliant, sustainable, and enjoyable places to live through good ecological design. See the Guest Essay on this topic by David Orr on the website for this chapter.


Amore environmentally sustainable city, called an ecocity or green city, emphasizes:


Preventing pollution and reducing waste


Using energy and matter resources efficiently


Recycling and reusing at least 60% of all municipal solid waste


Using solar and other locally available renewable energy resources


Protecting and encouraging biodiversity by preserving surrounding land and protecting and restoring natural systems and wetlands within urban areas


Promoting urban gardens and farm markets


Promoting green design of buildings, including green roofs


Using solar-powered living machines (Figure 22-1, p. 491) and wetlands to treat sewage (Solutions, p. 512) 


An ecocity is a people-oriented city, not a car-oriented city. Its residents are able to walk, bike, or use low-polluting mass transit for most of their travel. An ecocity requires that all buildings, vehicles, and appliances meet high energy-efficiency standards. Trees and plants adapted to the local climate and soils are planted throughout to provide shade and beauty, supply wildlife habitats, and reduce pollution, noise, and soil erosion. Small organic gardens and a variety of plants adapted to local climate conditions often replace monoculture grass lawns.


Abandoned lots and industrial sites and polluted creeks and rivers are cleaned up and restored. Nearby forests, grasslands, wetlands, and farms are preserved.


Much of an ecocity’s food comes from nearby organic farms, solar greenhouses, and community gardens.


There are also small gardens on rooftops and in yards, abandoned lots, and window boxes. People designing and living in ecocities take seriously the advice Lewis Mumford gave more than three decades ago: “Forget the damned motor car and build cities for lovers and friends.” The ecocity is not a futuristic dream, as you saw in the chapter opening case study about Curitiba, Brazil.


Other more environmentally sustainable and livable cities include Waitakere City, New Zealand; Helsinki, Finland; Leicester, England; Portland, Oregon (p. 578); Davis, California; Olympia, Washington; and Chattanooga, Tennessee (Case Study, p. 581).


China is planning to develop 10 model environmental or ecocities. The first project focuses on transforming Suzhou, a rapidly expanding city of 2.2 million people just 64 kilometers (40 miles) from Shanghai. It is one of China’s oldest cities that is internationally known for its combination of history, culture, and greenery. Green initiatives include relocating polluting industries outside of the city, a pilot project requiring local taxis to run on natural gas, building four light rail and subway lines, a seven-story height limit on buildings in the city’s center, and landscaping the city’s network of canals. It is promoting the use of solar water heaters, plans to phase out gasoline-
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powered motorcycles by 2007, and is planning a network of battery exchange and disposal centers to serve the rapidly increasing use of electric-powered bicycles and mopeds.


China has a long way to go in converting its urban sustainability goals into reality. But if successful, China could become model for the world in ecocity design.


Case Study: Chattanooga, Tennessee—From Brown to Green


Local officials and citizens have worked together to transform Chattanooga from a highly polluted city to one of the most sustainable and livable cities in the United States.


In the 1950s, Chattanooga was known as one of the dirtiest cities in the United States. Its air was so polluted by smoke from its coke ovens and steel mills that people sometimes had to turn on their headlights in the middle of the day. The Tennessee River flowing through the city’s industrial wasteland bubbled with toxic waste.


People and industries fled the downtown area and left a wasteland of abandoned factories, boarded up buildings, high unemployment, and crime.


Within two decades, Chattanooga transformed itself into one of the most livable cities in the United States. Efforts began in 1984 when civic leaders used a series of town meetings as part of a Vision 2000 process—a 20-week series of community meetings brought together more than 1,700 citizens from all walks of life to build a consensus about what the city could be at the turn of the century. Citizens identified the city’s main problems, set goals, and brainstormed thousands of ideas for solutions.


By 1995, Chattanooga had met most of its original goals, which included encouraging zero-emission industries to locate there and replacing its diesel buses with a fleet of quiet, zero-emission electric buses, made by a new local firm. The city reduced car use in the downtown by building satellite parking lots and providing free and rapid bus service to and from the city center. The city also launched an innovative recycling program after citizen activists and environmentalists blocked construction of a new garbage incinerator.


Another project involved renovating much of the city’s existing low-income housing and building new low-income rental units.


Chattanooga built the nation’s largest freshwater aquarium, which became the centerpiece for downtown renewal. The city also developed a 35-kilometerlong (22-mile-long) riverfront park along both sides of the Tennessee River running through downtown. The park is filled with shade trees, flowers, fountains, and street musicians, and draws more than 1 million visitors per year.


As property values and living conditions have improved, people and businesses are moving back downtown. An abandoned place once filled with despair is now a vibrant community filled with hope.


These accomplishments show what citizens, environmentalists, and business leaders can do when they work together to develop and achieve common goals.


In 1993, the community began the process again in Revision 2000. More than 2,600 participants identified additional goals and more than 120 recommendations for further improvements. One goal is to transform a blighted brownfield in South Chattanooga into an environmentally advanced, mixed community of residences, retail stores, and zero-emission industries where employees can live near their workplaces.


This new low-waste ecoindustrial park is modeled after the one in Kalundborg, Denmark (Figure 24-5, p. 537). Underground tunnels will link 30 industrial buildings to share heating, cooling, and water supplies and to use the waste matter and energy of some enterprises as resources for others. The new ecoindustrial area will also have an ecology center using a living machine (Figure 22-1, p. 491) to treat sewage, wastewater, and contaminated soils.


According to many environmentalists, urban planners, and economists, urban areas that fail to become more livable and ecologically sustainable over the next few decades are inviting economic depression and increased unemployment, pollution, and social tension. What is your community doing?


A sustainable world will be powered by the sun; constructed from materials that circulate repeatedly; made mobile by trains, buses, and bicycles; populated at sustainable levels; and centered around just, equitable, and tight-knit communities.


GARY GARDNER


CRITICAL THINKING


1. Do you prefer living in a rural, suburban, small-town, or urban environment? Describe the ideal environment in which you would like to live, and list the environmental advantages and disadvantages of living in such a place. Compare your answers with those of other members of your class.


2. Do you believe the United States or the country where you live should develop a comprehensive and integrated mass transit system over the next 20 years, including building an efficient rapid-rail network for travel within and between its major cities? How would you pay for such a system?


3. If you own a car or hope to own one, what conditions, if any, would encourage you to rely less on the automobile and to travel to school or work by bicycle, on foot, by mass transit, or by carpool or vanpool?
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4. Do you believe Oregon’s approach to land-use planning (Solutions, p. 578) should be used in the state or area where you live? Explain your position.


5. In June 1996, representatives from many countries met in Istanbul, Turkey, at the Second UN Conference on Human Settlements (nicknamed the City Summit). One issue was the question of whether housing is a universal right (a position supported by most developing countries) or just a need (supported by the United States and several other developed countries). What is your position on this issue? Defend your choice.


6. Some analysts suggest phasing out federal, state, and government subsidies that encourage sprawl by funding roads, single-family housing, and large malls and superstores. These would be replaced with subsidies that encourage sidewalks and bicycle paths, multifamily housing, high-density residential development, and a mix of housing, shops, and offices (mixed-use development). Do you support this approach? Explain.


7. Congratulations! You are in charge of the world. List the five most important features of your urban policy.


PROJECTS


1. Consult local officials to determine how land use is decided in your community. What roles do citizens play in this process?


2. For a class or group project, borrow one or more decibel meters from your school’s physics or engineering department or from a local electronics repair shop. Make a survey of sound pressure levels at various times of day and at several locations. Plot the results on a map. Also, measure sound levels in a room with a sound system and from earphones at several different volume settings. If possible, measure sound levels at an indoor concert, a club, and inside and outside a boom car at various distances from the speakers. Correlate your findings with those in Figure 25-9, p. 570.


3. As a class project, (a) evaluate land use and land-use planning by your school, (b) draw up an improved plan based on ecological principles and the principles of sustainability listed in Figure 9-15, p. 174, and (c) submit the plan to school officials.


4. As a class project, use the following criteria to rate the community where you live or go to school on a green index from 0 to 10. Rate the community for each of the following questions and average the results to get an overall score. Are existing trees protected and new ones planted throughout the city? Do you have parks to enjoy? Can you swim in any nearby lakes and rivers? What is the quality of your water and air? Is there an effective noise pollution reduction program? Does your city have a recycling program, a composting program, and a hazardous waste collection program, with the goal of reducing the current solid waste output by at least 60%? Is there an effective mass transit system? Are there bicycle paths? Are all buildings required to meet high energy efficiency standards? How much of the energy is obtained from locally available renewable resources? Are environmental regulations for existing industry tough enough and enforced well enough to protect citizens? Do local officials look carefully at an industry’s environmental record and plans before encouraging it to locate in your city or county? Is ecological planning used to make land-use decisions? Are city officials actively planning to improve the quality of life for all of its citizens? If so, what is the plan? Compare your answers with those by other members of your class.


5. Use the library or the Internet to find bibliographic information about Peter Self and Gary Gardner, whose quotes appear at the beginning and end of this chapter.


6. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface). Look on the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http://biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 25, and select a learning resource.
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