Cities as ecosystems

Cities aren't just centers of commerce, industry,
education, and culture. They are also living entities —
urban ecosystems with green spaces and waterways that
bring together nature and human habitat.

Bill Moyers
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1. Natural vs. Urban ecosystems

Urban ecosystems differ greatly from natural
ecosystems even though they share many
characteristics.
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Natural ecosystem

Encompasses the biotic community and the abiotic
environment:

* Diotic - components that are living (animals, plants, etc.)

e abiotic - non-living components (soil, water, air,
nutrients, etc.)

The flow of energy and nutrients through ecological
systems.

The interactions among one or more biotic and associated
abiotic features.



Urban ecosystem

An urban ecosystem:

» IS the community of plants, animals, and
humans that inhabit the urban environment.

» IS physically dominated by built structures like
buildings, roads, sewers, and power lines.

e contains a rich patchwork of green spaces
(parks, yards, street plantings, greenways,
urban streams, commercial landscaping, and
unbuilt lots).



Urban ecosystem

Urban ecosystems comprise suburban areas,
exurbs, sparsely settled villages connected
by commuting corridors or by utilities, and
hinterlands directly managed or affected by
the energy and material from the urban core
and suburban lands.



Urban ecosystem

Urban ecosystems are generally highly disturbed
systems, subject to rapid changes in soil and plant
cover, as well as temperature and water availability.




Urban ecosystem boundaries

Boundaries often set by:
 Watersheds.

* airsheds.

« commuting radii.

* convenience.

Need to consider that many physical and ecological
fluxes and interactions extend far beyond political
or biophysical reasoning.



Human ecosystem model

Combines the ecosystem concept derived from the
biologically based ecology with insights about
social institutions and interactions.

Recognizes the openness of ecosystems, and does
not assume equilibrium or self-regulation of urban
ecosystems.

Recognizes spatial heterogeneity in both the natural
and social components of urban ecosystems, and
that this heterogeneity can be dynamic.

S. Pickett et. al., 1997. A conceptual framework for the study of human ecosystems in urban areas, Urban Ecosystems



Human Ecosystem Model
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2. Why study urban ecosystems?

Increased interest in creating and maintaining cities
that are ecologically sustainable.

People need to understand how cities work as
ecological systems to take control of the vital links
between human actions and environmental quality.

Urban and rural residents require information on
urban ecosystems to help them better understand
the future changes likely to occur in forest and
agricultural systems.

Institute of Ecosystem Studies, NY, 1999



Why study urban ecosystems?

We study urban ecosystems because:

» they include almost 50% of global
population.

» they consume approx. 75% of world
resources.

« they have environmental impacts far beyond
their political or geographic borders.



Understanding urban ecosystems

Requires collaborative research by ecologists, physical
and social scientists.

City dwellers’ lives are enriched through appreciating
and understanding their local environment.

Studying cities as ecosystems cannot be accomplished in
Isolation from the problems that cities face. Issues
such as sustainability and environmental justice
provide the context in which urban ecosystems studies
Increasingly need to occur.

Institute of Ecosystem Studies, NY, 1999



Understanding urban ecosystems.

Social science insights must be thoroughly integrated
with the traditional ecosystem perspective to build an
understanding that embraces:

* the biota
* the physical environment
 ecological interactions, controls, and boundaries

 humans and their institutions, 1.e., the built
environment, information and behaviors, social
structure, money and power hierarchies.

Institute of Ecosystem Studies, NY, 1999
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3. Differing ecologies.

There are two basic ways of examining the
ecosystem of urban areas:

* ecology In the city.
 ecology of the city.



Ecology In the city

The traditional method through which
understanding about the cities evolved:

 physical environment.
e solls.

» vegetation and flora.
 animals and wildlife.



Ecology of the city

Examination of systems-oriented processes:
* biogeophysical budgets.

» ecological footprints.

* ecosystem patterns and processes.




4. Sources & sinks

The industrial city at the simplest level of ecological
synthesis Is a system of one-way flows of energy
and materials:

Sources In the outer landscape

4

Production and consumption in the city

b

Waste sinks In the air, water, and land.



Sources & sinks

Sources: farms, forests, mines, oil fields, and large areas
of the oceans.

Sinks:

» the upper and lower atmosphere, where the by-products
of combustion tend to accumulate.

 |lakes and bays, where we usually put our sewage
wastes.

 on the land, where we bury garbage and chemical
wastes.



the entire Earth




Sources & sinks

Sources are continuously depleted and have
few means of regeneration because the
materials that might otherwise replenish them
are going into distant sinks.

Sinks are continually overfilled because their
natural capacity to assimilate energy and
materials Is far exceeded by the concentrated
quantities being put out from the cities.
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Urban trophic pyramid
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Simplification of an urban ecosystem
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6. Urban ecosystem —
Goods & Services

Includes all those “things™ that the natural
components of urban environments do within the
overall ecosystem.




Urban ecosystem - 1

Shade and Temperature Control
» trees provide shade, lowering ground temperatures

» trees also transpire large amounts of water that, when
evaporated, provide a cooling effect.

» the shading effect of trees translates to energy
savings and reduced regional pollution.

« Chicago: estimated that planting about three more
trees per building lot could save $50-$90 in air
conditioning costs per house.
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Goods & Services - 2

Air Filtering

e the leaf surfaces of trees can filter out as much as
85% of the ambient air pollution (mostly
particulates).

* trees can also be effective air purifiers, removing up
to 70% of particulates on a tree-lined street.

» urban forests in the Baltimore-Washington region
remove some 17,000 tons of air pollutants per year,
worth at least $88 million annually.



Goods & Services - 3

Noise reduction

» trees and shrubs can help filter out noise
ollution.

e a 30-meter belt of tall
dense trees combined
with soft surfaces can

reduce local noise levels
by 50%.




Urban Heat Island

© 2002 Brooks/Cole - Themson Learning

(o]
N
°
w
w
°

Late afternoon temperature (°F)

o II--l | 29°
= g l‘ ) :"" - H ..... P -y
ihllﬁl Ad = ‘\Iii v WEJ (TN Iﬂ::::::k:::::i‘ Irﬁ'{l-'ﬁii"-”]lnh ]
Rural Suburban Commercial Downtown Urban Park Suburban Rural
residential residential residential farmland
V

Vegetation: “service’”: absorb air pollutions, give off:oxygen, cool the
air-as Water: transpires, pravide shade hence less AC reguired, reduce
sorlferasiaon, muffles noise, praovides wildlife habitatand gives us an
Island of:peace.

Late afternoon temperature (°C)



Goods & Services - 4

Stormwater Control

Urban forests, wetlands, and streamside vegetation
help to restore some of the natural balance by:

e puffering storm water runoff.
» absorbing pollutants.

» recharging groundwater
reservoirs.




Goods & Services — 5

Biodiversity and Wildlife Habitat

e citles support a wide variety of plants and
animals.

» provide critical habitat to many migratory
species. Eg., neotropical migrants

 approx. 1/3 of urban residents in the USA
participate in wildlife watching activities
within 1 mile of their homes (US Park
Service).



Goods & Services - 6

Recreation, Aesthetic, and Spiritual Values

» We tend to surround ourselves with little patches
of nature - our lawns and yards.

b Tt g o r
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Goods & Services - 7

Food Production
 urban agriculture is very important on a global basis.

» worldwide: est. 800 million city residents grow food
In backyards, vacant lots, roadsides, and small
suburban farms.

« Kenya and Tanzania: 2 out of 3 urban families are
engaged In farming
e Cuba: urban agriculture produced 800,000 tons of

fresh organic produce and employed 165,000 people
(1999).



Global ecosystem G&S

Estimated value of global natural capital stocks and
ecosystem services (US $ per year):

$33,000,000,000,000

Global gross national product (total):
US $18 Trillion



