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Chapter 4.0
| ntroduction to the section

Thomas Elmqvist
Ecosystem services are the conditions and procdsseggh which natural ecosystems,
and the species that make them up, sustain anlll iulfinan life and are often defined
“the benefits human populations derive, directlynalirectly, from ecosystems” (TEEB
2009). The concept of ecosystem services has graviee useful in describing human
benefits from ecosystems. The Millennium Ecosyséasessment - MA (2005) prepared
by a group of over 1300 international experts, tbtivat 60 percent of ecosystem
services assessed globally are either degradeeimy bsed unsustainably. Seventy
percent of the regulating and cultural serviceduatad in the assessment are in decline.
However, there are considerable knowledge gapstafban ecosystem services. MA
covered almost every ecosystem in the world bubdrly mention urban systems. On
the other hand, the World Development Report (WBdak 2009), the world’s largest
assessment of urbanization, left out ecosystenesgohl of this section is therefore to
contribute to fill the knowledge gap and review altuss the scientific literature
focusing on understanding the complexity of urbaciad-ecological systems and the
interplay between humans and ecosystems througbhrnbkenf ecosystem services
generated both locally and on a regional scale.

In chapter 4.1 McDonald and Marcotullio starts watldressing ecosystem services from
a global perspective and ask a question thatsatldiok very simple but in fact is
extremely complex: Is urbanization good or badtlf@ environment? The question is
used as a starting point for a broad overview oV biies affect the environment and
whether there is any alternative to global urbamma The chapter discusses this based
on analyses of supply and demand of some speciisystem services including
freshwater and climate regulation. The authors lcolecthat one answer to the question

is that at a local level, cities may negatively aopsome services such as freshwater, but
at a regional or national level, concentration wilan population in dense settlements
may often provide benefits.

Redman in chapter 4.2 asks the question to whaheittis relevant to analyze episodes
from the past for dealing with problems of the présand future urbanization. While the
past does not offer simple, detailed, directly aafile solutions to the challenges of the
present, the past does offer essential insightstin@ nature of socio-ecological
interactions under a huge number of diverse cantitand the implications of the
decisions that were made. After an historical oenof the rise of urban complexity,
including the diverse set of drivers of urbanizatibrough time, Redman addresses
resilience in the urban context. Enhancing ressieof a system often means
encouraging flexibility and adaptive capacity ie florms of redundancy, inclusiveness,
monitoring, and preparedness for multiple futuAdbsof these efforts have associated
short-term costs in a world striving for efficienagd “lean” organizations and lessons
from history tells us the desired outcome may movéry easily achieved.



In chapter 4.3 Alfsen et al points out that ciaes connected social, cultural and
ecological systems. The chapter gives an overviescasystem services in the urban
landscape and emphasizes that there is a needdisaic approach to governance and
management. The Ecosystem approach is a stratetfyefintegrated management of
land, water and living resources that promotes@wmasion and sustainable use in an
equitable way but does, however, not make theletkveen ecosystem functions and
human security explicit. Today, with increased deecice of natural disasters and the
looming threats associated with climate changegetlsea deeper understanding of
immediate and inextricable connections between Imuseaurity, well being and
functioning ecosystems. Our current systems of g@arece and resources allocations and
public information have not, however, adapted spomse to these threats. Several global
initiatives aimed at improving governance of urlegaosystems, such as ICLEI/LAB and
URBIS are presented.

In chapter 4.4 Bridgewater points out that there edose cultural connection between
urban settlements and wetland systems since méay @reas have been founded along
the banks of great rivers, areas of freshwateragpepr where groundwater is (or
increasingly was) close to the surface. Bridgewatgues that the Ecosystem Approach
could be used as an organising frame for improvadagement and governance also of
constructed wetlands. The role of these so-caligfical systems in ensuring continued
functioning of ecological systems and maximising éxpression of wetland biodiversity
in urban and peri-urban systems is highlighted.

Finally in 4.5 Colding addresses ecosystem senwcdge context of urban spatial
planning. Urban planning has traditionally measminpiing “for development” and
recently shifted more towards “sustainable develepih However even such planning
often ignores ecosystems and the natural configuraf the land. As a consequence
ecosystems are rapidly becoming fragmented, tramsfd, or entirely lost, causing loss
of ecosystem services, such as impoverishing veat@ir quality. This may erode
ecosystem resilience, or the capacity of naturstiesys to buffer and reduce disturbances
like heat waves, flooding, pollution, and anthrogatcically induced management
mistakes. Colding reviews current development adrsmgrowth and green infrastructure
planning strategies and concludes that there exigtisole arsenal of green designs that
can be adopted in cities to provide a range ofystem services and promote sense of
place, and revitalize degraded neighborhoods.

As evidenced from this section there is a rapidbmgng literature and awareness of the
values of urban ecosystem services and stratemiesproving management and
governance linking the local to the global. Howewgban areas are in continuous and
rapid change and are facing enormous challenggsclanate change and transformation
to a future beyond oil. Ecosystems may have a leolgein facilitating this
transformation. Ecosystems provide flexibility irban landscapes and help build
adaptive capacity to cope with e.g. increased teatpee and changing precipitation and
through ecosystem services generated promote hwelibeing. However, knowledge



is lacking and there is a need for creating legrairenas. Everyone involved in urban
development, policy makers, urban designers seisrdind planners need to a larger
extent facilitate for more experimental designs Eadning about the interactions
between humans and ecosystems. Such strategiegaimafyom insights on adaptive co-
management of ecosystems and lessons providedstistainable natural resource
management to increase the potential for adaptaing and avoiding vulnerability
traps during the process of urban transformation.



Chapter 4.1

Global effects of urbanization on ecosystem services
Robert McDonald and Peter Marcotullio

Introduction

Many chapters in this book mention the demografaatthat more than 50% éfomo
sapiendive in urban areas (UNPD 2007). This statistipashaps a bit stale, but many
scientists still rehash it (e.g., McDonald 2008gtophasize how truly dramatic global
urbanization is. In tens of thousands of citiesuacbthe globe (Figure 1), concrete is
being poured, bricks are being laid, and the griéias of the 21 century are being built.
Humanity, in a metaphorical and sometimes liteealsg, is on the move. It seems
appropriate, then, to step back and ask what urhaon might mean for the
environment.

This chapter attempts to answer a simple quesfiem posed to the authors: Is
urbanization good or bad for the environment? Tisstion is so simplistic, but
concerns such a complex topic, that perhaps mamswerable. Here we use it as a
starting point for a broad overview of how citidteat the environment. Our discussion
is focused on past several decades and the prediadi what the next decades may
bring, in contrast to the long-term historical perstive of the following chapter by
Redman. We first examine whether there is anyrstere to global urbanization, which
is implicit in our overarching question. Next, wepide some background information
on the urban environmental transition, a theory tdles a historical perspective on
urban-environmental relations. Similarly, we ddserihe concept of ecosystem services,
which play an important role in our analysis. Theklof the chapter is taken up with
specific examples of urbanization’s effect on pstming, regulatory, and supporting
services. We end by returning to our big questmartalyze how close we can get to
answering it.

What isthe alternative to urbanization?

Ironically, in an age of advancing global urbanizat cities are taking a lashing from
environmentalists. Lester Brown (2001, p. 188).eéample, emphatically states that
“Cities are unnatural” and costly too. He argues tPeople living in cities impose a
disproportionately heavy burden on the earth’s gstesns simply because so many
resources must be concentrated in urban areasigty sasidents, daily needs” (Brown,
2001, p. 190). This viewpoint has been supportetthe notion of the vast ecological
footprints of cities (Wackernagel and Rees 1998)e result, in the eyes of ecologist
Eugene Odum (1991), is that a “realistic” portrayfthe cities-to-Earth relationship is of
that of parasite-to-host.

We question these categorical conclusions, bymgtieg to separate urbanization
from other processes. Moreover, we ask, is thglawsible alternative to urbanization?
Are there societies that are wealthy and not urbarecities being fled from as outdated
technologies and modes of organization? The ansnat these questions is
categorically, no. We define urbanization as aigpphenomenon: the concentration of



population. Many other changes occur with coneimy population during the
development process. Urbanization contributesdedlchanges as both an outcome and
significant driving force. Given the powerful int&ining of forces that associate
development with urbanization it is futile, if ndangerous, to promote dramatic
alternatives.

Demographers, urban geographers, economists andegsk point to a number of
factors that promote urbanization (for a review Beamtgomery et al, 2003). Urban
economic growth is related to: communications aaddport; economies of scale and
agglomeration economies; personal contact amongesand entrepreneurs; and
efficiency gains from the high population densitycities. Urbanization is also strongly
correlated with changes in population structure @ecteases in fertility. These
dynamics bring substantial benefits for and chamngesdustries and society
(Montgomery et al., 2003).

Economists have noted that firms often gain béné&bm being clustered near
other similar firms, such as lower costs of progucand increased specialization of the
workforce. These benefits are examples of ecormofiscale and they encourage firms
to agglomerate together in cities. Agglomeratioar®mies are an important
contribution to urban economic growth and wealiation.

If transportation and communication costs are litiglecomes costly to move
people, goods and ideas. High transport costs eedaurban growth during the early
industrial revolution and in many cases cities dgved around transshipment points,
where reduced transportation costs mixed with domemic benefits of goods handling
(Anas, Arnott, and Small 1998). However, over thstdew decades, transportation costs
have been reduced and communication has becone,daster and more convenient.
Within urban regions, workers can commute longaghises, leading to concern about
urban sprawl and an expansion of urban area in melnyountries. Companies have
dispersed across countries, regions and even dlbe.giMoreover, in the developed
world, economic structures have shifted from layge&nufacturing to services. This
decentralization of industry has resulted in theaastitution of urban employment
around service production, not manufacturing.

While technologies have reduced and simplifiedjldistance connections and
production has decentralized, the dispersion olifatijon out of urban areas predicted by
many (Toffler 1980; Webber 1964) has not emergeétties continue to exist and thrive.

It isn’t just cheap transport and communication tdredagglomeration of production that
advances urbanization. Personal contact enhanagls [&f trust and ensures
confidentiality, among other important businessifumentals. This appears especially
important for the production of advanced business@oducer services, which is now
the source of agglomeration economies in partictitas (Sassen 2001). The importance
of personal contact has not diminished with tecbgiochl advances (Montgomery et al.
2003). Indeed, technology and personal exchanggoften be complementary, forcing
activities to agglomerate rather than dispersed§sn1998).

Other factor responsible for continued populationcentration include the fact
that cities lower the costs per household and pergrise for the provision of
infrastructure (roads, pedestrian paths, pipednvagsvers, drains, electricity) and
services (day care, all forms of schools, healtk @ad emergency services), and make it
easier to govern large populations (Satterthwd@/2Bairoch 1988). Rising incomes



within cities also support the development of speed private markets (Montgomery et
al. 2003). Given these dynamics, the long sugdesterelation between urbanization
and income (Williamson 1965) remains important jofatterthwaite, 2007).

Demographers also note that the changes in emplotyrmpopulation structure and
household fertility accompany urbanization. Asgleanove to cities they leave the
agricultural sector for employment in industry aavices. Fertility is typically lower in
cities than in rural areas (UNFPA 2007), as childobecome financially more
burdensome. Hence, part in parcel with the denmigearansition, societies urbanize.

Because urbanization is tightly bound up with mbanation of processes often
called development, there is simply no counterfaldin the emergence and dominance of
societies organized around dense settlementsecAthomies urbanize and there is not a
country with high economic developed that has atsoexperienced urbanization. In
some regions, such as Latin America, urbanizatias @xperienced at low levels of
income, but by a large, low-income societies ase l@banized and high-income societies
are urban.

That is not to say that national governments Imeteried to control urbanization.
As pointed out by the UNFPA (2007), there are awgng number of economies that
have implemented policies to lower migration toaurlagglomerations; from 51 percent
in 1996 to 73 percent in 2005. The UNFPA suggemsssis a sign of growing “anti-
urban” policy bias. More importantly, these pagihave had little long-term effect on
urbanization and an arguable negative impact on@oa growth. Indeed, some have
argued that to reduce poverty, societies shouldlate urbanization.

Given the imperative that societies continue gaaize spatially around and
through cities. Our task is to tease out the irtgpatspatial concentration from other
aspects of development and to uncover the compédgss \w which activities in urban
areas can be changed so as to promote sustaira@l®piment.

The Urban-environmental transition

One powerful tool with which to explore the retatship between the
environment and urbanization is urban environmenaaisition (UET) theory (Figure 2,
adapted from McGranahan et al. 2001). This notigaes that dominant conditions in
urban environments shift along three dimensionh witreasing wealth. The UET argues
that as poor cities grow in wealth and begin thed@ndustrialization process,
environmental priorities shift from the “brown” aga, which prioritizes concerns such
as inadequate water supply and sanitation, indioguality, drainage and solid waste
disposal, to those at the metropolitan-regionalescat the metropolitan scale the
dominant issues include water and air pollutiometmes called the “gray agenda”
(Marcotullio and Lee 2003). As cities continuegtow in wealth, urban environmental
burdens shift again from metropolitan scale chakento those most easily observed at
the regional and global scale. Global scale chgéls are associated with high
consumption and emissions levels and the “greeahdg includes such concerns as acid
rain, water scarcity, greenhouse gas and ozonetilgpkubstance emissions.

The UET is not only a powerful tool for understangdshifting environmental
conditions within cities, it also complements thesiof development. Historically,
sometime during the development process of Norteeomomies, a series of transitions



occurred making urban life more hospitable thaalrliie. Residents of cities began to
live longer and healthier lives (due to better glend health care) increase household
income faster and enjoy generally enjoy a bettatityuof life than their rural

counterparts (see of example Haines, 2001). Wekd shifts there was also a shift in the
intensity of selected per- capita environmentalaotp of rural versus urban residents,
such that urbanites became more efficient and dwadrlimpact than rural peoples. For
example, urban residents now use less energy péa@ad therefore have lower
greenhouse gas emissions than their rural coumtsrfi&own, et al 2008). This may

not be true in early stages of development (IEA&0Mence, the UET complements
descriptions of social, economic and environmecttahges with development in the now
developed world.

As with development, however, shifts in environtaéburdens and agendas are
not only due to increasing population concentratiocreasing wealth, technology,
political, social and environmental crises andiingbns also play a role. Technological
advances have been considered vital to unders@etienges during development
(Pacey 1991; Diamond 1999) and have facilitatedrenmental transitions. For
example, motorization was a technological solutmthe health crises in cities due to
urban horse urine and feces (McShane, 1994). Aruor studies have also
emphasized the importance of crisis in promotirgnthtic changes in social organization
and environmental conditions (Holling 2001). Changeinstitutional context are also
vital in explaining the history of development (01990). In the United States, a series
of institutional shifts at the local, state andeeal level helped to facilitate the
consolidation of large metropolitan areas at the-tof-the-ninetieth-century, promoting
development of large infrastructure projects dutimg middle of the twentieth century,
generating environmental policies that attemptecttiuce pollution during the 1970s
and 1980s and providing the global context fromaohtuities, nations and regions are
attacking the greenhouse gas problem.

Moreover, as mentioned above, the drivers of udagion have changed over the
past decades, with globalization, advances in t@olgres, new crises (financial, social
and environmental) and the emergence of new itistitsi at all levels of governance, and
so has the shape of the urban environmental ti@nsiT he linear, staged sequential
pathway of North American urban environmental titénss no longer exists for
currently rapidly developing economies. Specificahe transitions now occur faster,
sooner, and more simultaneously (Marcotullio 200)r example, consider a poor or
lower income city in Southeast Asia. Rather tharps/ experiencing challenges at the
local level, urban residents are also faced withomation and industrialization related
pollution, urban sprawl, rising consumption andregeeen agenda issues, such climate
variability and threats of sea level rise.

As most of the urban population growth is nowhia teveloping world, the
majority of urban residents are experiencing a remolb environmental and ecosystem
burdens simultaneously. These burdens are inagasiunprecedented speed. While
these changes are frightful, these dynamics alseige opportunities. Some urban
centers have taken advantage of these opportuaitfiave implemented integrated
policies. For example, Singapore was one of s dities to implement congestion
pricing and Curitiba, Brazil, was one of the fissban centers to implement integrated



land use-transport planning and Bus Rapid Tranfhile they exist, however, the
number of cities that have benefited by integra®edronmental planning remains low.

Ecosystem services

As emphasized in the introduction to this sectemgsystem services has emerged as one
of the most popular concepts in ecology of the destade, and one that has helped unify
economics and conservation biology. In many casassystem services are the opposite
of the environmental burdens often studied asqdatie UET. For instance, water
pollution (an environmental burden) becomes troadaiee when clean drinking water (an
ecosystem service) is no longer available becaweséltering capacity of natural
ecosystems is overwhelmed.

An ecosystem service only has value, in a utiitapor economic sense, when
there is sufficient natural provision of some qitgréand there is someone who wants that
guantity. Both the supply of the natural resounte the demand are equally important in
determining the value of an ecosystem service. Wehbology, ecosystem service supply
mapping has become fairly common (Chan et al. 2006iJe techniques for
understanding the spatial variability in demanddoosystem services have been less
explored, with the exception of the concept of atependent ecosystem services like
pollination (Kremen et al. 2007). Cities, as theneoof the majority of humanity, become
centralized places of demand for and consumptieto$ystem services (McDonald
2009).

Ecosystem services vary in how close the plagenération must be to the place
of demand. For instance, shade trees can signifycaducing air conditioning costs
when within 10-20m of a house. For parks to be tiemliently for day-to-day
recreation, they must be within a few kilometerpebple’s homes. Clean water for
drinking must generally be taken from the sameomgjiarea in which a city exists.
Some ecosystem services are in effect global, asathe ability of ecosystems to
sequester carbon dioxide and thus mitigate cliroasege. Thus, the spatial scale at
which cities consume ecosystem services vary graatbng services.

Clean water

Perhaps the most direct connection between hunedlirbeing and ecosystem
services are provisioning services, resources hitynalotains from the natural world
which are essential to our livelihood. Food, frormgtand or rangeland, is an obvious
example, for although agricultural systems are 8fiag@ versions of natural ecosystems,
they would not be possible without supporting natprocesses like soil nutrient and
water retention. All the uses we make of plantutedie for paper, cotton, and saw timber
are another example, sometimes collectively cdilegt provision. Provisioning services
extend beyond these two examples to include masteoc$ubject matter of natural
resource management, such as fisheries. Provigi@eirvices are also relatively easy to
value monetarily, because the commodities theyrgémare often already traded in
markets.

Here we consider one crucial provisioning servaagess to clean water for
drinking and other personal use. Natural ecosystetpshumans have access to
sufficient clean water. Forests and wetlands, fangple, help filter out pollutants and



sediments before they reach reservoirs, safegupvaiter quality (Dudgeon et al. 2006).
Similarly, forests can help generate sufficientevafuantity in some climates, through
water condensation on tree foliage, and wetlandswtgate floods, through reducing
the height of peak flow and slowing the movemenwafer through the hydrologic
system. Water for urban residents is generally dritam the same regional watershed in
which it lies, giving this particular ecosystemdee a unique spatial scale and
directionality (upstream/downstream). It is wortdting that over time, cities build
agueducts to increase the spatial scale from whigyhcan draw water, often going far
away to find an adequate supply (McDonald 2009).

The amount of water available varies globally os@veral orders of magnitude
(Figure 3, top). Desert and grasslands biomes géydiave less available water than
forests, so cities in these biomes must also gyeeal with having a smaller water
supply. However, there are many different way®sitian get water, which complicates
this simple picture. Some cities draw their watenf rivers, making them relatively
dependent on natural flows of water, although deamscreate reservoirs that moderate
seasonal or annual fluctuations. Some cities dram groundwater, reducing their
dependence on annual rainfall inputs to their vedieed. However, if groundwater
withdrawals exceed aquifer recharge, as is the iodgexico City (Birkle, Rodriguez,
and Partida 1998), the practice is unsustainalde many decades, and the city is
essentially “mining water.” Many cities are alsgpdadent on snow and ice melt from
higher elevations far upstream. Famously, mosh@ftater supply of Los Angeles is
snow melt from mountains more than 300 km away.

The amount of water used per-capita varies amdigg.cOne central challenge in
analyzing such statistics is how to define the epigal boundary of a city’s water use.
At a national level, agriculture is always the Bsggconsumptive use of water, often
followed closely by industry. However, much of ihatput of these two sectors goes to
urban dwellers, so in some sense a portion of thes@®rs water use is also attributable
to cities. Some insight into urban trends can les $® looking at national level data on
domestic withdrawal of water and dividing it by tte¢al population in that country
(Figure 3, bottom). This is not an ideal metrion@ter use by urban residents, for
domestic withdrawals are measured for water distrighich include some industry, and
conflicting definitions of urban population makenpossible to use urban population
rather than total population in the denominator@2009). However, it suffices to show
a general pattern: countries with greater watesue®s tend to use more water per capita
for domestic use, although this correlation is perticularly strong (R=0.11). Within the
United States, more detailed city-level data resssgnificant variation among U.S.
cities. For example, residents in San Diego uselii8/person/day, while residents in
Reno, NV use 1166 liters/person/day.

Per-capita domestic water use tends to increadeeas/erage income increases
(FAO 2009). For example, the average residentadmesia ($3,900 GDP/capita, in
purchasing power parity) uses 28.4merson/year, while the average resident of Canada
($40,200 GDP/capita) uses 276.8&/merson/year. The overall correlation between per-
capita domestic water use and per-capita GDPriy faigh (R=0.59). There are at least
two reasons for the increase in water consumptitimimcome. First, richer cities have
fewer (or no) citizens without access to cleanldnig water, an enormous gain for
human health but one that does increase aggregatamd for water. For instance, 27.6%
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of Sub-Saharan urban residents lack access to dfgaang water, 12.3% of Latin
American and Caribbean urban residents, and ealg@¥6 of urban residents in the
United States (UN-HABITAT 2006). Second, richeramlresidents have access to
technology that requires significant water to rsuch as dishwashers and washing
machines. Moreover, there is little economic incenfor urban residents to conserve
water, because water tends to be underpriced @alsand political reasons (e.g., there
are significant government subsidies to create mdstn water districts). In addition,
urban residents are often wealthy enough thatafgéd for their water, they can afford
to pay more for water than the agricultural sedtor. example, in California urban water
districts often buy water rights from upstream fars

In theory, rural to urban migration might lesske population pressure on the
environment in rural areas. However, as mentioteye, the agriculture sector is
usually the main consumer of water in a countrythgofate of agriculture during
urbanization is key to the overall water use. Uguak agricultural sector remains on the
same land area, after urbanization, albeit witheielaborers per hectare of agricultural
land. Moreover, migration to cities increases taechasing power of newly urban
residents, who in turn consume more calories atiffexent mix of food products. The
net effect is generally more agricultural productiavhich takes more water.

On balance, then, urbanization in developing coesiappears to increase water
use. Urban resident use of water is a small patieofotal water use. However, the rise in
incomes associated with urbanization causes anrs@nsumption, increasing the total
water footprint of a city. There seems to be poa¢fdr most of all of this consumption-
driven increase in water use efficiency in agrigrdt systems. For example, significant
amounts of water used in irrigation is lost to ewapion, a quantity that could be
significantly reduced through other methods likip drigation.

Regulating services

Regulating services include a wide variety of fuows that benefit humans through the
control and maintenance of ecosystem processesmgs of regulating ecosystem
services include air quality maintenance, climagutation, water regulation, erosion
control water purification and waste treatmentutaggon of human diseases, biological
control pollination and storm protection. Regulgtservices may not be as well
recognized as provisioning services, but attengpfit monetary values on all services
suggest that regulatory services are the most irapbof ecosystem services for
humankind (Costanza et al. 1997).

One important regulatory service is the abilitynatural ecosystems to regulate
climate, particularly in regards to humanity’s greeuse gas emissions causing global
warming. Ecosystems worldwide are currently neksiior CQ. That is, they are
absorbing and sequestering more carbon than tleelpsing or giving up. This was not
always true. Terrestrial ecosystems were on aeeaatet source of GQluring the
nineteenth and early twentieth centuries, but becaet sinks around the middle of the
last century due to afforestation, reforestatioth famest management in North American,
Europe, China, among other regions, as well agaltiee fertilizing effect of nitrogen
deposition and increasing atmospheric,QREA 2005).

Global atmospheric C{roncentrations have been dramatically impacted by
anthropogenic activities, largely from the burnofdossil fuels and land use change
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(Alley et al. 2007). In both cases urbanizatiod artties are implicated in generating
more CQ than Earth’s ecosystems can absorb. Urbanizatoredses natural vegetation
cover, decreasing potential carbon sequestratmailyo while cities house the majority
of human activities that involve fossil fuel conguiion (industrial and commercial
activities, which are heavy uses of energy). Glybathile only 50% of the world’s
population resides in cities, urban activities ciotte more than 70% of anthropogenic
greenhouse gas emissions (IEA 2008).

Activities in all urban centers, however, are cottributing these emissions
equally. Cities of the developed world are con®ddo be the largest generators of,CO
emissions. Cities in the European Union tend ®leiss energy per capita than US and
Australasian cities, and therefore have lower ERissions (IEA 2008) and developed
economies tend to have higher emissions than dewmgl@conomies (Figure 4). At the
same time, some studies suggest rapidly induginalicities are also high contributors.
For example, Dhakal and Imura (2004) report thdt988, while Tokyo’s emission
levels were 4.84 tonnes of GQer capita, Beijing’s emissions were 6.9 tonngscppita
Shanghai’s reached 8.12 tonnes per capita.

While cities are typically larger total contribusocof CQ emissions than rural
areas, residents in cities are sometimes mordegftiand have lower per capita
emissions. This is particularly true in citieshe developed world, where higher
population densities but similar per-capita incawlative to rural areas allows for less
use of automobiles, more extensive urban publitspart systems and more district
heating. A study of the largest 1000 metropolaasas in the USA in 2005 estimates that
despite housing 66% of the nation’s population @b%h of its economic activity, these
locations emitted only 56% of the national carbanssions from highway transportation
and residential buildings (Brown, Southworth, am@azgnski 2008). The authors
conclude that metropolitan carbon per capita faotprare lower than the national
average.

This relationship, however, is reversed in develgountries, where residents in
cities use significantly more energy as a resuhliigher incomes and better availability of
energy services compared with rural areas. Fanpleg average resident of cities in
China demand over 80 percent more energy thanethegpita national average (IEA
2008).

An important question is whether population coticion contributes more GO
emissions than the alternative. This will nece$§gsaemain an open question, as we
currently do not have an alternative with whiclcéanpare. At the same time, we can
focus on what current trends portend. On the @melhdense settlements provide many
services that reduce the carbon footprint of aitizdut this can only be accomplished if
the necessary infrastructure is in place. In N@autterica, Europe and Japan, living in
cities provides benefits to regulating servicesdgucing per capita carbon footprints.
On the other hand, in the developing world wherastnod the world’s urban population
growth will occur, residents consume more energytitnose in rural areas and dense
urban settlement patterns are therefore assoaatledhigher carbon emissions. As the
world urbanizes, we can expect that energy consompand therefore C{emissions
will increase dramatically in developing regiorGreating low-emission, green cities on
a budget that developing countries can afford bélla major design and engineering
challenge in the future.
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Biodiversity

Important but often overlooked are the ecosystieatires and processes that
enable other services to exist but which are adguadt of use themselves. For instance,
soil forms very slowly, from the breakdown of miaksrby biotic and abiotic process, yet
without soil most crops could not be grown. Sintyfaover time soil profiles tend to
become stabilized by roots and other organic mattducing the likelihood of mass
erosion. Despite their importance, these procemsesften ignored because they do not
directly affect most people’s well-being. Moreovirey are extremely difficult to value
in economic terms because no viable markets fon teist, and because most people
find it difficult to contingently value them.

Biodiversity is often an important component foogystem service provision.
For example, nitrogen fixation is very important Bological productivity, and only a
few plants such as legumes can perform this ser@#tten, scientists do not know which
components of biodiversity are necessary for ed¢esyservice provision, but they are
certain there is some link. Paul Ehrlich illustchtkis with his rivet metaphor: if one
were flying in a plane and looked out a window aaw rivets begin to fall one-by-one
off the wing, one could be certain that at somapthie wing would detach from the
plane, although it would be difficult for an engamgo say which particular rivet would
be crucial (Ehrlich and Walker 1998).

Here we focus on the species-level componentaafibersity, discussing species
richness and endemism. Both quantities are veryamig distributed over the Earth’s
surface (Figure 5), and a whole academic disciplsgeography, is dedicated to
mapping them. Species richness is generally highleigher productivity sites like
tropical rain forests and lower in lower produdingites like arctic tundra. The causes of
this trend have been much discussed and disputéig(\Waufman, and Stevens 2003).
The number of species unique to one location,ntemism, is of more conservation
concern, and is distributed very differently. Islariend to have an unusually high degree
of endemism because the geographical isolationwgages speciation. For both
terrestrial and marine organisms, coastal areaslsoeplaces with a high degree of
endemism because of the high habitat diversityz@®and Raven 2003).

Cities tend to be similarly concentrated alongstioges and some islands (Figure
1), as well as major river systems. The ecologyditure has explained this pattern by
examining the correlation between human populademsity and productivity (Luck
2007), while the urban planning literature has gaclion the importance of freshwater
and marine trade routes for city formation. Regassllof its cause, the spatial correlation
between urban growth and endemism means urbanlymges challenges for
biodiversity disproportionate to its area. Withemdé converted to urban land-uses, most
endemic species and much overall biodiversity $&. Idowever, a few generalist species
will remain, joined by a suite of invasive spedieat tend to follow human settlement
(e.g., the Norway rat). The net result of the esp@mof urban land-cover is a reduction
in total, global biodiversity, with the depauperfitea and fauna of cities sharing a
common, “cosmopolitan,” set of species (McKinnep&p

One useful measure of land-use is the built-up areated for each new
inhabitant of a city. A large study by Angel et @005) calculated this measure for a
globally stratified sample of 90 cities. Per-capgtad-use varies by income, with low
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income countries (< $3000 GDP Per Capita PPP)gannf/person, moderate income
countries ($3000-$5200 GDP Per Capita PPP) takisgnf/person, high income
countries ($5200-$17,000 GDP Per Capita PPP) takifgni/person, and very high
income countries (> $17,000 GDP Per Capita PPMga&50 ni/person. The number of
automobiles per 1000 people is also strongly cateel with income, and the presence of
automobiles presumably plays some role in encongagiiore sprawly patterns of
development in rich cities (Kenworthy and Laube 99®ver time, as urban areas in the
developing world grow richer and automobiles groarencommon, new settlement
density in the developing world will continue tdlf&ddowever, it is worth noting that the
density of settlement in the developed world vawigely, from 185 rfYperson in

London to 621 fiperson in Minneapolis, and so it is not clear éyaww sprawly the
new cities in developing countries will be.

Rural land-use is generally less intense thanruldoad-use, and a greater
proportion of species remain after human alteraibtie natural ecosystem. There is, of
course, substantial variation in the biodiversitypacts of different types of rural land-
use, with agricultural systems losing more of timaitive biodiversity than pastureland or
timberland. It has been occasionally argued thabajlurbanization may decrease loss of
habitat in rural areas (Wright and Muller-Landaw®@)) However, two factors limit the
spatial scope of this “depopulation.” First, mamyuotries with fast rates of urban
population growth also will continue to have ruypapulation growth for the foreseeable
future, albeit less than might have happened ittfsan migration was hypothetically not
present. Presumably habitat loss will continueurakareas under these conditions.
Second, rural areas are still needed to feed emeryeven if a greater proportion of
humanity is in cities, so agricultural expansioryroantinue even if rural populations
decline. Nevertheless, it is possible that cenmaial locations that are marginal for
farming and have declining populations may retora semi-natural land cover. In this
case, some native biodiversity may return, althoaxgerience with ecological
restoration suggests secondary natural habitatlysever regains a full complement of
native biodiversity (Ehrenfeld 2000).

On balance, urbanization and the associated edommoctess of development
appears to increase the rate of biodiversity [dhksre is a relatively small impact on
global biodiversity from urban land area expansiself (McDonald, Kareiva, and
Forman 2008). However, in developing countries amgg to urban centers typically
increase their income and their consumption, irsinggthe ecological footprint of cities.
Cities, directly or indirectly, control the landeusf most rural areas, so an expansion of
cities’ ecological footprint will potentially affé@ much larger amount of biodiversity.

Conclusions

Do cities and the urbanization process provide fisna costs to environmental quality?
We have argued that it is difficult to provide eagght forward answer to this question
because urbanization is so completely bound up etltbr development processes that it
is difficult to separate out the impacts of thisgess from other trends such as increasing
wealth and consumption. Often critiques point tovéiees in cities suggesting that they
are disproportionately burdensome without compattegimpacts of the same type and
level of activity in non-urban areas. We have gebbe able to calculate the impacts of
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this type of spatial organization, as there areamo-urban developed societies to which it
can be compared.

So our answer to this question is far from cleBnere is evidence, however, that the
influence of dense settlement patterns depends tiy@oecosystem service, scale of
impact and the development level of a city. Fomepde, urban settlement is typically
associated with the degradation of local waterueses and the simultaneous extraction
of this provision service from larger regions amfrunderground sources. Moreover, as
water is used for agriculture that increasinglydearban populations, there are both
direct and indirect connections of urban demandaugduse. While there are
opportunities for water conservation for cities ¢aspared to rural users), these
advantages often go unclaimed. Yet if we consagtealternative provisioning and
distribution system at the regional level, the gsef urbanization for water service
conservation become clearer. That is, if peopleevgpread over the landscape there is
potential impact on water quality as well as losd mefficiencies through distribution
systems to provide the service to those demantlingeance, we would suggest that at a
local level, cities may negatively impact watenssgs, but at a regional or national
level, they may provide benefits.

The same pattern may be true for regulating ses\acel biodiversity with caveats.
Certainly, fossil fuel consumption in and arounaigkesettlements exacerbates climate
change. At the national and perhaps global ldn@kever, organizing in cities versus
sprawled settlements provides benefits throughggnefficiency and also may facilities
afforestation and reforestation. Together thesegsses can lower emissions levels and
increase sequestration potential. On the othed,Haowever, these trends are
complicated as the lower energy efficiency levélauoal areas compared to those of
urban areas, only emerge with higher levels of iigpreent and advanced urbanization.
Finally, it seems that the location of cities hagatively impacted biodiversity at both
the local level (where urbanization accompaniesdgenization and general loss of
species richness) and the regional level. At #ggonal level, increasing consumption
within cities also increases pressure on hinterl@iadiversity. Yet at the global level
there is relatively low impact of urban land usebardiversity. There is also an
argument that concentrating population in citiesvtes more ecological space and
multiple use conservation/recreational opportusife delicate ecosystems.

It would seem then that our task for the futureomplex and multi-fold. We suggest
that there needs to be a concerted effort to inigeamtd analyze the specific costs and
benefits of dense settlement organization. Thésgoa to seek out opportunities for
both ecological and social solutions. These smhstimay emerge through design, such
as providing for natural biodiversity habitats ities, increasing the diversity of types of
open spaces in and around cities, re-cycling watdrfurther increasing energy
efficiency of buildings, improving transit infrastiture and the like. There are examples
where some of these programs are already in pMaéno, Sweden; Curitiba, Brazil;
Singapore, Freiberg, Germany). In pursuing thesdsgsociety must also reduce poverty
and address unequal access to ecosystem serVitesecognize that in the quest to
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create more benign urban centers, there will ietraffs to make, but opportunities
costs should not be at the expense of livabilityalbpeoples.
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- Urban

Figure 1. Urban land-cover, as defined by the Gléhaal/Urban Mapping Program
(GRUMP alpha 2004). To make urban area visibléiatdcale, the width of each urban
area is expanded slightly.

19



Abstract Model of the Urban
Environmental Transition
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Figure 2. The Urban-Environmental Transition. Agesiget wealthier, the type of
environmental burdens they face changes systertiatica
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Figure 5. Global patterns of species richness @od)endemism (bottom). Species
richness is the total number of plant and vertebspecies in WWF ecoregions.
Endemism is expressed as the number of endemigesgser million krf of area in the
ecoregion. For reference, the 20 ecoregions wéthtghest endemism are marked with
circles. Data from WWF Wildfinder (2006).
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Chapter 4.2

Social-ecological transfor mationsin urban landscapes
- ahistorical perspective

Charles L. Redman

Introduction

The growth of urban centers in virtually every pa#rthe globe has engendered a
profound alteration in all forms of social-ecolagjicelationships. Although the amount
of land covered by cities remains small and the@@roon of the global population living
in cities historically has been low, the direct @ews of urban dwellers and the
reorganization of productive systems and impactsiodn decision-makers have
transformed social-ecological systems throughatbhy (Boone and Modarres 2006). It
is possible to trace the development of these ipatia historic cities in various parts of
the world. Processes such as population growtigresed food production systems, and
specialization of labor and trade underwrote thergence of cities (Redman 1999). At
the same time the increasing size and ubiquitytigscset in motion important feedback
processes whereby social —ecological systems waansformed in ways to further
support and facilitate the continued growth of mibm and the associated social
hierarchies. Along with this increasing complexsgme a restructuring of social
relationships and institutions related to govereankierarchical governance, economic
interdependence, and class structured society leeaand continue to be, hallmarks of
urban society. These very processes and the feksibizat promoted the growth of cities
have at the same time introduced into these systamerabilities that threaten their
sustainability.

All of these processes emerged as a result ofidasisnade by individuals and
groups of individuals organized into informal awdrhal institutions including
governments at all scales from local to internati@nd of various political persuasions.
If all decisions could be characterized as a sefiedscrete trade-offs with predictable
outcomes, then the historical trajectory and copianary condition of social-ecological
systems would be straightforward to explain. Hosvewmany if not most, of the
important decisions that are made in society arégenu@der conditions where the optimal
trade-off is not readily identifiable due to difieg valuations among potential
participants, changing contexts in the future ameéhherent uncertainty of outcomes
even if conditions could be predicted. Hence, erarg the origin and history of cities
and networks of cities has the potential to reteaV decisions actually have been made
in many varied contexts and the resulting shortland term implications of those
decisions. The past can be a rich source of ihgigévaluating the options we have for
the future.
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Why Look to the Past?

Some question the relevance of episodes from tsiefpadealing with problems of the
present and future. While it is not being clainhede that the past offers simple,
detailed, directly applicable solutions to the tvades of the present, it is strongly
argued that the past does offer essential insigtdghe nature of socio-ecological
interactions under a huge number of diverse cantitand the implications of the
decisions that were made (Costanza, et al. 20D@h additional points strengthen this
case. First, for at least the last 20,000 to 40y@@0s, people have been biologically and
mentally indistinguishable from those of us aliwddy; and second, people in the past
faced real environmental crises. There is littlegtion that during the past 10,000 years
we have modified, with increasing speed, our calttnappings and social organizations,
creating in the ensuing years environmental problefrincreasing severity that are more
global now than they were in the past. We mustimotvever, underestimate the impact
environmental crises had on people in antiquitytZgBu1982; Crumley 1994; Deneven
1992; Redman 1999; Diamond 2005). Having envirantalelegradation force the
abandonment of a homeland in which generationsmiesaancestors lived and died is a
disaster that few of us face today.

There are many scientists that argue that we hategezl an era that is unique due to the
unprecedented number of people on the Earth, thasity and extent of human impacts
on the Earth, and problems introduced by modefmiglogies (chapter 4.1). Pulitzer
Prize winning ecologist and geographer, Jared Dreinacknowledging this position has
recently identified what he considers to be the\tevdundamental social-environmental
threats facing the modern world (2005). Eighthafse twelve he believes were fully in
operation in the past and that historic and prehistase studies may reveal insights that
would contribute to solutions for the present amaife. In terms of human decision-
making and the operation of socio-natural ecosystéine past has a great deal to tell us
about how people confront threats to the sustdihabf relationships between and
among social and ecological systems.

In addition to being a general source of insigin, past does offer some unique insights
unavailable from contemporary studies. First, eogorary studies usually have to
content themselves with investigating a truncatstbhcal cycle, that is, not having
completed one cycle, while archaeological and otigorical case studies can provide
not only completed cycles, but often multiple coetetl cycles. This allows greater
understanding into the dynamics of phases of desitygle, of linked cycles, and of how
they might change as systems reorganize. It alsoifgemore in-depth monitoring of the
slow processes and low frequency events that appder the key to ultimate system
resilience (Gunderson and Folke 2003; Scheffel. 2081). Although ecologists know
that ecosystem structure and function may taked#escar centuries to fully respond to
disturbance, ecological studies almost exclusieglmine ecosystem dynamics over
intervals of a few days to a few years. Rare deséoleentury scale studies suggest that
some human impacts are enduring, yet only a feggmattive ecological studies of human
land use cover time scales, even as long as arggrinster 2000; Heckenberger et al.
2003; Mann 2002; Roberts 1998; Vitousek et al. 20@®ased on the growing
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availability of long term databases, an increasinmber of ecologists strongly assert
that the current condition of many landscapes hadiynamics that govern them could
not be understood without close attention to tieces of historic land use (Foster et al.
2003; Redman and Foster 2008).

Second, the “deep time” perspective allows us tetstand the ultimate, as well as
the proximate, causes of the collapse of socialemadbgical systems. Ecologists have
historically viewed land use as a key human impatttout addressing the social
dynamics that lead humans to alter the landscageénse ways. Collaborations with
social scientists who seek to address these dysamilicallow ecologists to understand
the ultimate in addition to the proximate drivefhioman-environment interactions
(McGlade 1999; Collins et al. 2000; Diamond 2003 particular, the long-term history
of human-environment interactions contained inatehaeological record reveals that
many human responses and strategies, while appebemeficial in increasing
production in the short-term (even over a few gatens), nonetheless led to a serious
erosion of resilience in the long-term, resultinghe collapse of both environmental and
social systems (McGovern et al. 1988; van Andal.e1990; Kirch et al. 1992; Redman
1999; Diamond 2005). It is only with the long-tirperspective that we can identify
which of many seemingly beneficial near-term acitmly contribute to long-term
resilience, and identify the ways in which somensiegly rational choices lead, in the
end, to undesirable outcomes. The converse ofslimat some social adaptations or
cultural traditions may appear inefficient or “dical” when viewed in the short-term,
end us reducing risk and increasing resiliencéeniong-term (Butzer 1996).

Third, the fields of archaeology and history, wiseipplemented with anthropological
and sociological perspectives, allow a rich underding of the linked dynamics of
human behavior, social dynamics, and ecologicdksys across broad scales of
organization—from individual households to hamletiiages, cities, and civilizations.
Few other social sciences encompass such a brgadipational spectrum, preferring
instead to concentrate more narrowly on “bottom (@4g., household, village) or “top
down” (e.g., nation, state) levels of organizatidnihe operation of a system is
predicated on linked dynamics across scales—p#atlguhe interaction of “fast” and
“slow” variables or the “mismatch” of scales at walinsocial and ecological variables
interact—then examination of these linkages frotiismcial and ecological perspectives
will be crucial (Folke et al. 2002). Archaeologigarspectives can provide critical
bridges to fill some of the gaps left by preseny-danear-historic studies focused on a
narrower spectrum of human organizational scales.

Finally, the archaeological record allows us taniifg those emergent features that
appear to be inevitable—or at least highly probahtesocieties increasing in
complexity, including social stratification, compaentalization of information, and, at
certain scales, ecological simplification. Oneld first challenges of conceptualizing
sustainable futures will be to distinguish thossdees of social systems, and human
interactions with the environment, that can berattdo achieve more desirable social
and ecological outcomes, and those that are so mpebduct of history, human
development, and biological, social, and cultuxalation, that we must accept their
undesirable constraints in fashioning our visiohhe future (NRC 1999). An
archaeological perspective can contribute to mgetirs challenge by documenting the
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full arrange of interactions that have and haveenadted at least up to this point in
history.

Driversand consequences of urbanization through history

One of the most significant milestones in the depelent of human societies was the
growth of the first cities of Sumer on the Mesopatn plain of southern Iragq. This
process involved much more than just an increasieeisize of settlements; it included
fundamental changes in the way people interactettheiir relationship to the
environment and in the way they designed their camities and the world around them.
Writing, legal codes, the wheel, the plow, metaiyrmathematics, and many
engineering principles—all commonplace in our modeorld—were first developed in
the cities of Sumer (the name they called themsglvBespite the vast scope of these
technical developments, the most significant changere those of social organizations.
As some groups of people acquired access to resothat allowed increased
production—for example, better farmland, more atign water, or rare goods traded
from other regions—social class became one of thi@ principles structuring
interactions within communities. These communitiesame organized according to the
emerging hierarchical political and administratsystems, which often used written legal
codes, centralized wealth and relied on coerciveefo These processes occurred at
different times in each part of the world, but #hexr good archaeological evidence for
what we are willing to call cities in at least Mpstamia by 3000 B.C., soon thereatfter in
many other parts of the Old World and by the e@ityistian era in specific regions of
North and South America.

The emergence of urban society introduced a whmleget of socio-ecological
interactions. One set of interactions derives fthenfact that there were just more
people in the world, requiring greater food producttaind extraction of more materials to
build their cities, processes that in themselvieswald further growth of population.
Advancing agrarian techniques and urban life albyweople to invest their labor in
permanent facilities and to accumulate more godd® creation and concentration of
goods and the productive capacity to create morarbe the hallmark of urban society.
The increased demands put on local environmenggdwying urban populations were
partly mitigated by the greater labor investedréms$form their landscapes to sustain a
high level of production and extraction. Many effoemployed to increase productivity
took the form of management and transformatiorcosgstem through redirecting the
hydraulic system through irrigation or modifyingtlandscape structure through
terracing. Other efforts involved technologicalavations such as breeding for
crop/animal improvements, the plow and eventuadlgtor to expand the scale of
positive soil manipulation, and increasing comp@xs from sickles and silos eventually
to combines and food processing facilities thatrowpd the harvesting and storing of an
ever increasing quantity of food and other produce.

At least at the outset, each of these basic siested act to increase the amount of food
and other goods available to a society, faciligatime growth of its population and an
expansion in the energy it could devote to civtizaal institutions. However, these
same strategies demanded increases in labor indudfgen an overutilization of the
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landscape, diminishing its long-term productivitydaat the same time potentially
stimulating social unrest. Around the world urlsaxcieties are based on food production
system that rely on increasing labor input and mi@koverutilization of the landscape
have developed institutions and supporting ideelsghat act to keep the society
integrated and operating in a reasonable mannewekfer, successful these strategies
are at most time and in most places they do intedeveral weaknesses into the system
that make them more vulnerable to crises. Slowtyirdshing soil fertility, lack of
alternative food sources, decision-makers who em®wed from the scene of production
and reliance on outside groups for essential gaoglall conditions that weaken the
resilience of a society when it faces trouble amadtinues to threaten our contemporary
world (Redman 1999; Diamond 2005; Fisher et al9200

A second major transformation accompanying urbaizas the change in the mobility
patterns of individuals and community groups. fieg-modern times individuals were
very tightly tied to their social group and commynbut many of these communities
were not expected to remain in the same locati@n bme and in fact many societies
built in the expectation of movement whether igle@erational or seasonal. These
movements were responses to productive potentihleolandscape and it was easily
recognized that under many circumstances it woelddsier to move the people to the
resources than the resources to the people. Mobtduld also be a response to group
size getting too large or regional population teoagk. This mobility characterized the
early millennia of the human career. However, \hid advent of agricultural village life
substantial labor was invested in ecosystem managestrategies in order to maintain
and enhance the yield of a particular landscapeigirg a strong incentive not to
abandon the location. The permanence of commarittiemselves was further
encouraged by the investment in stationary fagdifrom housing to manufacturing and
food storage facilities. As some villages grewittwns and some of those into cities
they were characterized by increasing investmemhmoveable facilities, ultimately city
walls and public buildings that would further discage mobility.

This transformation in the built environment was@uopanied by social and political
changes that also appeared to encourage sedettarizé/ith sedentarization, people
have developed a strong psychological and culattathment to where they live—a
sense of place. This attachment to a particuredsieape often is reinforced by cultural
traditions and myths of origins. However, it leelly that these ideologies of attachment
to a territory grew in concert with changes in bineader political organization of society.
Early in the development of urban society kinskiigat had been the primary means of
organizing human relationships, was supersedetbfyireeligiously defined authority and
then by a secular, often territorially defined argational structure, the state. Political
authority quickly became paramount in defining sbeial order, the duties of
individuals, and the economic system. Kinship fieasained important to this day in
many relationships and religious authority in s@ueieties has retained, or is currently
attempting to reassert its primacy, but in genédial, religion and even ethnicity have
become subdivisions within the more encompassioglagterritorial state and retain
their hegemony over only restricted sets of aa#igit This has led political leaders, in an
attempt to increase membership in their statei{gistate), to enact measures to attract
and retain a large population of potential labad(possible military conscripts) within
their territorial boundaries. ldentity has becaamsociated with the state as have rights,
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privileges, and obligations. At different pointshistory such as with the Assyrians,
Romans, and ultimately European colonial expanglenstates themselves have moved
major segments of their population around to enpofitical control or enhance
economic success. However, the more pervasiverpdias been to encourage and
enforce stability of residence. The mobility offi@ular social groups between urban
and rural areas and even among different citias sld as urbanism and served a variety
of purposes. However, with the increasing necgssistates identifying their territory
with precision it was inconvenient to have ambigaibarders and large groups of people
moving up and back between what the rulers corsitldifferent states. In medieval
times, one was closely tied to the feudal lande@sated with your city and ruler, while

in China even today one belongs to a particulaitoey or city and loses significant

rights by leaving that location. During the™&nd 20th centuries in particular, many
countries have tried to settle the still nomadenadnts of their societies and to fix
national borders.

Toward the end of the #@entury a new process challenged the primacy of
impermeable, fixed state borders—qglobalizatione TMovement of raw materials,
manufactured goods, food and financial instrumbéatsincreased in scope to the point
where many consider the world a single productivé and market. Goods are being
moved in unprecedented quantities from where theybe produced cheaply to where
people have the financial resources to purchase.tlfd first glance this appears to
contradict the initial observation cited above tiha easier to move people to resources
than resources to people. Although this appeados toue at one level, a countervailing
pattern of people moving to the productive resogiisgicking up momentum with
Globalization and may reverse several centuriedéntarization. In a totally
globalized world the formerly industrialized woldorth American and Western
Europe) would produce few goods, purchasing themmfcountries with the least
expensive labor, energy and raw materials. Taeatgxtent this is true, but there are
other forces at work. The industrialized natiohthe world want to hold on to the
benefits of being producers for both economic amidipal reasons and that means they
need to add inexpensive labor to their countriglsis has meant a great flow of labor,
and often families as well, from Africa, Latin Aniea, and parts of Asia to North
America, Western Europe, and the Gulf States. piusess may allow former
industrialized countries to remain somewhat comipetin the global markets, but given
the “territorial” basis of citizenship it creates@nundrum for how to treat the labor
immigrants. We are in the middle of this compleagess and it is difficult to predict its
future trajectory, but whatever it is profoundlyeatting the social-ecological interactions
in both donor and recipient states and at a graswide, the political-demographic
configuration of the world.

The third major transformation that was accelerégthe growth of cities is for
problem-solving to be achieved through the forrmatdinstitutions that often involved
more complex forms of information flow and hieraoah ordering of human interactions.
A key attribute of cities from the earliest timeghat they emerged as foci of diverse
activities. They allowed people to specializehiait productive activities and then to
exchange goods and services as needed. As theerainfipeople involved and the
diversity of tasks increased it became obvious phatluction and exchange would be
best handled by specialized institutions whethey tielied on a formal administrative
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apparatus as characterized the Sumerian redistebetonomy or a market exchange
system that depended on an institutionalized otulérywas more bottom-up as in late
pre-Hispanic Mexico. With the emergence of thesgitutions there also arose an “elite”
that benefitted disproportionately from the produtt of the more numerous
“‘commoners”. Other elements of the administrahierarchy could be involved with
maintaining order and ensuring security throughoaopoly on the use of coercive force
and the creation and promulgation of various idgiet® that help explain the way people
were to behave and the importance of the hieraatbircler. Overall, there was a flow of
goods and information from the numerous citizemsugh a series of administrative
levels to the top administrators of the city otestaThey in turn, made decisions,
allocated resources and positions back down thrtughierarchy. Although this has
relatively effectively served the needs of largeialogroups around the world for
millennia, it has also introduced potential vulri®@liies into the urban system that
periodically bring the system down. The firsthe very cost of the administrative
hierarchy and particularly the elite at the toptrdducing complexity into a system may
have some functional advantages, but it also neisetognized that there are serious
costs as well. The second weakness is that asnateon and goods flow up and down
the administrative hierarchy there is a “loss’he precision of the information and a
drain of the goods traversing the hierarchy. THetweakness that is introduced is that
people at different positions in the hierarchy nrafact have different views on the
world and its proper operation. This contextu@less to decision-making is related to
both perception and values and is the most insgaduhe weaknesses of increasing
social complexity. When societies solve problemsftonting them or take advantage of
opportunities afforded them, again and again theeewinners and there are losers. Who
is in each camp seems to be patterned by whicly pleetady holds the wealth, access to
information, and power within the society.

Towards an understanding of urban resilience

The continued resilience of cities and the broadkean society relies on an improved
understanding and favorable resolution of sevenpbitant issues in socio-ecological
relationships. By bringing together such a largmber and diversity of people into
cities it has become clear that most problems ddhvaee simple solutions. Most
solutions will involve trade -offs and ideally thencerned parties can agree on what an
optimal set of trade-offs would be. Building aefveay reduces congestion for drivers
who pass through a neighborhood, but how does @asume that against the cost to the
people whose home must be destroyed to build ttentdy, let alone the more general
shared impacts like increased air pollution or greeuse gases. Hence, the resolution of
most sustainability challenges requires explid¢ieration to the normative values of the
parties involved. For those with a natural or ptaissciences background, problems are
solved by “objectively” applying the scientific nietd to empirical evidence allowing
one to reach the “correct” solution and hence, greynot accustomed to problems
having multiple “correct” solutions depending omhone figures in context and
competing value systems. Nevertheless, this isdalty of socio-ecological
relationships and sustainability problems. Thaesshould not be whether to
acknowledge the importance of incorporating noreatialues--they must be--but how
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to compare or “rank” alternate values. This isiadmental problem of sustainability. It
is possible to look at the past and evaluate wiathes were adhered to or abandoned by
societies with long-term success versus decisicatenhy societies that collapsed
(Diamond 2005). The difficulty comes when tryimgapply this framework to the future
where the context and the values to be held atuaefiime are not known with clarity.

If one acknowledges the necessity for taking actotithe values of participants then it
becomes extremely important to have a methodologwho is to be included in
decision-making. In ideal situation it might besb® have “all” parties represented, but
the definition of “all” and the power relationshipmong them would still mean that the
ideal is not likely to be attained. The other peatbwith relying on a totally inclusive set
of participants is that the group could becomelgckied by too many viewpoints and too
many competing values to resolve. Hence, to momgdrd in an analysis to support a
decision one must develop an explicit framework\aluating the range and weighting
of participants in the activity. This opens thesgibility for biases being introduced by
selection of participants, but this is virtuallyvalys the case, but done implicitly and
hence without recognition of the bias.

A related issue in reaching decisions about magegpcio-ecological interactions is
once a trade off is agreed upon, is determininglvimdividuals and groups are to bear
the cost of the solution reached (i.e., the losef$iis is often only dealt with in a
superficial manner (e.g., the taxpayer) without@pth analysis of less obvious costs and
cascading impacts of the proposed solution. lregarit is the politically weak, the
economical disadvantaged and future generationsfpear to most often bear the cost
of sustainability solutions. How to reverse thieqess does not so much require
scientific insight as it requires political agilignd willpower.

One further issue to be addressed at this pointivieg how one deals with the ubiquitous
trade-off between having socio-ecological procesgesate efficiently versus building
resilience into those relationships. Enhancingieese of a system often means
encouraging flexibility and adaptive capacity ie florms of redundancy, inclusiveness,
monitoring, and preparedness for multiple futur@$.of these efforts have associated
short-term costs, yet we live in a world that rsvetg for efficiency and “lean”
organizations. Just-in-time production/distribatgystems, small government, and even
cost-effective non-profits are driving forces of aompetitive, globalizing world. A
strong argument for “investing” additional resow@e building resilience is that in the
“long-term” these costs are well justified. Howgvesue remains that to succeed one
must get through the short-term before the longitsrrelevant. We need to build
approaches and systems that instill long-term lagit investment into short-term
decisions.
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Chapter 4.3
The Urban Landscape as a linked social and ecological system
and a platform for equity and gover nance of ecosystem
services

Christine Alfsen, Ashley Duval and Thomas Elmqguvist

Introduction

The constantly evolving urban landscape is a complesaic of human modifications,
metabolic flows, networks and built structures (epberti et al. 2003). As stressed in
chapter 4.1 and in many other chapters, urban aegaesent novel combinations of
stresses, disturbances, structures, and functiongcological systems. Therefore,
understanding how urban ecosystems work, how thenge, and what limits their
performance, can add to the understanding of etmrsyshange in general in an ever
more human-dominated world (Pickett et al. 199Wdlist et al. 2008). Today, cities are
facing enormous challenges, e.g. climate changetramdformation to a future beyond
oil. Ecosystems may have a large role in faciligitthis transformation. Ecosystems
provide flexibility in urban landscapes and helpldadaptive capacity to cope with e.g.
increased temperature and changing precipitatiod #mough ecosystem services
generated promote human well-being. Restoraticgcofogical functions in cities is a so
far neglected but extremely important investmentunban adaptive capacity and
resilience. It is therefore in the context of thardatic changes occurring on the global
urban landscape, that we argue for the necessigctignize, map and sustain ecosystem
functions and services within urban regions. Byndaoso, a novel look at the impact of
urbanization in the environment may be derived Wwhiall bridge the divide between
rural, natural and urban areas (see chapter 4hB).cbnsequences of such an approach
for land use management and governance of accgas would be profound. In merging
economic, social and ecological objectives on diedhilandscape, mutual exclusion
subsides and ecosystem functions are leveragezttweshuman well being and security.
This recognition may be best illustrated by viewrigjes as connected social, cultural
and ecological systems.

While the urban landscape gives us a highly visdniapshot on the way human compete
over access to land and ecosystem, an approaatbdan planning based on combining
social, cultural and ecological perspectives presids with some of the tools needed to
manage complex and transforming urban systemsE€hsystem approach (CBD 2000-
2008) is a strategy for the integrated managemieland, water and living resources that
promotes conservation and sustainable use in aitabbp way. Originally meant to
enhance communities’ ownership of conservatiorteggias in areas defined as “natural’,
it recognizes that the cultural diversity of humanesnprises an integral component of
many ecosystems, and that given the complex andndignnature of ecosystems and the
absence of complete knowledge, adaptive managensemequired. However, the
Ecosystem Approach, while integrating sectors/dlses needed to manage the
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landscapes, was not intended to be applied to @amahd fast transforming urban
systems. Conceived as it was, before the threascased with climate change had
reached public consciousness; it did not makeittkebetween ecosystem functions and
human security explicit. Today, with increased deeice of natural disasters and the
looming threats associated with climate change,haee a much keener sense of the
immediate and inextricable connection between humsanurity, well being and
functioning ecosystems (MA 2005). Our current systeof governance and resources
allocations and public information have not, howewvadapted in response to these
threats.

Urban landscapes as innovative social-ecological arenas

We argue that the urban landscape is the righepabegin crafting integrated and cross
sectoral responses to global challenges. The maimif socio economic impacts
resulting from ecosystem failures in urban envirents make human-ecosystem
interlinkages impossible to ignore. This in turnifiéates mobilization of resources and
people and governments at all levels to build deaialogical resilience through
adaptive and strategic planning. On a human doeuhakanet, environmental solutions
rely on innovative applications of science and tedbgy rather than on strict nature
preservation methods. Urban regions have the aaldemhtage of concentrated scientific,
technological and financial resources that are eg¢d find solutions that work for
people and the environment (Redman chapter 4.2).

Urban ecosystems and ecosystem services

A city is among other things, a physical and sogiathanism for acquiring and
delivering ecosystem services to a dense humanlggapu(Lee 2006). The Millennium
Ecosystem Assessment (2005) found that 60 peréeaosystem services assessed
globally are either degraded or being used unswebgi. Seventy percent of the
regulating and cultural services evaluated in #s=asment are in decline. However,
urban areas were largely left out even though udzaisystems contribute to several
environmental regulation services and culturalises/of importance for human well-
being (Bolund and Hunhammar 1999). Urban ecosystawices may be generated in a
diverse set of habitats, including parks, cemeteriacant lots, streams, lakes, gardens
and yards, campus areas, golf courses, bridgesods and landfills.

The uban landscapes present novel ecological condjtgreh as rapid rate of change,
chronic disturbances, and complex interactions eetwpatterns and processes. Firstly,
compared with ecosystems in rural areas, urbaesgsare highly patchy and the spatial
patch structure is characterized by a high pomptont variation and degree of isolation
between patches. Second, disturbances such anfirBooding are suppressed in urban
areas, and human-induced disturbances are moral@néas well as intense human
management of urban habitats. Third, because ohda-island’ effect, that is, higher
mean temperatures in cities than in the surroursdicies in temperate climates have
significantly longer vegetation growth periods. Rbuecological successions are altered,
suppressed, or truncated in urban green areashamtiversity and structure of
communities of plants and animals may show fundaahelifferences from those of
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nonurban areas. Furthermore, cities are the mgsiriiant points of introduction of
exotic species. Although cities sometimes may leeisg rich, having higher species
diversity than surrounding natural habitats, thisften due to a high influx of non-native
species and formation of new communities of plamis$ animalsTo what extent exotic
species contribute to reduced or enhanced flovco$ystem services is virtually
unknown for any urban area, but since introducedisg make up a large proportion of
the urban biota, it is important to know not ordywthat extent introduced species are
detrimental, but also to what degree some of ttrediniced species may enhance local
diversity and maintain important functional roles.

The potential of generation of ecosystem servisedten substantial (e.g. Pickettal.
2008), but not very often realized. For exampléaarparks and vegetation reduce the
urban heat island effect and there is an impogaténtial for lowering urban
temperatures when the building envelope is covetiddvegetation such as green roofs
and green walls, with the largest effect in a hwt dry climate (Alexandri and Jones
2007). In relation to overall climate change natign, urban ecosystems may assimilate
large quantities of carbon, e.g. in Stockholm Cguetosystems assimilate about 41% of
the CQ generated by traffic and about 17% of total angbhgenic CQ (Jansson and
Nohrstedt 2001), and residential trees in the oential United States could sequester 20
to 40 teragrams C per year (Jenkins and Rieman8)2¥@getation may reduce noise
levels, and dense shrubs (at least 5 m) wide aucteenoise levels by 2 dB(A), while a
50-m wide plantation can lower noise levels by 886A) (Bolund and Hunhammar
1999). Evergreen trees are preferred because tmgiliite to noise reduction year
round (Ozeet al.2008).

There are also direct health benefits of greensanesgetation and trees, e.g. in a study
from New York, presence of street trees was asatiaith a significantly lower
prevalence of early childhood asthma (Lowetsal. 2008). Green area accessibility has
also been strongly linked to reduced obesity (Ellgwayet al.2007). In a review by
Bird (2007), links were noted between access tergspaces and a large number of
health indicators, e.g. coping with anxiety aneéssy treatment for children with poor
self-discipline, hyperactivity and Attention Defi¢tiyperactivity Disorder (ADHD),
benefiting elderly care and treatment for demertiencentration ability in children and
office workers, healthy cognitive development oiladrten, strategies to reduce crime and
aggression, strengthened communities, and incressest of wellbeing and mental
health. The distribution and accessibility of grepace to different socio-economic
groups, however, often reveals large inequitiestias (e.g. Picketét al. 2008),
contributing to inequity in health among socio-emaic groups, although confounding
effects are not always possible to separate (BEMVp

To what extent biodiversity and variation in speaemposition plays a role in the
generation of environmental quality services i gtiorly investigated (Elmqvistt al.
2008). For air quality, filtering capacity increaseith leaf area, and is thus higher for
trees than for bushes or grassland (Givoni 19@Dniferous trees have a larger filtering
capacity than trees with deciduous leaves (Giv@Ail). In the urban core there are
probably fewer species and often very differencsgseinvolved in generation of
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ecosystem services than in more rural areas. bitegdy, the number of plant species in
urban areas often correlates with human populaime and diversity may correlate with
measures of economic wealth as shown for exampRhoenix, USA (Kinziget al.

2005).

Cultural ecosystem services refer to the aesthsgtictual, psychological, and other
benefits that humans obtain from contact with estesys. Such contact need not be
direct, as illustrated by the popularity of thetwal experience of distant ecosystems. Nor
need such contact be with wild or exotic natureshesvn by the ubiquity of e.g. urban
gardens (Butler and Oluoch-Kosura 2006). Many caltservices are associated with
urban areas and there is good evidence that bisitiyén urban areas plays a positive
role in enhancing human well-being. For exampldleFet al.(2007) have shown that
the psychological benefits of green space increatbebiodiversity, whereas a green
view from a window increases job satisfaction agdiuces job stress (Le¢ al. 2009).

This may have a strongly positive effect on ecomopnoductivity and hence regional
prosperity. Several studies have shown an incoeaslee of properties (as measured by
hedonic pricing) with proximity to green areas (Mainen 1997, Chet al.2008)

Governance of urban ecosystems

In the urban landscape , we propose to translatgeheral principles of adaptive
governance (Folke et al 2005) into a set of metlogdes, discourses and planning tools
recognizing that: (1) in an urban and urbanizirenpt, cultural and biological diversity is
key to resilience of social, economic and ecoldggatems, (2) knowledge either
scientific or local is key to management, (3) ediocais the main conduit for
mainstreaming an empowering communities and (4ptagamanagement is not only
matter of building flexible institutions and govante systems at the relevant scale, it is
also dependent on equity and particularly equitadideess to land and resources.

While different cities in different regions of tisorld face many of the same
environmental challenges in light of growing popialas (chapter 4.1), the capacity to
govern, respond to and meet challenges attachauattofast transformations and the
approaches they employ in response vary drastidallyying to understand these
differences, world cities must first be conceptzgdi as belonging to three different
groups;least developed, rapidly developing and developed (UNU-IAS 2003).

Least developed cities have been defined as those which have experiepeetdnefits
from globalization flows, although they are rapidiypanizing. The ability to expand and
modernize their infrastructure is impaired by see@mnomic inequalities, often
accompanied by severe environmental degradatiorJdUA6 2003). Rapid urbanization
has proceeded in the absence of accompanying ecogoowth, resulting in widespread
poverty. A vicious cycle is formed by which the ioyerished are pushed into settling
down in ecologically vulnerable areas thus aggiagainsustainable pressures on the
environment and impairing ecosystem services. fesaurces can be spared towards
preventative or precautionary measures, and asuét these cities are the hardest hit by
epidemics such as AIDS and malaria, as well agaladisasters such as droughts,
flooding and hurricanes. Lagos, Nigeria is onenefémerging global MegaCities of the
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South, with a population expecting to reach 17iamlby the year 2015 (UN Department
of Economic and Social Affairs, 2004). Least depeld but substantial cities such as
Lagos challenge many of our assumptions about esmnarosperity and demographic
change, as the vast urban expansion accompanigichimatic economic decline has
marked a form of urban 'involution' (Gandy, 2003)banization has been marked by a
stark decline in the quality living, including thess of much street lighting, exponential
increases in traffic congestion, the rise of vitlemme, virtual absence of sewage
networks, and insufficient safe drinking water (@a2005). Set upon a series of islands
connected by rivers and lagoons, a sprawling poipualahat now includes up to 200
different slums must contend with annual floodinghearly half the households, often
reaching knee-deep levels (Gandy 2005).

Rapidly developing cities have often had growth facilitated by investmeatrfrpublic
and private sources as well as far sighted polit@s their national government.
Oftentimes, the successes these cities have hagetmay with the technology and
industries of developed cities have come with heawjironmental repercussions.
Technical and socio-economic changes occur solydidt these cities are ill-equipped
to address the simultaneous issues of public hesdthity and environmental burdens
that arise. This can be illustrated with the exangdlthe increasing health and
environmental costs of transportation in Asia, veheore new cars were sold in 1995
than in North America and Western Europe combindd({/IAS 2003). In Bangkok,
transportation accounts for seventy per cent cdmdnergy consumption, and estimates
indicate that exposure to outdoor airborne pamiksimatter may contribute to up to
5,500 premature deaths each year and the highsl&asl detected in children’s blood
tests (UNU/IAS 2003).

Developed cities in rich countries deal with a specific set of @ammental issues, often
related to urban encroachment upon rural areagrafudtural and forest land. The
sprawling growth at the margins of urban centeesnsajor contributor to green house
gas emissions as house hold numbers increaseealdspiteasing household size, and
automobiles are increasingly relied upon to conpeciple to the city centers where they
often work. For example, development in the US opdlitan areas has consumed
thousands of acres of woodlands, wetlands and dexshnlFifty three percent of the
wetlands of the lower 48 states were lost by the 18i80s, and California continues to
loose wetlands at a rate of almost 5,000 acreggaar(UNU/IAS 2003). Some cities or
districts of cities in the developed world shameanographic profile comparable to cities
of the developing world, with regards to percenpopulation living below the poverty
line, education and literacy levels and public tteatenarios. These cases illuminate the
necessity of using case specific approaches inem@hting an ecosystem approach
within urban areas, as the basic needs of a populdtat can be potentially addressed
through environmental services vary from servicd®iently difficult to quantify such as
more creative play amongst children to employmlerdugh green jobs in a
disadvantaged community.

If we are serious about operationalising an apgrolaat combines urban planning with
healthy ecosystems, it is necessary to start aeceation with all the diversity among
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cities in mind and with recipients and users ofkhewledge so as to adapt place based
research to objectives and constraints of regiandllocal authorities. From the point of
view of environmental education a subject vastlgleeted, we should use the impetus
given by the Decade for Education for Sustainaldgdlbpment (2005-2014) to focus on
the urban environment, the one that will be mostilfar to future generations.

Global Initiatives for improving urban ecosystenvegmance

After decades of mutual neglect and artificial dezbetween nature on the one hand, and
cities with their respective urban processes omther hand, a shift in perception has
started that include cities as a component of ahtandscapes (Turner et al. 2004).
Urban planners increasingly acknowledge that naguigs in cities and that biodiversity
conservation must be part of municipal programsianestment. The ICLEI LAB
initiative, begun in 2006, gathers 21 cities theténat different scales and in different
ways operationalised nature conservation into mpai@rograms. Some have taken
steps to conserve biodiversity at the municipaglevg. Curitiba and have in the process
acquired the status of “model cities”. Others hastenowledged that biological diversity
conservation must take place at the regional levgl lle de France) and have strived to
bring together the many jurisdictions and stakeéisldtoncerned by regional
development. In developing countries where the pdt@n live off the environment for
land, water and food, some municipal governments la@knowledged that strict
conservation implemented by excluding people froenland will not work and worse

will create social unrest. They are therefore gptémy to incorporate the more
disadvantaged segments of society in the procassdsrstanding valuing and
conserving the environment.

Various tools and approaches have been attempteddocile and mediate interests in
the landscape. Most of them however have beenetbaisd utilized to try and mitigate
conflicts in sensitive ‘natural’ landscapes (eg C8t»system approach, the biosphere
reserve concept, peace parks, etc). Urban natigadly defined to include all sustaining
ecosystems in the adjacent hinterlands as welteengspaces, parks and urban forest, is
quickly becoming the most familiar and accessiatel in many cases useful, form of
nature for the majority of the world’s inhabitarEsirthermore, many natural areas distant
from cities depend increasingly on wealth and kmalge generated in urban areas for
their sustained existence. In light of these rieglitit is time to turn the tables around and
recognize the usefulness of environmental goveméwals for urban regions. Here it is
proposed to adopt the concept of “urban biosphased scientific, educational and
governance platform for better governance of th@uadandscape and a reconnection
between urban , rural and natural areas as welkasl to building public interest

through informed discussion at a relevant scalawidryg on the pioneering “ Biosphere
Reserve concept” defined in 1995 in the Sevillatggy, produced by the UNESCO
International Conference on Biosphere Reservesttaniicosystem approach defined by
the CBD to promote the interdependent goals ofilserdity conservation , sustainable
use and equitable access, the Urban Biosphere agppsomotes science and knowledge
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for sustainability and resilience, education fopemerment and change and land use
planning for mediation and conflict resolution.

Based on this, the Urban Biosphere Initiative, &BUS, has developed as a multi
disciplinary and multi stakeholder initiative thratonnects urban citizens to their natural
environments through the following actions:

. Promoting an understanding of the dependenciegdea cities, their inhabitants
and their natural environment through site basetigyrelevant research on complex
urban social ecological systems;

. Fostering citizen’s appreciation of urban ecosyst through innovative
education, communication and awareness programs;
. Developing a tool box for land and resource Uaarpng for equitable growth

while securing ecosystem services and functiotiseatelevant scale.

URBIS seeks to contribute to an increased undetstgnvaluing and reconnection of
people and ecosystems in the urban landscape to:

1) Increase the resilience of urban social-ecologe@temsEcosystems such as
wetlands and coastal areas may provide buffer agaatural disasters such as floods and
hurricanes but for this to be effective, the popatamust be made aware of these natural
functions and learn to accommodate and priorite®ire even in heavily urbanized areas.
In New Orleans, it is now quite widely recognizédttthe human tragedies caused by
Hurricane Katrina constituted a manmade rather tizdaral disaster. Social and
economic fragmentation and inequity played a kdg irothe initial reaction of the
population to warnings and the debacle that folldwio this day when less than half of
the population has returned, the public servicablip health and educational systems
have barely been reestablished thus threateninigiigeterm viability of the city. Yet in
this case, so much of the problems of governandeaacess are rooted in history of race
relations and the way the army corps of engineensa&ived and implemented the levee
system, that it is impossible to deal with the empsences of Katrina without questioning
and reinventing the social as well as hydrologaal ecological systems that makes the
existence of a city possible. Solutions thus lieomy in rebuilding the levees but more
importantly rebuilding the social fabric and cuéilheritage so badly battered by the
storm. The approach selected by Tulane University project conceived and
implemented in collaboration with UNESCO and thecBholm Resilience Center aims
at creating a democratic and informed public fotorfoster the dialogue on recovery
through research, public debate, grassroots exehamd) policy formulation concerning
social, urban and ecological resilience. The Rienere, a riverside campus of Tulane
University dedicated to researching and understantlie Mississippi and the other great
rivers of the world provides such a platform. Thielie proposed that teams of scientists,
engineers, educators, industrialists and resideititsonvene and conduct research to
increase understanding of coastal ecosystems andhgoities. River Sphere will also
promote knowledge of clean, available water ascalfpoint for hydro-energy, water
rights law, water purification and distributioncet
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2) Improve equitable terms of accassesourcessupport livelihoods based on the
sustainable utilization of natural resources astrithution of benefits. In Cape Town
South Africa, the Cape Flats Nature project impleted by the South Africa National
Botanical Institute builds good practice in sustble management of nature sites in the
City’s Biodiversity Network in a people-centeredyatat develops local leadership for
conservation action and benefits the surroundimgroonities, particularly townships
where incomes are low and living conditions poorDurban, the municipality has made
a determination that natural ecosystem providenga®f valuable goods and services to
its citizens including climate regulation, wategu&tion, water supply, erosion control,
soil formation nutrient cycling, waste treatmenbldgical control, food production and
genetic resources as well as a range of sociakagaonal and aesthetic services
(reference). As a result, the municipality conddcia estimation of the value of such
ecosystem services and estimated them at 400nepeliry2003 without incorporating
benefits from tourism. This was a powerful way taka the case for investing into
protection and conservation at all levels and scale

There is hope that these initiatives will help t@lge science, planning , policy and
practice and reinvena more holistic and symbiotic mode of urbanizadod resource

use that benefits both citizens and the environniéns will require not just integration

of disciplines and sectors. The emerging paradibauld be built on the principles that
saliency, legitimacy and accountability are intégaat of everything we do as public and
private actors in the landscape. That appliegiense, education and the business of
government but also to those in the corporate ssbipe the infrastructure and networks
that shape our cities today and tomorrow.
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Chapter 4.4

Water servicesin urban landscapes
Peter Bridgewater

Introduction

Many urban areas have been founded along the lodigksat rivers, or in an area of
freshwater seepage, where groundwater is (or intrgly was) close to the surface.
There is thus a close cultural connection betwebanusettlements and wetland systems.
The following vignettes give 8 different flavourswban wetland ecosystems in urban
areas, yet all linked by common themes.

Landing at Rome’s Fumicino Airport and taking thairn, you pass through flat lands,
with extensive stands é&frundo donaxand occasionally very low hills, with again dense
stands ofA. donaxat the foot, or seepage line. In the distancée@@Pinus pinaster
groves can be seen, and clumps of planted or ed€amalyptus camaldulensiBut the
underlying ecological connection is clearly the lenedl systems, including seepage lines.
This ecological connection formsvasible map of the hydrological systems of the talas
plain.

Northeast from Rome is perhaps the world’s ultinvaétiand city — Venice. Built in a
functioning lagoon, Venice expresses all the dédigind frustrations of a living wetland
city. Venice is inscribed on the world heritagstlUNESCO 2009b), but as a cultural
site. Yet the major threats to this listing cono¢ directly from human activities but
from natural events causing changes to the wetgstem of the lagoon.

In Dubai, city of blowing sands and ever-higher@ete and glass towers, there is a
wildlife refuge, a wetland, lined by mangroveés/icennia marina The inland edge of
this reserve has little dense stand®lofagmites australisand, occasiona. donax The
wetland is the Ras Al Khor Wildlife Sanctuary, af¥&ad of International importance
listed under the Ramsar Convention on Wetlandsaim@ar 2009a) In a few special
places there are constructed wetlands, featuringgpily P. australis sometimes
supplemented bg. donax These wetlands are supplied by wastewater floowers
and kitchens, and primarily treated sewerage. @&mdy from the development native
halophytic shrubs that represent highly ephemeedlands dominate the “desert”. While
A.donaxis an alien species aidaustralisis rare in the sand plain they do form stable
wetland systems, provided the supply of water [ kgp. They provide also a very
important ecosystem service of removing nutrients @her pollutants from the waste
water.

In Perth, Western Australia, there are many kinfdsaslands, ephemeral, open water
fringed by macrophytes. The Becher wetlands, agod wetlands, interspersed with the
sprawling development, is described in detail bgn8eiuk (2007). These wetlands
include lakes, ephemeral wetlands, to small wosdeimps. Included in the overall
wetland landscape of the Perth region are the shtiyes of the Swan River, and (too

44



many) obliterated wetlands, now visible only thrbwdd aerial photographs. Again we
find clumps ofA. donaxP. australis with Eucalyptus rudisa western member &
camaldulensigroup, lining some swamps and riverbanks: comparddRome,
therefore, a sort of reverse exchange of invadiea apecies.

And In Brisbane, on the other coast of Australg@ayau land at the Airport you notice
abundant mangrove forest — much of which was cdedtieing the building of the new
airport in 1988, admittedly after extirpating soeesting wetland habitat. Airport
expansion here continues to be controversial, buergyment is demanding continued
attention to conservation and management of bioslitye(The Australian, 2007).

Hangzhou, China, has a wonderful wetland park {»axiover 3,000 fish ponds, each
one small and self contained, with a fringing vegjenh which include®. australis and

on the drier ridges MulberryMorus albg and Persimmori)iospyros kakitrees. In the
centre of this area is a centuries old Buddhisptenwhere the monks spent time in
contemplation, writing evocative poems. The Pak &n educational centre established,
and has become a focus for enjoyment and educatsongell as ecosystem productivity.
The Xixi wetlands management programme includetbrason and recreation of
wetland ecological systems, rebuilding the wetltoatl chain, re-establishing wildlife
ecosystem diversity and stability, restoring théewaurification function of the

wetlands, and the prevention (and decrease) ddghitration (XiXi 2009).

Kampala, Uganda, lies on the shores of lake Viat@nd largely covers the hills rising
up to the east of the lakeshore. However, in lpwwel parts of the city there are
extensive papyrus swamps, some of which have Heared, but the majority retained,
as their function in moderating flooding is weltognised by the local community. They
are also a source of water for some of the pojulatin addition, wetland edges are
often used for food (especially Yam and bananajvation, although this cultivation
rarely penetrates far into the wetland, and hetpsigde food for nearby residents. One
particular site, Lutembe Bay Wetland System (lisiech Wetland of International
Importance under the Ramsar Convention (Ramsar)2@08ominated byapyrus
Phragmites Typha. Threats come from the Water hyacinBichhornia crassipesan
introduced submerged plant affecting open waténenarea. The introduced species of
fish Nile Tilapia,Oreochromis niloticusOreochromis leucosticu# Tilapia zillii; and
Nile perch,Lates niloticusn Lake Victoria has led to the extinction of sealer
Haplochrominespecies in the vicinity of the Lutembe Bay Wetl&ybtem.

New York, with its complex of islands and fringingerine edges is also a wetland city.
The edges of the Hudson River, again viAtraustralisdominant, provide a range of
ecosystem services for the metropolis, as welbdddt for a range of wildlife, including
migratory species. In New York City environs tisadtland losses result from both
human caused and natural disturbances. Thesel#isteas include:

e dredging
o watershed development
o filling
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e eutrophication.
But wetlands are not just lost, they are also ghirfeor example, Shinnecock Bay
showed a gain of 161 acres of tidal wetlands &saltrof a landward movement of the
tidal wetlands boundary from 1974 to 1995 (NYDE®20 Moriches Bay showed a
gain of approximately 100 acres of tidal wetlangsaaesult of a landward movement of
the tidal wetlands boundary from 1974 to 1998. Lafssetlands because of permitted
and unpermitted human activities was too smalktaétected. The main cause of
wetlands destruction has shifted from human catesgtdrs such as filling to natural
factors such as storms and flow restrictions.

At the delta of the vast Parana River, seawardugfi®s Aires are less densely populated
municipalities, encompassed by the Delta del PaBdmsphere reserve (UNESCO 2009).
This coastal freshwater delta was declared asspbere reserve in 2000 and is located
just north of Buenos Aires. Many species are at gdmuthernmost limit of distribution.
The flooded riverbeds are dominatedSmshoenoplectus californic@ndScirpus

giganteus The Biosphere Reserve also contains low foréstsst ecosystems and
secondary forests with Black Cottonwodtbpulis spp.) and sever8hlixspp. The latter
are exploited for commercial purposes. The estatiest of the Biosphere Reserve aims
at revitalizing the economy of the region at theaedime as conserving the natural and
cultural values of the area. This biosphere resmsrdedicated to wetland protection, but
also to its sustainable use, and education al®uhgortant function. While direct
inhabitants are probably fewer than 3,000, it cgeasingly popular destination for
citizens of Buenos Aires.

Finally, 8 km from the centre of London, there ieaently developed wetland complex,
again featurind®. australisand many other species, but developed from asifici
reservoir basins. The site is also a Site of Sp&aentific Interest under UK legislation
supporting nationally important wintering populatsoof shovelerAnas clypeatagnd an
assemblage of breeding birds associated with ladreaters and their margins (Natural
England 2009). In addition to the nationally im@artt numbers of shoveler, the site also
supports significant numbers of wintering gadw&hrn Elms Wetland Centre comprises
a mosaic of different wetland habitats with the ongy of the site comprising areas of
standing open water, grazing marsh Bhdagmiteseed bed. Other significant habitats
includeSalixwoodland and scrub. The Barn Elms reservoirs wenstructed in 1886
but became redundant in 1989. Wetland habitatioreavas initiated in 1995 and the
site is now being managed as a nature reserveglaasian educational and visitor
facility.

These ten urban areas and their associated wettaaystems have many of the themes
that characterise urban wetlands in the C21st. jsha

an association with human activities, especiallyettgoment and culture;
invasive species,

migratory species feeding and breeding ground;

a focus for education;

being recognised by international environmentatagrents;
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e an ability for the wetland to be restored or camndted; and
e arole in providing for a focus of sustainabilitythe urban system.

This chapter sets those themes in the contexteoémierging paradigm of Ecohydrology
and the application of the Ecosystem Approach @i@bnvention on biological
Diversity.

Wetlands and water in the urban environment

The hydrological cycle (Fletcher and Ana D&lét008) supports and links all
components of the environment, including the urdawvironment (see lligen, chapter x.x.
in this book). Water flows throughout the envim@ent, from the atmosphere, on the
surface and below the surface of the land. Byrenwent, | mean the various biotic and
abiotic elements that comprise marine, terresinagluding aquatic) and subterranean
(which includes aquifers, cave systems, and theaad zone of the soil horizon)
ecosystems as well as the atmosphere. The hydealagicle links all these components
of the broader environment, and this means thagmwasources are linkeda the water
itself, to all the other components of the broaglarironment (such as soil, biodiversity,
air).

Water itself appears as liquid, solid or gaseoapdur) forms in the environment,
depending on the particular situation. In thecsgphere water is usually as the vapour
or liquid form, or occurs temporarily in the sotmkm as hail or snow in winter seasons.
In terrestrial ecosystems, water is in the vegatedind the unsaturated zone of the soill
horizon. Such water becomes part of the evapaiieation cycle - the term “green
water” is used to describe this part of the wayetec Marasallet al (2007) note that the
direct and indirect impacts of different ecosystemsomponents of the water cycle need
to be quantified with respect to local climate,amldlevelopment, cultural, environmental
and religious practices, and other socio-econoagtofs.

Water in aquatic, marine and subterranean ecosgsaepears in its liquid form, where it
is usually termed “blue water” - this includes wateld in aquifers, or in the saturated
zone of the soil horizon. Aquatic ecosystems aoséhn which water is generally fresh
or brackish (but in inland arid areas may inclugipdrsaline systems). Coastal marine
ecosystems include the estuarine and near-shoirevepect of water, while the
offshore marine ecosystem’s primary influence anhidrological cycle is through
global, continental and regional weather patterns.

In urban systems, water can be both blue and ghegnhere are also substantial
amounts of water which are grey (meaning pathoganjut not necessarily cleansed of
all nutrients and chemical pollutants) and Blacle&mng untreated water from human
sewage systems, or untreated industrial waste waléese forms of water are human in
origin and need various degrees of treatment, whashtypically been mechanically or
engineering based. However, new technologies allomx of hard and soft engineering
approaches to deal with these types of water —avbeft engineering refers to the
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construction or use of organic wetland systemsesgrment sites for all grey and possibly
some black waters.

Figure 1 shows the way these “coloured waters” ntbx@ugh the hydrological cycle.
The Figure is simplified to make the main pathwelgar, and the many indirect impacts
are omitted.

There are biophysical, biochemical and ecolodin&t within and between each of the
coloured waters. Ecological processes play a atit@e in regulating the hydrological
cycle, and they are themselves affected by biophysind biochemical processes
occurring within the hydrological cycle. Here, gteuctural, functional and
compositional aspects of biodiversity play a var@ftroles, at several different scales, in
governing linkages within and between the colowatker components of the
hydrological cycle. Additionally, ecological funotis and processes linked to the
hydrological cycle both affect people as part sloasated socio-cultural systems, and
are, in turn, affected by human activities.

Water in the hydrological cycle is also affectednayural and human-induced processes
of change to land, water and wetlands (see lligkapter x.x. in this book). These can be
due to changes in the topography and morpholodglyeolandscape, which primarily
affect the “blue water” component of the hydroladicycle, or due to changes in
vegetation and land cover, which primarily impast‘green water” through affecting
infiltration and evapo-transpiration rates and grai.

Changes in land and water environments affectatesrand pathways by which water
moves within the hydrological cycle, and also aftée quality of the water in its various
forms and places. Connections between the hydaabgycle and the broader
environment are bi-directional, in that direct irofsaon the non-water aspect of the
environment can affect water, while direct impamswvater (such as abstraction or waste
discharge) can affect the broader environment dls Whis is nowhere more evident

than in the urban environment, where ecosystenfersubst from misuse of the water
component.

In most countries, the conventional water sectbickvis engineering in focus (and
usually in management), deals with water primaagya commodity. Water in Urban
environments is delivered to people through somd kf infrastructure such as pumps
and pipes, and is sourced from either or both gteaiter or surface dams. This water is
thus derived exterior to the component urban etesys

In urban areas most residents see water as aeevkiich is provided by the local
authority, and for which they “pay”. They do netsit as a resource that plays a key role
in both their immediate, as well as the wider, smwnent, much less driving the
functioning of key ecosystems, including ecosystemponents of the urban landscape
and its ecological infrastructure. The problem wita conventional approach to
management of water as a commodity is that mailgeo¥alues that people place on
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water, aside from just having an adequate suppsnwthey turn on a tap, are dependent
on water being a component of healthy, functiocakgstems.

In some urban areas, water is derived from ecosystedistance away (e.g. New York)
but in others (e.g. Perth, Western Australia) westelerived from ground water sources.
In the case of distant supplies the immediate nbrixseen supply and need is not
obvious, but where water is abstracted from growatdwat a rate greater than
replenishment a range of issues can arise, inajyditer alia, subsidence of the urban
area (e.g. Bangkok, Mexico city). Other cities gsanmix of ground and surface water
resources can none-the-less be affected by palliggues — e.g. in London and Paris
water can have higher than desirable levels chtatpollution, as the run-off from
farmlands around these urban areas rechargesdabedywater reserves that are drawn
on for domestic water supply.

Ecohydrology

Ecosystems, particularly those in which water gsiical component or the main
component, are typically resilient and can withdtarcertain degree of impact, including
abstraction of water, use of food and fibre resesyrand transport of goods through the
system. However, exceeding these limits changesttiicture and function of an
ecosystem irreversibly, leading to irreparable ¢gesnin the range, availability and

guality of the ecosystem services formerly providadiuding protection, production and
purification of water supplies. Such changes imsgstem services can be irreversible, or
at the very least impose strong constraints onysteis management.

In many cases wetlands which act as provisioningcosystem services for urban
environments are especially under pressure — whatsiee the urban periphery or
external to it. A case in point here includes\Wetland of International importance
(Ramsar Site) known as the East Calcutta wetlaRdséar 2002). These wetlands are
essentially resource recovery systems developéldedlpcal people over times using
wastewater from the city. In the recovery prodesgats the wastewater and has saved
the city of Calcutta from constructing and mainiagna wastewater treatment plant. It
also is the only metropolitan city in the world whé¢he Government has introduced
development controls to conserve the water-bodldgse wetlands, however, are still
under an intense encroachment stress of urban sgpanT his task of conservation,
therefore, needs further consolidation.

The quality of any living system cannot over tinxeeed the quality of the environment
in which it is found. Of course, this is a proctsat is subject to many feedback
processes: in today’'s terminology the drivers afsystem change. The Millennium
Ecosystem Assessment (MA, 2005a) defined a newegdnal framework (MA, 2003),
placing emphasis on the management of the envirohtoaleliver ecosystem services,
and through those services to enhance human wielllficDonald & Marcotullio,
chapter x.x. in this book). Well-being is morertlamply human health, and reflects a
more holistic approach. But to deliver better harhaalth outcomes, we need to have
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healthy ecosystems — i.e. ecosystems that aréabttinually deliver services to
people and the biosphere.

One approach to solving these issues has becomenkathe ecohydrology approach.
This approach links Ecology and Hydrology — sometirmombined (as in UNESCO
2009c) as ecohydrology (Bridgewater, 2002; WaglMearsalek and Breil, 2008).
Ecohydrology has objectives that can be largelynedfby the people and societies
dependent on the ecosystem and associated waterces.

For wetlands there are four key points that unaeesexactly what Ecohydrology v&z

é Integrating water and biodiversity science at managnt relevant spatial and
temporal scales;

é Understanding that ecological change is inevitaduhe, the role of people in
managing change;

é Understanding the role of ecosystem services;

é Using ecosystem properties as indicators of change.

Linking these four pointthe natural and the social sciences must be brdaghther,
preferably using the Ecosystem Approach developetid Convention on biological
diversity (CBD) (see Alfsen, chapter x.x. in thsolx). The Ecosystem Approach has, as
its key feature, the relationship between peoptktha rest of the biosphere, and how
that relationship is managed. The CBD website tlslétails of the evolution and
current status of the Ecosystem approach (CBD 2@@)see also Sheppard (2004) for
another perspective.

This organising framework deals with “natural” vaettl systems attention and is also
applicable to artificial wetlands constructieter alia for sewage treatment, and for
amelioration of flood plains. The role of suchcadled artificial systems in ensuring
continued functioning of linked ecological systeamsl maximising the expression of
wetland biodiversity in urban and peri-urban systesmparticularly important.

The need for maintaining and enhancing urban abdrban populations of wildlife has
thus greatly increased in recent decades (Wasmridi@8). A key issue is that urban
planners often have insufficient awareness andrégpen wildlife matters by (Davey
1967, Geis 1980). This lack of knowledge is otempounded by inadequate support
from resource agencies for the development of gp@t@ strategies for wetland
ecosystem conservation and management and theeguént implementation. The
solution to this dilemma is to encourage greatdaboration between agencies
responsible for biodiversity and ecosystem managéared municipal planners (Greer
1983) and to ensure planners are more alert tinthéetween wildlife (biodiversity) and
the delivery of ecosystem services (MA 2005b).

Restoration of wetland features to encourage pdatideatures is an essential part of
urban wetland management. Eglingtdral (2008) show that shallow, small-scale
flooded areas are of critical importance for bregdvaders. Management tools such as
foot drains, coupled with appropriate hydrologiselnagement, provide a means of
retaining water throughout the breeding seasonléXheir paper refers to a broader
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landscape approach, there is every reason to ese tbchniques in an appropriate urban
environment. Installation of these features iatre¢ly simple, but maintaining sufficient
water levels within the system is critical, esplgim the face of increasingly
unpredictable water supplies associated with cencitange — and that is exacerbated in
urban environments.

Similarly, Smart et al. (2006) emphasise that “wetitures, of critical importance for
breeding redshank which are common on coastal msrshn be deliberately established
on inland sites. Coastal marshes are less anddession and frequently threatened by
dynamic coastal processes, whereas inland marsh@sosie abundant but largely
unsuitable for breeding waders at present. Thelys@ahe scope for improving the
management of inland marshes for breeding redsienkabitat suitable for breeding
redshank frequently supports a range of other wsigecies, they propose this
information can also direct management effortsriprove breeding wader populations in
the wider countryside.

Healthy wetlands, Healthy people.

For urban areas, links between nature and heatbften seen as important — and often
in combative terms (see Tzoulas & Greening, chapterin this book). Concern about
health and the environment is essentially concboutthe relationships that exist
between people and the rest of the biosphere avpleo&equently handle these
relationships poorly. The need to integrate mollg the goals of conservation and
ecosystem management and health ethics for asaiskaisociety is becoming ever
clearer (Honaret al, 1999 other refs), and this is especially truenfetlands.

From the perspective of human health, wetlandsiéfised by the Ramsar Convention,
Ramsar, 2009b) have a real identity crisis. Theyadten seen simply as human health
hazards, with malaria, bilharzias, and a whole bbsther parasitic diseases typically
associated with them. Two centuries ago, the danfoundings of lakes and, worse,
swamps were enough to provoke people into beliethagto be simply close to such a
landscape feature was to risk catching a fevebatyivetlands suffered especially as
people were uncomfortable at living next to whaswaen as a source of disease

Recently, there has been an upturn in the ratenefgence or re-emergence of infectious
diseases associated with wetlands, and those amdringes are especially concerned.
Factors contributing substantially to this trendlude intensified human encroachment
on natural environments;
e reductions in biodiversity (including natural préals of vector organisms);
e habitat alterations that lead to changes in thebmsraf vector breeding sites or in
reservoir host distribution;
¢ niche invasions or interspecies host transfers;
¢ Human-induced genetic changes of disease vectgatbogens (such as
mosquito resistance to pesticides or emergencatiii@tic-resistant bacteria);
and environmental contamination by infectious diseagents. WHO, 2007.
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Water-related diseases affect over 2 billion peapyear. Providing clean water and
sanitation to poor communities would take pressdiréheir need to unwisely use
wetland ecosystems, reduce waste flows and imgdreséwater and coastal water
quality.

Many of the people and sites affected adverselgdmgsystem changes are highly
vulnerable - and ill-equipped to cope with furthess of ecosystem services. Ecosystem
changes, with an increasing risk of non-linear giegnn ecosystems, including
accelerating, abrupt irreversible changes potdytiave a catastrophic effect on human
health.The increased likelihood of these non-linear charggeses, in part, from the loss
of biodiversity and growing pressures from multidlesct drivers of ecosystem change.

In May 2002, at a speech at the American MuseuNad@iral History, the UN Secretary-
General outlined a so-called WEHAB initiative, lofentifying five major areas for the
World Summit on Sustainable Development, areas evbencrete results are both
essential and achievable. The WEHAB areas waf&ter,Energy,Health,Agriculture,
andBiodiversity. The initiative recognised for the fitsne, the critical importance of
biodiversity in delivering services in each of titeer sectors. And by including water,
biodiversity, health and agriculture it also brougigether key concerns for the
Multilateral Environmental Agreements.

Although a WEHAB Working Group was established, pndlishedA Framework for
Action on Biodiversity and Ecosystem ManagenreAugust 2002, this initiative has
largely disappeared from view, and even the udbnger works! Crucially, the WEHAB
working group paper highlighted the need to shittus from the proximate causes of
biodiversity loss to the underlying causes. It fesion two key Action Areas: integration
of biodiversity — and principles of sustainable elepment — in country development
programmes and economic sectors; and halting #sedbbiodiversity and restoring, if
possible, biodiversity in degraded areas, as gadwersing loss of environmental
resources. While these principles are applicaideysvhere, they are especially
important for wetland systems.

Importantly, reflecting the close linkage betwelea WEHAB framework and the
Millennium Development Goals (MDGs) (UN, 2009), tia® Action Areas in this
WEHAB paper are built upon and consistent with égsgf MDG 7 to ‘ensure
environmental sustainability.” The action framewsgtovide indicative targets or
milestones, with examples of activities — a ‘mefau’'further development of activities.
While the linkages between biodiversity and thelthesspects of development are still
little understood, Harvard (2007) has an exampleoofe key work in this regard.

Ideally, we should be building on biodiversity lades evident between the five WEHAB
areas. And yet, vital though it seemed at the tWwiEHAB has not found much favour
since the lead-up to the Johannesburg summit. iMiththeme of “Healthy wetlands,
Healthy people”, it represents a latent frameworktifie wetland biodiversity community
to develop and use. However, we need to develogfgpstrategies, tools and ways of
measuring success — such work is being undertdlkengh the Ramsar Convention
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Science and Technical Review Panel (Ramsar 20084 .will include monitoring
ecosystem functions in all parts of the world aededoping environmental assessment
and indicators.

Human health is not just about being not sick, hereThe Millennium Assessment
uses rather the term “human well-being”. Solvissues of poverty and management of
natural disasters are critical to achieving humaifi-txeing, as recognised by the last
Ramsar Conference of the Parties. (Ramsar, 2068d}the poor, food security depends
to a large extent on biodiversity, through diremhgumption of wild foods, wild plants
for farm production, medicines, fuel, and the trgdin species and products.
Conversely, loss and change of biodiversity caremse hunger and food insecurity.
Wetland ecosystem degradation means less watpefiple, crops and livestock, lower
crop yields, and higher risks of natural disastNiscertheless, the relationship between
biodiversity and poverty is complex and not lin€gis is exemplified through human —
wildlife conflicts, increased mobility of pests adeases, and introduction of invasive
species, innocently or deliberately. And nowhemerobviously than in urban wetlands.

Future research directions

Wetlands in an urban environment pose researchkramdledge management challenges
not just from the physical and biological enviromtss but also from the socio-economic
and cultural environments. Elaborating researcgi@mmes that seek to integrate these
worlds, as well as testing the resilience limitgath are essential to enhance our
understanding of urban wetlands.

Additionally, understanding the physical and biodad) effects of above and ground

water flows is another key element. This is of seyuessential and special in urban areas
that are close to or atop Karstic systems — bapppiies more generally as well. Wetlands
are often surface expressions of the groundwatepooents — and may even be
indicators of the health of such ground water syste(Semeniuk, 2007).

Accordingly, the list below is a sample of 10 kegas which need further study, or
which are embryonic research areas deserving ofdttention.

1. Understanding the range and distribution of nnvatland types, including lakes,
rivers, swamps and groundwater aquifers.

2. Identifying how different urban wetland typeg aeacting to current and projected
rates of ground water abstraction and how rechiaoge surface wetlands to groundwater
can be improved.

3. Examining the consequences of global changéufimgy climate change) on the loss

and degradation of urban wetland biodiversity,udahg species that cannot relocate and
migratory species that rely on a number of wetleatddifferent stages of their lifecycle.
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4. Building an understanding of urban wetland estesy connectivity in space and time
in the urban environment.

5. Testing how much continuing loss and degradaifarrban wetlands is leading to
reduction in the delivery of wetland ecosystem sers; and examining the demand for
these services, and the consequences of theirtr@almss on human health.

6. Examining the science-policy interfaces necegssaensure the cross-sectoral focus
that operates on urban wetland ecosystems carnveéogded to allow policy makers and
decision makers to conserve and manage wetlangsteass and their services in the
context of achieving sustainable development amoring human well-being.

7. Urban wetlands deliver a wide range of critmadl important services (e.g. fish and
fibre, water supply, water purification, coastabgection, recreational opportunities and
increasingly, tourism) vital for human well-beinginderstanding the economic valuation
of these services is critical to engaging in thealdrdebate about management of
ecosystems, the biodiversity that supports thogsystems and how to maintain the
natural functioning of wetlands.

8. Urban wetland loss and degradation has primbagn driven by land conversion and
infrastructure development, water abstraction,agltication, pollution and over-
exploitation. Research into the balance betweesetlhreats is needed to ensure long-
term conservation and management of wetland easgst

9. Since management of wetlands and water resoisreasst successfully addressed
through integrated management at the river (or takaquifer) basin scale; understanding
how wetlands in an fragmented urban environmentpeasist and successfully deliver
ecosystem services.

10. Research into the application of the wise us&iple and guidelines of the Ramsar
Convention (Bridgewater, 2008), and its role inm@ining ecosystem services of the
wetland in urban environments..
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Chapter 4.5
Therole of ecosystem servicesin contemporary urban
planning

Johan Colding

I ntroduction

Urban spatial planning has traditionally meant plag “for development”. Due to later
decades’ pressing challenges related to the ghidaiversity crisis and climate change,
the planning mode has shifted towards “sustaindelelopment” of cities. Today urban
planners interested in achieving sustainable dewedmt, or “sustainable cities”, adopt
different approaches in plans and designs forscifieespite that planning nowadays
includes sustainability as a central criterion wkeing out roads, streets, buildings and
other components of the built environment, it ienfargued that conventional planning
practices ignore the natural configuration of @nedl during the planning stages (Benedict
and McMahon 2002). As a consequence ecosystema@Eddy becoming fragmented,
transformed, or entirely lost, causing loss of gstean services, such as impoverishing
water and air quality. This eventually this erodessystem resilience, or the capacity of
natural systems to buffer and reduce disturbankeséat waves, flooding, pollution,
and anthropocentrically induced management mistakes

In many countries today, the pace of urban laneidgvnent far exceeds the rate of
population growth. For example, the amount of urbethland in the United States
increased by 47% between 1982 and 1997. Duringah®e period, the population grew
by only 17% (Fulton et al. 2001). Moreover, acrthgslargest 100 metropolitan areas in
the U.S., employment decentralization have becdmadrm, with only 22% of urban
residents working within three miles of city cestand over 35% working more than ten
miles from centers. As a consequence, air pollutiom traffic emissions increases,
adding to greenhouse gases and eventually to diotatnge. This has led many planners
to realize that the problem is not growth itselft thepatternof growth (Daniels and
Lapping 2005).

Urban Sprawl has been identified as America’s legutAnd use problem (Freilich
1999). There are several definitions in the literatof what urban sprawl is, but it
generally refers to the spread of urban congestimnadjoining suburbs and rural areas,
leading to the loss of ecosystems, or as “low-dgndispersal automobile dependent
land use patterns” (Litman 2009).

There exists a whole arsenal of strategies thatenmeday policy makers and planners
can adopt to steer away from unsustainable urbantrin and around cities (see i.e.
Doremus 2003)Of key influence for integrating ecology in urbdamming has been lan
McHarg’'s work on comprehensive, ecologically bagkshning and design (McHarg
1969). The applicability of systematic land-usenplag for determining areas for
development, or for conservation involving the epsiof map overlays of different
categories of natural features (e.g. hydrologylagg soils, vegetation, and wildlife),
represents a prominent feature of this approachil@ly, systematic conservation
planning (Margules and Pressey 2000) has more tlga@merged as a range of methods
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to determine, implement and manage a set of am@aining desired conservation
targets with the minimum expenditure of resour€asr@on et al. 2009).

In this chapter | review two of the most prevalplainning strategies proposed to
combat urban sprawl, i.emart growth theorandgreen infrastructure planningrhe
former is predominantly derived from frustratioreothe failure of American planning
projects, and is becoming increasingly adopted @npdenners in North-American and
European metropolitan regions. The latter is pradantly proposed by ecologists and
conservationists, and has been influential in coag®n planning in many countries. By
elucidating some of the characteristic featuresmngositions of these seemingly
disparate approaches to combat urban sprawlthesé in communication with insights
pertaining to the generation and management ofhugbasystem services, as identified
in recently emerged empirical studies. | thoroughs$cuss the implications of the two
approaches as well as shed light on urban dedigm$iold potential to be developed into
more exhaustive frameworks for governance of udmsystem services. | conclude by
summarizing the major insights of this chapter.

Urban sprawl and ecosystem services

Urban development is claimed to generate someeoftbatest local extinction rates of
species, and frequently eradicates a large prapooti native flora and fauna (McKinney
2002). Due to that land use in urban areas hastieydarly strong influence on
biodiversity, some scholars predict that it wikdly have the largest effect on terrestrial
ecosystems in the coming century (Sala et al., @¥recent studies of satellite data
indicate (Hansen et al., 2004), land use contitoi@gensify in formerly occupied areas
(e.g., urban areas) often with an overlap of lasatf areas rich of biodiversity (Ricketts
and Imhoff, 2003). This is due to that humans teenskettle in areas with high ecosystem
productivity with people most dense on lands silatédx agriculture or in low elevation
and coastal areas with high levels of biodiver@@glding 2007).

The uncontrolled spread of urban congestion infoimithg suburbs and rural areas
often leads to a net loss of natural habitats am$@quently to the erosion of many
ecosystem services. On the other hand, urban leicsdiy usually peaks at the suburban
scale of cityscapes, where species tend to beruadapters’ (Blair 2001), confined to
forest edges and adjacent open lands. Animalsmiltis category often exploit many
resources, including human-subsidized foods (Mc&NR002). Such species tend also
be less sensitive to the presence of humans asdlpetimportant to recognize that
while biodiversity often peak at suburban levetham sprawl may lead to the loss of
overall regional biodiversity in the urban landsed@olding and Folke 2009).

There has so far been hardly any attempt to liblaiplanning for the sustainable
governance of ecosystem services. It can be argfuedigh, that many ecosystem
services provided by natural systems resemble thersgces that urban planning strive
for, i.e. facilitating and distributing services e general public, freely enjoyed on a
day-to-day basis. Like public spaces, ecosystemicasr arestrategically criticalto the
health and quality of life of a city environmenthié provisioningservices (products
obtained from ecosystems like food and fiber), otiee privately consumed they
represent priced goods that may be enjoyed by &todd of urban residents at markets.
On the other handegulatingservices (benefits obtained from regulation ofsgystem
processes like air- and water filtrationyltural services (nonmaterial benefits obtained
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from ecosystems, like spiritual enrichment, cogritilevelopment, recreation, and
aesthetic experiences), asubportingservicegnecessary for production of all other
ecosystem services), are considerable more diffioldvaluate in economic terms. In
and around cities, this group of services provaleange of “free” services enjoyed by a
greater set of urban dwellers. Since they are deqaately priced (and valued), they run
the risk of becoming mismanaged, adversely affgatmost dwellers. It is therefore
essential to develop institutions and designs syster their sustainable management.

Given that urban sprawl represents one of the egldind use problems in many city
regions (Freilich 1999), both “smart growth plargiiand “green infrastructure
planning” have become popular in many countriesoiming to grip with this
phenomenon. They are more closely described ifolloaving.

Green infrastructure planning

Having its roots in planning and conservation eéffdhat started 150 years ago, “green
infrastructure” is an approach for combating theease effects on biodiversity resulting
from urban sprawl. Green infrastructure can berlesd as “an interconnected network
of green space that conserves natural ecosystemsv/ahd functions and provides
associated benefits to human populations” (BenedidtMcMahon 2002: 12). Much of
the foundation of green infrastructure planningadom the principles of island
biogeography theory (MacArthur and Wilson 19673pined by three patterns which had
long been recognized as part of island ecology:

e that larger islands tend to support more species

¢ that remote islands tend to support fewer species

¢ that there is often a turnover of species on igdandth newcomers replacing
other species that become extinct (Forbes et alr)19

The application of island biogeography principlesitban settings has been widely
used in the planning and design of terrestrial reateserve. When transferring these
principles to terrestrial systems, the key assuwnptiade is that ‘habitats’ or reserve
sites themselves cannot function as isolated partsslands”, when surrounded by land
of different types that is hostile to the speciemg within the reserves (Forbes et al.
1997). The surrounded land to a reserve, the “riatr the “background ecological
system” has the highest degree of connectivity lahdscape, largely determines to what
extent organisms may move or spread to other ndtabatat patches. In the design of
habitat networks, connectivity is the central obyecto achieve in green infrastructure
planning. Connectivity is a measure of how conrgotespatially continuous a network
is (Forman 1995). In green infrastructure plannthgs can be achieved by way of habitat
corridors, i.e. areas of land that facilitates sgemovement between larger habitats
(Forbes et al. 1997). This involves protectingatirey, and restoring connections
between parks, reserves, and other important eicalgyeas. Such habitat corridors may
include hedge rows, road and railway verges, strofgopen space sites, parkways, and
riparian trails that function as a route for specm®vement. In order to avoid potential
negative effects of habitat connections (see Daw8®d, Scmid 1995), wildlife
biologists usually recommend it is better to proteasting connections between habitats
than to create new ones (Forbes et al. 1997). Gnémstructure planning therefore is
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said to work best when the framework pre-identibeth ecologically significant lands
and suitable development areas (Benedict and McNaho2).

One prominent example of habitat networks that hawg played a significant role in
the development of urban, sub-urban, and even aneals is greenways, defined as a
“network of land containing linear elements tha planned, designed and managed for
multiple purposes including ecological, recreatlpoaltural, aesthetic, or other purposes
compatible with the concept of sustainable land-@&kern 1995: 134). Urban greenway
systems date back to the™&entury, as part of an evolving landscape form hiad its
roots in the planning concept of medieval townsa(8g 1995). Besides ecological,
recreational, and heritage motives, urban greenwagd to comply with a core set of
human dimensions to improve their success in a aomityy including cleanliness,
naturalness, aesthetics, safety, access, and ajgpemess of development (Gobster and
Westphal 2004). Greenways are therefore mainlygdesi and managed to provide
recreation and amenity rather than for the prataadif biodiversity (Benedict and
McMahon 2002).

The principles for green infrastructure are alsedusy planners in management of
greenbelts and green wedges, i.e. belts of predotiinundeveloped land to limit urban
sprawl and to connect rural areas with suburbsugibdn areas. While the greenbelt idea
originated from Ebenezer Howard’s notion of a md@srden City” in England in the
late 19" century, contemporary planners often apply thasdsf biological core areas,
corridors, and buffer zones on greenbelts in madéars for cities (RUFS 2001). To
what degree proponents of green infrastructurenggnis in favor of compact urban
development to combat urban sprawl is hard to deter. However, the view is
sometimes explicitly voiced among scholars andtfiraers (see e.g. Benedict and
McMahon 2002; Daniels and Lapping 2009). The twpragaches are however largely
compatible with both advocating the preservationattiral habitats in urban fringe and
rural areas.

Smart growth planning

Due to the explosive sprawl witnessed in many pdsan areas, matched by a decline or
slower growth in the central cities and older sbbuKatz (2002) describes how a new
planning approach arose over a decade ago in thedJstates as a reaction to the
widespread frustration with sprawling developmeattgrns. This new thinking —
commonly referred to ammart growthor New Urbanism argues that metropolitan
settings can grow in radically different directiahenly major and deliberate
government policies on land use, infrastructure, tamation are adopted.

The term smart growth (abbreviated as SG in tHeviahg) became more widely
popular when Maryland’s 1997 legislation providdanming initiatives to promote
compact development to combat sprawl (Daniels amplng 2009). In parallel with
“compact urban development” that concentrates dramvthe center of a city to avoid
urban sprawl, SG advocates compact, transit-odentalkable, bicycle-friendly land
use, including mixed-use development with a rarfg®asing choices. A dominant
feature of urban designs involving SGaessibility e.g. the ability for urban residents
to reach desired goods, services and activitidsinvglose (“walkable”) distancd=(gure
1). Planners adopting SG strive therefore to looate development within already

60



developed areas, encouraging infill developmentraddvelopment of older facilities
and brownfields.

Proponents of SG planning argue that current pfansirategies of land use and
transport patterns often reflect distorted marketraed policies rather than reflecting
true consumer preferences. Therefore, SG strataggesaid to represent market reforms
to “correct” these distortions with the goal toriease efficiency and equity, and making
consumers and the economy better off overall” (K#&1@2; Litman 2009). Strategies
adopted to change current consumption behaviorraraye from adopting various
pricing mechanisms such as additional cost feebdasing that require more dispersed
infrastructure and for parking in sprawling ardasstrict regulations and favorable tax
policies, to investments in public tranfibir more, see Litman (2009)).

While the SG framework predominantly emphasizesasbenefits, policy makers
often point to environmental benefits to justifjyotompactions. Localization of new
development within already developed areas, idélfelopment and redevelopment of
brownfields are often claimed as efficient wayslé&nd use consumption. Such land-use
developments are said to spare more remotely ld@desystems from being
transformed into urban fringe development thatatees prime farmlands, wetlands, and
unique wildlife habitat (Litman 2009).

The SG framework is also often labeled as a lamdpadicy for combating climate
change (Chatterjee 2009). While compact growthdess shown to improve long-term
air quality at a geographic scale compatible wabosidary pollution formation and
transport due to reduced vehicle travel (Stone. 087), very few studies have looked
into this relationship at more depth. Even thouglars growth may reduce green house
gas emissions in metropolitan areas, this propwositeeds to be further determined. In a
rigorous overview study by Susan Handy (2005),@axpd how well the available
evidence supports SG planning propositions abautealationships between
transportation and land use, she concludes ths¢ tingestions have not yet been fully
resolved and that the ability to predict the impatsmart growth policies still remains
limited.

SG land-use development as a planning policy rsslaen questioned in terms of
its feasibility and acceptability to the commurstiffected. Breheny (1997) asks whether
compaction can be acceptable to the communitiestaid by it and questions to what
degree high levels of urban compaction can be aetien practice. For one thing there
are limits of brownfield and infill sites for housj development and these are also
associated with high construction costs. MoreoBegheny also doubts whether it is
feasible to assume that companies will be persutaesturn to city core areas they once
have abandoned. A recent study by Filion (2009shithat high-density multifunctional
development nodes in the Toronto metropolitan regiave had limited capacity over
recent years to attract new office and retail agwelent, as well as meeting walking and
public transit patronage objectives. Filion asstrés high-density suburban node
developments are vulnerable to economic recessions.

Generation of urban ecosystem services

Recent urban ecological research revealtthgeneration of many types of ecosystem
services depend on locally managed green areathamdllingness of their stewards to
manage and sustain these habitats (Colding e®@6)2Sucthabitats predominantly
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represent semi-natural ecosystems, i.e. ecosystéma high degree of human impact
that are managed by so called “green-area usepgidy way of informal institutions
(Colding et al. 2006). Green-area user granpslve groups and landholders that
manage land individually or in cooperative formglsas in associations, clubs, or similar
organizational units (Barthel et al. 2005; Elmqgwsal. 2004; ElImgvist et al. 2008), and
where management is based on leisure and recrabaictivities or conducted through
civil interaction, rather than based upon profesgBrnstsson et al. 2009).

Semi-natural ecosystems have until recently begarded as having little ecological
value by ecologists, and have therefore been kaigebred in ecological inventories.
They have therefore seldom been integrated in ceasen planning frameworks. A
good example of semi-natural ecosystems consfititate domestic gardens that often
cover extensive parts of the landscaperiman settings anodften form quite coherent
greenbelts in cities suitable for migration andcspe movement (see e.g. Jeffcote 1993;
Gaston et al. 2005; Colding et al. 2006). In aptod greater Stockholm, Sweden,
Colding et al. (2006) showed that over 80% of treeeg cover of suburban real estates
(i.e. “low-building” and “part-time” summer hosges) consist of garden cover when all
buildings and impermeable surfaces were deduceathdérmore, allotment areas,
domestic gardens, and golf courses provided numsezonisystem servicegdble 1) and
covered nearly 18% of the surveyed land area, septeng well over twice the area
covered by protected areas and over half of the: deamarcated as green wedges. Studies
of other cities reveal a similar pattern, with detiegardens covering as much as 23% of
the land area in Sheffield (Gaston et al. 2005)achuch as 27% in Leicester, England
(Jeffcote 1993). These semi-natural urban landdaal®o house a considerable rich
number of flora and fauna, including rare and tteeed ones (see e.g., Blair 1996;
Maurer et al. 2000; Thompson et al. 2003).

Smaller habitat parcels like allotment areas, comtygardens, and cemeteries have
also been found to sustain considerable pollinatorinvertebrate diversity in cities and
contribute to the maintenance of ecosystem senlikegollination, seed dispersal, and
insect-pest regulation (Cane 2001; Colding et@D6&2 Colding in press; Anderson et al.
2007; Hougner et al. 2006). Urbgalf courses contribute to provide important habita
for species in urban settings. In greater Stockhmber a quarter of all available
permanent, freshwater ponds is located on golfsmtirat contribute in sustaining
metapopulations of both threatened amphibians axtomvertebrates (Colding et al.
2009). More broadly, urban golf courses have b&ewas to positively contribute to
biodiversity, and if managed appropriately provédmeasure for restoring and enhancing
biodiversity in urban settings and to promote caitiecosystem services, like species
migration, pollination, natural pest control, anete water purification (Colding and
Folke 2009). Educational institutions may somesirharbor the largest and last
remaining green areas in highly urban developethgstand can be extremely
significant in terms of biodiversity (e.g. Patwaadlet al. 2001; Kulkarni et al. 2001).

The simplification of the urban landscape

Land-cover maps often classify biological patchmebuilt-up areas as physical ones,
thereby simplifying the fine-grained texture of than landscape and the small-scale
pattern of juxtaposed semi-natural land uses. kamele, much semi-natural land,
including all domestic gardens are classified bailt-up” lands in official land-
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classification statistics of Sweden (Colding e28l06) - a situation mirrored in most
city-regions of the world (Foresman et al. 1990clsoversimplified land classification
result in cities assumed to have less green cteer dctually is the case. Furthermore, it
discounts the essential landscape processes thiatlad to semi-natural land uses in
suburban areas and which contribute to the supgpaorganism groups and populations
in larger natural habitats like nature reserves“@gelogical land-use complementation”
(Figure 2). Such oversimplification also shapes peopleguales toward urban lands
that creates an unfortunate divide between urbeasdor biodiversity conservation and
areas used for other purposes, when, in realiggisp utilize a number of different
habitats in the urban landscape (Melles et al. RO00ds largely creates impressions of
the urban landscape being “binary”, consisting myesédeveloped and undeveloped
natural lands.

Recent studies show opportunity to improve integlgimanaged landscapes, e.g.,
urban and agricultural areas dominated by humanitaes, through greater engagement
of ecologists and other urban practitioners ingfaress of ecological landscape design
(Lovell and Johnston 2008). Such an approach eagesrthe exploration of
multifunctional solutions to meet demands of grayyoopulations, while minimizing the
negative impacts of human activities on the envirent (Lovell and Johnston 2008).
One critical objective in the creation of such nfiutictional landscapes is to increase
heterogeneity in the spatial pattern of the landsatself (ibid) such as through
ecological land-use complementation (Colding 208¥)this token the developed matrix
in the urban landscape holds considerable potedntia¢ designed and configured in
ways that improve conditions for both humans amgwobiological organism groups.
This, however, requires that semi-natural greegepa a multitude of forms be
preserved and nurtured in developed areas.

There exists a multitude of ways for how both ergsand new green sites can be
designed in compact cities to provide a range ofgstem services (see e.g. Jim 2004).
For example, ecological engineering, which operatebe interface between technology
and environment, can be explored to design andnestosystems. Mitsch and
Jorgensen (1989) emphasize that ecological engmeisrabout designing societal
services such that they benefit society and natun@ that such designs be system-based
and integrate society with its natural environm@mitsch 1993; 1996). Ecological
engineering play a critical role in the restoratidrecosystems that have been
substantially disturbed by human activities suckragronmental pollution or land
disturbance.

Implications of smart growth and green infrastructure planning

Both the green infrastructure and smart growthmifeg paradigms can be argued to
reinforce the stereotypic view that developed urbadscapes consists of lands of low
ecological value, i.e. the “built” environment, ath@t nature best is preserved near and
beyond the urban fringe. The smart growth planpagadigm does this on grounds

that compaction reduces per capita land consumgtioave here, however,

highlighted that much urban and suburban land oséiypely contribute to the
generation of ecosystem services and that opptyteriststo improve intensively
managed landscapes to bolster this potential furt@wever, compaction severely
reduces opportunity for people to directly engagé wature. In the SG planning
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paradigm, a greater fraction of the urban popukaitienevitable become “landless”
due to that residents increasingly will come te lim multi-family dwellings without
associated gardens. Hence, much of the urban gapuia removed from the
opportunity to own land, to have an input into tise of urban land, and arguably, the
ability to understand or have concern for land eovetion outside and inside cities
(Kendle and Forbes 1997). It will also be extrentedyd to motivate the existence of
smaller parcels of semi-natural land such as adotrareas, community gardens, or
other forms of urban agriculture in a compact dewelent scenario. Sharing the
concerns of Breheny (1997) regarding feasibilitg anceptability, it will be ethically
difficult to exclude non-gardeners in such propeigits arrangements. It would also
be impossible for governments to subsidize sucth leses through public means as
presently done in some countries.

While public green spaces may exist in densely [@ed areas, certain dimensions
to public domains are particularly important fodenstanding the enclosure behind
public lands in cities (Lee and Webster 2006; Gudn press). One is ‘congestion’,
referring to the degree of competition within a lmdomain, or the numbers of
individuals who jointly consume it, and the randeéastes amongst those individuals
(or groups) (Lee and Webster 2006). When publicalosmbecome congested, they
need governing in such a way that use rights beadeae and enforceable; however,
to design, create and administer such a systemghdfkris a costly business in terms of
transaction costs (Colding in press). When congegjenerates excessive costs then
there is likely to be pressure to reform propeights and subdivide the public domain
either into private domains or smaller public domsgle.g. club goods).

Another dimension of public domains is ‘separatd@attributes’ which is likely to
be established if it is cost effective and a sidfit demand exists for this. For example,
the rights regarding the different attributes giaak can be separated and allocated to
various groups of consumers such as recreatioaaksjor sports, habitats for wildlife,
restaurants etc. In a congested public domainketsand governments will strive
towards a separation of these rights accordingfterent attributes (Lee and Webster
2006). A telling example of the separation of htites is public parks that have degraded
due to underfunding in Stockholm city during ecofmrecessions. In conjunction to
restoration of these parks, local government agsnapen up for several types of private
establishments, such as cafés, amusement aress fietnce costs of restoration. This
inevitable results in the successive loss of gegate.

The green infrastructure planning paradigm argualdy discounts the role that
semi-natural land use may play in cities. It tyficBbocuses on preserving larger tracts of
land beyond the urban fringe, and the designatidanal for nature preserves or
greenbelts. The emphasis on linear corridors &s limsuch habitat networks hardly ever
consider cohesive domestic garden belts, nor gaifses despite that they often
represent biological assets in urban settings (@g@ldnd Folke 2009). Suffice to say, this
planning paradigm has been shaped by insightsetefrom ecological studies of more
pristine ecosystems and the island biography theory

The designation of protected areas, green beltsgeeen wedges has so far been the
central tenet in green infrastructure planningt&sted area management is, however,
costly for most governments both in terms of laoguasition and management (Colding
et al. 2006). Many parts of London’s protected greelt have been severely degraded
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due to lack of money partitioned for managemerd, aa result have been largely
avoided by local inhabitants for recreation (Greatandon Authority 2001). In response
to this, local boroughs initiated the creation ofretnunity forests that encompass several
hundred hectares of green belt land for residévitgylnearby to manage and maintain.

It is important to note that informal managementidfan green areas for the most
part bear their own cost in terms of managemen¢rdgure and transaction costs. Such
management is mainly voluntarily based. In contrastst parks and protected areas are
managed through public means, with government ekpees, making such
management more vulnerable to economic recessmpalitical power shifts (Colding
et al. 2006).

The pedagogic role of naturein cities

Insights developed in environmental psychology shtvat ecologically impoverished
metropolitan areas contribute to increased ‘envitental generational amnesia’ among
city dwellers (Miller 2005). People that are nderacting with ecosystems early and
regularly are less likely to support necessaryr@mvnental efforts in society (Kaplan et
al. 1998), such as economic measures to combaiteliohange. Hence, from a planning
perspective, it is important to consider gezlagogic responsibilitihat cities hold for
mitigating further ecological illiteracy among urbpopulations. In this context many
locally managed, semi-natural ecosystems reprasgairtant ‘learning arenas’ for
ecosystem services, as they provide visible andsunable examples of human
interaction with dynamic ecosystems (cf. GrimmI&2G08). To gain the much needed,
broad-based public support for a sustainable ugeadystems, inside and outside cities,
the places where people live and work need alsdféo opportunities for meaningful
interactions with functioning ecosystems ( Roseng\2803; Miller 2005). In this

respect and in order to help mitigate the growisga@hnection of urban residents from
nature (Pyle 1978, 1993), novel property right gesiand land-management approaches,
of which some have been dealt with here, need tebeloped that may foster the
pedagogic role that engagements with nature caerfos

To date, a number of environmental organizatiommsraghborhood associations are
demanding a voice in zoning and planning decistbas affect their communities
(McDaniel and Alley, 2005); however, few approackgist for their inclusion in
biodiversity management activities. Research shawactive land management can
contribute to promote understanding about the faekllinks between ecosystems and
people by increasing environmental knowledge amobgn populations where such
knowledge tends to be low (Theodori et al. 1998Disliciel and Alley 2005; McKinney,
2002). Kaplan and Kaplan (1989) even argue thaplpegho do not experience nature
early and regularly are less likely to develop stremotional ties that motivate costly
conservation efforts in society. Against this backmd it is relevant to ask whether
urban compaction, as advocated by proponents at gr@wvth planning and many green
infrastructure planners is socially feasible. Ilatien to this, Fyson (1996) showed that
public preference for house types and their locatis very much opposite of that
advocated by proponents of smart growth plannirgo Amarketing surveys carried out
by housebuilders in the UK reveal a strong prefegefior houses with gardens, with
people being twice as satisfied with their locationural areas than those in urban/city
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areas (Breheny 1997). Likewise, overall satisfactath housing was lowest in urban
centers and highest in the most rural areas. WWgleompaction logic suggests a need to
switch from low-density to higher-density housed #ats, attitude surveys suggest that
people overwhelmingly prefer houses, particulanlyse with gardens (Breheny 1997).
Even though preferences may be subject to change gew governmental policies and
incentives, compact development advocators haealadilemma to redirect such
preferences. To some people it would be the sar®lasing strong norms and
community sense.

Concluding remarks
Twenty eight years have passed since Ehrlich ambickl{1981) first coined the term
“ecosystem services”. While the concept nowadagguently is used in ecology and
increasingly so in economic assessments, it ish&émd in the urban planning-oriented
literature to date. This is likely due to that oalyraction of ecological studies have been
devoted urban systems (Collins et al. 2000) antthiegie exists a time-lag before new
premises are ‘filtering’ into planning processeswdver, and as suggested in this
chapter, there exist strong motives for integraingider set of urban residents in
management of ecosystem services. Against thisgbachkd, it may be unwise for
planners to rely too strongly on one, single plagrstrategy for improving urban
sustainability. Both the two major planning stragsgeviewed in this chapter propose
compact development growth to combat the advefeetsfof urban sprawl. However,
and as shown here, many types of ecosystem serneagenerated in the developed
landscape, also in sprawling, suburban settingseMer, the significance of creating
meaningful opportunity for a greater populace diaur residents is important to combat
ecological illiteracy among burgeoning urban popate. Not least to build incentives
for measures that involve potentially high costsdeoiding biodiversity loss and
unwanted effects due to climate change. Such mganiopportunity should also be
provided for in land uses of the urban, developatritn As discussed here, the urban
matrix is often more heterogeneous than often neized, contributing to habitat
diversity and thereby increasing landscape diversit

A great deal of people in city-regions also preterve in locations and houses with
access to gardens. Hence, it is hard to justifictrapact growth scenario in the smart
growth and green infrastructure planning paradigiMisie much human activity
destroys ecosystems at an alarming rate on eatleily, people are also important for
generating and sustaining a great deal of ecosystewices. More studies need to be
conducted to assess whether the environmentaliteeaéfnaking compact cities
overweigh those of dispersed settlement growthil Wet gain more knowledge, a
durable planning strategy would be to foster apghtea and urban designs that
gualitatively improve the urban landscapew such a landscape ideally should be
designed to more efficiently preserve the urbaddaape and its associated services is a
pressing issue. | agree with proponents of compaatith that thepatternof urban
growth needs to be redirected. However, insteatisplacing community residents and
steer population growth into the labyrinths of deengy cores with little access to natural
habitats and by way of top-down planning initiai\&ems utterly old-fashioned. A more
viable strategy would instead be to nurture angbsttghe civic initiatives to self-
organize around various urban activities such asrat urban agriculture, community
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gardening, and partaking in the design and manageof@irban parklands. Planners
should also facilitate for integrating “urban commabdinto comprehensive planning
(Colding in press). Such common property systeraseatremely rare in cities presently,
but hold potential to contribute sustaining andegieg the world’s cities.

As comprehensively described by Jim (2004), thergt @ whole aresenal of green
designs that can be adopted in compact citiesaaige a range of ecosystem services.
Such activities will likely boost social capitakgmote sense of place, and revitalize
degraded neighborhoods. This will likely also ceeatore attractive cities that foster
environmental stewardship, provide new job oppatiesiand contribute to overall
economic development of cities that is more in twité the life-supporting processes
that sustain life itself. We are only in the begignof developing strategies and tools to
more sustainably govern ecosystem services irscibiewhich there exist a gap of
knowledge more generally (MA 2005). Policy makerfan designers and planners need
therefore to a larger extent facilitate for morpexmental designs in cities. Such
strategies may gain from insights on adaptive coagament of ecosystems and lessons
provided from sustainable natural resource manage(Relke et al., 2003) to increase
the potential for adaptive learning and avoidingnewability traps during the process of
urban redevelopments.
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Table 1. Potential ecosystem services provided by three semi-natural green areas
in Stockholm, Sweden. SOURCE: Colding et al. 2006.

Allotment Domestic
areas gardens Golf courses

Provisioning services
Fire wood xX*
Food (fruits & vegetables) X* X*
Ornamental resources X* X*
(flowers)
Cultural services
Aesthetic values X X X
Inspiration X* X* X*
Nature education xX* X* X
Recreation X* xX* xX*
Social relations X* X X*

Regulating services

Air filtration X X X

Erosion regulation X

Noise reduction X

Nutrient retention (in ponds) X
X
X
X

X X

Pest regulation
Regulation of microclimate
Surface water drainage

><><><
X

* X*

Supporting services

Habitat for flora & fauna X* X* xX*
Soil formation X X X
Seed dispersal X X X
Pollination X* xX* X
Water cycling X X X

*Indicates accentuated service in respective lasd u
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Figure 1. Sprawl versus Smart Growth Land Use Patterns

Both boxes contain the same overall density of imgu@), employment (e) and services
(s), but on the left they are more dispersed anthemight they are more clustered,
creating “villages”. Modified and adopted from Lim (2009).
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! Golf course 'é Crop land

Built-up areas - Forest

Figure 2. By adopting ‘ecological land-use complatagon’ in urban spatial design,
planners could promote ecosystem services. Int&tugA) a golf course with freshwater
ponds that is located adjacent to a forested ag@teater potential to promote
amphibians, relative to if it is located in isotatisurrounded by urban built-up land. In
this sense, the golf course and forested area eonepit each other, providing necessary
habitats for amphibians to breed, forage and oveter Similarly, in (b) when urban
gardens are clustered adjacent to forest patcltesrap fields, pollinators may be
promoted. Different pollinators may use gardensctilecting pollen and nectar
resources, use adjacent forest habitats as nestesgy and perform important pollination
of food cultivars on adjacent crop fields. In tb@ése, such a configuration could promote
‘response diversity’ to environmental stresses anmoilinators. Source: Colding

(2007).
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