Urban Forestry and the Eco-City:
Today and Tomorrow

Margaret M. Carreire and Wayne C. Zipperer

In 1990, the Chicago Academy of Sciences held a conference, Sustainable Cities:
Preserving and Restoring Urban Biodiversity, which led 1o the publication of a
boak entitled The Eeological Ciry (Platt et al., 1994), This symposium dilfered
from others on cities at that time by fucusing principally on cities as habitats for
biodiversity. The thrust of the symposium was that interactions between people and
nemhuman biological entities 1n urban landscapes had not recerved much scientific
attenttion and warranted increased ccological investgation. More than a decade
later in Shanghai. the International Meeting on Lirban Dorestry and Eco-Cities
conference explored the role of urban forestry in creating more environmentally
sound cities that enhance people’s quality of lile. During the interval between these
wo symposia, urban ceology has rapidly developed as an ecological discipline
exploring the myriad clements that comprise an urban landscape. No longer
are urban ecologists trying (o convincee the ecological community that urban land-
scapes are important and productive subjects for research. rying to convince
planners that eeological concepts need to be incorporated into urban design, or (ry-
ing to convinee environmental managers that a multiple scale approach is needed
to manage ccological goods and services and to restore habitats. However, this
symposium abso revealed that implementation of these principles can be difficult
lor 4 vanety of reasons, not the least of which is that we still do not understand the
nuances of the political and socioecological imeracuons that affect the structure and
function of urban landscapes and how they can be intluenced w improve environ-
mental conditions citywide (e.g., Perking et al., 20043,

The reality is that il our ¢ities are to move 1w the direction ol becoming
coo-cities, a greater awareness of the ecosystem services provided by a city’s urban
forest (its entire green infrastructure) must be fostered not only among practitioners
and scientists, but also amony political leaders and the public, More opportunities
shonld be created to formally and informally educate the public on the roles that
urban narure plays in reducing a city's resource and energy use, in improviong air
and water guality. in decrcasing flooding, and in maitntaining our physical and
psvchological well-being, Such education provides the Toundation for change.
Making cities more comfortable places for people to live by incorporating more of
the natural world into our daly hives. and by working with nature 1o prevent or
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mitigate problems (hat otherwise require costly engingered solutions are means of
linking local quality of hie for arban residents with global sustainability for the
human species. Therefore. an environmentally educated poputace with a greager
shared vision of the future 15 essential. if the long-term goal of creating more
ceologically sound and resource-cflicient cities is 10 succeed,

The studies collected in this volume represent g global snapshot of many

perspectives and  activities of planners. managers, and eovironmental  scientists
centered on integrating more and better-planned  green indrastruciure into the
hardscapes of our burgeoning cities. Such diverse experimentation 15 exciting and
essential at this stage in the developmient of intermational urban forestry. if professionals
are Lo assess which urban greeming strategies are successiul ju their respective cities,
Yet within all this diversity of approaches and opinion, shared ideas and needs have
emcrged. This conctuding chapter highlights and reinforces the following major cross-
cutling themes expressed by the international authors who contributed e this hook:

+ Dlelining the scope of the urban forest and the need lor holistic management
o Quantifying the urban forest and its ecological services

» Expunding research in urban ecology and {orestry

¢ Building partnerships for implementation, planning. and research

» Incorporating urban forestry inlo the vision of the eco-city

We recognize that most of the recommendations und issues described in this
chapter and book have not henefited from the experiences of people in cities on
all continents, but muainly retlect current urban forestry concerns i selected
countrics in Europe. Asia. and North America, where conference participants live
and work. In addition. the urban forestry issucs and studies included in this hook
deal primarily with citics in countries that have the cconomic capability of sup-
porting an urban forestry program and mosily with cities in temperate climates.
Theretore, this chapter also cites some potential contrasts with the urban foresury
needs and challenges faced by cities in developing countries with fewer economic
resourees, many of which are in more tropical regions. By doing so, we hope o
stimulate more international dialogue in-identifying and ariiculating a spectram
of urban forestry goals that would match the varving neceds of people in different
cities Lhroughout the worid,

Defining the Urban Forest and the Need for Holistic
Management

The simple act of defining the dowmain of urban forestry highlights its diversity
rather than its unity. The urban forest is a mosaic of trees and other vegetation,
some of which are manuged intensively by different agencies or people, and
others where natural successional {orces. indirectly aifected by urban conditions,
determine species composition and regeneration (McDonnell er al, 1997;
Zipperer et al., 1997, Silva Matos et al,, 2002; also see Chapter 11). Therelore,
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the urban forest consists of sircet trees, remnant and emergent forest patches. tree
plantations, and vegetation in parks, yards, highway verges. ulility rights-otf-way,
and husiness and institutional campuses. A city’s urban lorest may also be
considered 1o extend beyend its municipal boundary lo encompass peri-urban
agroforests or forested walersheds that provide a city’s drinking water, such as the
Catskill Mouutain area does for New York City 160 kilometers away (Chichilnisky
and Heal. 1998 Blaine et al.. 2006). Such lorests or plantations may often require
complex management to sustain the multiple social. ecological. and economic
services they provide for the urban public, a challenge deseribed by Schulzke and
Stoll (Chapter 18} and Jestaedt (Chapter 193, We also feel that urban [orestry
should expressly include consideration of the soil substrate. since soils, o, are
within the purview and care of managers of these varied habitats and are critical
determinants of long-term forest sustainability in all wrban focales (Carreiro,
2005: also see Chapter 12).

Such an overarching definition cnables the urban forest to be viewed more
holistically. and provides a conceptual foundation for i to be managed for goods
and services in a more integrative way. In addition, urban forestry can be studicd
and practiced from multiple perspectives that vary n focus over time and accord-
ing 10 the developmental stage of wban foresiry in different countrics. For
example. in developed countries, a prime focus 1 the past was management of
the urban forest lor aesthetic purposes (Howard. 1902; Pitt et al.. 1979}, whereas
now, as urban populations have grown, ntensified. and expanded, it has shified
to management for enhancing ecosystem scrvices (C.g., Nowak and Dwyer,
20003, In developing countrics. @ more important locus nay be muanaging
vegetation (0 provide materials, such as firewood, fruit and timber, at very local
scales (Carter. 19953, Over time, cach city and region may manage its urban
forest for an increasingly broader and more inclusive range of benefits. Heance, in
defining the bounds of urban forestry as a discipline, it 1s important (o consider
the current developmental needs of & population as they establish urban foresury
goals n1ost snited (o their cily’s social. economic, and peographic context. [t may
not be as jmportant to rigorously define which vegetative clements are to be
considered part of the urban forest as much as to wWentify the diverse contribu-
Lons and functions of vegetation and vnpaved soils, both within and outside the
city. (0 a particular community's well-betng.

Environmental professionals increasingly recognize the ecological reality that
the different green areas in a city are. indeed. interacting in dhverse ways with cach
other. with aquatic systems. with the built infrastructure arcl with people (see
Chapter 7). However. the social reality is that the degree and type ol muanugement
given 1o vegetation is compartmentalized. varies preatly depending on the group
respansible for its care, and seldom involves intcractive. coherent plunning among
these groups {see Chapters 9 and 16). One imporant dichotomy 1s the distinetion
between trees and ather vegetation that occur in the public versus the private
domain. Public trees can be managed by diflerent agenvies within a focal
government and are a primary means of providing a more socially equitable
distribution of vegetation in a city. Hence. the contribution of public trees to total
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tree cover in lower income areas can be considerable {Heynun et ai., 2006). In g
recent paper, Escobedo et al. {20061 observed for the City of Santiago, Chile. that
higher income commas {(an administrative unit approximately cquivalent to a
municipality) had a higher mean value of tree cover (33.4%) than lower income
cennanas (11.8%). But the higher income comuenas had a lower mean value of
public trees (29%) than lower income copueay (33% ). Without public support, the
lower ncome connpias would have litile tree cover, since residents otien cannot
plant trees for a variety of reasons including lnancial limitation, land ownership,
and lack of availuable planting space (Perkins et al., 2004).

Escobedo et al. (2006 and Hevnan et al. (20063 also point oul the importance
of trecs In the private sector, sinee they often comprise the greatest proporuon of
total canopy coverage in cities. Trees and other plants in the private domatn arc
managed by homeowners. community  associations, utility  companies, and
husinesses. This socially diverse management can greatly alfect the distribution
ol canopy coverage in cities, thereby creating urban inequities in apportionment
ol ccosystem services in dilferent neighborhoods, This possible imbalance is u
dimension of environmental justice that is not often considered and needs to be
given more attention by the public amd decision makers, Yegetation management
in private lands may also contribute significantly to the total plant diversity found
throughowt human settlements (Rapopori, 1993 see also Chapter 16). The
vertical complexity, species composition, health, and distribution patterns of this
green urban mosaic will then reflect the variation in ownership patterns,
professional training, aesthetic sensibilitics and choices, perceived value of
vegetation, funding levels, and education of these diverse managers. Understanding
how such diversity affects the ecological functioning of the landscape as a whole
remains an important chatienge for urban ecologists and practitioners wishing to
promote und distribute particular ecological functions at a citywide scale, while
enhancing community well-being at the local level.

One means of achieving the goal of improved allocation of social benefits
(Westphal, 2003), ecosystem services. and materials from urban vegetation is
for the public and private scctors w work together. For cxample. ar the
ncirhborhood scale, homeowners and small businesses can collaborate with
municipal government and developers to implement a plan that better meets local
needs fe.g Ames and Dewald. 2003 Wolt, 2003}, Similarly, at the city scale
professionals and stakeholders can collaborate to develop a comprehensive
Urban Forest Master Plan. Establishing such a communication network among
groups of individuals can reduce the negative impacts that Iragmented
respomsibility and care engenders, while clarilying and prioritizing local and

city-wide urban forestry goals, Throughout the process of developing a plan ol
action, site assessments need to include input from not only landowners and
businesses. but also renters and even those employed but not living in the area
(for related examples, see Wolf, 2003; Elmendorl ¢t al., 2005; Yli-Pelkonen
and Kohl, 2005}, Furthermore, by working together in a cooperative way. this
network can create a more unified politcal advocacy for urban and community
forestry and other community needs as well,
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Quantifying the Urban Forest and Its Ecological Services

Eftective management and planning of wrban forests for promoting ecological and
social bencfits depends on obtaining information and creating databases on the
abundance and distribution of vegeration across the city in relation to such variables
as social context and lang use, both current and planned. In some cases, the primary
focus may be to improve ecosystern services and biodiversity conservation at
the city scale (Lofvenhaft et al. 20023 In others, urban forest management may be
move focused on providing tangible commodities for residents, such as food or fuel
(Carter. 1995). Through the use of geographic information systens (G18§). spatial
overlays of current and planmed  development or management toecther with
environmental maps can identify locations for new plantings that enhance social
and ecological benefits, and identify opportunities for linking isolated forest
components to provide greater ecological and social connectivity.

Several authors contributing to this book highlighted the critical need o wke
stock of our urban forest resource as an essential first step in creating an elfective
urban forestry program (see Chapters 15, 16, 17, and 22). Inventories can simply
be lists of trees by species and their locations, or contain detailed information such
as tree size, vertical structure and health in relation o site conditions, land use,
distributton of canopy cover and vegeltation, and cultural importance. Such
inventorics should also be updated regularly so they can be used to determine
change in characlenstics imporiant to managenient. such as mortality and growth
rates of trees, species composition, and distribution of canopy cover in private and
public sectors (Nowak et al., 2004). The spatial analysis capacity afforded by
using GIS can also permit comparison of these urban forest attributes overtime to
assess policy efficacy and inform adaptive management decision making for the
tuture (e.g., Dwyer ef al., 2000). Surprisingly, despite the economic value of trees
and the expense of thetr maintenance. the proportion of cities with organized
urban forestry programs or an urban forestry master plan is stifl quite low even in
developed countries, as indicated by Kielhuso (see Chapter 15} Kielbaso (1990),
amd Elmendort et al, (20033 for the United States. Therefore, professional and
stakcholder support should be sought to urge municipal government agencies 10
credle o posttion of urban forester (o lead efforts to inventory (he city’s tree
resources. FHlowever. even with the creation of such a position. municipalities need
o support the position with additional resources so that management objectives
can be carried ont effectively.

Ditferent tools and statistical design approaches have been developed 1o assist
managers and scientists in oblaining data on urban forest structure. For example.
several sampling strategies were described by Chen and Jim (Chapter 16} and Wu
et ul. (Chapter 171 Recently. the VLS. Forest Service developed itTree (http:d/
www. itreetools.orgl, an inventory software puckage to assist wrban forest
managers in caring tor the different components of the urban forest. Although
published methods and softwire now exist to assist urban ceologists and foresters
in obtaining and archiving inventory data, the purpose or objectives of the inventory,
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and not the capabilities of the software uself. should guide decisions as w which
variables need W be collected and which methods or protocols should be nsed,
Because of the complexitics of these issues. the data needs of a local neighborhood
wishing o plant fruit-bearing trees along its streets may be guite ditferent trom
the data needs of a cilywide analysis for air pollution removal by vegetation, for
exumple. Both management activitics require knowledge ol species. species
perlormance.. and site conditions. However. for the cilywide analysis above, intor

mation such as air pollution sources. meteorological patterns, und areas of greater

human susceptibility w pollution (e.g.. schools und hospitals) are also needed ir
management activities for air pollution removal arc to be more eflective L amproy-
ing humao health and comtort. Furthermore, other Tactors. such as available Tunds
and personnel. dictate which variables receive priority Tor colicction und analysis,
Finally. it should be noted ihat many tools linked o ecosystem service maodels
(e.g., Urban Forest Effects mode! [HJFORE[:, Nowak and Crane, 20000 were
developed tor a specilic region und, therelore, need o be purameterized to local
conditions. Nonctheless, judicious use ol these tools and modets can greatly assist
management activities at the neighborhood and city scales once specific goals and
objectives are delined.

If the science and management ol urhan arcas are o bhenefit futly from the
landscape ccology perspective described by Wu (Chapter 2), then information from
remote-sensing images should also be obtained and integrated more regularly into
the planning and muanagement assessments of urban forest distnibution (e.g.,
Lafvenhalt et al.. 2002: Freeman and Buck. 2003}, The areal extent and resolution
of satellite and other aerial images are well matched to the ciiywide and regional
seales needed Lor urban planning. Information on the spatial distribution of differ-
ent types of vegetation paiches and their canopy coverage and condition can also
be detenmined remotely using multispectral scanning imagery. Once validated by
sumpling on the ground, additional atiributes of the forest can then be sueasured
remotely (Waring and Running, 1998: Kerr and Ostrovsky, 2003), like dominant
taxa and species richness (Martin et al., 1998: Gould. 2000), leaf arca index (see
Chapter 21), productivity (Smith et al., 2002), degree of moisture stress {Zarco-
Tejada et al., 2003), and infection by pathogens or pests (Nilsson, 1995 Xiao
and McPherson, 2005). After spatial patterns of distribution are identified.
approprisie management responses can be deployed more efficiently and at
the local scale. Remote images from dilferent points in time can be used to deter-
mine where trees and forest paiches have accrued or been Jost over the interval, The
cltectiveness of different planting or land-use policies in incrcasing and distributing
forest canopy cover in ways that are socially cquitable, immprove ecosysten service
delivery. or meet conservation goals can also be ganged over lime by using remnote
sensing. as described in Yang et al. (Chapter 22).

Sophistication in computer modeling of ecosystem services has grown sinuve the
1990 conlerence in Chicago. A recent modeling effort, UFORE (Nowak and Crane,
20001, has been used in Canada, Chile, China. and the United States o quantify
ecosystem benefits of (he urban forest at the city scale and by land usc (htp://
www. i led us/ne/syracuse/Data/Internation/data_inter.htm). The modlel uses trew
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species composition and detailed measurements of canopy structure and condition,
diameter at breast height, and trec position to estimate air pollution removal and
carhon sequestration, By stratifving sampling plots according to land use, onc can
begin 1o examine how land use altects ccosystem goods and services. However,
one limitation of this approach is that it does not capture the spatial heterogeneity
of vegetation or built infrastructure within a land usc, and so limits our understand-
ing of how finer-grained variation in built and vegetated lund-cover types influ-
ences the movement of materials. epergy. organisms. and waler throughount a cily,
that is. the actual ecosystem processes that influence the poods and services being
estimated. High-resolution models huking land use and land cover to cuvironmen-
tal quality arc. thereforc. needed to improve planning for greaer urban
sustainability.

To address this necd, Paulcit and Duhme (2000) developed a spatially explicit
model at scales useful for planning to guaatify the effects of dilferent urban land
covers on urban climate, encrgy use. CO, emissions, and water flow tn Mumch,
Germany. They accomplished this by Litt\-'eit)ping a typology that delineated distinet
configurations (generally of 4.6 ha or less) of baili-up infrastructure, other physical
teatures, and vegetation, Although Pauleit and Duhmne were able 1o capture the
spatial heterogencity within a land use and to evaluate how it influenced urban
hydrology at small scales, such intensive effort may be beyond the capabilities of
many cities and lowns in both developed and developing nations, Therefore, there
is a need to develop spatially explicit models for eslimating ecosystent services that
capture noi only the heterogencity of a land use. but are also more user-triendly for
managers and planners, For example, Heidy and Neef {Chapter 6) matotain that
quantitative models, like that of Bruse (1999), arc useful lor evaluating the relative
henefits of small-scale structural changes of buildings and vegetation for relieving
leat stress caused by stagnant air at the street level. In this way, urban greening can
become a more readily appreciated strategy for infilling and improving environ-
mental conditions in dense urban neighborhoods. an important need also addressed
by Jim (Chapter 9).

In contrast to managing urban forests for ccosystem services at the broad-city
seale, management For material services, such as fruit tree and tuel wood produc-
tion, often oecurs at the local, finer scale of a neighborheod. Such management for
material services may seem to be in contlict with the goals ol holistically managing
the urban forest, because decisions are often made on a piccemeal basis with
neighborboods making decisions independent of each other rather than optimizing
resources in a synergistic way. But they are not. For example. biotope and ccotope
mapping of a city. a GIS-based upproach that can provide information on the
diversity. abundance. and distnibution of a city’s availuble resources in relation (o
existing neighborhoods, can be used to link disparate resources with planning and
management activities (Sukopp and Weiler. 1988). Blotope mapping. for example.
can assist planners with spatially explicit information on a City"s natural resources
and provide a basis for evaluating how any particular management action luken by
residents to supply specilic goods may alleet adjacent arcas. In South Africa,
hivtope nupping 15 used Lo identily areas within neighborhoods for alforestation
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and small agriculural plots that supplement people’s diet and income (Sarel
Cilliers. personal communtcation ). Over time, these patches of vegetation, managed
for materials and food, may coalesce to form an wrban torest in locations where 4
forest did nat exist hefore and be linked with existing vegetation in other portions
of the city to create additional citywide or even regional benefits, such as producing
vegetation corridors important for mevement of organisms and people (Zipperer
et al., 200.(]:_ Latvenhatt et al., 2002) or air and water pollution buifer strips,
Therefore, as both management and the forest evolve. a shitt in management
philosophy may occur from one that cimphasizes providing specific goods 10
one providing an array of ccosystem services. thus enhancing material and
environmental quality benefits at both the neighborhood and broader city scales.

It the ecosystemn services provided by green infrastructure and unpaved soils are w
hecome a more integral part of cost-henefit analyses n urban planning, then service
yuantification (for example, tons of pollutant removed, or degrees of cooling) must be
translaied into monctary units and those values incorporated systematically in municipal
tree und shrab value appraisals. Currently. tree appraisal by municipal arborists does not
normally incorporate ccosystent services in these valuations (Council of Tree and
Landscape Apprasers, 2000: Watson, 2002). However, several cost-benelit analyses
that do include noncommaodily values and ccosystern services have been conducted tor
public trees in different communities in the United States (e.g., McPherson et al., 1997,
20063 Such analyses are especially important n urban and suburban areas in more
developed countries where logging and tarming activities are less likely o oceur and
add market value to trees. Chen and Jun (Chapter 16) and others (Fuarber ot al, 2002:
Chaudry, 2006) have also observed that the value 10 suciety of ecosystem services and
other nonmarket benefits, which natural arcas and vegetation contribute, needs t be
incorporatled more regulirly into land-use planning  processes and legal land-use
regulatory frameworks tArmold, in press). Although scientific research thatl estimates
the ecosysiem services provided by natural ccosysterns has been increasing over the last
15 years, there is a need for more research in cecological economics 1 develop improved
and generally agreed upon methods for converting ecosystem services o monetary units
5o that trade-offs of ditferent land uses or other changes o the natral components of
the environment can be evaluated. Such methods should also include weighting factors
that allow (he social and ecological context of the parce! and the parcel type’s rarity 1o
contribule 1o the value outcome (e.g., Duever and Noss, 19901, This s especially
important in urban arcas, where the value of a plot of natural land or & particular tree
can be greater than in equivalent rural areas doe to the larger human population
benelting (rom that plot or tree’s services (Farber, 2003).

Expanding Research in Urban Forestry and Urban Ecology

While the ability w0 acguire wols, staft. and adeguate funding probably constitutes
a major bottleneck to managing our urbuan {orests. the knowledge base for managing
the forest more sustainably does exist, but in a limited context and for a limited
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number of biomes, principally temperate forests. This knowledge base must be
continually expanded through applied and basic scientilic research, and greater infor-
mation exchange between the academic and practitioner communities, Furthermore,
there 15 a critical need for muliidisciphinary research within and among the
social. physical, and natural sciences (0 understand the interactions and feedbacks
between green infrastructure and its social and physical context {e.g.. Alberti et al .
2003). The Urban Long-term Ecological Research sites in Baltimore (hitp:/www.
beslier.org/ ) and Phoenix (http:/feaplterasu.edu/ ), funded by the National Science
Foundation, are examples of programs addressing such research needs. Increasing
the hierarchical scales of scientific inquiry can then parallel the disciplinary,
multidisciplinary, and transdisciplinary rescarch that can improve not oaly our
muanagement of urban green environments, but also our understanding of how a city
{unctions as an ecosysiem (see Chapter 2). Tncentives for promoting networks of
academics and practitioners to perform research at these larger scales would not
only inform policy making. but in time increase our ability to understand the
ecology of the city as an ecosystem and not simply the responses of green ecological
units in cities, an important disunction made by Grimm ct al. (2000) and Wu
(Chaptler 2). Positive signs that such networks are, indeed, being rapidiy created
and formalized into acadenuic, governmental. or “think-tank™ centers and institutes
can he appreciated simply by searching the Intermet using the key words cenfer
{centre), institite, urban, ecology, and sustainability.

While complex multi- and wansdisciplinary research js at the pioneering edge
of science. contributions al the disciplinary and interdisciphinary levels are still
needed to lay the foundations for a more holistic understanding of the reciprocal
Impacts of the sociophysical city enviroament and its urban lorests (c.g.. Stewart
et al.. 2004). T'or example, greater practical and scientilic understanding of the
biological and ecological responses of native and exotic vegelation 1o varying and
often stresslul conditions needs to be gained from the scale of individual species
and cultivars to that of communities in natural patches. This knowledge can then be
applied in many ways, including improving site matching tor planting ol street
trees, increasing the native species palette at nurseries lor public and private use.
improving restoration techniques for deteriorating natural arcas (see Chapiers
12 and 24y, and improving reclamation strategies for unvegetlated and derelict
sites, such as landfilis (Robinson and Handel, 2000) and lormer mining dreas
(see Chapter 23). [n addition, comparative ceological research among cities {¢.g.,
Globenet et al., 2000) would lay a foundation for distingmishing common urban
etfects and responses from thosc specific to a particular city or group of cities due
to variation in factors such as geography, climate. soils. urban morphology, cultural
values, and politcal and economic systems.

Climate change, biological species invasions. pests, discases. and regional
pollution thremten urban vegetation, us well as natural ccosystermns throughout the
world, Some urban natural areas. such as forest remnants, can be used as laborato-
rics for basic ecological rescarch to understiand species and ccosysiem responses
not only (0 climate change, but also 1o invasive species, altered communily rophic
structures and disturbances, and elevated air pollutants including CO_. (Carreiro
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and Tripler, 20052 also see Chapler 113 This information would be pmuu:]allv
pertinent for predicting the heulth and regencration of urban forest patches where
suceessional forces, rather than direct human planting and managemeat, determine
future species composition (Zipperer, 2002: Lugo. 2004; Lugo and Helmer, 2004,
For instance, negative effects of urban land use on scedling regeneration could
comprontise the future adity of these furested patches 1o provide the econyslen)
services of alr poltution reduction, microclimate mediation, carbon sequestration,
and {load control, Plant demographic research, coupled with successional trajec-
tory modeling, (e.g.. Pacala et al., 1996 Mcurk and Hall, 20061 could inform timely
miligation interventions Lo prevent or reduce undesirable outcomes. Basic research
is also necded on the effects of varying the abundance ynd distribution of urbap
vegetalion patches on landscape connectivity, a luctor important for maintaining
meta-population and ccosystem processes at the landscape level (Byers and
Mitchell, 2005; Ray. 2005, Reice, 2005, Sanjayan and Crooks. 20051, Such studies
could then contribute 1o species conservation efforts from local o regional scales
as well as to estimation of ecogystem services.

Since cities are human-dominated ecosystems, tlows of information among
and within groups of professionals, policy-makers, and the public are paramount
for understanding how urban systems function ecologically as well as socially.
Human activitics engender responses from (he sociocconomic and natural
conponents of cities, some of which may require technical “translation™ by
experts before they can be pereeived by policy makers and the public. Human and
institutional reactions (or lack thereof) o these environmental responscs then
constitule feedback cireuits that either perpetuate the same conditions or change
them. Rescarchers in the social, economic, and natural scicnces create and
use aggregalive indices as @ means of measuring and communicating the multiple
responses of their respective systems o internal and external forces, either human
or natural. Examples in these disciplines include the index of Social Health {hup://
nsp.vassaredu/ish.html), the gross domestic product. and the Index of Biotic
Tntegrity (hup://www.cpa.govibioindicators/ himl/ibi-histhiml). One of the reasons
for acguiring and creating such informanion is to provide carly warning of undesir-
able change before the system itself “informs™ us after reaching u more obscrvabie
lipping point where corrective action becomes more costly. As Zhang et al.
{Chapter 4) point out, while index development for measuring environmental
sustainability at the national and regional levels is progressing (e.g.. Heinz
Center. 2002, hup://www. heinzelr.orgfecosystems/report. html), sustainability
indicator development at the city scale is still in ity carly stages fe.g.. Urban
Quality [ndex of Song and Gao, Chapter 6; Menegar, 2002). Oune of the research

issues invalved i the construction of indicators that are sensitive enough
capture the most important interactions among the social, ecological. and eco-
nomic components of cities, and yet are simple encugh for communicaling (o the
public and policy makers. Among these are the interactions between people and
the natural habitats in citics. The ecosystem services concept is proving valuable
for communicating the important rofes that nature plays in supporling human socie-
ties (Millennium Ecosystem Assessment, 2005, hitp://www.millenniumassessment.
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org/en/Index.aspx). hut the imponance of ecosystems services in contributing
i0 human well-being in urban landscapes s perhaps less publicly appreciated.
However, as discussed carlier in this chapter. rescarch and wols for converting
pature’s services into monetary leris would greatly assist the planning and
management communities in evaluating different developmeni options for urban
and urbanizing arcas. The copstruction of urbap sustainability indices and the
valuation of ecosystem services will be critical particularly in the near-term, if we
are to prevent undesirable trajectorics and gauge the efficacy of our collective
actions in creating more ecologically sound citics.

Building Partnerships for Implementation, Planning,
and Research

As citics grow and competition for space intensifics, the need for integrative
planning and management of green infrastructure becomes more apparent. Indeed,
the need for a more holistic approach to urhan forest planning and nanagement was
perhaps the most recurring point made by the contributors to this hook. Building
partnersiips 1o Conserve, restore. and manage urban forests was advocated as one
means of achieving this goal. Assembling a diverse expertise base with multiple
viewpaints into partnerships to address a city"y urban foresiry issues can inform
plans and their jmplementation at the outset, thereby avoiding some costly problems
during and after project completion {Ames and Dewald, 2003). The perceived ben-
clits of integration through partnerships ivclude improving delivery of ecosysiem
services and materials to the most appropriate locations, reducing vegetation care
and maintenance costs, distributing the health and recreation benefits of trees and
parks in a more socially equitable manner, and providing habitat for wildlife in the
most suitable sites.

It is not surprising that creating and maintaining & healthy diversity of vegetaiion
and adequate levels of ccosystem services for people requires greatet planning and
integration of human effort. particularly in an ecosystem that is. atter all, human-
dominated and dynamic, More simply stated, “it takes more than an understanding of
trecs to sustain a suceessial urban forest” (Jones, Chapter 8). Parinerships among,
governmental and nongovernmental agencics. academic researchers, educators, and
husinesses can provide opportunities for stimulating public awarcuess and involve-
ment in supporting a city’s green infrastructure (Johnson, 2002), thereby providing
cocial. environmental, and cconomic henefits lor settlements large and smal!
(e.g.. Alrican Conservation Trust's Manukelany Project. http:/fwww.projectatned.
com/ manukelanabim). People’s involvement in planting and growing trees in their
neighborhoods. schools, and public places is gencrally thought to promote the
Jong-term success of urbun grecning pPrograms. Participation of people m vArOUS
greening activities in cities can build a sense of ownership that helps prevem proh-
lems Like vindalism and may create a greater appreciation ol a city's local biotic
fcgacy and uniguencss (¢.g., hltp:!fwww.ohnsledparks.t:rgfc()11.~.cr\-m1cy;‘\-'oluntcer.hm1[)_
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Greening activities may also provide social benefits o individuals and entire com-
munitics. However, claims of success or failure in the accrual of social improvements
duc to urban greening projects should he evaluated more rigorously than is often
done, so that future activities can benefit trom past insights (Westphal. 2003).

In some cases, bottou-up demand and follow-through from the public has affected
forestry restoration and reclamation at a regional scale. As Jones (Chapter §)
descnibes. urban forestry in England arose in the carly 20th century from the
cfforts of a volunteer community association that planted trees on lands badly
despoiled by coal mining and metal smclting. Today, these plantings are an
important part of the green inlrastructure of some cities in the British Midlands.
The current Urban Forest program in this “Black Country™ of England involves
partnerships among public. private, and volunteer organizations. and such partaer-
ships have provided important models [or successful restoration and greening
activities clsewhere in the United Kingdom. Mivawaki (Chapter 12) has codificd
his philosophy (known internationally as the Mivawaki method) to restoring and
comstructing new urban lorest patches, one that depends on partnerships.
Miyawaki's approach relies on knowledge from basic and applied vegetation
and soil science for sclecting and growing native trees and shrubs, relies on SOVELTI-
ment and private businesses tor funding planting cndeavors, and uses public
volunteers as labor for the initial plantings. As he states (Chapter 12), “Reforestation
can be viewed as analogous to dramas: vegetation ccologists write play scenarios,
government and privite companics work as producers and directors, and citizens,
including school children, play the part of leading characters on the stage. Everyone
has the opportunity to play a role in reforesting their region.” The success of his
method over the last 30 years is attested 1o by his estimate of having planted 30
million trees in over 1200 sites in Asia and Brazil.

Parinerships also inform the planning process. For example, university researchers
Secco and Zulian (Chapter 20) offer urban planners a quantitative modeling tool,
sensitive 1o social context. for making decisions about the location and equipment
needs of urban recreationat parks that best match neighborhood demographics and
available transportation. Linking ecological and social systems provides decision
makers with information tor developing comprehensive managenient plans for the
urban forest that also improve ceosystem and material benefits for urban residents
(Yh-Pelkonen and Niemeld, 2005). Decision-making tools, especially those with
scenario-building capacity, wre needed 1o assist planners and decision makers
with these complex assessments. For example, Keith Jones (Chapter 13) has described
the development and use of the GIS-based Public Benefir Recording Systemn thal
ranks different putches in a city using four criteria of public benefit: social. public
aceess. cconomic, and environmental. These multiple dimensions of benefit can also
provide a basis for tfostering partnerships between (he public and private sectors when
positive synergies among the four categories are identified.

Perhaps the experience of the citizens of Porto Alegre. Brazil. best illustrates the
benelits of widespread and continuous public involvement in urban planning.
The city has u broad-based participatory budgeting and planning process, one that
has directly involved approximately 150000 residents (Menegat, 2002). This
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evolving social and politicul experiment begun in 1989 has led 1o resident-driven.
environmental management plans ar programs in a city of 1.3 million, which now
boasts the highest standard of living and the highest amount of BIECn spuce per
inhabitant in Brazil (14 m¥person). As part ot this process, the need tw understand
the city's environmental setting and biotic resources lor planning and management
purposes was identificd and resulted in the publication of the Emvironmental
Atlas of Porte Alegre (Menegat ¢t al., 1998, hup:/Awwwo ulrgs. br/gaia/gblatlas/
atlasframe html). Environmental management and planning in Porto Alegre is hased
on six principles, three of which are as [ollows: {1} the city is an integral part of is
natural ccosysiems. (2) the walershed is the unit of environniental managernent, and
{3) education and communication with citizens about the city’s green enviromments
15 essential (o secure long-term socictal commitment to increasing and maintaining
environmental quality and green space allocation. To meet the objectives of this last
principle. parts of the atlas were published in a series ol inserts in the local newspaper
in order Lo disseminate that knowledge more broadly to the public. The atlas was also
freely distributed to all municipal schools in the city. and as a consequence triggercd
the consiruction of urban envirommental intelligence laboratories in the schools
{Alexandre Ruszezyk. personal communication).

Through participatory research, partnerships among academic researchers,
environmental managers, other practitioners, and stakeholders not only improve the
implementation of management plans and practices, but also expand the breadih of
research questions and research opportunitics. Thus both (he management atd
scientilic knowledge base in urban ecology and urban forestry is increased at local
and glohal seales. For example, ecological restoration of natural habitats in cities,
4 major management activity in urban environments. is one way of achieving this
goal at the same time as it improves urban forest quality (c.g.. Silva Matos ¢t al,
2002). Often, managers do not have the time or possibly the resources to document
restoration uclivities. By partnering with the academic COMMUNItY, & more rigorous
cvaluation of a restoration’s efficacy can be conducted using proper statistical
designs and anulyses (Giardina et al.. 2007). A properly designed project would
include setting benchmarks for determining success hefore the restoration is
initiated, replicating procedures or treatments at proper scales, using reference sites
or treatment controls, and collecting pre- and post-treatment data to establish
baseline and document the range of variability in habitat responscs (see Chapters
23,24, and 26). Additional benefits of parinering on a restoration project might also
oceur, and include: (1) the opportunity to build in long-term commitments for
project evaluation, (2) the ability to determine the ecological mechanisms that
underlie a project’s success or failure. and (33 the opportunity o train future managers.
Higgs (1997} {urther argucs for partnerships with the broader Tocal community 1o
increase the democratization of restoration projects and to identify the unique culural
and ethical contexts of project sites. Such multitaceted discussions that vaplure the
needs and understanding of many individuals at the Tocal scale by their very nature
require diverse partnerships and benclit long-term restoration success by promoting
what Higgs calls “place awareness” and “authentic engagements between people
and ccosystems” fe.g., Primack et al.. 20000,
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Incorporating Urban Forestry Into the Vision of the Eco-City

Over the last decade 1t has become increasingly apparent that the ability of our planet
to provide people with resources for supporting currenl population levels without
compromising future generations and other species has become strained. The lact that
the planet’s economic “metabolism™ is now large enough to affect our planet’s
“metabolism™ and climate regulatory system has become cver more accepted and
mainstream (Stern, 2007). Climate uncertainty further complicates our ability to pre-
dict our placet’s capacity to provide food, water, materials, and ecosystem scrvices
for our exponentutly growing populations (Intergovernmental Panel on Climate
Change (IPCC) report, htip//www.ipce.ch/). We are reaching, or perhaps have
already reached, a critical threshold that requires bold and widespread responses from
the human community to avold a downturn in our collective quality of life. Finding
ways (o partner with the patural world in solving environmental problems, instead of
viewing nature primarily as 4 commodity or amenity, must become an integral com-
ponent of our adaptation to changing global conditions.

Progress in addressing these global challenges is increasing, [n the early phase of
this international awareness, the United Nations convened the Earth Summit in Rio
de Janewro. Brazil in 1992, Among other accomplishments, delegates to this
conlerence provided a declaration of principles and a roadmap for promoting human
sustainability known as the Agenda for the 21" Century (Agenda 21, for short:
hitp:/fwww.un.org/esafsustdev/idocuments/agenda l/index. htm). Since a growing pro-
portion of humanity was and still is becoming urban, delegates also realized that
the solutions to many global problems lay in changing the activitics and resource
consumption patterns of people in citics. These challenges were addressed in
Chapter 28 of Agenda 21, known as Local Agenda 21, This document created the
impetus lor subsequent conferences where policy and implementation frameworks
for achicving sustainability goals consoenant with Agenda 21 principles were produced.
One of the better known of these was the fiest European Conference on Sustainable
Cities and Towns held in Aalborg, Denmark, in 1994, which resulted in the Charter
of Furopean Cilics and Towns Towards Sustainability (the Aalborg Charter: http://
www.aalhorgplus 10u.dk/ default aspx?m=24&i=371). As of the Aalborg-Plus 10 meeting
in 2004 (htp:/iwww.aalborgplus10.dk/detaultaspx?m=2&i=308). 497 European
cities and towns have committed to charter poals as full signatories and 53 1 additional
cities have declared their intention 1o sign. indicating a groundswell of support from
leaders and the public for the realization that we must learn to live within the bounds
of carth’s carrying capacity for our species.

Progress in creating more support for a sustainable cities movement has been
made by other groups as well. The ceo-cities movement (hitp//www.ecocitybuilders.
org/), now almost 20 years old, has provided a venue for supporting projects,
creating networks, and accelerating transdisciplinary cxchange of information on
urban sustainability, and has hosted six international conferences since 1990, with
a seventh planned for 2008, While cities in the U.S, have not explicitly adopted the
United Nations’s Local Agenda 21, many have become more engaged in their
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commitment to urban sustainability planning and implementation {Sustain Lance,
htlp:!f\k-'ww.susi.ain1ane,conﬂus—city—raukingsf). So far in the U.S., the impetus
for change has come mostly from the bottom up, as evidenced by 185 LS. cities
joining a total of 627 cities in 67 countries worldwide as members of the
Taternational Council for Local Environmental Tnitiatives—Local Governments for
Sustainability (http:/fwww.iclet.org/index phpid=772). Mayors from 600 ULS.
cities in all $0 states have also demonstrated leadership in committing o reductions
in greenhouse gas emissions by signing a climate protection agreement (http://
usmayors.org/climateprotection/ ). There are also encouraping signs that in addition
o governmental and nongovernmential organizations. businesses arc more willing
o respond 1o the complex challenges imposed by climate change and urban
sustainability (The Climate Group, http:/theclimategroup.org/index. php/ reducing
crmissions/easc. stadies/ ). And recently, the William J. Clinten Foundation in an
alliance with several banks is financing green building technology in major cities
worldwide toreduce urban energy use and CC, crissions (htp//www. lintonfoundation.
org/cf-pgm-cei-home hunl. )

As a result of this rapid increase in awareness of sustainahility 1ssucs, concepts
such as “ecological footprint” “green technology.” “cyclic economies,” and
“sustainability” are heard more often in the public parlance. They are no longer
terms used only by academics and environmentalists, but are increasingly discussed
by policy makers, businesses, and the public. However, even as we ose & term that
represents the color of plant life, ironically people scem not 1o think first about
~grecning” in terms of enhancing vegeiation cover in their surroundings, but instead
apply “green” more reflexively to items and processes that are human engineered.
Perhiaps this is due to the Lact that most people and their leadership live in urban
centers, where the built infrastructure dominates. and plants are often viewed us
ornamental “extras” and not as integral contributors to the health, comfort. safety,
and material needs of a city’s people. This is also probably indicative of how far
urban forestry professionals and advocates have yet to go in pressing horne the fact
that a city's plant life and soils are vital urban tnfrastructure. requiring and deserving
as nuch deliberate, scientifically informed management and long-term commitment
1o care as our built infrastructure.

How can professionals and the public work with nature to move their citics
closer o the eco-city ideal”? Increasing the “amount and kind of nature ... through
conservation and restoration activities™ Is one of the [ive principles listed by Wittig
(Chapter 3) for guiding this transformational process. Many opportunities exist in
urban arcas for increasing and integrating nature into human settlements. One of
(he most stccesstul has been the development of greenway or greenbelt plantings
in cities throughout the world (Fiabos and Ryan, 2006). In many cases, strategies for
creating corridor networks begin with idenufying, from aerial photographs or other
forms of remote sensing. Hinear vegetation leatures that arc already part of the
landscape. Most fincar arrangements of trees amd other vegetation accur along
rivers. streams. canals. highways, and other transportation comdors and can serve
as nucleating sites for restoration projects aimed at increasing the connectivity off
green clements across the landscape. The motivations for creating grecnways have
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varied over time and kave retlected changing and vaned societal needs (rom local
to national scales (Fibos and Ryan. 2006). In some countries greenways are
constructed primanly o preserve air and water quality, and reduce flooding.
In others, initial reasons were o provide sheltec-bels for agriculture and urban
protection from storms (Yu et al., 20003, but are now expanding to include addinona!
network functions, such as recreation, escape routes for disasters, and the conserva-
tion of biological communitics and historic and cultural features (Brvant. 2006; Fibos
and Ryan. 2006: see also Chapters 10, 14, and 25). However. while creating greater
landscape connectivity through use of greenways is a conumon planning poal, certain
caveats should be heeded. particularly in urban areas, since unintended negative
consequences can smnetintes oceur after an ecologieal pateh of high quality becomes
linked 1o une of low Guality (Simbertotl and Cox. 1987; Environmental Law Institute,
20031 Also, political structures, which vary in their top-down versus bottom-up
approaches to planning and implementation of environmental projects, may also
influence the type. extent. and success of greenway plantings. as noted by Yu et al,
{2006} in their comparison ol greenway projects in China with those in Furope and
North Americi.

Opportunitics for greening cities as part of a path wward developing into an
ceo-city will also vary with economic status and changing demographics of cities.
For example. the needs and opportunities for tree and vegetation planting ditfer
grealy between the rapidly growing cities of developing nations and postindustrial
shrinking cilics in more developed nations. In developing cities, urbanization and
the rapid influx of rural migrants often occur without benefit ot government
planning, infrastructure, and services. Consequently, supplying people’s fundaniental
needs such as sanitation and potable water is grossly inadequate {Carter, 1995).
[n addition. food. cnergy, and materials Tor housing construction may alse be
insutficient. By improving soil stability, mitigating flooding, reducing air and water
pollution, and providing fuel wood and shade. urban and periurban forestry projects,
if intcgrated with economic and health policies and programs, have the potential to
ameliorate many of the negulive consequences of crowded and polluted environments
(Konijnendijk et al., 2004}, Trees in developing cities can also supply food. honey,
fodder, spices. ncdicine. and craft supplics—all of which supplement dict or
incomes (Carter. 1995). However, the difficultics in promoting areening can be

tornudable under these circumstances. For exumple, since other forms of cnerey
arc expensive, the urban poor in developing countries often rely on wood for tuel.
This can result in the siipping of trees in streets and local parks and the creation of
zomes of desertification around a city ((Membo and de Rham, 1987; Carter, 19933,
Livestock browsing in these citics can also destroy saplings. which then require

exlra protection strategies after planting. As a consequence. the United Nations Tiood
and Agricubtural Organization (FAO) has provided resources for the establishiment
ol periurban agroforests for multiple purposes throughout the world, Over the vears
these experiments have met with mixed success (Haque, 1987: Koniinendijk et al..
20043, it the potential benefits of urban [orestry are 1o be achieved in these dilficult
circumstances, then planning for the types and locations of greening must meet
the direct material and environmiental needs of people and cannot oceur without
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considerable public suppot and partnership in their continued management and
protection (Kuchelmeister and Braate, 1993: Carter, 1995},

The recent phenomenon of shrinking cities also creates new opportunities o
rethink urban planning and green space distribution. In Europe and especially in the
United States, urban planning bhas long been focused on dealing with economic
growth and areal expansion of cities, However, since the mid-20th century. a
combination of forces including suburbanization, the expansion of global nmarkets,
and shifts from industrial to service and information-based cconomics in these
countrics has resulted in the simultancous decline in population and the cconomy
in urban centers. Embracing urban contraction as an opportunity for improving the
quality of life of the remaining residents is still novel and difficulr for politicians
and planners alike, given the many cascading social problems that follow the
shrinking of cities. Yet, midsized cities in the rustbelt of the midwestern U.S.. such
as Youngstown and Cleveland, Ohio, and Detroit and Flint, Michigan, are rising 1o
the challenge (hitpr/fwww.governing.com/articles/ 1l cities.hum). Residents in areas
that were only partially developed or in declining neighborhoods  that
are now mostly abandoned are given incentives o leave so that these locations
cun he twrned into woodland, wetland, prairic, parks. or comumunity gardens.
This not enly increases the environmental value ol the land and the ecosystem
services delivered, but may also provide economie vahue for a city, due to compen-
satory wetland mitigation laws applied to developers who drain and build on
wetlands in other locations. Cities in Lastern Burope have also been gruppling
with these difficuities. prompting recent discussions, exhibits, and special issues of
professional journals focused on the shrinking cities phenomenon (Miiller, 20043,

In both growing and shrinking vitics, planners, designers, decision makers,
urban toresters, and residents have recognized the link between the urban forest and
communily well-being and livability, Many cities have started to move toward
hecoming cco-cilies, cities where inhabitants not only realize the importance of
reducing their ecological Tootprint, but also of improving their urban forests.
This has resulted in communitics creating policies to protect. comserve, and manage
their urban forests 10 optimize ecosyslermn services, materials, and social benefits,
and in so doing also reduce the rate at which planctary wide global wurming occurs.
Although the eco-city will not stop global climate disruption by itsell, it may create
the realization among decision makers and the public that i our cities are to remain
livable during these chunging and uncertain times, then improving green infrastruc-
ture is equally as important as improving the gray. It greater allocation and
improved siting of green infrastructure is not planned and implemented, then more
costly enginecred solutions become our only adaptive alternatives. Only through
comprehensive, broad-scale approsch w planning and management can the urban
torest be conserved during urbanization and maintained in a healthy condition in
settled arcas {LaGro, 20013, To achieve this, green wmfrastructare cannot bhe
an alterthought in the development process and cannot be “last i linc™ for munici-
pal budgeting. Likewtse, only through working with focal residents can managers
identify collective needs and how best to afforest a neighborhood. and thereby
contribute to the evolution of an eco-city.
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Conclusion

We have provided a broad overview of the varied ways in which urban forestry
professionals. policy makers, and citizens throughout the world are working o
incorporate more trees and other green spaces into their cities, thereby realizing the
potential of urban torests to contnbute w their community’s well-being and sense
of place. For the most part in this chapter. we have stressed the wtilitarian functions
of trees, forests, and other green areas within dense human settlements, sinee these
ccosystem and socioeconornic benefits are compelling and motivating reasons for
increasing green space allocation for peaple in cities. However. by treating the
incorporation ol rature in cities as a purely pragmalic exercise in engineering for
addressing our physical needs. we overlook other powerful reasons that many of us
have for greening our homes and communities-—the solace. pleasure. excitement,
and joy that we experience by being part of a greater natural world (Kellert and
Wilson, 1993). This in essence was another common theme expressed by many of
the anthors who contributed to this book  our shared desire to bring more grace
into our lives and to Hve more harmonionsly with nature. As our species enters its
urban century, we must be proactive in assuring that the everyday environment for
the greatest number of our descendants will contain places of nutural beauty where
we and they can regain and retain our humanity,
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