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Based on recent research on erosion of ecosystem services, planetary boundaries and predicted pace of urbani-
zation, it is now apparent that humans need to reconnect to the biosphere and that cities in this context, properly
managed, could provide great opportunities and arenas for social ecological change and transformation towards
sustainability To take advantage of these opportunities one needs to keep in mind that most of the ecosystem
services consumed in cities are generated by ecosystems located outside of the cities themselves, not seldom
half a world away. In order to operationalize our knowledge, hypothesis and theories on the connections
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Sustainable cities between the work of nature and the welfare and survival of humans over time, we suggest the use of the ecosys-
Resilience tem service framework in combination with the merging of the concept “ecology in cities”, mainly focusing on

designing energy efficient building, sustainable logistics and providing inhabitants with healthy and functioning
green urban environments, and the “ecology of cities”. The “ecology of cities” framework acknowledges the
total dependence of cities on the surrounding landscape and the ever-ongoing dance between urban and rural,
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viewing the city as an ecosystem.
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1. Introduction

The view of people and nature being interlinked and part of the
same system, a social ecological system, is not new, but has been lost
in the process of increasing our intra-disciplinary depth of knowledge,
only to reappear as the absolutely essential framework within which
the cure to our contemporary predicament can be found. In order to
operationalize our knowledge, hypothesis and theories on the
connections between the work of nature and the welfare and survival
of humans, we need a concept that will help us clarify and quantify
those links and their effects. It is in this framework that the ecosystem
service concept becomes useful. The origin of modern concern for
ecosystem services can be said to date back to 1864 with the
publication of George P. Marsh's book “Man and Nature”, in which
several ecosystem services are recognized. Expanding on the list of
services described in the Study of Critical Environmental Problem
report (SCEP, 1970), Holdren and Ehrlich (1974) more or less
completed the list of services normally cited and the terms “public
services of the global ecosystem” (Ehrlich et al.,, 1977) and “nature's
services” (Westman, 1977) paved the way for the introduction of the
term “ecosystem services” (Ehrlich and Ehrlich, 1981). The realization
had dawned that seemingly disparate events in the economic,
environmental, and political spheres are interconnected.
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The general definition of ecosystem services is: “Ecosystem services
are the conditions and processes through which natural ecosystems,
and the species that make them up, sustain and fulfill human life”
(Daily, 1997).

1.1. Different Classifications of Ecosystem Services

After the establishment of ecosystem services as a recognizable field
of study several classification and accounting schemes were generated.
de Groot et al. (2002) e.g. observed the scattered state of the increasing
amount of information on the ecological and socio-economic value of
goods and services and the difficulties of comparative ecological
economic analysis due to a lack of a standardized framework for the
assessment of ecosystem functions, goods and services. To meet these
difficulties a general classification was provided by grouping ecosystem
services into four main categories:

(1) Regulation functions e.g. prevention of soil erosion, storage and
recycling of nutrients, purification of air and water, generation
of top soils, maintenance of biological diversity and regulation
of the chemical composition of the atmosphere. These types of
function help maintain the delicate balance of the earth's bio-
sphere, our life support system.

Habitat functions provide space and a substrate for e.g. cultiva-
tion, recreation and tourism.

Production functions provide resources e.g. oxygen, water,
food, medicines, fertilizers and energy.

(2

—

(3

—
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(4) Information functions provide opportunities for e.g. esthetic
and cultural enrichment, recreation, research and education.

This classification later partly provided the basis for the Millen-
nium Ecosystem Assessment classification (Millennium Ecosystem
Assessment, 2005). The MA distinguishes four different classes of
ecosystem services:

1) Provisioning services, the products obtained from ecosystems,
including, for example, genetic resources, food and fiber, and fresh
water.

2) Regulating services, the benefits obtained from the regulation of

ecosystem processes, including, for example, the regulation of

climate, water, and some human diseases.

Supporting services, those are necessary for the production of all

other ecosystem services. Some examples include biomass produc-

tion, production of atmospheric oxygen, soil formation and reten-
tion, nutrient cycling, water cycling, and provisioning of habitat.

4) Cultural services, the non-material benefits people obtain from
ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and esthetic experience as well as knowledge
systems, social relations, and esthetic values.

w
—

Still, as pointed out by Boyd and Banzhaf (2007) and Wallace (2007),
the classification of ecosystem services presented by the Millennium
Ecosystem Assessment does not work well for guiding practical account-
ing exercise or landscape management, respectively. Wallace (2007)
suggests a framework utilizing the terms intermediate and final services
and benefits, while Fisher and Turner (2008) drawing largely on Boyd
and Banzhaf (2007), propose a slightly different definition.

For the purpose of this introduction however, which focuses on
illuminating the connections between the work of nature and the
underpinning of welfare and survival of humans in a sustainable
urban context, the Millennium Ecosystem Assessment definition will
suffice. The fact that there are different definitions of the ES concept
needs not be worrisome in itself. In fact it could be seen as a health
sign that the concept is very much alive and is being scrutinized and de-
veloped to better fit the wide range of complex and different situations
where it can be useful (Costanza, 2008). It is however crucial to be clear
about which definition is being used and the advantages and limitations
of a particular definition.

2. Reaching for Sustainability by Combining Ecology of and
Ecology in Cities

Based on several recent reports (e.g. Folke et al., 2011; Millennium
Ecosystem Assessment, 2005; Rockstrom et al., 2009) it is now appar-
ent that humans need to reconnect to the biosphere and that cities in
this context, properly managed, could provide great opportunities
and arenas for social-ecological change and transformation towards
sustainability (see e.g. UNESCO, 2011). To take advantage of these
opportunities one needs to keep in mind that most of the ecosystem
services consumed in cities are generated by ecosystems located out-
side of the cities themselves, not seldom half a world away (Deutsch
and Folke, 2005). Folke et al. (1997) e.g. already estimated that the 29
largest cities in the Baltic Sea Drainage Basin, taking only the most
basic ecosystem services like food production and assimilation of
nitrogen and carbon into account, appropriate ecosystem areas equiva-
lent to the size of the entire drainage basin. Thus, as urbanites, we need
to concern ourselves not only with what is sometimes referred to as
“the ecology in cities”, mainly focusing on designing energy efficient
building, sustainable logistics and providing inhabitants with healthy
and functioning green urban environments, but also focus on “the ecol-
ogy of cities”. This framework acknowledges the total dependence of
cities on the surrounding landscape, viewing the city as an ecosystem
(Grimm et al., 2000, 2008). It is thus motivated to concern ourselves
with both the generation potential of ecosystem services by ecosystem

within as well as outside cities to most effectively manage the potential
of cities as arenas for learning, development and transformation.

3. The Role of Biodiversity for Sustainable Ecosystem
Service Generation

There is a growing concern about the consequences of biodiversity
loss for the provisioning of ecosystem services and it has been clearly
shown that biodiversity does indeed have positive effects on many
ecosystem services (Balvanera et al., 2006; Diaz et al., 2005).

We are dependent on the interactions of this complex web for
providing us with the essentials such as clean air, water, food, shelter,
a sense of place, experiences of beauty, serenity and meaning
(Millennium Ecosystem Assessment, 2005). There is also increasing
scientific evidence on the essential role of biodiversity for building resil-
ience in a changing world (see e.g. Jansson and Polasky, 2010; Elmquvist
et al., 2003; Rockstrom et al., 2009).

Although mass extinctions, granted, have not wiped out all life, they
do change the settings for who the “winners” will be in the next round.
So the primary concern here is not whether this 6th extinction, referred
to as the Holocene extinction (Chapin et al., 2000a, 2000b), which we
find ourselves in, will deprive the Earth of all life, which is highly unlike-
ly, but rather how well the planet will be able to provide for our species,
Homo sapiens, in the future.

So, does this mean that we have no way of influencing our situation?
Certainly not! But it will require cooperation and coordination of people
and knowledge at a scale unprecedented in human history. A funda-
mental step in the right direction was taken on the 11th of June 2010
in the South Korean port city of Busan, when governments gave the
green light to an Intergovernmental Science Policy Platform on Biodi-
versity and Ecosystem Services (IPBES). The independent platform
will in many ways mirror the Intergovernmental Panel on Climate
Change (IPCC), which has assisted in catalyzing world-wide under-
standing and governmental action on global warming. The new body
will hopefully help bridge the gulf between the wealth of scientific
knowledge, documenting accelerating declines and degradation of the
natural world and the decisive government action required to reverse
these damaging trends. The ecosystem service approach taken by the
platform warrants an anthropocentric focus with the welfare and
survival of humans at its core. Also, the 10th conference of the parties
(COP) of the CBD (Convention of Biodiversity), held in Nagoya, Japan
this year prompted the CBD to develop a new plan of action supported
by 20 “SMART” targets for 2020 (Perrings et al., 2010). These targets will
be evaluated on the basis of the ecosystem service framework devel-
oped by the Millennium Ecosystem Assessment (2005). The previous
lack of such coordination and cooperation can at least partly explain
why, despite its essential role, biodiversity only fairly recently became
a growing part of ecological research and even later in economic
research.

4. Scientific Basis for the Connection between Biodiversity and
Ecosystem Services in an Urban Context

Through the presentation of the following list of ecosystem service I
try to illustrate the dependence of city inhabitants on functioning
ecosystems and the connections to biodiversity in an urban context,
whether these systems are located within the boundaries of the city or
not. The list is far from extensive, but will hopefully shed some light
on the essential links between biodiversity, ecosystem service genera-
tion, human welfare and sustainable urban development in a resource
appropriation context. To emphasize the importance of including
ecosystem services generated both within and outside the urban area
for building urban sustainability and resilience, an ecology of/ecology
in cities distinction is also made.
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4.1. Provisioning Services
4.1.1. Provision of Food

4.1.1.1. Ecology of Cities. The biodiversity of ecosystems
(agro-ecosystems, marine-ecosystems, lakes, tropical forests, savannas
etc.) directly provide the plants and animals for human consumption
and today 35% of the planet's surface is used for growing crops or
rearing livestock (Millennium Ecosystem Assessment, 2005). The
implications of low genetic diversity for agriculture are massive.
The historically selective breeding, which is the product of human
genetic manipulation and not to be confused with “natural” biodi-
versity, has led to monocultures in the aspect of not only growing
one crop but that the crop is comprised of nearly genetically identical
plants. Nonexistent or low genetic diversity makes crops increasingly
susceptible to disease. The plants are in a constant race with bacteria
and without a healthy genetic diversity, entire crops could be wiped
out. A horrific example was the Potato Famine in Ireland, where a vast
majority of the entire potato crop was destroyed leaving one million
people to starve to death.

Agro-ecosystems together with associated ecosystems supporting
marine and freshwater fisheries, underpin global food security. The
overfishing of the oceans (Jackson et al, 2001) and the trend of
increasing dependence on fewer species in agriculture and aquaculture
has led to the loss of genetic resources. Failure to maintain sufficient
genetic diversity in crops and animal stocks, whether focusing on
“natural” biodiversity, as is mostly the case in marine systems, or the
diversity created through human genetic manipulation, as with
crops and domestic animals but also to a great extent in aquaculture
(see e.g. Ronnbdack, 2001), can incur high economic and social costs
through a reduced ability to respond to diseases and future environ-
mental changes. Maintaining high productivity over time in monocul-
tures requires subsidies of chemicals, energy (Hooper et al., 2005),
and financial capital (EASAC, 2009).

The value of species richness for enhanced biomass productivity
has been shown for permanent grasslands and pasture ecosystems
(Bullock et al., 2007; Tilman et al., 2001). Worm et al. (2006) investi-
gated how biodiversity loss affects marine ecosystem services (food,
water quality maintenance, and recovery from perturbation) across
temporal and spatial scales and found that overall, rates of resource
collapse increased and recovery potential, stability and water quality
decreased exponentially with declining diversity.

4.1.1.2. Ecology in Cities. The occurrence of informal production of food
in city areas is often referred to as urban agriculture and is a wide-
spread strategy adopted by urban dwellers in many cities worldwide
(see e.g. Pearson et al., 2010). As the urban population has grown, so
too has the complexity of how to feed people who are so far removed
from the actual production of foods and the use of urban agriculture
for building food security is no longer only a third world issue. In
2002 e.g. the U.S. Census Bureau released a report stating that more
than 1.3 million Americans are living below the official poverty line
and thirty-three million people - including 13 million children - live
in households that experience hunger or the risk of hunger. The
potential for food production in American cities is great, and dozens of
model projects are demonstrating successfully that urban agriculture
is both necessary and viable (Carter et al., 2003).

Also, urban gardens, by providing habitats for e.g. pollinators, seed
dispersers and pest regulators, not only contribute to the generation
of ecosystem services today, but also through the maintenance of diver-
sity within these groups (functional diversity), uphold the resilience of
food production within urban areas during times of crisis and change
(Barthel et al., 2010). The urban gardens, through the spillover of biodi-
versity, can also constitute a source of resilience to the surrounding
urban landscape (Colding et al., 2006). Building on the notion of redun-
dancy (Walker, 1992), sustaining diversity within functional groups is

important. This aspect of biodiversity, referred to as response diversity,
has been far less investigated (although see Nystrom, 2006), and is
a critical element in building resilience (Elmqvist et al., 2003). Jansson
and Polasky (2010), by quantifying the difference in response
(measured as decrease in numbers of pollinators per m?) between
members of a functional pollination group, under scenarios of urban
development, show that the effect of response diversity within func-
tional groups potentially matters and should be taken into account
when making decisions on urban landscape management and the
maintenance of resilience from a food security/pollination perspective.
The increasing spatial contact between agricultural areas and the
urban, i.e. that the agricultural and urban land use types are increasingly
found next to each other, is a trend that can be seen all over Europe
(EEA, 2006). This trend suggests that making sustainable trade-offs
between alternative land uses and ecosystem services will become
even more crucial in the future.

4.1.2. Provision of Water and Water Quality

4.1.2.1. Ecology of Cities. The global hydrological cycle, contributing to
water provisioning, regulation and purification, is greatly influenced
by ecosystems and vegetation, particularly forests have been shown to
significantly influence the circulation of water e.g. through promoting
higher rates of evapotranspiration ultimately leading to increased
rainfall.

Although vegetation is undoubtedly a major determinant of water
flows and quality the relationship between water regulation and purifi-
cation and biodiversity is still poorly understood. Soil quality and soil
biodiversity are intimately linked to water regulation and purification.
The movement of water through soil changes water quality through
e.g. the transformations of persistent organic pollutants (POPs), seques-
tration and conversion of inorganic ions (nitrate, phosphate, metals),
and removal of disease-causing microbes (Lake et al., 2007) (see also
“maintenance of soil quality” under the section Regulating Services).

4.1.2.2. Ecology in Cities. Change in precipitation is one of the expected
impacts of climate change. Dore (2005) suggests that the changes are
already observable — and are likely to intensify with additional
warming. Further changes in precipitation patterns (both in intensity
and variability) will increasingly require communities to control for
drought and flooding. As more and more surfaces in the built up
areas are made hard and impermeable, less water can percolate
naturally into the soil leaving large amounts of water unprocessed
with potentially high concentrations of pollutants. Thus, urban green
areas in general are important for maintaining water quality and in
the temperate climate region the effects of green roofs in particular
has been shown to have a great potential for retaining and delaying
rainwater during storms, thus also increasing the potential for purifica-
tion of the water (Bengtsson et al., 2005; Emilsson, 2006; Villarreal
etal., 2004). However, in arid and semi-arid climate regions, the useful-
ness of green roofs might not be an optimal approach for retaining and
delaying rainwater, and more research is called for (see e.g. EPA, 2007).
Although there are no obvious links between biodiversity on green
roofs and increased retention of water, the connection is apparent for
other types of ecosystem services (see Supporting Services).

4.2. Regulating Services
4.2.1. Climate Regulation

4.2.1.1. Ecology of Cities. Vegetation contributes to mitigation of sur-
face and air temperatures by providing shade and evapotranspiration.
The importance of biodiversity for climate regulation has been shown
both for marine and terrestrial biodiversities (Diaz et al., 2005).
Marine biodiversity e.g. influences the effectiveness of the biological
pump that moves carbon from the surface ocean and sequesters it
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in deep waters and sediments and the efficiency of this trophic trans-
fer and therefore the extent of carbon sequestration are sensitive to
the species richness and composition of the plankton community.
Also, biodiversity needs consideration in terrestrial mitigation strate-
gies such as afforestation, reforestation slowed-down deforestation
and biofuel plantations. The development of a heat island effect in
cities has regional-scale impacts on energy demand, air quality and
public health (Rosenzweigh et al., 2011).

Cities are extremely vulnerable to climate change impacts. The
major hazards facing cities are heat waves, which will occur more
frequently and be longer and hotter, and due to the location of many
cities at the coast or next to major rivers, coastal storms and floods
will also be among the major hazards (Rosenzweigh et al., 2011).

4.2.1.2. Ecology in Cities. Among suggested ecological temperature mit-
igation strategies in cities are the planting of trees and green roofs. For
impact assessments of the different strategies see e.g. Rosenzweigh
et al. (2011). Still, again the point of differences between climate
regions must be made and although trees may also contribute to the
mitigation of surface and air temperature in arid and semi arid climates,
there might be a serious trade off with e.g. water appropriation to take
into account. Thus, issues of maintenance and associated costs are rele-
vant in this context (see discussion on economic valuation in Section 5).
In addition to the connection between urban biodiversity and the cli-
mate regulating service provided by vegetation, other services, such as
the provisioning of habitat for wildlife, also demonstrate connection
to biodiversity (UFBP, 2010).

4.2.2. Air Quality (Ecology in Cities)

Urban vegetation and green areas influence air quality. Both urban
forests (Jim et al., 2009) and green roofs (Clark et al., 2005) have
documented effects on improving air quality in cities. Still, the air qual-
ity benefits of urban vegetation are generally very poorly documented
and often exaggerated (see e.g. Pataki et al,, 2011). As with the climate
regulation service there are no clear links between biodiversity and the
generation of the air quality improvement service provided by vegeta-
tion and soils.

4.2.3. Health (Ecology in Cities)

4.2.3.1. Green Spaces. The connection between green spaces, especially
in an urban context, and human health and recovery rates is a rapidly
expanding field of research (see e.g. Grahn and Stigsdotter, 2003;
Martensson, 2004). Maas et al. (2006) e.g. show that the percentage
of green space in people's living environment has a positive associa-
tion with the perceived general health of residents. Furthermore,
Fuller et al. (2007) show that urban public green spaces have measur-
able physical and psychological benefits and that these psychological
benefits increase with the species richness of urban green spaces.
These results indicate that emphasis on biological complexity in the
context of urban green space management can enhance human
well-being in addition to biodiversity conservation. Also, green
space coverage increases more rapidly than city area, yet declines
only weakly as human population density increases. Thus, compact
cities (small size and high density) show very low per capita green
space allocation (Fuller and Gaston, 2009), which might contribute
to the debate on “smart growth” and “compact cities”.

4.2.3.2. Noise Reduction. The notion of soundscape is a new approach
to assess the connections between green space, noise reduction and
urban sustainability (see e.g. Irvine et al., 2009). A conservative esti-
mate suggests that noise leads to an annual cost of approximately
10billion euro per year in the EU and that e.g. the creation of green
roofs may be an effective way to reduce the noise pollution of our
cities while at the same time adding other services as well (Lagstrom,
2004).

4.2.4. Pollination Services

4.2.4.1. Ecology of Cities. The International Convention on Biological
Diversity specifically cites pollination as a key ecosystem function
that is threatened globally. Over 75% of the world's crop plants and
many species that are the base for plant-derived pharmaceuticals,
rely on pollination by animal vectors. In a recent review of the impor-
tance of pollinators in changing landscapes for world crops Klein et al.
(2007) state that of 107 important crops pollination is essential for
13, highly dependent for 30 and moderately important for 27. There
is clear evidence of recent declines in both wild and domesticated
pollinators, primarily due to habitat loss and fragmentation, agro-
chemicals, pathogens, alien species, climate change and the interac-
tion between these drivers (Potts et al, 2010). The ecosystem
service of pollination is relevant from an urban perspective as urban
land use likely will have a large effect on terrestrial ecosystems in
this century (Sala et al., 2000), and the resulting habitat fragmentation
is considered to be a major threat to wild pollinators (Allen-Wardell
et al., 1998). The importance of biodiversity in this context is apparent
e.g. in view of the consequences of relying on a single species for polli-
nation, such as the honey bee Apis mellifera, (Kremen et al., 2002).

4.2.4.2. Ecology in Cities. In urban areas gardening forms part of the
urban landscape mosaic potentially contributing to several ecosystem
services e.g. pollination, seed dispersal and pest regulation, which
also spill over to the surrounding landscape (Ahrné et al., 2009;
Samnegard et al., 2011). Andersson et al. (2007) acknowledge that
the generation of ecosystem services depends on both social and eco-
logical features and their study thus focuses on management, its ecolog-
ical consequences, and social drivers. In their approach they combined
(1) quantitative surveys of local species diversity and abundance of
three functional groups of ecosystem service providers (pollinators,
seed dispersers, and insectivores) with (2) qualitative studies of local
management practices connected to these services and their underlying
social mechanisms, i.e., institutions, local ecological knowledge, and a
sense of place. The study focused on the ecology of three types of
green areas: allotment gardens, cemeteries, and city parks.

4.2.5. Biological Control

4.2.5.1. Ecology of Cities. Most farmers in industrialized nations are
aware of the hazards connected with pesticide use, but information
about the benefits of alternative pest control strategies is often lacking.
Biological control of pests by natural enemies is thus an important
ecosystem service. It has been shown that yield increases attributable
to predators can be compared with yield increases from insecticide
use for the evaluation of different management strategies (Ostman
et al., 2003) and that complex landscapes characterized by highly con-
nected crop-non-crop mosaics may be the best for long term conserva-
tion, biological control and sustainable crop production (Tscharntkea
et al., 2007). The importance of biodiversity in this context has been
show e.g. in the reduced frequency with which biocides need to be
applied (Palumbi, 2001).

4.2.5.2. Ecology in Cities. As with pollination, urban gardens can also
promote biological control with potential spillover effects into the
surrounding landscape (Andersson et al., 2007).

4.3. Supporting Services (Provision of Habitat in Urban Settings)

Green roofs with varying substrate thicknesses, which create differ-
ent microhabitat conditions, harbor a greater potential for diverse suites
of organisms to establish. Thus, well-designed green roofs can provide
habitat compensation e.g. for species affected by urban land-use
changes (Brenneisen, 2003).
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Also, golf courses, appropriate climatic conditions provided, can
have the potential to contribute to wetland fauna support, particularly
in urban settings where they may significantly contribute to wetland
creation (Colding and Folke, 2009; Colding et al., 2009).

5. How to Reach for a Sustainable and Resilient Urbanization and
Start Reconnecting to the Biosphere

A future sustainable urbanization requires a reconnection of human
development and progress to the capacity of the biosphere and essen-
tial ecosystem services (Folke et al., 2011). Since the majority of the
world's population lives in urban areas, one way of facilitating this
reconnection is to, through the lens of ecosystem services, combine
the concepts of ecology of and ecology in cities. Furthermore, we also
need to recognize that today's world is a highly interconnected one,
characterized by cascading social-ecological interactions and planetary
boundaries that create vulnerabilities, but also opportunities for social-
ecological change and transformation. Tipping points and thresholds
highlight the importance of understanding and managing resilience.
In this context we need to recognize the fundamental role that biodiver-
sity plays in building resilience in a reality of complex and dynamic so-
cial ecological systems (see e.g. Elmquvist et al., 2003; Folke et al., 2004;
Rockstrom et al., 2009; Walker and Meyers, 2004). However, recogniz-
ing that biodiversity is a prerequisite for human well-being as well as
for building resilience is one thing; operationalizing that knowledge is
another. The functional aspect of biodiversity, that is, the identity, abun-
dance, and range of species traits, appears to be considerably more
important than species number in determining the effects of biodiversi-
ty on many ecosystem services (Diaz et al., 2007; Hooper et al., 2005).
Biodiversity supplies the species and the variety of traits needed
for maintaining functions for ecosystem service generation. Thus, trans-
lating the work of biodiversity into ecosystem service generation and
the quantification of resilience e.g. through the mapping of functional
and response diversity, is one step of operationalizing this knowledge
(Jansson and Polasky, 2010).

The up to date shortcomings of the scientific community to clarify
the role of biodiversity as an essential component for building resil-
ience might partially explain the fact that despite encouraging efforts,
such as the TEEB initiative and the launching of the IPBES, the 10th
conference of the parties of the CBD concluded that the majority of
nations have fallen far short of the 2010 target to reduce the rate of
loss of biodiversity (Butchard et al., 2010). Although one might
argue that this loss has not substantially contributed to a decrease
in human welfare, recent research shows that a significant number
of countries judged to be gaining wealth according to conventional
indicators, are actually moving in the opposite direction or showing
a mitigated increase in wealth, when loss of natural capital is included
(Arrow et al., 2004; Millennium Ecosystem Assessment, 2005).

Also, the results from the MA are clear, 60% of the ecosystem services
are being eroded or used unsustainably and we are thus living off the
capital and not the interest. This is not a sustainable strategy over
time. Based on this reality it is crucial to increase our efforts to illumi-
nate the connections between biodiversity, ecosystem services and
human well being in a changing world. We need to acknowledge not
only the role that urbanization plays in the erosion of biodiversity and
ecosystem service generation through e.g. land use change and frag-
mentation at the local scale (Allen-Wardell et al.,, 1998), but also the
fact that urban areas are hot spots that drive environmental change at
multiple scales. Material demands of production and human consump-
tion alter land use and cover, biodiversity, and hydrosystems locally to
regionally, and urban waste discharge affects local to global biogeo-
chemical cycles and climate (Grimm et al., 2008).

In this context it is also important to keep in mind that urbanization,
if properly managed, potentially can aid in strengthening biodiversity
and ecosystem service generation in the social-ecological landscape,
thus providing arenas for social-ecological change and transformation

(see e.g. Barthel et al., 2010; Colding and Folke, 2009; Ernstson et al.,
2010). An additionally productive way of examining the ecology of
cities is provided by Moffatta and Kohlerb (2008), suggesting that the
built environment be understood as a complex social-ecological
system, where multiple-related metabolisms interact at different scales.
Another fruitful path of reconnecting to the biosphere is by demonstra-
tion of economic value (see TEEB, 2010). A major conclusion of the MA
was that future policies must aim at fulfilling human needs but at a
smaller cost on natural systems. An important part must be to correct
the historical bias against natural services in the context of weighing
the costs and benefits of particular economic choices. It is also conclud-
ed that the distortion is compounded by measures of wealth that fail to
take natural capital into account (Millennium Ecosystem Assessment,
2005). Due to the fundamental role that ecosystem services play in un-
derpinning human welfare (Millennium Ecosystem Assessment, 2005),
the valuation of ecosystem services has become one of the most signif-
icant and fastest growing fields of research in environmental and eco-
logical economics, during the past 30years. Despite this impressive
development, the valuation of ecosystem services in an urban context
is still modest (although see TEEB, 2011). Furthermore, the connection
between biodiversity, ecosystem functioning and the economics of
ecosystem services is a field that has also experienced a profound trans-
formation during the last decade not least by the work provided within
the TEEB framework, with the purpose of providing the analysis and
tools required to do economic analysis of ecosystem services and biodi-
versity (TEEB, 2010) (see also Loreau et al.,, 2002; Naeem et al., 2009).
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