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    Abstract     This chapter introduces patterns of urbanization, biodiversity, and 
 ecosystem services at the global scale. Underpinning the goals of the chapter is the 
notion that cities are inextricably linked to the biophysical world, although these 
linkages are increasingly diffi cult to clearly identify. The chapter starts by introducing 
the idea that cities both impact and depend upon the biophysical environment. 
We go on to discuss how urbanization is both the cause of societal or environmental 
problems and the solution to many problems, depending on the time-scale and scope 
of the analysis. Finally, we provide a global overview of cities’ relationships with 
two key facets of the environment: biodiversity and freshwater ecosystem services.  

3.1        Cities Both Impact and Depend on the Environment 

 As highlighted in Chap.   1    , city growth and the urbanization process are linked with 
biophysical and ecological processes. The totality of these linkages are often too 
daunting to track down; therefore, researchers tend to adopt one of two primary 
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modes of analysis to dissect the interaction between cities and the environment as 
exemplifi ed in the chapters of this volume. 

 One mode of analysis of urban/environment interactions is to focus on the impact 
of urban areas upon biodiversity or ecosystem services. These impacts can occur 
over a range of spatial scales (McDonald et al.  2009 ). At a very local scale, the pat-
tern of urban development determines how natural habitat is fragmented, which 
affects how native biodiversity is impacted and where invasive species become 
established, as discussed in Chap.   10    . Chapters   11     and   12     discuss specifi c factors 
affecting urban form and their implications for biodiversity and ecosystem services. 
For a more complete discussion of policymakers’ attitudes toward urbanization and 
policies that can decrease environmental impact, see Chap.   27    . 

 A second mode of analysis of urban/environment interactions is to study the 
dependence of urbanites on biodiversity and ecosystem services. Dependencies can 
occur over a range of scales, just like impacts. To be a true ecosystem service, a 
desirable ecosystem process has to occur near consumers of that service (McDonald 
 2009 ). The degree to which proximity is essential—the transportability of an 
 ecosystem service—varies from service to service. Urban street trees, for instance, 
provide shade to urbanites over a scale of tens of meters. At a watershed scale, many 
cities depend on natural habitat to provide an adequate supply of clean water. At a 
global level, urbanites depend on the climate regulation services supplied by ecosystems. 
Chapter   11     discusses many kinds of urban dependencies in detail. Chapter   25     
looks at how cities depend on a stable climate and how climate change may affect 
them. Chapter   31     discusses how to restore ecosystem services and biodiversity 
when ecosystems are degraded. 

 In this chapter, we fi rst focus on how global patterns of urban growth intersect 
with global patterns of biodiversity, which is often seen as the foundation for 
ecosystem service provision. We then illustrate the dependence and impact of cities 
on ecosystem services at the global level in the context of one of the most vital: 
freshwater ecosystem services.  

3.2     Urbanization as a Problem and a Solution 

 Global urbanization has been an uneven process, both temporally and geographically 
(Satterthwaite  2007 ). The increase in the global urban population began slowly. 
In 1800, around 3 % of humanity lived in cities, with an estimated 1.7 % of global 
population in cities of 100,000 or more and 2.4 % of global population in cities of 
20,000 or more. As late as 1900, the share of the world’s population living within 
cities of these sizes remained less than 10 % (Davis  1955 ). By 1950, however, 
estimates suggest that approximately 729 million people worldwide lived in all 
cities; this number corresponded to 29 % of the global population (United Nations 
 2010b ). Subsequently global urbanization increased rapidly. By 1960 there were 
approximately 998 million in the world’s cities, by 1985 there were 1.98 billion, and 
by 2010 there were 3.49 billion. The period of the most rapid annual increases 
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globally were experienced between 1950 and 1965, when rates exceeded 3.0 %. 
By 2010, the annual growth rate for global urban population had fallen to 1.85 %. 
This amounts to adding 67.5 million people to the urban population each year. The 
UN ( 2010a ) suggests that the numbers of people moving to cities annually will 
continue to increase until around 2030, when more than 72 million people are predicted 
to be added to cities annually. Thereafter the annual additions are expected to decline 
(for further discussion on population projections, see Box   21.1     in Chap.   21    ). 

 In terms of geographical variability, urbanization has reached high levels in the 
developed world, both of which largely manifest in the temperate zone. Generally, 
 cities in these Northern areas are now growing more slowly than those of the South and 
some are even contracting in terms of population (Chap.   12    ). At the same time, urbaniza-
tion is increasing in the developing world, much of which is located in the tropics and 
sub-tropics. In these locations, cities are absorbing large numbers of people. 

 The advance of urbanization, particularly after the 1950s, has coincided with 
global environmental degradation, increasing consumption of natural resources, 
habitat loss and ecosystem change (McNeill  2000 ). It is therefore not surprising that 
analysts often depict cities as the source of many problems. Lester Brown ( 2001 , 
pp. 188–190), for example, argues that “People living in cities impose a dispropor-
tionately heavy burden on the earth’s ecosystems simply because so many resources 
must be concentrated in urban areas to satisfy residents’ daily needs.” The ecological 
footprint of a city, the area required to supply its citizens with resources and services 
from the environment, is much larger than the area of the city itself (Wackernagel 
and Rees  1996 ). 

 This viewpoint of cities as a source of environmental problems, however, often 
rests on a relatively simple scope of analysis. A simple equation for calculating such 
an impact is the so-called I = PAT equation (cf., Dietz and Rosa  1997 ), where Impact 
(e.g., tons of greenhouse gases emitted) equals the number of People times the 
Affl uence (e.g., energy consumption per capita) times the Technology (e.g., tons of 
greenhouse gases emitted per unit energy). If total impact from an urban area is the 
scope of analysis, then in most cases larger cities will cause a larger impact on the 
environment, for the simple reason that the population is larger. By this logic, a city 
of zero population size would have zero environmental impact. 

 However, the process of urbanization also infl uences both the Affl uence and 
Technology terms in the I = PAT equation, in sometimes complex ways. Incomes 
tend to be greater in cities than in rural areas, and greater in bigger cities than in 
smaller cities (Bettencourt et al.  2007 ), which can sometimes increase resource con-
sumption. However, there are often effi ciencies that are gained with dense settle-
ment. Studies in the United States, for example, have pointed out that residents of 
cities consume less energy per-capita and therefore generate less greenhouse gas 
emissions per-capita (Brown et al.  2008 ). Similarly, urban residents in the United 
States eat less beef and pork (Davis and Lin  2005a ,  b ) than their rural counterparts. 
In the developing world, in contrast, those in cities consume more meat than their 
rural counterparts (cf., Dhakal  2009 ), which appears to be primarily due to the 
increase in income in urban households rather than changes in dietary preferences 
associated with living in a city (Stage  2009 ). 
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 It is also, arguably, inappropriate to simply talk about the environmental 
impact of a city relative to some hypothetical case where the city simply disappeared. 
A more sophisticated analysis might specify a counterfactual scenario: what would 
have happened to the environment without the urbanization (McDonald and 
Marcotullio  2011 )? These counterfactual scenarios are very diffi cult to construct. 
Without migration to cities, there might be less environmental impact from cities, 
but perhaps more impacts in the countryside. Economists have long suggested that 
urbanization has a strong positive correlation with economic activity (Williamson 
 1965 ; Annez and Buckley  2009 ), although rapidly growing urban areas can have 
offsetting negative effects through crowding, environmental degradation and by 
overwhelming city administrations’ capacities (cf., Bloom et al.  2007 ; Bai et al. 
 2012 ). Certainly, without urbanization, economic development will potentially be 
limited, and since rural fertility rates are generally higher, a larger total population 
may result than in the urbanization scenario. 

 As discussed in Chap.   2    , urbanization is a multifaceted process, and it is very 
difficult to specify what would have happened to the environment in a society 
if urbanization did not occur. Urbanization is promoted by numerous factors, 
including: increased ease of communications and transport, economies of scale 
and agglomeration economies (Bai et al.  2012 ), increased personal contact among 
workers and entrepreneurs, and effi ciency gains from the high population density 
in cities (for a review, see Montgomery et al.  2003 ). As people move to cities 
they leave the agricultural sector for employment in industry and services, thus 
substantially changing the economies of nations as they urbanize. Urbanization is 
also associated with changes in population structure and decreases in fertility. 
These dynamics bring substantial benefi ts for and changes to industries and 
 society (Montgomery et al.  2003 ). Thus, from the perspective of the economic 
development and human well-being of a nation, urbanization is often an integral 
part of the solution. 

 The pragmatic truth is that a counterfactual scenario without urbanization is 
unlikely to ever occur. All developing economies urbanize and there are no examples 
of nations with high economic development that have not experienced urbanization 
(Fig.  3.1 ). Moreover, policy attempts to limit urbanization have not only had limited 
effects on rates of urban growth and they have had disproportionately negative impacts 
on large portions of societies; typically the poor. As pointed out by the UNFPA ( 2007 ), 
there are a growing number of economies that have implemented policies to lower 
migration to urban agglomerations; from 51 % in 1996 to 73 % in 2005 (cf., Bai 
 2008 ). While they have had signifi cant negative impact on the lives of rural-to-urban 
migrants, these policies have had little long-term effect on urbanization and an argu-
able negative impact on economic growth (Bloom et al.  2007 ; Bai et al.  2012 ).

   In short, if demographic forecasts are correct, a large amount of urban growth is 
coming as poorer countries urbanize (for forecasts, see Chap.   21    ). Therefore, it is 
necessary to examine the types of biophysical environmental impacts expected from 
urbanization without forgetting that the process of economic development and 
urbanization can also help the world fi nd solutions to poverty and environmental 
degradation.  

R.I. McDonald et al.

http://dx.doi.org/10.1007/978-94-007-7088-1_2
http://dx.doi.org/10.1007/978-94-007-7088-1_21


35

3.3     Global Urbanization and Biodiversity 

 Biological diversity is an essential component of many invaluable ecosystem 
 services for human material welfare and livelihoods. For example, many components 
of people’s homes are provided, regulated or supported by biodiversity, including 
food, the wood in the building, fresh water from taps and fuel in stoves. Nitrogen 
fi xation is important for biological productivity, and only a few plants such as 
legumes can perform this service. Preserved forests close to coffee-plant fl owers, 
provide reliable sources of pollinators, which have been estimated to improve  coffee 
yields by 20 % (Melillo and Sala  2008 ). Biodiversity contributes to human security, 
resiliency, health and freedom of choices and actions (Millennium Ecosystem 
Assessment  2005 ). Moreover, biodiversity preservation is a goal in itself, as articu-
lated in the Convention on Biological Diversity and many national-level laws (e.g., 
the Endangered Species Act in the United States). 

 Despite these important contributions to society, biodiversity is declining. 
Researchers have identifi ed a sixth great extinction event promoted by anthropogenic 
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activities (Wilson  2005 ). Human actions are fundamentally and irreversibly changing 
the diversity of life on the planet (Millennium Ecosystem Assessment  2005 ). Rates 
of extinction continue to increase and the number of species threatened continue to 
grow (Pimm et al.  1995 ). 

 In this section we examine the global impact of urbanization on biodiversity. We 
examine this relationship through a review of the direct impact of urban growth as 
well as through an examination of the indirect impacts of urbanization. 

3.3.1     The Global Distribution of Biological Diversity 

 Biodiversity can be examined a number of different ways. In this overview we 
review the literature on urbanization’s impact on species richness and endemism. 
While species richness and endemism vary unevenly across the Earth’s surface, a 
number of broad trends have been observed. 

 Species richness is generally higher in high productivity sites like tropical rain 
forests and lower in low productivity sites like arctic tundra, for unclear reasons 
(Willig et al.  2003 ). The pattern of distribution is called the latitudinal geographic 
gradient because the highest levels of biodiversity are found near the equator and 
they drop off as one moves towards the poles (Turner and Hawkins  2004 ). This pat-
tern holds true for major taxa (classes, orders and families) for microbes, plants and 
animals in both terrestrial and aquatic systems. The latitudinal gradient is superim-
posed on a number of other gradients including distance to coast, position within a 
peninsula, and topographic position (Lomolino et al.  2010 ). 

 Species endemism is the number of species unique to one location and is a major 
concern to conservationists. Examples of endemic species include the Devil’s Hole 
pupfi sh ( Cyprinodon diabolis ) from the United States, Australia’s koala ( Phasco-
larctos cinereus ) and many different species of cichlid fi sh found in Lakes Victoria, 
Tanganyika and Malawi. Endemism is distributed very differently from species 
richness. While species richness is low on isolated islands, endemism is high in pro-
portional terms, as the geographic isolation of biota leads to speciation that fi lls 
empty niches. Coastal areas are also places with a high degree of marine and terres-
trial endemism because of the high habitat diversity (Dirzo and Raven  2003 ).  

3.3.2     Direct Impact of Urbanization on Biodiversity 

 Cities are concentrated along coastlines and some islands as well as major river 
systems, which also happen to be areas of high species richness and endemism. 
Ecologists have explained this pattern by examining the correlation between 
human population density and productivity (Luck  2007 ), while urban historians 
have focused on the importance of freshwater and marine trade routes for city 
formation. 
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 The most direct impact of cities on biodiversity is the change in land cover 
 associated with urban growth. Urban growth is clearly a signifi cant global driver of 
land-use conversion and deforestation. Urban areas occupy approximately 3 % of 
the Earth’s land surface (McGranahan et al.  2006 ), although the actual number 
 varies signifi cantly depending on the defi nition of urban and the spatial grain of 
analysis (Schneider et al.  2009 ; Seto et al.  2010 ). For a discussion of the various 
defi nitions of urban, see Chap.   1    . 

 The spatial correlation between urban growth and endemism means urban growth 
has already impacted biodiversity signifi cantly (McDonald et al.  2008 ) analyzed 
the implications of urban areas  circa  1995 for ecoregions (Olson et al.  2001 ), pro-
tected areas across the world (  www.wdpa.org    ), and rare species (Ricketts et al. 
 2005 ). They found the effect of urban areas to be concentrated in certain localities 
(Fig.  3.2 ). The majority of terrestrial ecoregions (comprising 62 % of the Earth’s 
land surface) are currently less than 1 % urbanized and will experience little change 
through 2030. However, around 10 % of terrestrial vertebrates are in ecoregions that 
are heavily impacted by urbanization, even though these ecoregions only represent 
0.3 % of the Earth’s land surface (Fig.  3.2 ). These ecoregions are concentrated 
along coasts and on islands, which are generally areas of high endemism (Ricketts 
et al.  2005 ). In addition, urban areas seem to have increased the threat to survival of 
certain vertebrate species, especially those having smaller ranges. Most of this 
threat is in middle and low-income countries, which raises questions about the 

Most urbanized 1995 At  risk 1995-2030

<1% 1.0-2.5% 2.5-5.0% 5.0-7.5% 7.5-10.0% 10.0-33.3% >33.3%

WWF ecoregions percent urbanized 1995

  Fig. 3.2    Percentage of an ecoregion’s area that was urban circa 1995; ecoregion boundaries follow 
those of the World Wildlife Fund (Olson et al.  2001 ). Ecoregions with more than one-third of their 
area urban in 1995 are marked. At-risk ecoregions, which will lose more than 5 % of their remain-
ing undeveloped area by 2030, are also marked (Modifi ed from McDonald et al.  2008 , p. 1698. 
Published with kind permission of © Biological Conservation 2008. All Rights Reserved)       
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institutional capacity to act against potential adverse effects of urban expansion on 
biodiversity.

   Less than 1 % of all biodiversity hotspot areas (Myers et al.  2000 ;    Mittermeier 
et al.  2004 ) were urbanized  circa  2000 (Seto et al.  2012a ). However, similar to the 
ecoregions there is large variation in urban land cover across the biodiversity 
hotspots with concentration of urban lands in certain hotspots. In particular, the 
Mediterranean Basin and the Atlantic Forest biodiversity hotspots had the most 
urban area  circa  2000 (over 30,000 and 25,000 km 2 , respectively). On the other 
hand, the California Floristic Province and Japan hotspots had the largest percent-
age of their total land urbanized (about 5 % each). 

 Around the year 2000, South America had the most urban land in biodiversity 
hotspots (about 46,000 km 2 , nearly 60 % of all urban land in the region) among all 
regions (Güneralp and Seto  2013 ). Nearly all the urban land in Southeastern Asia 
(27,000 km 2 ) was located in biodiversity hotspots. Most of this urban land was dis-
tributed across two biodiversity hotspots: about 10,000 km 2  in the Indo-Burma 
hotspot that covers most of the mainland portion of the region, and about 13,000 km 2  
in the Sundaland hotspot that includes most of the Malay Peninsula and the island 
of Java. Northern Africa had almost half of its total urban land in the Mediterranean 
hotspot, the only hotspot in the region. These patterns collectively refl ect that biodi-
versity hotspots predominantly occupy coastal areas that are also places of concen-
tration of urban land. 

 Globally, 32,000 km 2  of protected areas (PAs) were already urbanized  circa  
2000, corresponding to 5 % of global urban land (Fig.  3.3 ). In particular, in Europe, 
which has already largely urbanized and has an extensive PA network, almost 
20,000 km 2  of PAs were already under urban land cover (about 10,000 and 9,500 km 2  
in Eastern and Western Europe, respectively). This corresponds to 13 % of total 
urban extent in the continent  circa  2000, 14 and 12 % in Eastern and Western 
Europe, respectively (Fig.  3.3 ). China and South America also had substantial 
amounts of urban land within their PAs with 4,500 and 2,800 km 2  in each country, 
respectively (i.e., 6 and 3.5 % of their respective urban lands).

   Different impacts will materialize at varying distances from urban areas and eco-
logical mechanisms often link protected areas to surrounding lands (Hansen and 
DeFries  2007 ). It is worth noting that some of these effects are positive such as 
recreational activities and logistical advantages provided by close proximity to eco-
system services provision areas within protected areas. 

 A great proportion of the world’s terrestrial protected areas are also within 
50 km of a city. Almost half of the case studies (47 %) in a meta-analysis on global 
urban expansion are found within 10 km of a terrestrial protected area (Seto et al. 
 2011 ). Moreover, the same study found that the average annual rate of urban land 
expansion of these cities from 1970 to 2000 is greater than 4.7 % and not statisti-
cally signifi cantly different from growth rates of urban areas elsewhere. Thus, 
urban land expansion is as likely to take place near protected land as elsewhere, 
and proximity of an urban area to a protected area does not necessarily slow the 
rate of urban land conversion. 
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 More than 100,00 km 2  of urban land (15 % of the global total) was within 10 km 
of a PA  circa  2000 (Güneralp and Seto  2013 ). In North America, while there is little 
urban land located in PAs, the amount of urban land in close proximity to PAs is the 
largest among all regions. The other two regions that have a high percentage of their 
populations that are urban, Western Europe and Eastern Europe, also had large 
amounts of urban land within close proximity of their respective PAs (Fig.  3.4a ). 
Overall, 4 and 11 out of the 16 regions had 50 % or more of their urban land within 
25 and 50 km of PAs, respectively (Fig.  3.4b ). On the other hand, in almost all 
regions except Eastern Asia and Western Europe, the percentage of lands that were 
urban within the 10, 25, and 50 km-wide zones around the PAs was well below 2 % 
 circa  2000.

   Information on land-use change due to urbanization is not available over long 
periods of time. However, it is instructive to look at how urban population in differ-
ent habitat types has changed over time (Fig.  3.5 ). In 1950, the habitat type with the 
most urban dwellers was temperate broadleaf forests, followed by tropical moist 
forests and Mediterranean habitat. However, a more useful proxy measure of 
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  Fig. 3.3    Urban extent and percentage of total urban extent that fall in the IUCN-designated 
 protected areas (PAs) by geographic region circa 2000 (Modifi ed from Güneralp and Seto  2013 , 
Figure S1, p. 3 of supplementary data. Published with kind permission of © Environmental 
Research Letters 2013. All Rights Reserved)       
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biodiversity impact is the urban population density in a habitat type (i.e., urban 
population divided by the total area in a habitat type). Note that this proxy measure 
is much lower than the population density at which urban settlements occur, but it 
gives a rough sense of how many urban people are crowded into this habitat type. 
By this proxy measure, the Mediterranean, mangrove, and temperate broadleaf for-
est habitat types all have high urban population density per habitat area and hence 
likely have had signifi cant impacts on biodiversity. By 2000, the number of urban 
dwellers increased signifi cantly in almost all habitat types. However, the rank order-
ing of both urban population and urban population density per habitat area stayed 
similar to patterns in 1950.

   The majority of the global urban population is currently located in the temperate 
zone (Fig.  3.6 ). At the turn of the twenty-fi rst century, urban populations were 
largely located temperate zone between 25 and 55° North latitude. The percent of 
the urban population trails off approaching the equator with another small peak in 
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  Fig. 3.4    ( a ) Urban extent and ( b ) percentage of total urban extent within a distance of, from 
 top  to  bottom , 10, 25, and 50 km of PAs by geographic region circa 2000 (Modifi ed from 
Güneralp and Seto  2013 , Figure S2, p. 4 of supplementary data. Published with kind permission 
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the South Temperate Zone. One might argue that this pattern has actually limited 
urbanization’s direct impact on biodiversity to date as the tropical zones are the 
areas of highest concentration of different species.

   In the future however, urban growth patterns will change. With urban growth, 
urban land use will likely double (McDonald  2008 ), although there is signifi cant 
uncertainty in predicting how much urban population and urban area will increase 
(Seto et al.  2010 ). See Chap.   21     for detailed discussion of future urbanization 
scenarios and Chap.   22     for discussion of the biodiversity implication of these future 
urbanization scenarios. 

 This trend is visible in predictions of urban population by major habitat in 2050 
(Fig.  3.5 ). Urban population will increase in essentially all habitat types. There will 
be particularly noticeable increases in urban population in tropical moist forests, 
deserts and tropical grasslands. Note that in terms of urban population per habitat 
area, there will be signifi cant increases in impact in mangroves, fl ooded grasslands, 
and temperate broadleaf forests. Also worth noting are impacts to tropical conifer 
forests, a unique habitat type found only in a relatively small area globally. 

 Expansion of cities also fragments the remaining blocks of natural habitat. This 
increases the isolation of natural habitat patches, as the average distance between 
them increases. Increased isolation tends to reduce population and gene fl ow among 
patches, and may break a large regional population into several discrete subpopula-
tions. Seasonal and intergenerational migration is also restricted. Highly mobile 
taxa like birds are generally less affected by isolation than less mobile taxa like 
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  Fig. 3.5    Urban population by major habitat type ( left panel ) and urban population per total habitat 
area by major habitat type ( right panel ). Major habitat types and boundaries are taken from the 
World Wildlife Fund ecoregional dataset. Urban population information for 2000 taken from 
the Global Urban/Rural Mapping Program. Urban population information for 1950 and 2050 were 
interpolated from the GRUMP data based on rates of urban population growth taken from the United 
Nations Population Division ( 2011 )       
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amphibians, although some apparently mobile species avoid moving across urban 
land cover (Saunders et al.  1991 ). 

 Fragmentation necessarily increases the amount of habitat that is near a habitat/
non-habitat edge (Murcia  1995 ). This systematically alters conditions near the edge, 
affecting the species and processes found there (Fagan et al.  1999 ). For example, at 
forest/non-forest edges, temperature is signifi cantly increased during the growing 
season due to greater solar insolation. This increases average temperatures for tens 
of meters into the forest interior, the equivalent change in climate to a movement of 
hundreds of kilometers in latitude (Smithwick et al.  2003 ). Roads create a particular 
type of edge, with particular ecological effects (Forman  2000 ). Road noise is a com-
monly studied edge effect, and has been shown to signifi cantly alter when and how 
bird species sing (Rheindt  2003 ). Finally, biotic interactions may change near edges. 
Birds’ nests, for instance, are more likely to be parasitized by cowbirds when they 
are near an edge (Lloyd et al.  2005 ). 

 Urbanization increases the number and extent of non-native invasive species by 
increasing the rate of introduction events and creating areas of disturbed habitat for 
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  Fig. 3.6    Estimates of growth of global population by latitude, 2000–2100 (Data from United 
Nations Department of Economic and Social Affairs, Population Division, 2010)       
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non-native species to become established (e.g., McDonald and Urban  2006 ). There 
is a suite of “cosmopolitan” species, skilled generalists, that are present in most 
 cities around the world (McKinney  2006 ; Kuhn and Klotz  2006 ). Meanwhile, 
urbanization often leads to the loss of “sensitive” species dependent on larger, more 
natural blocks of habitat. The net result is sometimes termed “biotic homogeniza-
tion.” Species richness in cities may actually be higher than that of rural areas, 
depending on the richness of the suite of cosmopolitan species relative to that in 
natural habitat, but global species richness declines. The fl ora and fauna of the 
world’s cities have become more similar and homogeneous over time, at least rela-
tive to the diversity of species composition prior to urbanization (Hobbs et al.  2006 ; 
Pysek et al.  2004 ; Grimm et al.  2008 ). Chapter   10     discusses this complex process in 
more detail.  

3.3.3     Indirect Effects of Urbanization on Biodiversity 

 Cities may occupy a small percent of the global land area, but they contain the 
majority of the world’s population and are concentrated centers of activity. These 
activities end up shaping land-use over a far larger land area, and infl uence the 
decisions of landowners and the policy decisions of governments in ever widen-
ing geographic extents. Chapter   26     examines arguably the most important indi-
rect effect in terms of its areal impact, the impact of cities demand for food on 
global land-use. 

 The questions remain, however, how dense settlements interact with other human 
activities and what would happen if cities were removed from the equation. As 
mentioned previously, more specifi c policies focused on the process associated with 
urbanization may provide more valuable conservation tools than a general attack on 
cities. Three recent research fi ndings that demonstrate our lack of knowledge on the 
exact role of urbanization and how examining interactions closely may help conser-
vation efforts. 

 First, a recent article argues that international trade accounts for 30 % of all 
global species threats (Lenzen et al.  2012 ). While the demand for the goods traded 
probably originated in many of the world cities, this study emphasized better regula-
tion, sustainable supply-chain certifi cation and consumer product labeling as solu-
tions. At the same time, however, there have been all too few studies that have 
examined the role of urbanization, trade and the environment. Obviously what is 
traded matters to the outcome of these relationships. How does, for example, the 
growing trade in electric bicycles to specifi c cities in the U.S. and Europe impact the 
environment? Has urbanization infl uenced production processes to lower environ-
mental impact? Does the concentration of population and subsequent generation of 
“green” ideology have any impact on individual merchandise choice? In order to 
understand the role of urbanization in trade’s impact on biodiversity, more study is 
needed to identify not only the distances of materials travel, but also where are they 
coming from before arriving at urban centers (Seto et al.  2012b ). 
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 A second study examined global material consumption over the past century. 
Researchers estimated that during this period, global materials use increased 
eight- fold to reach almost 60 billion tons (Gt) of materials per year (Krausmann 
et al.  2009 ). At the same time, the total population increased by four-fold. What is 
interesting is that is that over this century, materials use increased at a slower pace 
than the global economy, but faster than world population. Consequently, this 
research suggests that while material intensity (i.e., the amount of materials required 
per unit of GDP) declined, the materials use per capita doubled from 4.6 to 10.3 tons/
cap/year. The role of technology and increasing wealth in these increases is clear. 
What is much less clear is the role of the growth of cities. During the past century 
the urban population increased approximately 18-fold. What was the urban impact 
on materials consumption? On one hand, cities may have helped to increase the rate 
of consumption through infrastructure development. Certainly, studies have demon-
strated the large fl ows of material into cities as they grow (Decker et al.  2000 ; 
Kennedy et al.  2007 ). On the other hand, given that this infrastructure is shared by 
large numbers of people, urbanization could have slowed overall material consump-
tion growth. That is, if populations were not densely organized, the levels of materi-
als consumed may have been much larger. These questions suggest that cities and 
the urbanization process may have benefi cial aspects that lower overall consump-
tion levels. 

 Finally, a third research project examined the role of households rather than pop-
ulation in resource consumption and biodiversity loss. In this case analysts exam-
ined the decreasing size of households around the world and the impact of this trend 
on biodiversity (Liu et al.  2003 ). This research suggests that even when population 
size decreased in some locations, the number of households increased with subse-
quent increases in impacts. This work places the burden of responsibilities on the 
decreasing size of households (which increases demands for housing), rather than 
on urban population. The process of urbanization is often associated with economic 
development, which is in turn associated with smaller household size, but teasing 
out causality here is diffi cult. 

 These examples demonstrate that the indirect processes by which urbanization 
affects biodiversity loss are unclear, but potentially quite signifi cant. Moreover, in 
many analyses it is diffi cult to separate the effect of urbanization  per se  from other 
confounding processes, like economic development and changes in demographics.   

3.4     Global Urbanization and Freshwater Ecosystem Services 

 There are many different types of freshwater ecosystem services that cities depend on. 
Land cover in watersheds (including natural habitats) affects rates of evapotranspi-
ration and hence the quantity of surface or groundwater available. In some cases, 
natural habitats have lower rates of evapotranspiration than anthropogenic land 
cover, while in other cases the converse is true. In certain climates, trees can also play 
an important role in increase precipitation, as fog settles out of the air on to foliage. 
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 Land cover also affects many factors that impact water quality, including 
erosion, nutrient loading, and biogeochemical cycling. In many cases, natural 
habitats have lower rates of erosion and a greater capacity to absorb excess nutrients 
and other pollutants than anthropogenic habitats. 

 Thus, urbanization affects land cover, which in turn affects the quantity and 
quality of water available. But urbanization also requires water. Water is directly 
needed for human use, and supports a variety of other secondary ecosystem 
services (e.g., recreation, biodiversity, transportation). Globally, water consumption 
is greatest from the agricultural sector. The energy sector, however, withdraws a 
large amount of water for use in extracting and processing natural resources 
(e.g., coal, and cooling thermoelectric power plants). Urban consumption of food 
and energy contributes to increased water use in agriculture and energy, so in a 
certain sense a true accounting of cities’ water use requires consideration of these 
linkages. For instance, the main water use of Chinese cities comes from the water 
needed to mine coal and burn it in thermoelectric power plants. 

 Urban residents need water for their daily activities (drinking, cooking, cleaning) 
as well as disposal of human wastes through sanitation systems. Per-capita water 
use substantially varies among cities. Within the United States for instance, 
residents in San Diego, CA use 700 l/person/day, while residents in Reno, NV use 
1,166 l/person/day. Per-capita domestic water use tends to increase as the average 
income increases (FAO  2011 ). For example, the average resident of Indonesia 
($3,900 GDP/capita, in purchasing power parity) uses 28.9 m 3 /person/year, while 
the average resident of Canada ($40,200 GDP/capita) uses 276.0 m 3 /person/year. 
The overall correlation between per-capita domestic water use and per-capita GDP 
is fairly high (R = 0.59). There are at least two reasons for the increase in water 
consumption with income. First, poorer cities are more likely to have substantial 
populations without access to drinking water, decreasing aggregate demand for 
water. For instance, 27.6 % of Sub-Saharan urban residents lack access to clean 
drinking water, 12.3 % of Latin American and Caribbean urban residents, and 
essentially 0 % of urban residents in the United States (UN-HABITAT  2006 ). 
Second, richer urban residents have access to technology that requires signifi cant 
water to run, such as dishwashers and washing machines. 

 Three things must happen to ensure provision of fresh, clean water to urban 
inhabitants (McDonald et al.  2011a ). First, enough water must be available. 
Availability, the absolute amount of surface or groundwater within a region that can 
be sustainably appropriated for urban use, is largely a function of climatic setting 
and land cover in the watershed. Second, the water must be of suffi cient quality for 
use. Water that is polluted, either by upstream users or through pollution  in situ , 
must be treated and purifi ed before use in urban households. Third, a system must 
be in place to deliver that water to urban residents, usually via infrastructure such as 
piped water supplies, dams and canals, and wells. 

 Water availability is most likely to be a problem in cities in arid climates. One 
study (McDonald et al.  2011a ) found that 21.7 % of urban dwellers, some 523 million, 
live in climates that would at least be classifi ed as semiarid (Fig.  3.7 ). In the 
developed world these cities are clustered in the western United States, Australia, 
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and parts of Spain. In the developing world most of these cities are located in 
northwestern Mexico, coastal Peru and Chile, North Africa, the Sahara, Namibia, 
the Middle East, and central Asia (see Fig.  3.7  for a map).

   Water quality is most often a problem globally when there is signifi cant human 
water use upstream. One useful proxy measure is the population density upstream, 
which correlates to several measures of water quality. One study (McDonald et al. 
 2011a ) found that 890 million (36.9 % of the population of cities >50,000), are in 
cities with an upstream population density greater than 5.5 people/ha, the popula-
tion threshold at which human activities often lead to nitrate concentrations that 
exceed the U.S. drinking water standard of 10 mg/l. Water quality issues affect all 
continents (Fig.  3.8 ), but tend to be concentrated in major river basins like the 
Ganges (India) and the Yellow River (China).

   Water delivery is most a problem in rapidly growing cities with few fi nancial 
resources. One study (McDonald et al.  2011a ) found that 1.3 billion people (53.9 % 
of all urban population worldwide) live in cities with more than ten new residents 
per GDP per capita, mainly in sub-Saharan Africa, the Indian subcontinent, and 
Southeast Asia (Fig.  3.9 ). In contrast, some cities in developed countries have less 
than 0.5 new people per GDP per capita, and thus have roughly 20 times more 
fi nancial capacity to deliver water to new urban residents than might a developing 
world city.

   Cities have two broad sets of strategies to cope with insuffi cient water: those that 
involve building infrastructure to obtain more water than is currently available, and 
those that involve making wiser use of existing supplies. 

Arid (0.05-0.2) Semi-arid (0.2-0.5) Dry sub-humid (0.5-0.65) Wet (>0.65)Hyper-arid (<0.05)

  Fig. 3.7    Water availability for the world’s cities. Water availability is measured by the aridity 
index, which is the ratio of precipitation to potential evapotranspiration (Adapted from McDonald 
et al.  2011a )       
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Medium density (1.60-5.57)Very high density (>19.0) High density (5.57-19.0) Low density (<1.60)

  Fig. 3.8    Water quality for the world’s cities. Water quality is measured as the density of people in 
upstream contributing areas (people/km 2 ), with population density and water quality exhibiting a 
negative correlation (Adapted from McDonald et al.  2011b )       

Very low delivery capacity (> 100) Low delivery capacity (10-100) Medium delivery capacity (1-10)

High delivery capacity (0.5-1) Very high delivery capacity (< 0.5)

  Fig. 3.9    Water delivery capacity for the world’s cities. The ability of a city to delivery water to its 
citizens is measured as the number of people expected divided by per-capita GDP (Adapted from 
McDonald et al.  2011b )       
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 The most common way cities try to obtain more water is tapping into groundwater 
to meet urban water needs. Groundwater use is sustainable if the rate of aquifer 
recharge exceeds the rates of withdrawals. However, for many arid cities, ground-
water use exceeds the low rates of aquifer recharge. Mexico City has so overused its 
aquifer that the ground is subsiding 40 cm/year in some areas (Carrera- Hernandez 
and Gaskin  2007 ). Many other fast-growing cities face similar problems, but globally 
the extent of this groundwater mining by cities is unknown. 

 One common way cities try to make wiser use of existing supplies is by increasing 
water use effi ciency, reducing the amount of water lost to leaks and trying to reduce 
per-capita water use for common tasks such as bathing and fl ushing the toilet. 
Another way is to improve watershed management upstream of reservoirs to prevent 
sedimentation and pollution from reaching reservoirs.  

3.5     Summary and Conclusions 

 The broad global picture presented in this chapter suffices to show that global 
patterns of urbanization have had signifi cant implications for biodiversity. In par-
ticular, urbanization as a driver of habitat conversion is already important and 
is expected to increase in importance in the future. Thus, urbanization is 
relevant to the Convention on Biological Diversity (CBD)’s Aichi Target 5 
( By 2020, the rate of loss of all natural habitats, including forests, is at least 
halved and where feasible brought close to zero, and degradation and frag-
mentation is significantly reduced ). 

 Habitat conversion driven by urbanization will be particularly important in 
tropical areas in the future and in coastal and island systems, as well as biomes 
that are disproportionately urbanized (e.g., Mediterranean habitat). CBD’s Aichi 
Target 11 ( By 2020, at least 17 % of terrestrial and inland water, and 10 % of 
coastal and marine areas, especially areas of particular importance for biodiver-
sity and ecosystem services, are conserved through effectively and equitably man-
aged, ecologically representative and well-connected systems of protected areas 
and other effective area-based conservation measures, and integrated into the 
wider landscapes and seascapes ) is unlikely to be met without addressing urban-
ization impacts in these places. 

 Similarly, the global analysis presented in this chapter shows that global urban 
growth will have signifi cant implications for freshwater ecosystem services. Global 
urbanization will indirectly increase cities dependence on freshwater ecosystem 
services that control water quantity, quality, and timing. This has relevance to 
Millennium Development Goal’s 7.B: ( Reduce biodiversity loss, achieving, by 
2010, a signifi cant reduction in the rate of loss ) and 7.C ( Halve, by 2015, the pro-
portion of the population without sustainable access to safe drinking water and 
basic sanitation ). The remaining chapters will examine in more detail how cities 
depend on ecosystem services. 
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 Finally, we suggest that urbanization should not be examined and framed solely 
as a problem or as a solution. It is dangerous for policymakers to consider urbaniza-
tion solely as a problem, since it is an unavoidable part of economic development. 
A more useful way to think about global urbanization is as posing a series of social 
environmental challenges that must be overcome to achieve sustainability.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction 
in any medium, provided the original author(s) and source are credited.     
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