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The next few decades will be the most rapid period of urban 
population growth in human history. In 2000, the United 
Nations Population Division (UNPD) estimated there were 

2.9 billion people in urban areas, rising to 4.0 billion by 2015. By 
2030, an additional 1.2 billion residents in urban areas globally 
are forecast, with much of this population growth happening in 
countries such as China (242 million), India (178 million), Nigeria  
(70 million), and Indonesia (48 million)1. Urban population growth, 
together with economic development, is forecast to expand urban 
areas by 1.2–1.8 million km2 between 2000 and 20302–4. The scale 
and speed of urban growth have multifaceted impacts on the global 
environment5. Studies have shown that urban population growth 
has had and will continue to have significant implications for land 
use6, energy consumption and climate change7,8, water security9, 
food demand10, and air pollution11.

This Review focuses on the impacts of urban growth on biodi-
versity through 2030. We define ‘urban growth’ as the increase in the 
area of cities or towns, reserving the term ‘urban population growth’ 
when we want to refer specifically to the increase in urban popula-
tion. Both of these terms are different from ‘urbanization’, which we 
use to refer to the change in the proportion of a population living in 
an urban area12. Different studies have different definitions of what 
is ‘urban’, often using population density13, built-up area14, or some 
composite definition15. In this Review, we cite studies using various 
definitions of urban, indicating their definition if it is relevant to the 
topic discussed.

We consider biodiversity in this Review as the variability among 
living organisms, from genes to species to ecosystems to biomes16. 

Human activity has impacted biodiversity across the planet, and 
the Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) Global Assessment suggests that 
one million species may be at risk of extinction17. Human activity 
is consistently found to be the dominant contemporary driver of 
biodiversity change from local to global scales, and these impacts 
are projected to continue throughout the twenty-first century18–20. 
The role of urban growth in causing biodiversity change has been 
relatively less studied, even though urban growth contributes to the 
global trend of biodiversity loss in a myriad of ways4,5.

One useful categorization of biodiversity impacts of urban area 
is as either direct or indirect5. Direct impacts are those where urban 
land expansion leads to land cover change such as the loss of natural 
habitat21. Also included in direct impacts are the alteration in abiotic 
and biotic conditions that occur as urban land use fragments natu-
ral habitat, increasing edge effects and decreasing habitat connec-
tivity among remaining habitat patches. Indirect impacts are those 
mediated by an intermediate process. Indirect impacts include the 
impacts of resources consumed within a city (for example, energy 
and food), as well as the impacts of solid, liquid and gaseous wastes 
released from urban areas.

Despite the importance of historical and future urban growth as 
a driver of global change, the global impact on biodiversity remains 
unclear. Previous assessments5,22,23 have assembled information 
on how urban growth impacts biodiversity in particular places, 
focusing on either direct or indirect impacts, but have not offered 
a comprehensive literature review of both direct and indirect 
impacts. As part of the Nature in the Urban Century assessment4, we  
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summarized what is known about the direct impact of urban areas 
on biodiversity. Here, we expand on that early report to also review 
research into indirect impacts.

We conducted a literature review of published urban biodiversity 
studies in this decade (2010–2018, n = 922) and identified major 
gaps in existing urban biodiversity research. To quantitatively map 
direct effects, we combine previously published scenarios of future 
urban growth2,3 with land cover information to forecast future direct 
urban impacts on natural habitat. See Supplementary Methods for 
details. In this Review, we answer the following questions:

•	 What is known about the aggregate direct and indirect impact of 
urban population and area growth on biodiversity?

•	 Where is the impact of urban growth highest on biodiversity 
and natural habitat, and what are the likely trends over time?

•	 What are the existing gaps in scientific knowledge that prevent a 
more complete understanding of the potential impacts of urban 
growth, in both population and area, on biodiversity?

Framework of urban impacts on biodiversity
There is a great variety of analytical frameworks in the literature 
on urban biodiversity impacts, as well as a variety of terminology 
in use, which make comparisons among studies challenging. We 
thus structured our Review around a simple conceptual framework  
(Fig. 1) that clarifies many of the disagreements in the literature. 
This paper focuses on the aggregate direct and indirect impact of 
urban areas on biodiversity, where aggregate impact is defined as 
the total biodiversity impact that occurs either in urban areas or 
because of an activity that occurs in urban areas.

The majority of human population1 and economic activity24 
is located in urban areas and so it is perhaps not surprising that 
urban areas are major sources of pollution emissions and resource 
demands. Urban form, the physical characteristics of urban areas 
such as the size, density and spatial configuration of built-up areas25, 
modulates impacts on biodiversity26. Similarly, urban metabolism, 
the inflows and outflows of materials and energy in urban areas, 
also has a profound effect27. Urban form and metabolism are inter-
related and are themselves controlled in complex ways by factors 

like income, available technology, infrastructure, behaviours, and 
cultural norms that evolve over time6,28. Importantly, urban form 
and metabolism are the outcomes of many human choices29, they 
have changed substantially over time30, and they could change sub-
stantially in the future if humans made different choices31.

Urban form and metabolism jointly affect the pattern of local 
land use and human activity, which in turn leads to direct impacts 
on biodiversity (Fig. 1)32. The intensity and pattern of direct impacts 
are affected by urban form with, for instance, more compact and 
dense urban forms generally having spatial impacts over a smaller 
area4,33. Urban form and metabolism also affect an urban area’s 
resource consumption, pollution and trade, which in turn lead to 
indirect impacts on biodiversity. The spatial scale of indirect impacts 
varies from local (for example, sewage impacts on a downstream 
coral reef) to regional (for example, movement of water for urban 
use) to global (for example, greenhouse gas (GHG) emissions)21.

While some quantitative data exist that can be used to estimate 
the aggregate impact from urban areas, it is still unclear how much 
of that aggregate impact to attribute to urban population growth 
per  se rather than the other processes that go along with urban-
ization, such as economic development and technological change. 
Some authors only attribute an environmental impact to urban areas 
if the environmental impact occurs as a consequence of urban form 
and metabolism. In this strict definition, an environmental impact 
is attributed to urban areas if it is worsened because of urban form 
or metabolism, relative to rural settlements. For instance, urban 
areas are major sources of GHG emissions, but there is evidence 
that the urban pattern of settlement, co-locating higher population 
and employment densities, reduces per capita emissions by creating 
efficiencies in transportation and building energy use34,35. If urban 
form reduces GHG emissions, relative to rural settlements, then 
under the strict definition of attribution, one would not attribute 
greater GHG emissions to urban areas per se.

Attribution of environmental impact to urban areas under the 
strict definition of attribution requires the evaluation of a coun-
terfactual scenario36,37 that answers the question: what would the 
environmental impact have been if people lived dispersed in rural 
areas rather than together in urban areas? The difference in impacts 
between the real-world and counterfactual scenarios would be what 
is attributable to urban areas (Fig. 1). This is a difficult counter-
factual to analyse in a comprehensive way38, since the process of 
urbanization has been shown to affect population growth rates, as 
well as rates of economic development, consumption, technology, 
social organization and human behaviour39. In this Review, we pres-
ent aggregate data on the major direct and indirect impacts of urban 
areas and their likely trends over time, constructing only simple 
counterfactual scenarios based upon the differences in per capita 
urban and rural consumption of resources.

The growing direct impact of urban areas
In this section, we discuss trends of urban area growth, how that 
urban area growth has impacted natural habitat, and the relation-
ship between natural habitat loss and biodiversity. We then turn to 
reviewing the empirical findings of studies that have investigated 
how direct impacts of urban areas have affected biodiversity in par-
ticular locations.

Forecasts of urban growth. According to the UNPD, urban popu-
lation has grown dramatically in recent decades, from 2.3 billion in 
1990 to 4 billion in 20151. The UNPD bases its estimates on statis-
tics reported by national governments and calculated that in 2018, 
55% of total population was in urban areas, which is forecast to rise 
to 70% urban by 20501. Jiang and O’Neill40 projected urbanization 
would be between 60–92% by the end of the century, depending on 
government policy and social trends, and different futures lead to 
different forecasts of potential future urban population41.
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Fig. 1 | Conceptual diagram of direct and indirect impacts on urban areas. 
This Review evaluated the aggregate impact of urban form and metabolism 
on biodiversity, both directly and indirectly. One could compare this 
aggregate impact with what would occur in a counterfactual scenario, 
where people live in rural settlements instead. Solid arrows show effects of 
urban form and metabolism, while dotted arrows show effects of rural form 
and metabolism under the counterfactual of no urban development.
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There is considerable uncertainty in urban population growth 
estimates, driven in part by uncertainty in how urban areas are 
defined28. It is important to note that the definition of urban used by 
national governments supplying data to the UNPD varies (see Table 1  
in the UNPD’s report1). Different studies with different definitions 
of urban may have quite different estimates of urban population. 
For instance, a study by the European Commission defined urban 
area as contiguous areas with more than 5,000 people and a density 
of more than 300 people per km2 and estimated that 84% of the 
world’s population was urban42. Some scholars have critiqued this 
density threshold as too low, encompassing areas that are primar-
ily agricultural, and argue that different lines of evidence suggest 
that 52–56% of the world’s population is in urban areas43. Regardless 
of how urban area is defined, there is broad consensus that urban 
populations have grown substantially in the last few decades and 
will continue to grow rapidly in the future. The UNPD projections, 
which we feature in this Review, include that urban population is 
expected to grow to 5.2 billion by 20301.

Urban population growth has led to a large increase in urban 
area, from 350,000 km2 in 1992 to 740,000 km2 in 20154 (Fig. 2a). 
The amount of urban area estimated globally varies depending 
on how urban area is defined, the spatial unit of analysis, and the 
types of demographic and remotely sensed data used to map urban 
areas. See Table 1 in Schneider et al.44 for a review of the amount of 
urban area classified as urban by different analyses. In this Review, 
we follow the definition of urban area used by the Climate Change 
Initiative (CCI) Land Cover dataset, which used multiple sensors 
(Envisat MEdium Resolution Imaging Spectrometer (MERIS) Full 
Resolution and Reduced Resolution, and Spot Vegetation) to clas-
sify pixels into 22 land-cover classes to create a consistent time series 
of land cover. Pixels with the spectral signature of built-up surfaces 
such as asphalt and concrete are classified as urban14.

It is projected that in 2030 there will be 1.9 million km2 of urban 
area (Fig. 2a), according to one commonly used set of forecasts 
from Seto and colleagues2–4,45,46. While we use the Seto et al. fore-
casts2 in this Review, we acknowledge that there are other published  

Table 1 | Estimated urban-caused habitat loss for the world’s terrestrial biome types, 2000–2030

Biome name urban area in 2000  
(% of biome area)

urban-caused habitat loss, 
2000–2030

Scientific studies

(km2) (% of biome 
area)

Direct impacts  
(% of total, n = 687)

Indirect impacts  
(% of total, n = 317)

Temperate broadleaf forests 2.65 78,430 0.61 47.5 46.7

Tropical moist forests 0.67 63,439 0.32 13.1 15.5

Deserts 0.26 38,206 0.14 5.2 5.4

Tropical grasslands 0.22 26,636 0.13 1.9 3.5

Mediterranean habitat 1.87 20,515 0.64 13.8 11.4

Temperate grasslands 0.92 15,156 0.15 6.8 6.3

Temperate coniferous forests 0.82 11,135 0.27 3.6 3.8

Mangroves 1.73 10,091 2.90 1.5 0.6

Montane grasslands 0.21 8,036 0.15 1.7 1.6

Tropical dry forests 0.85 7,573 0.25 1.9 1.9

Tropical coniferous forests 0.86 3,356 0.47 0.3 0.3

Flooded grasslands 0.36 3,289 0.30 0.7 0.9

Boreal forests/taiga 0.08 1,430 0.01 1.3 1.3

Tundra 0.01 72 0.00 0.0 0.3

Data are shown for area lost between 2000 and 2030, as well as the proportion of the biome’s total area that will be converted. Biomes are sorted in descending order by area (km2) converted. Also shown 
are the percentages of scientific studies of urban impact that occur within this biome.
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Fig. 2 | Direct impacts of urban growth on habitat over time. Historical 
data are shown with solid lines, forecasts with dashed lines. a, Direct 
impact on urban area from urban growth over time. b, Cumulative habitat 
loss caused by urban growth since 1992.
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forecasts that vary in their magnitude and pattern. For instance, 
Angel and colleagues47 forecast there will be 1.3 million km2 of 
urban area in 2030. Zhou and colleagues48 estimated that urban 
areas will grow 1.7 million km2 between 2020 and 2050.

Several studies have suggested that the amount of area used by 
urban populations would be much greater if people were not con-
centrated in urban areas34. One simple counterfactual scenario can 
be constructed using population density statistics for both rural and 
urban areas. According to the Gridded Population of the World49, 
globally, the mean urban population density in 2000 for urban areas 
was 1,500 people per km2. For rural inhabited areas (excluding 
barren areas that have little human inhabitation), the global mean 
population density in 2000 was 58 people per km2. While average 
household size varies widely between countries, for a developing 
country with a household size of around five people per house-
hold50, this rural population density implies 8.6 ha per house, which 
would be defined as exurban settlement by Theobald51. In exurban 
settlements, while some natural land cover can be maintained, there 
is likely to be considerable impacts upon biodiversity and ecosystem 
function from human infrastructure and activities52. Hypothetically, 
if all urban population growth between 1990 to 2030 had occurred 
instead as the global average rural density, it would have been 
spread out over 26 times more land, some 50 million km2. Thus, 
urban population has greatly reduced the area over which human 
settlement has occurred, relative to the counterfactual.

Natural habitat loss. The most important direct impact of urban 
growth on biodiversity is the loss of natural habitat due to conver-
sion to urban land uses4,5. In this Review, we combine previously 
published scenarios of future urban growth by Seto et al.2,3 with land 
cover information from the CCI Land Cover dataset14 to forecast 
future direct urban impacts on natural habitat (see Supplementary 
Methods for details). We estimate that globally, urban growth con-
verted 190,000 km2 of natural habitat to urban land cover between 
1992 and 2000, 16% of the total natural habitat loss from all causes 
(for example, agriculture expansion and deforestation) during this 
period. We estimate that urban growth will convert an additional 
290,000 km2 of natural habitat to urban land cover between 2000 
and 2030 (Fig. 2b). Note that there are only three time points mea-
sured in Fig. 2b, so differences in the shapes of the curves in Figs. 2a 
and 2b may not be statistically meaningful.

A number of factors affect the amount of habitat impacted by 
urban population growth. Urban population density and urban 
form affect the amount of built urban land per capita. Also impor-
tant is where urban growth occurs. In some places such as the 
southern Chinese coast, substantial amounts of urban growth are 
occurring predominantly on natural habitat. In other places, urban 
growth occurs predominantly on agricultural land, such as in north-
ern China45,53. Note that urban areas are disproportionately located 
in places like coastlines and floodplains that have above average 
productivity and biodiversity54–57, so globally the direct impacts of 
urban growth are greater than if urban settlements were randomly 
located across the landscape.

In terms of the total area of natural habitat forecast to be lost to 
direct urban impacts (2000–2030), four countries exceed 10,000 km2:  
the United States, Brazil, Nigeria and China (Fig. 3). However, 
several other countries on each continent (excluding Antarctica) 
are also forecast to have high levels of urban-caused habitat loss. 
Alternatively, one could look at the forecast amount of urban-caused 
habitat loss relative to a country’s area, by which metric islands, such 
as Hong Kong S.A.R., Mauritius and Puerto Rico, have the greatest 
relative impact from urban growth (Supplementary Table 1).

A more ecologically meaningful way to quantify direct urban 
impacts is to examine which biomes will be impacted. We forecast 
that the temperate broadleaf forest biome will have the greatest 
amount of natural habitat converted to urban land uses, followed by 

the tropical moist forest biome (Table 1). The tropical moist forest 
biome is where some of the most rapidly expanding urban areas are 
located, such as those along the Brazilian coast, in West Africa and 
southeast Asia. This biome is predominately in middle- and low-
income countries, where the majority of urban growth is occurring. 
Supplementary Table 2 lists forecast habitat loss by biome and the 
income of the country.

In proportional terms, urban growth (2000–2030) is forecasted 
to cover around 2.9% of the total area of the mangrove biome, more 
than any other biome type (Table 1). The Mediterranean biome is 
also forecast to be highly impacted in proportional terms, with 0.6% 
of this biome impacted by urban growth between 2000 and 2030. By 
contrast, the tundra and boreal forest/taiga biomes are forecast to be 
minimally impacted by urban growth, simply because there are so 
few urban areas located in these biomes.

Habitat loss and biodiversity impacts. At a local scale, when natu-
ral habitat is converted to urban land uses, there is often a subset of 
sensitive species that are lost58. Another set of tolerant native species 
can persist in urban areas, like Eastern grey squirrels (Sciurus caro-
linensis) in eastern North America. Finally, there are a set of synan-
thropic species that follow humans into new urban areas, such as the 
Norway rat (Rattus norvegicus) or the house sparrow (Passer domes-
ticus). Thus, depending on the relative size of these three subsets, 
urban growth may locally increase or decrease species richness59.

Newbold and colleagues60 statistically estimated within-sample 
(local) species richness and abundance as a function of human pres-
sures, based upon data from 11,525 sites, including 613 urban sites. 
Urban sites were classified into three groups based upon intensity 
of human use: minimal use urban sites (extensive managed green 
spaces, villages), light use urban sites (suburban areas with gardens 
or small green spaces), and intense use urban sites (urban areas with 
no green spaces). Relative to primary vegetation, minimal use urban 
sites had on average 4% lower within-sample species richness (95% 
confidence interval (CI): 21% lower to 16% higher), while light use 
urban and intense use urban had 34% (95% CI: 19–47% lower) and 
50% lower (95 CI: 34–62% lower) within-sample species richness, 
respectively. Similarly, minimal use urban sites had 17% lower within-
sample species abundance than primary vegetation (95% CI: 48% 
lower to 29% higher), while light use urban and intense use urban 
had 45% (95% CI: 12–65% lower) and 62% lower (95 CI: 32–79% 
lower) within-sample species abundance, respectively. While some 
biodiversity persists after natural habitat is converted to urban uses, 
local species richness and abundance on average declines.

At a global scale, the conversion of natural habitat to urban 
decreases biodiversity as sensitive, endemic species are driven to 
extinction5. McDonald and colleagues53 estimated that globally, 
13% of terrestrial vertebrate ecoregional endemics are under high 
threat from urban expansion. The largest biodiversity loss occurs 
when a parcel of natural habitat that was converted to urban land 
use contained unique biodiversity at the level of genes, species or 
ecosystems that was unable to survive after conversion.

Bias in research on direct impacts. The scientific literature on direct 
impacts of urban growth on biodiversity is geographically biased. 
Studies of direct impacts are concentrated in particular geographic 
locations (Fig. 4a), including northeastern United States, Europe, 
coastal China, and around Sydney and Melbourne in Australia. In 
contrast, there are many urban areas with relatively few published 
urban biodiversity studies conducted nearby, including urban areas 
in West Africa and Central Asia. While some of these areas with few 
urban biodiversity studies may be due to the language in which we 
conducted our search (English), they may also reflect spatial areas 
where urban biodiversity impacts deserve more study.

We found that per capita income is related to the amount of 
urban biodiversity studies of direct impacts, compared to a null 
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hypothesis where studies occurred proportional to the amount of 
people living in different income categories (χ2 = 1,521, d.f. = 3,  
P < 0.001). Of studies that looked at the direct impact of urban 
growth on biodiversity, 72% are from high-income countries (with 
a gross national income (GNI) per capita more than US$12,055), 
like the United States and countries in the European Union, even 
though these countries contain only around 17% of global popu-
lation. Fewer studies of direct impacts (22% of the total) are from 
urban areas in upper middle-income countries (GNI per capita 
US$3,896–12,055), which contain 34% of the global population. 
Very few studies of direct impacts (7% of the total) are in lower mid-
dle-income and low-income countries, even though these countries 
contain 49% of the world’s population. The relative lack of scientific 
studies from middle- and low-income countries is concerning, as it 
is these countries that we forecast to have the greatest urban-caused 
habitat loss.

The tendency of high-income countries to have a greater number 
of studies addressing direct urban biodiversity impacts has implica-
tions for which biomes are studied (Table 1). Temperate broadleaf 
forest is the most common biome in high-income countries, and 
48% of all scientific studies of direct urban biodiversity impact occur 
in this biome. Tropical moist forest, a biome most commonly found 
in middle- and low-income countries, is forecast to lose a similar 
amount of land to urban conversion as temperate broadleaf forests 
but only 13% of all scientific studies of direct impact occurred there. 
In contrast, urban biodiversity impacts in Mediterranean habitat are 
more frequently studied (14% of all studies) despite the relatively 
small size of this biome, primarily due to studies in high-income 
countries in Europe (Supplementary Table 2).

Moreover, the tendency of high-income countries to have a 
greater number of studies means that relatively few studies focus on 
the places where global modelling studies suggest urban growth will 

a

Urban-caused habitat loss 

(2000–2030) (km2)

0–50

50–100

100–500

500–1,000

1,000–5,000

5,000–10,000

> 10,000

Brazil Nigeria

ChinaUnited States

cb

ed

Fig. 3 | Forecast direct impacts of urban growth on habitat. a, Forecast direct natural habitat loss from urban growth (2000–2030), by country. b–e,  
The analysis was done at the pixel level, as shown for four example areas with fast urban growth: United States (b), China (c), Brazil (d), and Nigeria (e). 
Grey, urban in 2000; green, natural habitat; red, urban-caused habitat loss.
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have the greatest direct impact on biodiversity. A number of global 
analyses have compared scenarios of urban growth with biodiver-
sity data in order to define key places where biodiversity is most 
at risk2,4,46,53,61–63. For instance, McDonald and colleagues53 used spa-
tially explicit scenarios to study how urban growth to 2030 would 
cause habitat conversion, then compared this habitat loss with levels 
of vertebrate endemism. They defined 30 priority ecoregions that 
collectively contain 78% of all vertebrate endemics threatened by 
the direct effects of urban growth (Fig. 4b).

Published urban biodiversity studies, however, are generally not 
near these priority ecoregions. Of the 30 priority ecoregions, only 

three (South China–Vietnam subtropical evergreen forests; Serra 
do Mar coastal forests in Brazil; and Trans-Mexican Volcanic Belt 
pine–oak forests) have more than 10 published urban research stud-
ies within 500 km. Indeed, some priority ecoregions have no nearby 
published studies on urban impacts on biodiversity (Western Java 
rain forests, Western Java montane rain forests, Cameroonian 
Highlands forests, Mount Cameroon and Bioko montane forests) 
and are potential places where future research is needed.

Our literature review also revealed taxonomic biases in the litera-
ture on urban biodiversity impacts. Of studies that examined direct 
impacts, three out of four (74%) focused on terrestrial taxa. Of these 
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Fig. 4 | locations of research studies into urban impacts on biodiversity. a, Location of urban biodiversity studies (n = 922). A disproportionately large 
number of research studies have looked at impacts in Europe and the United States. b, Urban biodiversity study intensity, measured as the number of 
studies (direct and indirect) within 500 km. For comparison, also shown are priority ecoregions53 for urban biodiversity conservation, defined based upon 
vertebrate endemism and urban-caused natural habitat loss. These 30 priority ecoregions contain 78% of all vertebrate endemics threatened by the direct 
effects of urban growth (2000–2030).
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direct impact studies, about half (47%) are related to plants, most 
commonly focusing on trees or major plant habitat types. Birds are 
studied (19% of terrestrial studies) more than insects (8% of ter-
restrial studies), despite insect species richness far exceeding that 
of birds64 and despite recent indications that insects may be at least 
as susceptible to global change65. Studies of urban direct impacts 
on freshwater taxa constitute 20% of all urban biodiversity studies, 
most commonly focused on macroinvertebrates (32% of freshwater 
studies). Studies of marine taxa are only 7% of all urban biodiversity 
studies and examine a broad variety of focal taxa.

Indirect impacts may be growing
In comparison to direct impacts, the indirect impacts of urban 
growth, in terms of population or area, on biodiversity are relatively 
little studied. Relatively few studies (34% of the total) explicitly 
looked at indirect impacts of urban areas on biodiversity. However, 
note that studies that do not explicitly mention urban areas were not 
surveyed in our literature review. For example, studies of increased 
logging or agricultural expansion that might plausibly be related to 
urban demand but do not mention urban areas are not included in 
this total.

As with studies of direct impacts, there is a clear geographic 
and income bias of studies of indirect impacts. Studies of indirect 
impacts are most common in the United States and Europe, most 
commonly in temperate forests (47% of all studies, Table 1). Per 
capita income is positively associated with the amount of urban bio-
diversity studies of indirect impacts (χ2 = 501, d.f. = 3, P < 0.001). 
Of studies that looked at the indirect impact of urban population or 
area growth on biodiversity, 62% are from high-income countries 
(GNI per capita more than US$12,055) while 28% are from urban 
areas in upper middle-income countries (GNI per capita US$3,896–
12,055). Only 10% of studies are from lower middle-income and 
low-income countries.

Studies of indirect impacts have a few unique characteristics, 
compared with direct impacts. First, the majority of indirect stud-
ies (55%) look at freshwater systems. The directional flow of water 
through watersheds is the subject of many studies that look at the 
effect of urban water pollution on downstream freshwater ecosys-
tems66–69. The most commonly studied taxa in freshwater ecosys-
tems are macroinvertebrates (29% of all freshwater studies). Second, 
the scientific literature on indirect effects of urban areas sometimes 
explores long-distance teleconnections70,71, where the resource 
demands of urban areas can affect far away landscapes72.

The paucity of scientific studies of indirect impacts is concern-
ing, as the available global data suggest that indirect impacts may be 
even more substantial for global biodiversity than direct impacts. 
To illustrate this, consider an issue identified as key in urban foot-
print analysis: food consumption10. Studies of urban environmen-
tal footprints in US urban areas73, Vancouver74 and others75, have 
found that food consumption is one of largest components of a city’s 
environmental footprint. The Food and Agriculture Organization 
(FAO) estimates that globally there was 48.7 million km2 of agricul-
tural land (arable land, permanent crops and permanent pasture) 
in 201676. According to the UNPD, 54.4% of humans lived in urban 
areas in that year1. If we assume that per capita consumption of food 
is identical between urban and rural dwellers, then more than half 
of the world’s agricultural land, 26.5 million km2, is needed to sup-
port the food consumption of those in urban areas. This amount of 
agricultural land is 36-times greater than the estimated urban area 
in 2015 of 740,000 km2, suggesting that the area impacted by indi-
rect effects of food production for urban areas is far greater than the 
area impacted by direct effects.

However, the impact of urbanization on diet is a complex and 
multifaceted topic, and it is not reasonable to assume that per capita 
caloric consumption in urban and rural areas is identical. Economic 
development and urbanization are associated with one another, and 

both are associated with changes in patterns of work and leisure 
that lead to an increase in per capita caloric consumption77. Related 
dietary shifts from economic development and urbanization are 
associated with reduced consumption of cereals and increased con-
sumption of animal products, fats and vegetables78.

Note that the rise over time in caloric demand of urban popu-
lations does not necessarily result in agricultural expansion and 
habitat conversion. Some of the increased agricultural production 
necessitated by the growth in urban consumption may occur on 
existing cropland or rangeland, although there can still be biodi-
versity impacts from intensification79. The rest will occur on land 
newly converted to agriculture, leading to potentially considerable 
impacts on biodiversity80. It is beyond the scope of this Review to 
model the complex supply chains that supply urban areas with food, 
which vary among urban areas and countries, but it is apparent that 
urban caloric demand substantially affects agricultural land use in 
some regions81.

Future research needs
Our assessment found that urban areas have had and will continue 
to have major impacts on biodiversity, both direct and indirect, 
through to at least 2030. However, we identified two major gaps in 
the literature on urban biodiversity impacts. In this section, we dis-
cuss the implications of these research gaps for policymaking and 
suggest potential ways to close these two research gaps. A discussion 
of possible policies and conservation strategies to reduce direct and 
indirect impacts of cities on biodiversity is beyond the scope of this 
Review, but we refer readers to other works on this subject4,5,53,63,82–85.

First, our literature review shows that urban biodiversity research 
has focused on places that are different from where the most intense 
biodiversity impacts are forecast to occur, and there is a need for 
more research in middle- and low-income countries on the impacts 
of urban growth on biodiversity. One implication of this research 
gap is that a lack of data on the significance of urban biodiversity 
loss in middle- and low-income countries could lead policymakers 
to underestimate the importance of the issue. Another implication of 
this research gap is that we may lack understanding of unique types 
of urban biodiversity impacts that occur in middle- and low-income 
countries. We may lack information on socioeconomic processes, 
such as the unique role informal settlements play in urban areas in 
middle- and low-income countries. We may not fully understand 
ecological processes, such as how tropical forest biomes respond to 
urban perturbations. Finally, we may not have studied the unique 
policy and governance responses that urban areas in middle- and 
low-income countries are taking to protect their environment86.

One way to close this research gap is for institutions that set 
science priorities and allocate science funding to focus efforts on 
research on this topic. International fora that encourage scien-
tific collaboration also could play an important role. For instance, 
scientific networks like Future Earth or networks of urban areas 
like the International Council for Local Environmental Initiatives 
(ICLEI)—Local Governments for Sustainability can help connect 
researchers in the Global South with collaborators and funding 
from the Global North.

Second, our research shows the need for more studies of indirect 
impacts of urban areas on biodiversity. Only about one-third (34%) 
of the studies in our literature review focused on indirect impacts. 
Moreover, there are relatively few studies that attempt to quantify 
indirect impacts when the impacts are not simply additive (as with 
GHG emissions, where the well-mixed atmosphere and long resi-
dence time of major pollutants mean that the location of emission 
is unimportant for the magnitude of global climate change) but 
interact in complex ways (as with the way urban demand affects 
national and global commodity markets for food). Climate change 
bodies such as the United Nations Framework Convention on 
Climate Change (UNFCCC) has begun to develop standards for 
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GHG accounting, including dealing with the concept of ‘leakage’, 
where climate mitigation action in one place may increase emis-
sions elsewhere87. This type of accounting framework is needed  
for other aspects of urban indirect impacts and would allow for  
a more comprehensive picture of indirect biodiversity impacts  
to be constructed.

In order to close this research gap, increased scientific study is 
needed of the indirect impacts of urban population and area growth, 
including the further conceptual and methodological development 
of attribution accounting frameworks. Science funding agencies 
and science institutions could promote research into the indirect  
environmental impacts of urban population and area growth, 
including studies of urban land teleconnections71 and telecoupling88, 
in order to increase scientific and policy-relevant understanding of 
indirect effects.

Data availability
The datasets generated during and/or analysed during the current 
study are available from the corresponding author on reasonable 
request.
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