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Abstract: Serious concerns with accelerating global warming have been translated into urgent calls
for increasing urban densities: higher densities are associated with lower greenhouse gas emissions,
especially those related to vehicle kilometers traveled (VKT). In order to densify meaningfully in
the coming decades, cities need to make room within their existing footprints to accommodate
more people. In the absence of adequate room within their existing footprints, cities create more
room through outward expansion, typically resulting in lower overall densities. We introduce a
quantitative dimension to this process, focusing on the population added to a global stratified sample
of 200 cities between 1990 and 2014. In three-quarters of the cities we studied, the areas built before
1990 gained population and thus densified significantly. On average, however, only one-quarter of
the total population added to the 200 cities in the sample in the 1990–2014 period were accommodated
within their 1990 urban footprints, while three-quarters were accommodated within their newly built
expansion areas. That resulted in an overall decline in average urban densities during the 1990–2014
period despite the near-global, decades-old and rarely questioned consensus that urban expansion
must be contained.
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1. Background and Research Questions

Between 1950 and 2020, the world’s urban population has grown by a factor of 5.8 [1]
(file 3), while income per capita has grown by a factor of 4.4 [2]. Urban economies have
thus grown, on average, by a factor of 25 or more during this period. As cities have grown
and developed, their residents have needed more room or, more precisely, more floor space.
We observe that cities have added floor space in three ways: by building upwards, by
infilling the vacant open spaces between buildings, or by expanding outwards, and they
typically grew in all three ways together.

We can distinguish between these three ways by referring to building upwards and
infill within existing urban footprints as densification and to building outwards as expansion.
To an important extent, densification and expansion are substitutes: typically, when not
enough room can be made available to meet the demand for floor space through densi-
fication, then room is inevitably made available through expansion. Conversely, when
there are barriers to expansion, densification creates more room than it would create in
the absence of such barriers. In an ideal real estate market, households and firms can
choose whether to locate within existing urban footprints or on the urban periphery, thus
contributing to densification or expansion. Indeed, the classical models of the urban land
market, e.g., [3–5], posit a market equilibrium where households and firms settle on their
preferred combination of land and transport cost, opting for a smaller plot closer to the city
center or a larger plot further away.

City planners, environmentalists, and other advocates of the “compact city paradigm,”
e.g., [6,7], assert that the tradeoff posited in the standard model leads to “urban sprawl”,
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which has many negative externalities that are not reflected in the price of land [8–10].
This paradigm insists that it is in the public interest to densify the existing footprints of
cities while containing urban expansion, so as to attain numerous public objectives that
free market transactions fail to internalize: the preservation of natural habitats on the
periphery of cities [11–13]; the conservation of lands in prime agricultural use [14]; the
judicious management of public infrastructure networks [15,16]; the reduction in vehicle
kilometers traveled (VKT) [17,18], and the increased use of public transport [19], biking,
and walking [20], resulting in both the reduction of greenhouse gas emissions and in
improved public health, to name a few. These public concerns necessitate, in turn, the
active containment of urban expansion through strict land use and zoning regulations and
through the selective extension of infrastructure lines into the urban periphery.

Together with our colleagues, we conducted a regulatory survey in 2016 (unpublished)
in a stratified global sample of 200 cities—148 cities in less developed countries and
52 cities in more developed ones—using local informants [21]. The survey, conducted in
preparation for Habitat III, the 2016 UN conference on cities, contained three questions
about the containment of urban expansion:

1. Is containing the expansion of the city an explicit goal of the zoning and land use
plan? (yes/no)

2. Are regulations that prohibit development on specific plots in the expansion area
respected by private developers? (always/sometimes/never)

3. Are regulations that prohibit development on specific plots in the expansion area
respected by government agencies? (always/sometimes/never)

Of 194 valid responses to these questions, informants in 129 cities (66%) answered
“yes” to the first question, 101 (71%) in cities in less developed countries and 28 (53%) in
cities in more developed ones. In less developed countries, regulations that prohibited
development in expansion areas were “always” respected by private developers and
government agencies in 54% and 70% of the cities, respectively, and “sometimes” respected
by private developers and government agencies in 45% and 29% of the cities, respectively.
In more developed countries, regulations that prohibited development in expansion areas
were “always” respected by private developers and government agencies in 89% and
100% of the cities, respectively, and “sometimes” respected by private developers and
government agencies in 11% and 0% of the cities, respectively. Advocates for compact
cities would appear to have succeeded, and yet even a cursory examination of the urban
peripheries of cities would reveal that massive growth has taken place in recent years.

The primary purpose of this paper is to examine data for the 1990–2014 period with
a view to answering two knowledge gaps that are of key importance in gaining a better
understanding of the role of the compact city paradigm in guiding urban development
since 1990. This starts with understanding what densification meant on the ground and
how cities actually densified and expanded in recent decades. The first research question
we answer is:

1. What is the average share of the population added to cities during the 1990–2014
period that was accommodated within their 1990 urban footprints versus the share
added to their 1990–2014 expansion areas, and how did it affect the overall change in
urban densities?

It is also vital to understand whether the densification of the 1990 footprints of cities
took place the easy way—through the saturation of the remaining vacant lands within
existing urban footprints with new buildings, a process that must eventually end—or the
hard way, through adding floors to existing buildings, replacing them with bigger, taller
ones, or reducing dwelling unit size and floor area per person, a process that is more
difficult. The second research question we answer is:

2. What share of the overall increase in population density within 1990 urban footprints
can be explained by the saturation of vacant lands with buildings and what share by
the increase in density in built-up areas?
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Answers to these questions are important because urban planners and policy makers
who adhere to the compact city paradigm continue to hope that it will eventually be suc-
cessful. These actors and the cities they serve will benefit from more realistic expectations
and goals for densification as a means of accommodating urban population growth. The
development of gridded population products that allow for intraurban population esti-
mates over time at a high spatial resolution [22–25] provide valuable insights that can guide
our understanding of how cities across the world have densified and expanded in recent
decades. While studies have mapped the spatial extent of cities using satellite imagery and
measured their populations and densities to estimate their average values or average rates
of change, these studies typically compare aggregate or average values for the city as a
whole at each time period [26–29]. Few studies examine the decomposition of the added
population across the city into change within the city boundary at an earlier date versus
change within the expansion area at a later date. Beyond isolated examples that focus on a
single city, the authors are aware of only one study that addresses this question globally,
published less than a year from the time of this manuscript’s writing [30]. Surprisingly,
our analysis arrives at different conclusions. We explore potential explanations for the
divergent findings in the discussion section. We are not aware of any study that examines
our second research question. Comparing population increase attributed to infill within
the city footprint at an earlier date and expansion areas at later dates follows a tradition
exemplified by [31] and adopted by others such as [32,33].

The evidence in this paper demonstrates that only a relatively small share of the
urban population was accommodated within existing urban footprints, but also shows
that densification did take place in some cities. As urban planners, we might not be
able to contain urban expansion, but we may be able to chart a more effective evidence-
based course of action to increase the share of the urban population that is accommodated
within existing urban footprints, slowing down urban expansion rather than seeking to
contain it. This reality check is now sorely needed in light of urgent calls to make cities more
compact so as to mitigate global warming while, at the same time, keeping them productive
and affordable.

The remainder of the paper is structured as follows: Section 2 introduces the global
sample of cities and explains the methodology for measuring change in cities’ popu-
lations, densities, and associated metrics; Section 3 presents a typology of cities based
on their densification and expansion characteristics and illustrates this typology with
four city case studies; Section 4 reviews the findings for the global sample of 200 cities;
Section 5 discusses the implications of these findings, and the limitations of the study.
Section 6 concludes with an exposition of the making room paradigm, the central policy
implication of the findings.

2. Methodology and Data Sources

To answer the questions that are central to this paper, we required comparable mea-
surements of cities’ footprints in at least three points in time; measurements of cities’
population at each of those time periods; fine-grained population data that would allow us
to determine how many new residents settled in expansion areas versus core areas; and a
set of cities to study that could provide externally valid statistics on global urban growth.

2.1. The Global Sample of Cities

The authors have previously identified the universe of all 4231 cities and metropolitan
areas that had 100,000 people or more in 2010. A random sample of 200 cities, stratified
by three characteristics, was drawn from this universe (see Figure 1). The identification of
the universe of cities and the method of selecting and weighting the sample is explained
in detail in the Atlas of Urban Expansion, Volume I [34] (pp. 9–20) and will not be
repeated here.
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Figure 1. The stratified global sample of 200 cities selected from the universe of cities.

2.2. Mapping Changes in the Urban Extents of Cities

To map the land area of cities, we devised a comparable and spatially derived unit
of analysis named the urban extent. The urban extent of a city contains both its built-
up area and its urbanized open space. Its built-up area contains residential, industrial,
commercial, office and civic buildings, as well as roads, rail lines and rail yards, ports, and
airports. Its urbanized open space contains public parks and gardens, private parks and
gardens, cemeteries, and vacant lands. To calculate the urban extent, we analyzed Landsat
imagery to extract information for built-up areas, open spaces, and water. We segmented
built-up pixels into two broad classes: urban and rural, based on the number of built-up
pixels in a 1 km2 neighborhood around a pixel. Urban built-up pixels are those whose
1 km2 neighborhoods are at least 25 percent built-up. The labels urban and rural are used
somewhat loosely as they refer to generalized patterns of built-up area concentration as
opposed to an official definition. We segmented open space pixels into three categories:
fringe, captured, and rural open space, based on their distance to urban built-up pixels
or whether they are completely surrounded by urban built-up pixels. Fringe open space
pixels—those within 100 m of urban built-up pixels and captured open space pixels—those
completely surrounded by urban built-up pixels and less than 200 hectares in combined
area, comprise urbanized open space. The rules and rationale for the subclassification of
built-up and open space pixels are described in [35,36].

Urban built-up pixels and their urbanized open space comprise urban clusters. For a
given analysis area, we identified all urban clusters; there could be as few as one or several
hundred. We then applied an “inclusion rule” to determine which urban clusters would be
unioned into the same urban extent. The inclusion rule creates a catchment area around
individual urban clusters based on the amount of built-up area within them. Clusters with
overlapping catchment areas were unioned and labeled with the name associated with the
principal urban cluster. This mapping exercise was repeated at three time periods: circa
1990, circa 2000, and circa 2014. A discussion of the inclusion rule and its application is
described in [35] (pp. 12–14). For the present analysis, we rely on data for circa 1990 and
circa 2014 only. Superimposing the two urban extents of a city over each other, we created
maps that show (1) their 1990 footprint: the area built until 1990, and (2) their expansion
area: the area added between 1990 and 2014 (Figure 2).
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Figure 2. The classification of circa 1990 Landsat imagery of Addis Ababa, Ethiopia, into built-up
(gray), open (light brown) and water pixels (blue), top left; the determination of its circa 1990 urban
clusters showing the built-up area (dark red) and the urbanized open space (light green) within it, top
right; identifying its “urban extent” circa 1990 using an inclusion rule, bottom left; and superimposing
its urban extents for circa 1990 and circa 2014 on each other, bottom right.

2.3. Population Data Sources

The urban extent is a morphological measure of a city at a given point in time and
does not correspond to census enumeration districts. To calculate the population of a city’s
urban extent, we collected input population data on a city-by-city basis to identify the most
reliable data sources with the smallest spatial resolution. It includes a mixture of census
data, city ward data, and data collected by local experts. We then used an apportionment
procedure to distribute the populations of individual enumeration districts that completely
encompassed the urban extent. The population of an enumeration district was divided
equally among all built-up pixels within that district. The population of the urban extent
was then calculated as the total population of the built-up pixels within the urban extent.
The apportionment method and data sources applied in the Atlas of Urban Expansion are
described in [35] (p. 14–16).

Calculating the total population of the expansion area often required data of a more
granular nature. In recent years, a number of research projects have attempted to estimate
the distribution of the global population using statistical models and remote sensing data.
This includes intraurban population distributions that can be used to estimate the share of
the total population in different areas of cities, such as the expansion area and the core. We
selected the WorldPop 1 km gridded population product as it offers high methodological
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rigor [37]. We continued to use our own estimates of the populations of urban extents as
the basis for our zonal population estimates. More precisely, we overlaid the WorldPop
grid on the two zones (1990 footprint, 1990–2014 expansion area), converted the zonal totals
into shares, and multiplied them by our own estimate of the population in 2000 or 2014 to
obtain new population estimates for the expansion area in 2000 or the two expansion areas
at 2014 (Figure 3).
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2.4. Defining Urban Density, Saturation and Built-Up Area Density
2.4.1. Urban Density

We define urban density as the average population density in a given zone (or in a
city as a whole), ignoring internal variations in density. We can represent it as a ratio of the
total population of the city and the urban extent of the city, the area it occupies:

Urban density = Population ÷ Urban Extent. (1)

Equation (1) tells us that, other things being equal, urban density in that city will
increase when the population of the city increases and decline when the urban extent of
the city expands. More generally, urban density will increase if the rate of increase in
population is higher than the rate of expansion of its urban extent. Urban density is a gross
density in the sense that its denominator is the entire area of a zone or a city inclusive of
all its land uses (the urban extent). It does not have an a priori upper or lower limit. In
the global sample of cities in 2014, for example, urban density varied from a maximum of
372 persons per hectare in Dhaka, Bangladesh, to a minimum of seven persons per hectare
in Killeen, TX, United States.
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2.4.2. Saturation

The urban extent of a city consists of both open spaces and built-up areas. The urban
extent can be more or less saturated by its built-up areas. Saturation is defined as the ratio
of the built-up area of a zone (or a city) and its extent:

Saturation = Built-up Area ÷ Urban Extent. (2)

Saturation varies from 0 to 1. It is closer to 0 when the share of urbanized open space
in the city is high in comparison to the share of its built-up area; it is closer to 1 when the
share of urbanized open space in the city is low in comparison to the share of its built-up
area. In the global sample of cities in 2014, for example, saturation varied from a maximum
of 0.84 in Osaka, Japan, to a minimum of 0.48 in Kozhikode, India.

2.4.3. Built-Up Area Density

The inhabitants of a given city or zone typically reside in built-up areas and not
urbanized open spaces (people tend to live in buildings). One expression of population
density is the built-up area density of a zone or a city. Built-up area density is defined as the
average population density in the built-up area of a given zone, exclusive of its urbanized
open space. This can be represented as a ratio of the total population and the total built-up
area within the zone:

Built-up Area Density = Population ÷ Built-up Area. (3)

Like urban density, built-up area density does not have an a priori upper or lower
limit, but it is always higher than urban density because its denominator, the built-up
area, is always smaller than the city’s urban extent. In the global sample of cities in 2014,
for example, built-up area density varied from a maximum of 552 persons per hectare in
Dhaka, Bangladesh, to a minimum of 13 persons per hectare in Killeen, TX, United States.

The reader can ascertain that urban density is the arithmetic product of saturation and
built-up area density because:

Built-up Area Density × Saturation = (Population ÷ Built-
up Area) × (Built-up Area ÷ Urban Extent) = Population ÷

Urban Extent = Urban density.
(4)

As urban density is a product of saturation and built-up area density, we can represent
it as a rectangle on the XY-plane, where its value on the X-axis for a given zone—say,
the 1990 footprint of a given city—corresponds to its saturation, its value on the Y-axis
corresponds to its built-up area density, and the area of the rectangle corresponds to its
urban density value (see Figure 4).

The Atlas of Urban Expansion furnished data for the 200 cities in the global sample of
cities on urban density, saturation, and built-up area density for their urban extents in 1990
and 2014. With the inclusion of WorldPop data, we have calculated those values for their
1990–2014 expansion areas as well (see Figure 2 for further clarification on these areas).
This has made it possible to provide reliable quantitative answers to important questions
pertaining to their densification, saturation, and expansion during this period. We use this
information to report on two sets of findings:

1. The average share of the population added to cities between 1990 and 2014 that was
accommodated through the densification of their 1990 footprints versus the average
share accommodated in their expansion areas, the area added to cities between 1990
and 2014 in the global sample of cities; and

2. Initial values and changes in urban density, saturation and built-up area density
within the 1990 urban footprint of cities, and their impact on the change in average
urban density in cities as a whole during the 1990–2014 period.
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Figure 4. Urban density in the 1990 footprint of Hyderabad, India, in 1990 (180 people per hectare)
represented as the area of the grey rectangle, where its X-axis value equals the zone’s saturation (~0.6)
and its Y-axis value equals the zone’s built-up area density (310 p/ha). The thick-outline rectangle
represents its urban density in 2014 (200 people per hectare), when in built-up area density declined
to 220 p/ha while its saturation increased to 0.9.

3. Findings: A Typology of Cities for Studying Densification and Expansion

To analyze densification and expansion in cities, we can consider two distinct zones:
their 1990 urban footprints—the areas of cities built and inhabited before 1990—and
their expansion areas, areas built and inhabited, or absorbed into the city, over the
1990–2014 period (Figure 2 illustrates these zones). By looking at the changes in pop-
ulation, built-up area density, urban extent density, and saturation in these zones over the
1990–2014 period, we can assess whether cities’ 1990 footprints densified, and if so, how.

There are several possible scenarios: the city as a whole may have gained (or lost)
population during this period. The 1990 footprint may have gained (or lost) a share of
that population gain (or loss). Note that the area of the 1990 urban extent did not change
at all between 1990 and 2014, only its population changed. According to Equation (1),
if its population grew, its urban density increased. This increase in urban density was
accompanied either by an increase in saturation, an increase in built-up area density, or by
an increase in both. This suggests that cities may fall into different categories pertaining to
the densification of their 1990 urban footprints and that cities in some categories may be
more amenable to overall densification than others. The classification of the 200 cities in
the global sample into these categories is summarized in Figure 5.
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Figure 5. The classification of the 200 cities in the global sample into discrete categories pertaining to the densification of
their 1990 urban footprint.

First, we differentiated the global sample of 200 cities into two categories, those that
gained population during the 1990–2014 period and those that lost population. There are
194 cities (97% of the total) in the first category and six (3%) in the second category. In all
six cities that lost population, their 1990 urban footprints lost population as well and thus
de-densified: their urban densities declined.

Second, we differentiated the 194 cities that gained population during the 1990–2014
period into two categories: those where the 1990 urban footprint gained population and
those that it lost population. A total of 144 cities (72% of the total) are in the first category
and 50 (25%) are in the second category. In all 50 cities that lost population in their 1990
footprint, their footprints de-densified: their urban density declined. In these cities, the
expansion area accommodated all the gain in population in the city as a whole, while
some of the population of the 1990 urban footprint shifted to the expansion area as well.
In the remaining 144 cities, the 1990 urban footprint benefited from the overall increase
in city population and accommodated a share of that population. Given that the 1990
footprints of cities remained the same in 2014—namely, they did not change in area—and
given that in these 144 cities the population within the 1990 footprint increased, all of these
cities—almost three-quarters of the global sample of cities—experienced the “densification”
of their 1990 footprints.

The densification of the 1990 urban footprint of cities could occur in two different ways:
(1) accompanied by an increase in built-up area density; or (2) accompanied by a decrease
in built-up area density. We refer to densification accompanied by an increase in built-up
area density as “hard densification” and to densification that entails a decline in built-up
area density as “soft densification”. “Hard densification” can be accompanied by either
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an increase or a decrease in saturation, while “soft densification” is always accompanied
by an increase in saturation. A decrease in saturation is extremely rare, as it requires
clearance of built-up areas—typically through war, civil war, or natural disaster—and their
transformation into urbanized open space.

We thus further differentiated the 144 cities in the global sample where 1990 urban
footprints underwent “densification” into two categories: those cities where built-up area
density increased (“hard densification”) and those where it declined (“soft densification”).
There were 72 cities (36% of the total) in the first category and 72 cities (36%) in the
second one.

To review, the 200 cities in the global sample can be divided into four discrete and
exclusive categories with regard to densification:

• Category 1: six cities with population loss during the 1990–2014 period;
• Category 2: 50 cities with population gain that lost population within their

1990 footprints;
• Category 3: 72 cities with population gain within their 1990 footprint accompanied by

decreased built-up area density within that footprint (“soft densification”); and
• Category 4: 72 cities with population gain within their 1990 footprint accompanied by

increased built-up area density within that footprint (“hard densification”).

A map of these cities is shown in Figure 6. The reader can ascertain that cities in these
four categories are not unique to particular world regions, except that five of the six cities
in the global sample that lost population (Category 1) are concentrated in Eastern Europe.
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Figure 6. Map showing the geographic distribution of cities in the four exclusive categories identified in Figures 6–9:
cities that lost population (white), 50 cities with population gain that lost population within their 1990 footprint (yellow),
72 cities with “saturation only” densification of their 1990 footprint (red), and 72 cities with “hard densification” of their
1990 footprint (orange).

In the following sections, we elaborate on some of the characteristics and attributes of
these four categories by focusing on four cities:

3.1. Category 1: Cities that Lost Population—The Case of Dzerzhinsk, Russian Federation

The U.N. Population Division estimates that, of the 1860 cities and metropolitan areas
that had populations of 300,000 or more in 2018, 4.5% lost population between 1990 and
2015, and 4.2% are expected to lose population between 2020 and 2035 [1] (file 12). Between
1990 and 2014, the urban population in the Russian Federation, for example, declined
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from 108.3 to 106.3 million as cities lost population to out-migration and to low birth rates
(estimated from [1], file 3). One of the cities that lost population was Dzerzhinsk (Figure 6).
During the 1990–2014 period, the population of Dzerzhinzk decreased by 41,000 people, its
1990 footprint lost 65,000, and its expansion area gained 24,000. Urban density within the
1990 footprint of Dzerzhinsk decreased from 39 to 29 persons per hectare. Saturation within
its 1990 footprint increased as construction on vacant lands continued, while built-up area
density decreased from 69 to 40 persons per hectare (at −2.2% per annum) as people left.
Urban density in Dzerzhinsk as a whole declined from 39 to 27 persons per hectare (at
−1.6% per annum) during this period.

In the two graphs on the left of Figure 7, saturation is shown on the X-axis, varying
from 0 to 1, and built-up area density is shown in persons per hectare on the Y-axis, varying
from 0 to 320 p/ha. In the graph on the left, we see urban density within its 1990 footprint
in 1990 (dark grey rectangle) and in 2014 (thick border rectangle). The changing shape
of the urban density rectangle tells us that built-up area density decreased during this
period (from 70 to 40 p/ha), while saturation increased (from 0.6 to 0.7). In the graph on
the right, we see urban density in its expansion area (light grey rectangle) and in the city as
a whole (double line border rectangle) in 2014. The smaller size of the light grey rectangle,
in comparison with the dark grey one on the left, tells us that overall urban density in the
new expansion areas was lower than that of the 1990 urban footprint. The lower height of
the light grey triangle tells us that it was smaller because of lower built-up area density,
and not because of lower saturation levels. The double-line border rectangle tells us that
overall urban density in the city in 2014 was lower than that 1990 (dark grey rectangle on
left) because of lower built-up area density, not because of lower saturation.
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Figure 7. Average urban density within the 1990 footprint of Dzerzhinsk, Russian Federation, declined from 39 persons per
hectare in 1990 (black outline) to 29 p/ha 2014 (purple). The lower average urban density of 13 p/ha in its expansion area
(red) in 2014 reduced the overall urban density in the city to 27 p/ha by that year.

3.2. Category 2: Cities That Gained in Population but Lost Population within Their 1990
Footprints—The Case of Berlin, Germany

Of the 194 cities in the sample that gained in population, 50 cities lost population
within their 1990 urban footprints while their expansion areas accommodated 100 percent
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of their added populations. We note that this group of cities had the same share of cities
in more developed countries as the sample of cities as a whole: loss of population in 1990
footprints is not a feature that is unique to cities in more developed countries.

Since all of these cities lost population within their 1990 footprints between 1990 and
2014, urban density within these footprints declined in all of them. Interestingly enough
though, this decline in all cities but one in this group was brought about by the decline in
built-up area density within these footprints, accompanied by an increase in saturation.
If we assume that the amount of residential floorspace within their 1990 footprints did
not decline, we could conclude that housing became more spacious as the same amount
of floorspace accommodated fewer people. It is more likely however, that residential
floorspace did decline as more room was made for non-residential land uses such as offices,
hotels, commercial areas, and cultural amenities.

Berlin, Germany, is a typical city in this group (Figure 8). During the 1990–2014 period,
the population of Berlin increased by 600,000 people: its 1990 footprint lost 800,000, and
its expansion area gained 1.4 million. Like 38 out of the 50 cities in this group, as its
1990 footprint lost population, its urban density declined. In the case of Berlin, it declined
from 72 to 55 persons per hectare by 2014. The decline was mostly explained by a decline
in built-up area density, because saturation within the 1990 footprint increased during
this period. Built-up area density declined from 130 to 80 persons per hectare, while
saturation increased from 0.6 to 0.7 as vacant lands were filled in. At the same time,
the urban periphery of Berlin was built at a considerably lower built-up area density
(50 p/ha) and at a lower saturation as well (0.5), both translating into lower urban density
in the expansion areas of the city (22 p/ha). The decline in urban density both within the
1990 footprint and in the expansion area of Berlin resulted in a lower overall urban density
in the city as a whole (35 p/ha) by 2014.
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The large majority of cities in this group followed the same pattern as that of Berlin,
but not all of them. Twelve cities in this group followed a slightly different pattern: their
expansion areas were built at a higher built-up area density than that of their 1990 footprints.
Theories of the urban land market—such as those propounded by [3–5]—expect density
to decline with distance from the city center. In Ahvaz, Iran, for example, built-up area
density within its 1990 footprint declined from 100 to 70 p/ha between 1990 and 2014,
while built-up area density within its newly built expansion areas averaged 130 p/ha in
2014. Still, because saturation levels on the new urban periphery were low (0.4), overall
urban density in these areas in 2014 was still lower than urban density within the 1990
footprint, resulting in the decline in urban density in the city as a whole, from 71 p/ha
in 1990 to 62 p/ha by 2014. This pattern was common to 11 out of the 12 cities in this
category. The only exception was Singapore. As its 1990 footprint lost population during
the 1990–2014 period, urban density within its 1990 footprint declined, like all cities in
this group. However, its new expansion areas were built at a higher built-up area density
and at a higher level of saturation, with the astonishing result that the urban density in
the expansion area of the city in 2014 was more than double the urban density within its
1990 footprint in that year (219 p/ha vs. 82 p/ha). As a result, overall urban density in
Singapore increased from 90 to 121 p/ha, at the average rate of 1.2% per annum.

3.3. Category 3: Cities that Experienced “Soft Densification” within Their 1990 Footprints—The
Case of Hyderabad, India

Of the 144 cities that added population to their 1990 footprints during the 1990–2014
period, 72 cities (50%) experienced “soft densification”: they gained in population and thus
increased urban density within their 1990 urban footprints, while built-up area densities
within these footprints declined. A simple way to understand this is to consider that the
added population was largely accommodated by new construction on vacant lands within
the 1990 footprint. This new construction increased the saturation of the 1990 footprint
with built-up areas but was mostly inhabited at a lower built-up area density. In addition,
built-up area density in the existing housing stock may have declined as well, either due
to the gentrification of older neighborhoods or to the change in use from residential to
non-residential. The overall result within the 1990 footprint was a decrease in built-up area
density with a simultaneous increase in population, which was compensated for by an
increase in saturation, leading to an increase in urban density.

Hyderabad, India, is a typical city in this group (Figure 9). During the 1990–2014
period, the population of Hyderabad increased by 3.7 million people, its 1990 footprint
gained 400,000, and its expansion area gained 3.3 million. As a result, the urban density
within the 1990 footprint—the ratio of its population to its total area—increased, from 180
to 200 persons per hectare. It densified, but as it turned out, most of the new construction
during the 1990–2014 period did not densify its built-up areas but saturated its vacant
areas and urbanized open spaces. Hyderabad’s saturation of its 1990 footprint increased
from 0.7 to 0.9 while its built-up area density declined from 310 p/ha in 1990 to 220 in
2014. By 2014, since its saturation level was already 0.9, not many vacant lands and open
spaces remained available for further “soft densification”. If further densification is to
take place in Hyderabad’s 1990 footprint in the coming years, it will have to involve
“hard densification”.
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Figure 9. Average urban density within the 1990 footprint of Hyderabad, India, increased from 180 persons per hectare in
1990 (yellow) to 200 p/ha 2014 (purple). The lower average urban density of 64 p/ha in its expansion area (red) in 2014
decreased the overall urban density in the city to 104 p/ha by that year.

Changes in urban density, saturation, and built-up area density within the 1990
footprints of most cities in the “saturation only” group were similar to those of Hyderabad,
but there were some exceptions. Ndola, Zambia, for example, was one of six cities where
built-up area density in their expansion areas was higher, not lower, in 2014. This type
of urban expansion holds the promise of increased overall urban density on the urban
periphery in the coming years, as the outer residential areas in the city increase in saturation.
For now, because of the high built-up area density in its expansion area, overall urban
density in Ndola declined only mildly between 1990 and 2014, from 59 to 57 p/ha. Overall
urban density in six cities in this group increased during the 1990–2014 period, albeit only
minimally. Los Angeles, United States, was one of those cities. During the 1990–2014
period, its overall urban density increased from 25 to 26 p/ha.

3.4. Category 4: Cities that Experienced "Hard Densification” within Their 1990 Footprints: The
Case of Marrakesh, Morocco

Marrakesh, Morocco, is one of the cities that experienced “hard densification” of its
1990 footprint during the 1990–2014 period (Figure 10). During the 1990–2014 period, the
population of Marrakesh increased by 400,000 people: its 1990 footprint gained 260,000
and its expansion area gained 140,000. During this period, urban density within its 1990
footprint increased from 72 to 122 persons per hectare, its saturation increased from 0.7 to
0.9, and its built-up area density increased from 90 to 130 p/ha. Still, overall urban density
in Marrakesh declined from 72 to 54 persons per hectare. In the 72 cities of this group as a
whole, overall urban density declined at 0.1 ± 0.5% per annum—a rate not significantly
different from zero. In other words, overall urban density did not increase significantly,
even in the presence of “hard densification” within 1990 urban footprints. Decomposing
this average, we found that urban density did increase in 39 cities (54% of the cities in the
group) during the 1990–2014 period, and in the cities that it did increase, it increased at an
average rate of 1.2 ± 0.5%per annum.
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Figure 10. Average urban density within the 1990 footprint of Marrakesh, Morocco, increased from 72 persons per hectare
in 1990 (yellow) to 122 p/ha 2014 (puruple). The lower average urban density of 15 p/ha in its expansion area (red) in 2014
decreased the overall urban density in the city to 54 p/ha by that year.

To conclude, differentiating cities into these categories makes it clear that the densi-
fication of the existing urban footprints of cities does not have a universal meaning but
varies depending on the conditions prevailing in the city. Cities that are losing population
or, for that matter, cities that are losing population in their urban cores cannot be expected
to densify. The particular pattern of densification vs. expansion in a city should guide
effective interventions that will make it possible for a given city to effectively confront
climate change while remaining productive, inclusive, and sustainable. The next section
elaborates on key metrics that differentiate these four categories of cities from one another,
making it possible for us to better understand variations among cities when it comes to
densification and expansion.

4. Densification and Expansion, 1990–2014: An Overview

We can now begin to answer the questions posed in the introduction by rephrasing
them to reflect the division of cities into the four categories introduced in Section 3. In the
presentation of data for each question we report estimates for both the global sample and
for each of the four categories. We also report the values for ten cities in different world
regions to provide specific examples that are representative of each of the categories.

4.1. What Is the Average Share of the Population Added to Cities during the 1990–2014 Period
That Was Accommodated within Their 1990 Urban Footprints versus the Share Added to Their
1990–2014 Expansion Areas?

The key finding, shown in Table 1 below, is that in the global sample of 200 cities as a
whole, the share of the population added to cities during the 1990–2014 period that was
accommodated within their 1990 footprint was 23%, while the share accommodated in
the expansion areas—the areas built and settled between 1990 and 2014—was 77%. These
percentages varied from 0% and 100% in the six cities that lost population or in the 50 cities
that lost population within their 1990 footprints—to 40% and 60% in cities that increased
built-up area density within their 1990 footprints. In no category did the densification of
the 1990 footprints of cities absorb half or more of the added populations.
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Table 1. The shares of the population added to cities of different categories that were accommodated within their 1990 footprints and their 1990–2014 expansion areas; their annual rates of
change; and their effect on urban density in cities as a whole.

Category/City

City Gain/Loss in Population 1990–2014 Change in Urban Density in City as a
Whole (p/ha)

Population Gain
1990–2014

Within 1990 Footprint Within Expansion Area 1990–2014

Population
Share of Gain

Percent Share
of Gain

Population Share
of Gain

Percent Share
of Gain 1990 2014 Annual %

Change

200 cities in the Global Sample of
Cities (Average) 1,811,656 539,171 23 ± 3 1,272,485 77 ± 3 98 67 −1.4 ± 0.3

6 Cities with Population Loss
between 1990 and 2014 (Average) −41,266 −65,330 0 ± 0 24,064 100 ± 0 56 36 −1.9 ± 0.6

Dzerzhinsk, Russian
Federation −41,499 −55,712 0 14,213 100 39 27 −1.6

50 Cities with Population Loss
within 1990 Footprint (Average) 600,849 −117,654 0 ± 0 718,502 100 ± 0 132 61 −3.0 ± 0.6

Berlin, Germany 611,638 −775,092 0 1,386,730 100 72 35 −3.0
Ahvaz, Iran 480,250 −24,389 0 504,639 100 71 62 −0.5
Singapore, Singapore 2,385,249 −252,294 0 2,637,543 100 90 121 1.2

72 Cities with Decreased Built-up
Area Density within 1990 Footprint
(“saturation only”) (Average)

1,616,340 404,183 22 ± 3 1,212,157 78 ± 3 92 60 −1.5 ± 0.3

Hyderabad, India 3,702,695 419,983 11 3,282,712 89 180 104 −2.3
Ndola, Zambia 167,843 30,386 18 137,457 82 59 57 −0.2
Los Angeles, USA 2,783,678 1,685,193 61 1,098,484 39 25 26 0.1

72 Cities with Increased Built-up
Area Density within 1990 Footprint
(“hard densification”) (Average)

3,002,222 1,180,663 40 ± 3 1,821,558 60 ± 3 84 80 −0.1 ± 0.5

Marrakesh, Morocco 398,838 257,553 65 141,285 35 72 54 −1.2
Bogotá, Colombia 3,362,989 2,501,964 74 861,024 26 138 196 1.5
Shenzhen, China 10,489,344 3,042,465 29 7,446,879 71 33 105 4.8
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4.2. How Did Those Respective Shares Affect the Change in Average Urban Density in Cities as a
Whole during the 1990–2014 Period in Different Categories of Cities?

Table 1 also shows that despite the increase in urban density within 1990 footprints in
almost three-quarters (144 cities) of the sample, this increase was not sufficient to increase
overall urban densities. The average urban density in cities as a whole declined in all
cities except in the category of cities that increased built-up area density within their 1990
footprints as well, and even in this category the change in overall urban density in cities
as a whole, −0.1 ± 0.5%, was not significantly different than zero. That did not mean
that urban density did not increase in individual cities in the sample. In three out of the
ten city-specific examples it increased substantially: in Singapore from 90 to 121 persons
per hectare, in Bogotá from 138 to 196 persons per hectare, and in Shenzhen from 33 to
105 persons per hectare. It also increased slightly in Los Angeles, from 25 to 26 persons per
hectare. In the global sample of 200 cities, the average urban density in the city as a whole
increased between 1990 and 2014 in 43 cities, and 39 of these cities were among those that
increased their built-up area density in their 1990 footprints. Singapore was the only city
in the global sample that increased its urban density while losing population within its
1990 footprint.

One possible explanation as to why the densification of the 1990 urban footprint in
the majority of cities in the sample did not lead to an overall increase in urban density in
the cities as a whole comes from one of the basic findings in urban economic geography:
density typically declines regularly with distance from a city’s center. This was first noted
by [38] who showed that densities decline at a negative exponential rate with distance
from the city center. Theoretical explanations of this pattern were provided by [3–5], that
showed that land prices—and hence residential densities that are, in essence, market
responses to land prices—can be expected to decline with distance from city centers. Since
urban expansion takes place on the periphery of established urban footprints, it necessarily
takes place at greater distances from city centers than these established urban footprints.
We should hypothesize, therefore, that urban density in the expansion areas of cities
built during the 1990–2014 period will be significantly lower than urban density in their
1990 footprints. The same should be true of built-up area density, which is a market
response to lower land prices on the urban periphery. Saturation is hypothesized to
be lower in expansion areas as well because the peripheries of cities—even their near
peripheries—constitute a vast land market and only select plots in this market get built
upon initially, while the remaining plots get built upon over a longer time period. If only
plots that were directly adjacent to existing built-up areas were allowed to develop, their
owners would have monopolistic power. For the land market on the urban periphery to
function properly, supply must be adequate to allow competition to determine land prices.

4.3. By 2014, Were There Significant Differences in Urban Density, Saturation, and Built-Up Area
Density between the 1990 Urban Footprints of Cities and Their Expansion Areas in Different
Categories of Cities?

Table 2 compares the three key metrics introduced in this paper—urban density,
saturation, and built-up area density—for the year 2014 in the 1990 footprints and the
1990–2014 expansion areas of cities in the seven categories introduced earlier.
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Table 2. Differences in density metrics between the 1990 footprints of cities and their expansion areas in 2014.

Category/City

Change during 1990–2014 Period within 1990 Footprint

Urban Density (p/ha) Saturation Built-Up Area Density (p/ha)

1990 2014 Annual %
Change 1990 2014 Annual %

Change 1990 2014 Annual %
Change

200 cities in the Global Sample
of Cities (Average) 98 117 0.8 ± 0.3 0.61 0.82 1.3 ± 0.1 168 138 −0.5 ± 0.3

6 Cities with Population Loss
between 1990 and 2014
(Average)

56 43 −1.2 ± 0.6 0.61 0.74 0.8 ± 0.5 91 58 −1.9 ± 0.9

Dzerzhinsk, Russian
Federation 39 29 −1.2 0.57 0.73 1.1 69 40 −2.2

50 Cities with Population Loss
within 1990 Footprint
(Average)

132 100 −1.0 ± 0.4 0.59 0.82 1.4 ± 0.2 244 123 −2.4 ± 0.5

Berlin, Germany 72 55 −1.1 0.55 0.77 1.4 22 19 −0.5
Ahvaz, Iran 71 68 −0.1 0.72 0.83 0.6 177 123 −1.5
Singapore, Singapore 90 82 −0.4 0.53 0.57 0.3 171 144 −0.7

72 Cities with Decreased
Built-up Area Density within
1990 Footprint (“soft
densification”) (Average)

92 109 0.6 ± 0.1 0.60 0.83 1.4 ± 0.2 159 127 −0.8 ± 0.2

Hyderabad, India 180 200 0.4 0.58 0.89 1.8 308 224 −1.3
Ndola, Zambia 59 66 0.4 0.51 0.72 1.5 117 92 −1.0
Los Angeles, USA 25 29 0.5 0.72 0.84 0.6 35 34 −0.1

72 Cities with Increased
Built-up Area Density within
1990 Footprint (“hard
densification”) (Average)

84 142 2.3 0.63 0.83 1.2 ± 0.1 130 167 1.1 ± 0.4

Marrakesh, Morocco 72 122 2.2 0.74 0.90 0.8 97 135 1.4
Bogotá, Colombia 138 216 1.9 0.77 0.86 0.5 181 252 1.4
Shenzhen, China 33 253 8.5 0.73 0.93 1.0 45 273 7.5
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A cursory look at the table largely confirms the hypotheses introduced in the preceding
paragraphs: in 2014, all three metrics were significantly lower in the expansion areas of
cities in all four categories. In fact, urban density in the expansion areas of cities in 2014
was less than half its average value in their 1990 footprints in all categories of cities, and
there was no significant difference in this value among categories. That said, we note again
that Singapore is an exception: urban density in its expansion area was more than double
that of its 1990 footprint: 219 vs. 82 persons per hectare. Singapore was the only city in the
global sample where saturation was higher in its expansion area in 2014 than in its 1990
footprint in that year: 0.94 vs. 0.57. In general, however, saturation was more than 40%
lower in the expansion areas of cities and—except in cities that lost population— there was
no significant difference in this value among categories as well. Interestingly, differences in
built-up area densities did not show as regular a pattern as urban density and saturation.
2014 values for 1990 footprints and for expansion areas were not significantly different in
cities that lost population and they were higher in Dzerzhinsk, the one city representing
this category in the table. They were also higher in Ahvaz, Iran (133 persons per hectare
in 2014 in its expansion area compared to 83 persons per hectare in its 1990 footprint in
that year), in Singapore (232 vs. 144 persons per hectare), in Ndola (127 vs. 92 persons per
hectare), and in Bogotá (262 vs. 252 persons per hectare). Still, despite these important
outliers, built-up area density in the periphery of cities in the global sample of cities as a
whole was 27 ± 3% lower in expansion areas—in line with the traditional theory of urban
spatial structure—and that pattern persisted in all categories except in in the category of
cities that lost population were the difference was not statistically significant due to the
small number of cities in this category.

4.4. What Share of the Overall Increase in Population Density within 1990 Urban Footprints in
Different Categories of Cities by 2014 Can Be Explained by the Saturation of Vacant Lands with
Buildings and What Share by the Increase in Built-Up Area Densities?

Table 3 summarizes the changes in the three metrics within the 1990 footprint of cities
during the 1990–2014 period in the sample as a whole and in the four discrete categories of
cities. The average urban density within 1990 footprints for the sample as a whole increased
from 98 to 117 persons per hectare, an annual increase of 0.8%; it decreased, of course,
in the 56 cities where the 1990 footprint lost population. Interestingly, in the remaining
144 cities, it increased below the global average, at 0.6% per annum, in cities that densified
only by saturating their 1990 footprint and above average, at 1.5% per annum, in cities that
increased their built-up area density as well.

Saturation increased within 1990 footprints in all categories of cities, even those that
lost population within these footprints during the 1990–2014 period. For the sample as a
whole, it increased from 0.61 to 0.82, and, except in cities that lost population during this
period, the increase in saturation in all other categories was not significantly different from
that average. In two of the ten representative cities—Marrakesh and Shenzhen—saturation
levels by 2014 were 0.90 and above, suggesting that there will be little or no room for further
densification through saturation within the 1990 footprints of these cities in the coming
years. If any further densification is to take place within these footprints, it will have to
be through increasing built-up area densities within their 1990 footprints or through the
further saturation of their 1990–2014 expansion areas.
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Table 3. Average annual rates of change between 1990 and 2014 in Urban Density, Saturation, and Built-up Area Density within the 1990 footprints of cities and in Urban Density in the city
as a whole in the seven categories of cities.

Category/City

Differences in Density Metrics between 1990 Footprints and Expansion Areas in 2014

Urban Density (p/ha) Saturation Built-Up Area Density (p/ha)

1990 Footprint Expansion
Area

Difference
(%)

1990
Footprint

Expansion
Area

Difference
(%)

1990
Footprint

Expansion
Area

Difference
(%)

200 cities in the Global Sample
of Cities (Average) 98 117 0.8 ± 0.3 0.61 0.82 1.3 ± 0.1 168 138 −0.5 ± 0.3

6 Cities with Population Loss
between 1990 and 2014
(Average)

56 43 −1.2 ± 0.6 0.61 0.74 0.8 ± 0.5 91 58 −1.9 ± 0.9

Dzerzhinsk, Russian
Federation 39 29 −1.2 0.57 0.73 1.1 69 40 −2.2

50 Cities with Population Loss
within 1990 Footprint
(Average)

132 100 −1.0 ± 0.4 0.59 0.82 1.4 ± 0.2 244 123 −2.4 ± 0.5

Berlin, Germany 72 55 −1.1 0.55 0.77 1.4 22 19 −0.5
Ahvaz, Iran 71 68 −0.1 0.72 0.83 0.6 177 123 −1.5
Singapore, Singapore 90 82 −0.4 0.53 0.57 0.3 171 144 −0.7

72 Cities with Decreased
Built-up Area Density within
1990 Footprint (“soft
densification”) (Average)

92 109 0.6 ± 0.1 0.60 0.83 1.4 ± 0.2 159 127 −0.8 ± 0.2

Hyderabad, India 180 200 0.4 0.58 0.89 1.8 308 224 −1.3
Ndola, Zambia 59 66 0.4 0.51 0.72 1.5 117 92 −1.0
Los Angeles, USA 25 29 0.5 0.72 0.84 0.6 35 34 −0.1

72 Cities with Increased
Built-up Area Density within
1990 Footprint (“hard
densification”) (Average)

84 142 2.3 0.63 0.83 1.2 ± 0.1 130 167 1.1 ± 0.4

Marrakesh, Morocco 72 122 2.2 0.74 0.90 0.8 97 135 1.4
Bogotá, Colombia 138 216 1.9 0.77 0.86 0.5 181 252 1.4
Shenzhen, China 33 253 8.5 0.73 0.93 1.0 45 273 7.5
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Finally, the change in built-up area density in the different categories of cities presents
a more complex picture. In the sample as a whole, built-up area density within the 1990
footprints of cities declined slightly, though significantly, at the rate of 0.5% per annum
during the 1990–2014 period. The decline was more pronounced, 1.9% per annum, in
cities that lost population within their 1990 footprints, and even steeper in the 50 cities that
gained population overall but lost population within their 1990 footprints: 2.4% per annum.
In the 72 cities that densified their 1990 footprint through saturation only, built-up area
density declined at 0.8% per annum, while it increased at 1.1% per annum in the category
of cities that increased their built-up area density. Indeed, when we look at four discrete
categories of cities, that latter category is the only category where built-up area density
within the 1990 footprints of cities increased. As a consequence, this is the only category of
cities where the overall urban density in cities as a whole, summarized in Table 1 above,
did not decline during the 1990–2014 period.

4.5. Summary of Findings

We can summarize this section by reviewing the responses to the four questions we
posed in the previous paragraphs for the global of sample of cities as a whole:

1. The average share of the population added to the 200 cities in the global sample during
the 1990–2014 period that was accommodated within their 1990 urban footprints was
23 ± 3% versus 77 ± 3% that was added to their 1990–2014 expansion areas.

2. As a result, the average urban density in cities as a whole declined at the rate of
1.4 ± 0.3% per annum during the 1990–2014 period.

3. By 2014, the average urban density in the expansion areas of cities in the global sample
was 59 ± 4% lower than urban density within their 1990 footprints; saturation was
44 ± 2% lower; and built-up area density was 27 ± 5% lower.

4. Of the 144 cities in the global sample that increased urban density within their 1990
footprints, 72 cities increased it through an increase in saturation accompanied by a
significant decline in built-up area density (at the rate of −0.8 ± 0.2% per annum),
while 72 cities increased it through significant increases in both saturation and built-up
area density. Overall, however, the densification of 1990 footprints failed to increase
the average urban density of cities as a whole. The latter declined significantly in the
first category, and it did not change significantly in the second category.

5. Discussion
5.1. Social Implications of the Study

The most important finding to emerge from this study was that the densification of
existing urban footprints was not able to accommodate more than one-quarter of the popu-
lation added to these cities between 1990 and 2014. Even in the one-third of the cities that
experienced “hard densification” of their 1990 cores, less than half of the added population
was added to their 1990 cores. In all classes of city, the population accommodated through
the densification of the existing urban footprint was smaller than the share accommodated
by new expansion areas on the periphery of cities.

The implication for planning practice is clear: with the absence of a major disruption to
the pattern of urban development (and thus far not even a global pandemic and economic
collapse has proven to be such a disruption), it behooves urban planners and policy makers
to prepare adequately for both the densification and expansion of their cities, making
room for the densification of existing urban footprints and making adequate room for their
orderly expansion.

The stakes are high. When inadequate room is made available—either through densi-
fication or through expansion—then floor space supply bottlenecks will emerge. This is
likely to reduce both productivity and housing affordability, rendering cities less produc-
tive and less affordable, and exacerbating inequality [39]. This has broad macroeconomic
implications as well: the failure to make room within American cities, for example, is
estimated to have lowered aggregate U.S. growth by 36% from 1964 to 2009 [40].
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Advocates of the compact city have successfully advocated for limits on urban expan-
sion, but until recently have done little to remove regulatory obstacles to the densification
of existing urban footprints.

As a result, forced densification through the explicit containment of urban expansion—
by greenbelts, as in Seoul, Korea or in English cities, by urban growth boundaries, as in
Portland, Oregon, or by environmental restrictions as in California—has inevitably been
associated with declines in housing affordability (for Seoul, see [41]; for English cities,
see [42]; for Portland, see [43]; and for California, see [44]). In most places enforcing
containment in one way or another, making room through urban expansion was restricted,
while making room through densification was not correspondingly eased, creating floor
space supply bottlenecks. When room for housing is in short supply, for example, it is likely
to be captured by the better off, while requiring the rest to allocate too large a share of their
incomes to house themselves or to resort to sub-standard housing arrangements of one kind
or another. In short, to make adequate room for both housing and the productive needs of
urban populations, something has to give. The more successful we are at making room
through densification, the lower the pressure for making room through urban expansion.

In developing countries, regulatory barriers to densification may even have accelerated
urban expansion—which is typically less constrained and less regulated—rendering cities
less compact and thus less able to mitigate the effects of climate change [45]. At the same
time, such barriers to densification make housing within the existing footprints of cities—in
more desirable locations with better access to jobs, schools, markets, public services and
amenities—less affordable, forcing both firms and people out and into locations beyond the
urban periphery, where both commercial and residential land, while further away, is more
affordable, but where transport costs, the time spent in travel—and hence greenhouse gas
emissions as well—are higher [46].

The evidence from this paper provides initial guidance for cities seeking to set attain-
able densification goals. Ideally, this should be the first step in a comprehensive strategy
for making room for their coordinated densification. One such comprehensive strategy,
named the anatomy of density, is laid out along with an effective measurement program
for monitoring its progress in two related papers [47,48]. Such a strategy must be accompa-
nied by the careful monitoring of affordability and related metrics in order to ensure that
densification goals do not compromise other social imperatives.

5.2. Responding to Opposing Claims on Changes in the Spatial Distribution of Population, and
Density, in Cities

The findings in this paper challenge those of a recent OECD report that claimed the
average population density of cities has increased over time and that half of the added
population in cities over time occurred within original city boundaries [30]. Further
examination of the report’s claims pointed to differences in the definition of the city area,
measurement approaches, input data, and timescales as probable explanations for why our
two analyses arrived at different conclusions.

The OECD’s analysis is based on the Global Human Settlements Layer (GHSL) a data
platform produced by the European Commission’s Joint Research Center, in conjunction
with its Directorate General for Regional and Urban Policy [49]. Its underlying data layers
include global grids of built-up area and population, corresponding to four cross-sectional
time points, or epochs: 1975, 1990, 2000, and 2015. For a given epoch, GHSL character-
izes human settlements by applying a methodology named the degree of urbanization
(DEGURBA) that combines information from the built-up and population layers. Using
rules based on population density, contiguity, and population size, DEGURBA assigns
cells to different settlement categories [50]. For example, if a cell has population density of
at least 1500 persons per km2 (over the entire cell) or is at least 50 percent built-up, and
if it is contiguous to other such cells where the combined population of cells is at least
50,000 inhabitants, then this cell is an “urban center” cell and it belongs to a set of cells
named an urban center entity, synonymous with a city. Applying these rules to the entire
world, the GHSL team produced a 2015 Urban Centre Database (UCDB), a tabular file of
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13,135 urban center entities with associated metrics, as well as an urban center polygon
file [51].

Urban center entities, calculated in 1975 and 2015, underlie the OECD’s claims. It
would be unreasonable to inspect each observation in the UCDB for completeness, but it
is possible to conduct a quality control check by observing population densities in urban
center entities. For this check we focused on built-up area density, because it controls for
the different approaches to open space and water taken by the DEGURBA methodology
and our analysis, when they determine city boundaries. We know that population density
varies substantially across regions and income categories, but we also know there are upper
limits that urban population density rarely exceeds. In our own work, the highest built-up
density we encountered was 552 persons per hectare in Dhaka, Bangladesh in 2015 (this
is around 18 square meters of built-up area per person, a density that is very high when
considering that this includes streets, roads, parking lots, and government, commercial and
industrial buildings as well as private residences). It is not unlikely that observations in
the UCDB would contain higher densities than the highest values we observed in our own
sample, but it is concerning that more than one third of the UCDB falls into this category.
Even if we raise Dhaka’s density by 50%, to 828 persons per hectare, we find that that 30%
of all observations in the UCDB exceed this value in 2015.

The GHSL framework apportions the populations of census polygons to grid cells
in proportion to the built-up area in those grid cells [52]. Provided there is a low built-up
threshold for apportionment—a cell needs to be only three percent built-up in order to
receive a population [53] (p. 19)—we can begin to explain why built-up area densities in
1 km2 urban center cells, or average built-up area density for urban center entities, may
be extremely high. In short, population takes precedence over built-up area in the GHSL
workflow with respect to the identification of urban center cells, and by extension, urban
center entities.

Our own experiences documenting spatial and population changes in cities make us
particularly concerned for the accuracy of historical data in the OECD report. While there
are established methods for assessing the accuracy of remotely sensed land cover, there is
no analogous practice for the population apportioned to individual cells, when the cell size
is smaller than the input polygons. We already have concerns about the accuracy of GHSL
built up areas, given the share of urban center entities with unusually high built-up area
densities. We have even greater concern for the inherent reliability issues with spatially
referenced population data for the entire world for the 1975 epoch. Sporadic census data in
many countries, varying population zone sizes over time, georeferencing errors of paper
maps, and interpolation or extrapolation of population counts over long periods of time
may all affect the reliability of population apportionment in significant ways.

In summary, there are several explanations that can help us understand why our
findings contradict those published in a recent OECD report. First, the analyses rely on
different timescales: our study period extends backward to 1990, the OECD to 1975. This
introduces both comparability and data quality concerns. Second, the analyses focus on
different underlying populations: our study uses sampling theory to estimate average
values for all cities with populations over 100,000 while the OECD report attempts to
measure all cities with populations over 50,000. This more than doubles the number of
cities in the OECD report. Third, our definition of cities places greater emphasis on built-up
area contiguity while the degree of urbanization places greater emphasis on the populations
of 1 km cells and a population threshold of 1500 persons per square kilometer. This resulted
in different spatial definitions of cities. Fourth, our sample-based study allowed us to
assemble and verify city data on a case-by-case basis, allowing us to address errors and
improve data whenever possible. Due to the global nature and size the GHSL dataset,
this type of review was not possible in the OECD analysis. While this brief review of data
and methods does not settle our dispute with the OECD findings in a definitive manner,
we hope it draws attention to the analytical considerations that are required to render
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judgement on questions about global changes in density and the spatial distribution of
population over time.

5.3. Limitations of the Study

Our study, although breaking new ground and addressing new questions that have
clear and serious policy implications, was limited in a number of ways.

First, while the analytical framework of our study was relatively straightforward,
we acknowledge uncertainty in the underlying data on which we base our calculations.
An accuracy assessment of our Landsat classifications for the circa 2014 time period was
positive and revealed virtually identical average overall accuracy when compared to
the GHSL circa 2014 built-up dataset, using the same reference data [54]. Classification
accuracies were not perfect, however, and we observed variation in overall, built-up, and
open space accuracy across cities. This may have downstream effects on the calculation
of cities’ urban extent. In theory, this may bias the delineation of the 1990 and 2014 urban
extent boundaries, which may in turn bias calculations based on these areas. It was not
possible to assess circa 1990 classification accuracy for the global sample of cities owing to
a lack of contemporaneous reference data. Uncertainty in the gridded population data may
also affect the calculation of shares of added population attributed to core and expansion
areas. Uncertainty arises when the spatial resolution of input population data is greater
than the destination grid cell resolution. Unfortunately, we know relatively little about the
accuracy of gridded population data. Beyond variation in input population zone sizes, the
quality of the covariates used to model and distribute population to grid cells (including
built-up area), will affect the quality of cell population estimates at a given point in time.
We strongly doubt that uncertainty in the land cover data or population data would be large
enough to alter the average finding for the 200-city sample. Nevertheless, we recognize
that the findings for individual cities require careful interpretation.

Second, we have chosen a specific time frame—a 24-year period beginning circa 1990
and ending circa 2014—for analyzing the data and drawing our conclusions. This 24-year
period roughly corresponds to the period during which the compact city paradigm has
become the governing paradigm for planning cities the world over. It is also a reasonable
time frame for the long-term planning of cities. Still, choosing a time period with a
specific length raises the question of whether the length of the study period affects the
results. Clearly, if the time period was exceptionally long, say over 100 years, we can
clearly expect most, if not all, of the added population of a city to be accommodated in its
expansion areas. In the year 1800, Paris, France, had an area of 11.7 km2 and a population of
581,000 [55]. In 2014, that area accommodated 294,000—losing half its population—while
the city expanded to an area of 2778 km2 and its population grew to 11.1 million (calculated
using [55] and [22]). By 2014, the expansion area of Paris during the 214 years since
1800 accommodated 100 percent of its added population. This is not surprising. The
interesting question is whether a shorter time period than 24 years will affect the shares
of the added population accommodating by existing footprints versus expansion areas.
We remind the reader that the share of the added population during the 1990–2014 period
accommodated in the expansion areas of cities in the global sample averaged 77 ± 3%.
Using similar data, for the 1990–2000 and the 2000–2014 period, we found that share to be
76 ± 4% for the 10-year period 1990–2000 and 63 ± 4% for the 14-year period 2000–2014.
We cannot therefore ascertain with any degree of confidence that our results would differ
substantially if we focused on a shorter time period, say 10 years.

Third, our study falls short of explaining the variation in these shares among cities,
even among cities in the global sample. What accounts for the decline in city populations
or for the decline in the populations of their 1990 footprints? Or, more generally, what
accounts for the variations in the population growth rate within the 1990 footprints of
cities? In cities that experienced an increase, not a decline, in the population within their
1990 footprints, we can ask what accounts for the share of the added population that was
accommodated within their 1990 footprints? Unfortunately, there is no established theory
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that can provide the expected answers to these questions. We need to use common sense
to generate some speculative hypotheses that can then be tested with the limited data we
have for the global sample of 200 cities. We have left our preliminary investigations of
these questions for further study.

Finally, we noted that most cities in the global sample of cities adopted the compact
city paradigm in their plans. Yet, as we have shown, they have generally failed to densify
meaningfully during the study period. Why? Unfortunately, the information necessary to
answer this question is not yet available, and we are unable to shed light on it. There is no
doubt, however, that this is an important question that merits serious study.

6. Conclusions: The Making Room Paradigm

The limited success of cities around the world in accommodating population growth
through densification makes it clear that this will not be easy or simple to do. The existing
fabric of cities resists radical change. That is why those making room for urban growth—
whether the demand for more room is powered by population pressure or by economic
pressure—find it easier to do so in vacant lands on the urban periphery rather than within
the existing fabric of cities, where regulations are typically stricter, where land is more costly,
where infrastructure may already be stressed, and where neighbors are better organized
and better able to resist change. That said, we must also acknowledge that overcoming
resistance to the radical change involved in densification is not impossible, but it requires
strong organization and strong political will. Recent successes in Minneapolis [56,57] and
in Oregon [58] demonstrate that this is not impossible, but repeated failures in California
show that it is by no means certain [59,60].

Regardless of the prospects for densification, the data clearly show that cities also must
make room for their orderly expansion. As we proposed at the outset, making room for
densification and making room for expansion work hand in hand. They are at the core of
the making room paradigm, a paradigm that must accompany the compact city paradigm
if it is to perform better in meeting its expectations. When inadequate room is provided for
densification—especially in the rapidly growing cities in less-developed countries—then
only making room through orderly urban expansion can keep cities productive, affordable—
and hence more inclusive—and sustainable, all of which are important public objectives.
Alternatively, when not enough room can be provided through urban expansion—say,
because of topographical constraints, then actively making room through orderly densifica-
tion can make up for it, keeping cities productive, inclusive, and sustainable. The issue
is one of balance rather than one of binary choice. It is worth contemplating the fact that
only five cities out of 200 in this study accommodated more than 70 percent of their added
populations within their 1990 footprints: Auckland, New Zealand (76%), Belo Horizonte,
Brazil (75%), Bogotá, Colombia (74%), Pokhara, Nepal (74%), and Baghdad (72%). Yes,
densification may be preferable, but perfect densification—one that completely puts an
end to the need for expansion—may not be attainable. We know of no contemporary city
where that has even been approximated (even Singapore, an island city state, relies on land
reclamation to accommodate a portion of its growth).

The new making room paradigm, accounting for both densification and orderly urban
expansion, commits the public sector to preparing the ground for the production and
consumption decisions of households and firms, acting through both formal and informal
land and housing markets. These actors must be able to build enough floor space for
cities to thrive, keeping commercial and residential land affordable and greenhouse gas
emissions at bay.

Making room for densification requires the public sector to create a level playing
field for firms and households, removing the built-in difficulties in recycling land and
structures in built-up areas, adjusting regulations, removing fiscal and financial incentives
that discourage densification, and upgrading infrastructure, so as to allow for adequate
and more than adequate increases in floor space within the existing footprints of cities.
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Making room for orderly urban expansion—a subject on which the authors have
already elaborated in numerous publications (see, for example, [28,54,61])—requires the
public sector to take minimal actions to prepare the rural periphery of growing cities for
urban development by taking four actions: (1) estimating the amount of land required
for development during the next three decades and identifying potential expansion areas;
(2) protecting areas of environmental risk as well as a hierarchy of public open spaces
from development; (3) laying out and securing the rights-of-way for a future arterial
infrastructure grid that can carry public transport throughout the projected expansion
area; and (4) fostering the proper subdivision of lands—to rectangular or near-rectangular
plots, where possible—by all suppliers of commercial and residential lands, with special
attention given to informal housing developers, so as to prevent rural lands converted to
residential use from becoming and remaining “slums”, and facilitating their transformation
into regular residential neighborhoods. These four basic actions are the foundation of a
comprehensive strategy for making room for urban expansion.

Making room through orderly urban expansion requires the public sector to actively
engage with development on the urban periphery, but such engagement is unlikely to take
place as long as advocates for the compact city paradigm keep pressing for containment,
choosing to look away from disorderly urban expansion—as though waiting for it to
magically disappear—instead of seeking to manage urban expansion properly.

In decades past, the pursuit of compactness has led city leaders to largely neglect
both aspects of the making room paradigm. The focus on containment typically neglected
direct cities to make adequate room for their densification, leaving them no choice but
to expand [35]. Worse yet, the disengagement of those favoring containment from the
expansion agenda—by refusing to lend a hand to planning them properly—typically
resulted in disorderly expansion: the invasion of areas of high environmental risk that
should have been kept free of development; contiguous urban development with the
absence of a hierarchy of public open spaces; a dearth of arterial roads in expansion areas
that can carry public transport and link people to jobs; inadequate land devoted to streets
and civic buildings; city blocks that were too large to facilitate walking; and subdivisions
that were improperly laid out and difficult to service, making it difficult to transform them
into regular urban neighborhoods [62].

The data presented in this paper highlight the fallacy of that approach, provides
some initial explanations of why and how densification occurs, presents strategies for how
to manage urban growth, and offers a new tool, the making room paradigm, to put the
efforts of urban planners and city leaders on a more empirical, sustainable, inclusive, and
reality-based footing—one that seeks to welcome all future and current urban residents
and to empower city governments to lead the way in shaping their future cities.
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