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Research Paper 

Global trends and local variations in land take per person 

Mengmeng Li a,*, Peter H. Verburg a,b, Jasper van Vliet a 

a Institute for Environmental Studies, VU University Amsterdam, De Boelelaan 1085, 1081 HV Amsterdam, The Netherlands 
b Swiss Federal Research Institute WSL, Zürcherstrasse 111, CH-8903 Birmensdorf, Switzerland   

H I G H L I G H T S  

• We attribute new built-up land to changes in density and changes in population for 75,102 regions worldwide. 
• Between 37.5% and 49.6% of all built-up land expansion is related to density decrease. 
• We find most densification in large cities and in the Global South. 
• Densification of large cities leads to a polarization effect, with increasingly sparser rural areas. 
• We argue for a critical scrutiny of urban densification policies beyond land take only.  

A R T I C L E  I N F O   
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A B S T R A C T   

Globally, urban areas are growing at a faster rate than their population, potentially reducing environmental 
sustainability due to undesirable land take in (semi)natural and agricultural lands. However, it is unclear to what 
extent this trend varies locally, which may hamper the formulation and implementation of local-scale policies in 
the context of the global competition for land. Here, we attribute built-up land change to population dynamics 
and changes in land take per person, for >75,000 administrative regions worldwide, typically representing 
municipalities or counties. Results show that changes in land take per person, expressed as the area of built-up 
land per capita, relate to 38.3%, 49.6%, and 37.5% of the total increase in built-up land during the periods 
1975–1990, 1990–2000, and 2000–2015, respectively, but with large local variations. Interestingly, we find that 
centres of large cities densify in all three periods, while their rural areas show an opposite development, sug-
gesting an urban polarization effect. We also find densification in many regions in the Global South that already 
have a high population density, leading to potential trade-offs in terms of human wellbeing. Therefore, our work 
provides novel insights into the debate on sustainable urban development at a global scale.   

1. Introduction 

Built-up land covers only a small fraction of the global land area 
(Klotz et al., 2016; Liu et al., 2014), and it has thus far received little 
attention in the context of the global competition for land (Lambin and 
Meyfroidt, 2011). However, in recent years, built-up land is expanding 
about as fast as agricultural land, suggesting the need to consider this 
process in more detail at a global level (van Vliet, 2019). Since human 
settlements are often surrounded by fertile cropland, built-up land 
expansion has taken place predominantly at the expense of croplands, 
and this process is expected to continue in the near future (Bren 
d’Amour et al., 2017; van Vliet et al., 2017). Studies also show that 
unless we change our lifestyle drastically, increases in human 

population and especially increases in wealth will stimulate the demand 
for both food and housing over the next decades (Gao and O’Neill, 2020; 
Laroche et al., 2020). However, in contrast with agricultural land (Foley 
et al., 2011; Zabel et al., 2019), the intensity with which built-up land is 
used, measured by the amount of people per area of built-up land, has 
decreased continuously in recent decades, and this trend is expected to 
continue in the coming decades (Angel et al., 2011; Gao and O’Neill, 
2020). 

The observed increase in land take per person is exhibited in multiple 
ways, including urban sprawl in the United States (Barrington-Leigh and 
Millard-Ball, 2015), peri-urbanization in Europe (Shaw et al., 2020), and 
rural hollowing fuelled by industrialization in China (Fan et al., 2020; 
Liu et al., 2010; Long et al., 2009). These processes have led to rapid 
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built-up land expansion in recent decades, globally, despite a decrease in 
population growth (Angel et al., 2011; Seto et al., 2011). Conversely, at 
smaller scales, there are also some reports on densification in urban 
centres (Broitman and Koomen, 2020; Chen et al., 2020). The devel-
opment of higher densities in urban centres and lower densities in their 
surrounding regions can be partially explained by the classic land-rent 
theories (Alonso, 1964; Park, 2014). These theories explain how areas 
close to the city centre, assumed to contain the central business district, 
are more attractive. As a result, population increases will lead to 
densification in the city centre. Consistently, the same increase in pop-
ulation makes the locations at the edge of a city also sufficiently 
attractive for built-up land expansion. As land prices are relatively low 
here, these can be constructed with a low density. This expansion pro-
cess is further amplified by the decrease in transportation costs, which 
has been associated with urban sprawl and suburbanization in different 
locations across the world (Anas et al., 1998; Colsaet et al., 2018). 

Dynamics in land take per person are represented in SDG target 11.3, 
which aims at achieving a rate of increase in built-up land that does not 
exceed the rate of increase in population. To restrict land take, i.e., the 
conversion of agricultural, forest, and other (semi-)natural lands into 
built-up area, many local and regional policies are introduced and 
implemented to promote high-density urban development, often indi-
cated with terms like compact cities and smart cities (Batty et al., 2012; 
Tappert et al., 2018). Plan Melbourne 2017–2050, for instance, highlights 
the priority to facilitate high-density residential development in the 
coming decades (Nethercote, 2019). Similarly, a recent review identi-
fied six EU-level spatial strategies, which are designated to guide urban 
development towards compact cities, and ultimately promoting urban 
sustainability (Cortinovis et al., 2019). 

In the context of the global trend that built-up land increases faster 
than the population, there is a need to better understand built-up land 
change trajectories, in order to identify leverage points to reduce the 
global competition for land (Abson et al., 2017). Urban expansion has 
been investigated for a few large cities and metropolitan areas (e.g. 
Schneider and Mertes (2014), Seto and Fragkias (2005), and Xu et al. 
(2019)), as well as on a global scale (e.g. Angel et al. (2011), Gao and 
O’Neill (2020), Hu et al. (2021), and Xu et al. (2020)). Yet, it is not clear 
to what extent countries and major world regions follow this global 
trend, or whether there is any difference between different cities, their 
peripheries, and relatively rural regions, which could potentially be 
related to land-rent theories. Moreover, the importance of small and 
medium-sized settlements are increasingly apparent in the context of 
global built-up land expansion (Chai and Seto, 2019; Li et al., 2019), 
suggesting the need for a comprehensive analysis of built-up land dy-
namics covering the full range of human settlements, i.e., from hinter-
lands to metropolises. 

In this study, we analyse for the first time to what extent built-up 
land change is related to population change and to what extent it is 
related to changes in the area of built-up land per capita, for 75,102 
populated regions worldwide, typically reflecting municipalities or 
counties. Subsequently, we analyse whether large city centres, small and 
medium city centres, their affiliated peripheral regions, and other re-
gions follow different trends. Finally, we discuss the implications of 
these trajectories for sustainable urbanization from a global perspective. 

2. Materials and methods 

2.1. Conceptualization 

In this study we attribute the expansion of built-up land to changes in 
population and changes in land take per person for 75,102 regions, 
globally, similar to the conceptualization applied previously at a 
regional scale (van Vliet et al., 2019). Land take per person can be 
interpreted as a measure for land-use intensity. Land-use intensity of 
built-up land, sometimes also referred to as density (we use both terms 
interchangeably in this paper), has been operationalized in different 

ways (Dovey and Pafka, 2013; McFarlane, 2016). In this study, we 
operationalize land-use intensity as population per unit built-up land, 
which is similar to the interpretation of agricultural land-use intensity 
expressed as production per unit agricultural land area (Kuemmerle 
et al., 2013). The inverse of population per unit built-up land, i.e., built- 
up land area per capita (BPC), is used in our calculations. An increase in 
BPC thus indicates a decrease in the intensity with which built-up land is 
used, and vice-versa. 

For this study we attribute changes in built-up land to changes in 
population and changes in BPC, following equations (1) and (2), 
respectively. These equations ensure that the products of the change in 
population and the change in BPC are equal to the change in built-up 
land. For example, an increase in built up land of 10% and an increase 
in BPC of 20% will lead to an increase in built-up land of 32%, as 110% 
× 120% = 132%. 

APOP = (A1 − A0) × (ln
POP1

POP0
)/(ln

A1

A0
) (1)  

ABPC = (A1 − A0) × (ln
BPC1

BPC0
)/(ln

A1

A0
) (2)  

where APOP is the change of built-up land attributed to population 
change, and ABPC is the change of built-up land attributed to BPC 
change. A , POP , and BPC with numerical subscripts 0 and 1 indicate the 
built-up area, population, and the area of built-up land per capita, at the 
beginning and end of a period, respectively. For APOP and ABPC , negative 
values denote the area of built-up land that can be potentially saved as a 
result of population decrease or BPC decrease (i.e., urban densification 
or urban intensification). Changes in built-up land can also be attributed 
to changes in population in different ways. Therefore, we test sensitivity 
of different attributions choices by using three alternatives for equations 
(1) and (2), as explained in the Supplementary Methods. 

Built-up land changes due to changes in either population or BPC are 
calculated for each of the 75,102 administrative units, and these results 
are further aggregated for larger-scale representations, in which only net 
changes in their affiliated regions are accounted when we report per-
centage of built-up land change due to either population change or BPC 
change. 

2.2. Datasets 

We use the Global Human Settlement Layer (GHSL, https://ghsl.jrc. 
ec.europa.eu/) as the source for built-up land as well as population, and 
combine these to calculate BPC. GHSL is a suite of global gridded data 
sets of the human presence from 1975 to 2015, which is originally 
derived from 30-m Landsat satellite image collections. It provides 
consistent data on both built-up land and population, i.e., GHS-BUILT 
and GHS-POP (Ehrlich et al., 2018; Schiavina et al., 2019). These 
GHSL layers are available at various spatial resolutions: approximately 
38 m (GHS-BUILT), 250 m (GHS-BUILT and GHS-POP), and 1 km (all the 
layers in the package), for the years 1975, 1990, 2000, and 2015. In this 
study, we use the GHS-BUILT and GHS-POP at the 1 km resolution for 
the three epochs between 1975 and 2015, where the built-up land for 
the year 2014 is combined with the population data for the year 2015 
and used together to represent the situation in 2015. 

We included 75,102 regions in this analysis, together covering all 
populated land, globally. The regions represent administrative regions 
and are taken from the subnational divisions provided in GADM-3.6 
(https://gadm.org/). GADM contains multiple levels of subdivision, 
ranging from level 0 (country) to level 5 (smallest unit). Not all levels are 
available for all countries, and similar levels in different countries do not 
always represent comparable spatial units in terms of area or popula-
tion. We selected subdivisions that typically represent municipalities or 
counties, because these are the regions at which spatial plans and pol-
icies are often implemented and because these regions often correspond 
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with what is perceived a city or a town. Specifically, we used level-2 
units as our unit for analysis, unless the average population of level-2 
regions in a country exceeded 200,000 inhabitants in the year 2015, 
in which case we used level-3 subdivisions instead. In all cases, when 
subdivisions at specific levels were not available, we used the smallest 
available subdivision. We excluded countries/regions of which sub-
divisions are only available at level-0, because they are predominantly 
remote islands with little or no population (see Supplementary 
Table S1). Regions where no built-up land/population exists in the year 
2015 were also excluded, as these are of little relevance for this study. 

2.3. Analysis of built-up land change trajectories 

For each period, we categorize regions into one of nine trajectories of 
built-up land change, shown in Fig. 1. To that effect, we first calculate 
the built-up land and population for all regions included, and subse-
quently calculate annual changes for both for the periods 1975–1990, 
1990–2000, and 2000–2015. Changes are calculated on an annual basis, 
to facilitate comparison between periods of different length, and are 
expressed as a percentage of the start year of each period (see Eq. (3) and 

Eq. (4)). Second, the thresholds between change and no change cate-
gories for both variables are determined using a histogram-based 
approach. Specifically, we calculate Annual Growth Rates (AGRs) of 
population and BPC during the three periods and identify one-third of 
the total samples for all the three time periods combined, centred on the 
no-change value. Additionally, to facilitate interpretation, we applied 
the same threshold for both variables to identify the nine change tra-
jectories. Following this process, we identified this threshold as ±1.00% 
per year changes in population and changes in BPC. In other words, only 
increases of >1% or less than − 1% in these variables are indicated as 
growth and decline, respectively. 

AGRPOP =

((
POPend

POPstart

)1
n

− 1
)

× 100% (3)  

AGRBPC =

((
BPCend

BPCstart

)1
n

− 1
)

× 100% (4) 

In these equations POPstart and BPCstart are the population and BPC in 
the beginning of the time period, POPend and BPCend are the population 

Fig. 1. Graphical representation of different built-up land change trajectories as a function of changes in population and changes in built-up land area per capita 
(BPC). (a) Population decline: a decrease in population in combination with an increase in BPC; (b) Expansion: a stable population in combination with an increase in 
BPC, leading to an increase in total built-up land; (c) Sprawl growth: an increase in population in combination with an increase in BPC, thus representing a decrease 
in land-use intensity; (d) Proportional decline: a decrease in population in combination with a stable BPC; (e) Persistence: no substantial change in either population 
or BPC; (f) Proportional growth: an increase in population in combination with a stable BPC; (g) Shrinkage: a decrease in population in combination with a decrease 
in BPC; (h) Stable densification: a stable population in combination with a decrease in BPC; (i) Growth densification: an increase in population in combination with a 
decrease in BPC, denoting densification. 
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and BPC in the end of the time period, and n is the number of years in 
between. 

For each of the nine trajectories, we summarize population and built- 
up land area in the starting year, as well as population change and built- 
up land area change in the corresponding period, as the sum and mean of 
all regions characterized by that trajectory. Subsequently, we analyse 
whether each of these classes is statistically different from the complete 
set of all classes combined in terms of their population and built-up land 
in the starting year and the changes in both for each study period. These 
differences were assessed using the two-tailed student’s t-test. 

2.4. Analysis of built-up land change for different types of regions 

For the analysis of change trajectories, we further subdivided all 
regions into five classes based on their population size and their vicinity 
to populated places. This subdivision yielded five groups: 1) large city 
centres, 2) large city peripheries, 3) small and medium city centres, 4) small 
and medium city peripheries, and 5) other regions. To categorize regions 
accordingly, we obtained data on population numbers from Natural 
Earth (https://www.naturalearthdata.com/). These data are point data 
representing the inhabitants of the metropolitan areas of cities (see 
Supplementary Figure S1 for their geographical distribution), and are 
independent from the regions and population data used in the rest of our 
analysis. We use these point data because we are interested in the 
structure of cities, and this allows to differentiate between urban centres 
and their peripheries. In addition, the variation in size of administrative 
regions used in this study constrains the identification of cities by pop-
ulation based on these regions strictly. 

All regions that include a point (city) of >2 M inhabitants were 
classified as large city centres, all regions that include a point (city) of <2 
M but >0.3 M were classified as small and medium city centres. Accord-
ingly, their affiliated peripheral regions identified by GADM cross-level 
relationship are classified as large city peripheries, and small and medium 
city peripheries (see Fig. 2). The remaining regions, typically representing 
more rural counterparts, are classified as other regions. We select these 
threshold values to identify cities that are of global importance due to 
their size (>2 M) and regional to national importance (>0.3 M). We used 
population thresholds rather than other classifications of urban areas 
such as governmental functions (national and provincial capitals) or 
economic importance (“world cities”), because urbanization, one of the 
important processes underlying the expansion of built-up land, is pri-
marily a demographic process and thus depending on population 
numbers. Hence, city sizes are directly relevant for studying the land-use 
impacts of urbanization. The same thresholds have been used previously 
in other global studies of urban development (see, for example, Güner-
alp et al. (2020)). It is argued that previous studies have overwhelmingly 

focused on cities, but a large amount of (new) built-up land is found in 
smaller towns and villages (Li et al., 2019), we therefore used a subdi-
vision that allows contrasting developments in cities of different sizes 
versus developments in less populated places. Previous studies have 
relied on the (demographic) indication of urban versus rural regions 
(Ehrlich et al., 2021; Wang et al., 2015). However, this subdivision is 
rather arbitrary and not consistently applied between countries (East-
erlin et al., 2011; Lattes et al., 2017). Moreover, indications have 
changed over time as a result of new classification. Therefore, we rely on 
the number of inhabitants instead. In addition, recent literature has 
highlighted the importance of land-use dynamics in peripheral regions 
versus core cities (Broitman and Koomen, 2020; Shaw et al., 2020). 
These regions, including commuter towns and peri-urban areas for 
example, increasingly act as overflow areas of city centres that cannot 
grow themselves, and are therefore included them as separate categories 
together with other regions (Chi and Marcouiller, 2013; Salem et al., 
2020). 

For different types of regions, we summarize population and built-up 
land area in the starting year, as well as population change and built-up 
land area change in the corresponding period, as the sum and mean of all 
regions of that specific type. Subsequently, we analyse whether each of 
these classes is statistically different from the complete set of all classes 
combined in terms of their population and built-up land in the starting 
year and the changes in both for each study period. These differences 
were assessed using the two-tailed student’s t-test. In addition, we also 
analyse the distribution of different urban development trajectories per 
type of region. 

2.5. Analysis of variations in built-up land change trajectories 

To analyse the variation in built-up land change trajectories, we 
analyse the heterogeneity or homogeneity in population changes and 
changes in built-up land consumption for ten major world regions, as 
well as for all countries separately. Heterogeneity here refers to popu-
lation or BPC changes in different directions, while homogeneity refers 
to changes in the same direction. For example, if all regions in, say, 
Europe increase in population, this is interpreted as a homogenous 
development, while if some regions increase and others decrease in 
population, this is interpreted as a heterogeneous development. We 
conduct this analysis for ten major world regions: Canada and United 
States, China, Europe, India, Latin America, Middle-East and Northern 
Africa, Oceania, Russia and Central Asia, Southeast Asia, and Sub- 
Saharan Africa (see Supplementary Figure S2). These regions repre-
sent more or less coherent socio-economic world regions, which have 
also been used in other studies of land use and land cover change 
(Eitelberg et al., 2016; van Asselen and Verburg, 2013). 

Fig. 2. An example of the five region types in three metropolitan areas. (a) large city centre, and large city periphery: Beijing in China; (b) small and medium city 
centre, and small and medium city periphery: Seville in Spain; (c) Other region: Linares in Chile. The background built-up land data is from the multi-temporal layer 
of GHSL data at its original resolution (~38 m), boundary vector is from GADM. 
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For each major world region, we calculate the gross and net change 
in built-up land area as result of either population change or BPC 
change. For each unit of analysis (world and major world regions), we 
calculate gross increase (APOP,inc), gross decrease (APOP,dec), and net 
change (APOP,net) in built-up land related to population dynamics and the 
gross increase (ABPC,inc), gross decrease (ABPC,dec), and net change 
(ABPC,net) in built-up land related to changes in BPC. Gross increase in 
built-up land according to population change is thus simply the sum of 
all the built-up land change related to population change for all sub- 
regions in which the population increases (i.e., APOP,inc). Conversely, 
gross decrease is the sum of the built-up land change related to popu-
lation change for all sub-regions in which the population decreases (i.e., 
APOP,dec). Therefore, the net change in built-up land attributed to pop-
ulation change (i.e., APOP,net) is the sum of both (i.e., APOP,inc and 
APOP,dec). The same for the analysis of built-up changes related to 
changes in built-up land consumption (ABPC,inc and ABPC,dec, respec-
tively). We compare the difference between the gross change and the net 
change globally, as well as for major world regions, to assess the het-

erogeneity in urban development. 
At a national level, we build on these calculations to quantify het-

erogeneity or homogeneity in a single index. We propose a Homogenous 
Urban Development index (HUDI) to indicate to what extent a country 
has homogeneous or heterogeneous developments in either population 
dynamics or BPC changes. HUDI is calculated based on the changes of all 
study regions within one country following: 

HUDIPOP =
APOP,net

MAX(APOP,inc, |APOP,dec|)
(5)  

HUDIBPC =
ABPC,net

MAX(ABPC,inc, |ABPC,dec|)
(6)  

where HUDIPOP and HUDIBPC are the HUDI index for built-up land 
change due to the changes in population and BPC, respectively. By 
definition, HUDI values range from − 1 to 1, where a positive value in-
dicates an increase in built-up land due to changes in population and 

Fig. 3. Built-up land change trajectories across the world in the periods 1975–1990, 1990–2000, and 2000–2015. BPC refers to built-up land area per capita, which is 
an expression of land-use intensity. Figures (a), (b), and (c) present the different change trajectories in the periods 1975–1990, 1990–2000, and 2000–2015, 
respectively, for 75,102 regions across the world. Figures (d) and (e) show changes in eastern China and Europe in more detail, respectively, and both of them are 
2000 × 2000 km in size. Note that trajectories 4, 7, and 8 are not observed and that they are only included in the legend for the sake of completeness. 
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BPC, respectively, and a negative value indicates the opposite. The ab-
solute values indicate the homogeneity or heterogeneity of the changes 
in a country. For example, a value of 1 for HUDIPOP means that all re-
gions within a country have an increase in population leading to an 
increase in built-up land. Conversely, a value for HUDIBPC close to 
0 would mean that BPC increases in some regions, while it decreases in 
other regions in the same country, with a very small net change relative 
to the gross increase and gross decrease, thus indicating heterogeneity in 
BPC-related changes in this country. 

3. Results 

3.1. Built-up land change trajectories and their characteristics 

At a global level, built-up land increased by 143, 132, and 133 
thousand km2 during the periods 1975–1990, 1990–2000, and 
2000–2015, respectively, of which 38.3%, 49.6%, and 37.5% can be 
attributed to an increase in built-up land area per capita (BPC), sug-
gesting a decreasing density worldwide. Different methods for attrib-
uting built-up changes to changes in population and changes in BPC 
yield ranges of 29.1%-38.3% for 1975–1990, 48.0%-49.9% for 
1990–2000, and 29.5%-43.6% for 2000–2015 (see Table S2, and Figs 
S5-S7). 

Across the globe, built-up land development at a local level follows 
different trajectories in terms of changes in population and in land take 
per person (see Fig. 3a-c and Table 1). Because no region saw a decline in 
built-up land area in any of the three periods analysed, three of the nine 
built-up land change trajectories (i.e., proportional decline, shrinkage, and 
stable densification) were not observed. 

Globally, only 2870 out of the 75,102 regions in the period 
1975–1990 follow the population decline trajectory, which is character-
ized by a decrease in population and an increase in BPC. This number 
increased to 6474 and 8893 regions in 1990–2000 and 2000–2015, 
respectively. Regions following this trajectory are located mostly in 
Europe, Russia, and Central Asia, but in recent periods some, mostly 
rural, regions elsewhere also followed this trajectory. For example, 
population decreased across inland regions of Portugal between 2000 
and 2015 (Fig. 3e). Because no built-up land was lost, land-use intensity 
decreased in these regions. Regions following this trajectory represent a 
relatively small increase in built-up land, totalling 2.3, 4.5, and 5.5 
thousand km2, in the three different periods, respectively (Table 1). 

The expansion trajectory, characterized by a stable population and an 
increase in BPC, represents the largest total increase in built-up land in 
all periods combined and also in the periods 1990–2000 and 
2000–2015. In the latter two periods, this trajectory added 43.8 thou-
sand km2 and 45.7 thousand km2 built-up land, respectively (Table 1). 
Throughout all three periods this trajectory is mostly observed in North- 
America, Europe, Russia, and China (Fig. 3a-c). 

Regions following the sprawl growth trajectory are mostly located in 
the Global South, including Latin America and India, but also scattered 
across developed regions like Europe and North America. This trajectory 
is characterized by an increase in both population and BPC. Regions that 
follow this trajectory include a large proportion of the increase in pop-
ulation, especially during 1975–1990 and 1990–2000 (Table 1). 

The persistence trajectory, by definition, has the smallest changes in 
population and in BPC. These regions are not abundant and mostly 
found in Europe, the United States, Russia and Central Asia. Nonethe-
less, these regions have the largest mean built-up land area in the 
starting year. Because we included a 1% margin around the no change, 
some changes in built-up land took place in these regions. In fact, this 
trajectory included an increase of 9.7, 8.1, and 25.0 thousand km2 in the 
periods 1975–1990, 1990–2000, and 2000–2015, respectively (Table 1). 

The proportional growth trajectory, characterized by an increase in 
population and a stable BPC, is mostly found in Africa, Latin America, 
India, and Southeast Asia, but also scattered in developed regions like 
Europe, the United States, and Oceania. The contribution of this tra-
jectory to built-up land change was rather constant over time, ranging 
from an extra 27.8 thousand km2 between 1990 and 2000 to 30.1 
thousand km2 in the other two periods, for all regions in this trajectory 
together (Table 1). On average, these regions see the largest increase in 
built-up land area per region in the periods 1975–1990 and 1990–2000, 
and the second largest in 2000–2015. 

The growth densification trajectory can be found in rural areas in the 
Global South, as well as a few large cities in developed regions. It is 
characterized by an increase in population in combination with a 
decrease in BPC. The well-developed coastal region of China shown in 
Fig. 3d provides an example of the latter. This trajectory is the only 
trajectory that is characterized by a decrease in BPC, but this decrease 
does not lead to any decrease in built-up land. Instead, it is more than 
compensated by the generally large increase in population in these re-
gions. As a result, regions following this trajectory add a total of 9.9, 7.1, 
and 11.6 thousand km2 of built-up land in the periods 1975–1990, 

Table 1 
Built-up land and population for different change trajectories as well as their changes over time. For each trajectory, ‘Sum’ refers to the total built-up land area or 
population in the starting year, and their total changes in that period. Similarly, ‘Mean’ represents the average built-up land area or population per subdivision in the 
starting year, and their average changes per region in the corresponding trajectories. As indicated, mean values for nearly all major world regions are significantly 
different from the mean of the entire regions combined (two-tailed t-test, **p < 0.01, *p < 0.05).  

Period Trajectory (# of regions) Built-up land in the starting year 
[km2] 

New built-up land 
[km2] 

Population in the starting year 
[million] 

Population change 
[million] 

Sum Mean Sum Mean Sum Mean Sum Mean 

1975–1990 Population decline (2870) 4946  1.72** 2255  0.79** 161  0.06 − 60 − 0.02** 

Expansion (15309) 80,168  5.24 38,656  2.53** 793  0.05 34 0.00** 

Sprawl growth (21056) 39,531  1.88** 52,292  2.48** 1123  0.05 482 0.02** 

Persistence (7936) 87,580  11.04** 9749  1.23** 518  0.07** 35 0.00** 

Proportional growth (10517) 91,732  8.72** 30,144  2.87** 844  0.08** 334 0.03** 

Growth densification (17414) 71,109  4.08** 9892  0.57** 641  0.04** 386 0.02** 

1990–2000 Population decline (6474) 16,849  2.60** 4452  0.69** 218  0.03** − 53 − 0.01** 

Expansion (22415) 155,369  6.93 43,821  1.95** 1356  0.06** 17 0.00** 

Sprawl growth (22739) 70,156  3.09** 40,322  1.77 1519  0.07* 378 0.02** 

Persistence (5528) 93,351  16.89** 8070  1.46** 596  0.11** 25 0.00** 

Proportional growth (10993) 128,573  11.70** 27,840  2.53** 1049  0.10** 251 0.02** 

Growth densification (6953) 53,755  7.73* 7091  1.02** 554  0.08** 214 0.03** 

2000–2015 Population decline (8893) 28,301  3.15** 5451  0.61** 291  0.03** − 74 − 0.01** 

Expansion (17744) 150,307  8.47 45,661  2.57** 1360  0.08* − 3 0.00** 

Sprawl growth (9102) 18,333  2.01** 15,124  1.66 627  0.07** 221 0.02** 

Persistence (15276) 238,499  15.61** 24,962  1.63* 1529  0.10** 101 0.01** 

Proportional growth (13523) 127,716  9.44* 30,110  2.23** 1335  0.10** 409 0.03** 

Growth densification (10464) 86,492  8.27 11,550  1.10** 982  0.09** 532 0.05**  
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1990–2000, and 2000–2015, respectively (Table 1). The number of re-
gions following this trajectory decreased from 17,414 in the period 
1975–1990 to 6935 in the period 1990–2000 and 10,464 in the period 
2000–2015. 

3.2. Built-up land change in different types of regions 

We analyse to what extent built-up land change trajectories differ 
between different types of regions. Not unexpectedly, large city centres 
(>2 M inhabitants) and small and medium city centres (between 0.3 M and 
2 M inhabitants) have a much larger mean area of built-up land, and a 
much larger mean increase in built-up land per region over time than 
their peripheries (Table 2). While the mean area of built-up land and the 
mean increase in built-up land is by far the lowest for other regions, the 
sum of all new built-up land in these regions is about as large as that of 
all large city centres, small and medium city centres, and their peripheries 
combined (see Table 2). In the year 1975, BPC in small and medium city 
centres is higher than the BPC in large city centres, which is again larger 
than the BPC in other regions (Table 3). Yet, over time, large city centres 
intensify, and in the final year of our analysis their BPC is smallest, on 
average. Conversely, land-use intensity in other regions decreases over 
time as expressed in an increase in BPC. The BPC in small and medium city 
centres remains more or less the same, and remains the highest of all five 
region types (Table 3). The BPC in peripheries is lower than that of the 

large city centres and small and medium city centres in all three time 
periods. 

Consistent with the average changes in population and BPC, regions 
indicated as large city centres and small and medium city centres more often 
follow the growth densification and proportional growth trajectories, while 
other regions follow the population decline and expansion trajectories more 
often between 2000 and 2015 (Fig. 4). Urban peripheries fall in between 
these two extremes, both for large city peripheries and small and medium 
city peripheries. This patterns holds for all three periods analysed (see 
Supplementary Figure S3 for 1975–1990 and 1990–2000). 

To investigate whether the observed densification in large city centres 
could be related to land scarcity, we analysed the proportion of built-up 
land in the five region classes at the four epochs. Large city centres have 
on average the largest ratio of built-up land to available land, as 
compared to other types of regions. Yet, built-up land in large city centres 
accounts for about 50% on average of all available land in 2015, where 
available land denotes total land area in the specific region but 
excluding water body. In contrast, built-up land in other regions account 
for a very small fraction on average to its total available land in 2015 
(see Fig. S4 for detailed results of this analysis). 

3.3. Gross and net changes for major world regions. 

Globally, changes both in population and in BPC play an important 

Table 2 
Built-up land and population for regions in different urbanization classes as well as their changes over time. For each region type, ‘Sum’ refers to the total built-up land 
area or population in the starting year, or their total changes. Similarly, ‘Mean’ represents the average built-up land area or population per subdivision in the starting 
year, or their average changes per subdivision for corresponding region types. As indicated, mean values for nearly all major world regions are significantly different 
from the mean of the entire regions combined (two-tailed t-test, **p < 0.01, *p < 0.05).  

Period Region type (# of regions) Built-up land in the starting 
year [km2] 

New built-up land 
[km2] 

Population in the starting year 
[million] 

Population change 
[million] 

Sum Mean Sum Mean Sum Mean Sum Mean 

1975–1990 Large city centres (105) 17,134 163** 4608 44** 192  1.83** 59  0.56** 

Large city peripheries (1307) 25,719 20** 13,031 10** 378  0.29** 126  0.10** 

Small and medium city centres (911) 52,693 58** 16,265 18** 454  0.50** 142  0.16** 

Small and medium city peripheries (8128) 77,226 10** 41,254 5** 1081  0.13** 327  0.04** 

Other regions (64651) 202,292 3** 67,830 1** 1976  0.03** 559  0.01** 

1990–2000 Large city centres (105) 21,742 207** 3760 36** 250  2.38** 51  0.48** 

Large city peripheries (1307) 38,750 30** 11,765 9** 504  0.39** 85  0.06** 

Small and medium city centres (911) 68,958 76** 14,104 15** 595  0.65** 100  0.11** 

Small and medium city peripheries (8128) 118,481 15** 35,164 4** 1408  0.17** 203  0.03** 

Other regions (64651) 270,122 4** 66,803 1** 2534  0.04** 392  0.01** 

2000–2015 Large city centres (105) 25,502 243** 2384 23** 301  2.87** 66  0.63** 

Large city peripheries (1307) 50,515 39** 14,412 11** 589  0.45** 117  0.09** 

Small and medium city centres (911) 83,063 91** 11,451 13** 696  0.76** 132  0.15** 

Small and medium city peripheries (8128) 153,644 19** 41,204 5** 1611  0.20** 260  0.03** 

Other regions (64651) 336,924 5** 63,408 1** 2927  0.05** 610  0.01**  

Table 3 
BPC in the starting years and relative annual changes in built-up land, population, and BPC for five region types. For nearly all periods changes in built-up land, 
population and BPC for each of the five region classes were significantly different from these for all settlements combined (two-tailed t-test, **p < 0.01, *p < 0.05).  

Period Region type (# of regions) BPC in the starting year [m2/person] Δ Built-up land Δ Population Δ BPC 

1975–1990 Large city centres (105) 89  1.60%**  1.79% − 0.19%** 

Large city peripheries (1307) 68  2.77%**  1.94%** 0.82% 
Small and medium city centres (911) 116  1.81%**  1.83% − 0.02%** 

Small and medium city peripheries (8128) 71  2.89%**  1.78%** 1.10%** 

Other regions (64651) 102  1.95%*  1.67% 0.27% 
1990–2000 Large city centres (105) 87*  1.61%**  1.87% − 0.25%** 

Large city peripheries (1307) 77*  2.69%  1.57%** 1.10%** 

Small and medium city centres (911) 116  1.88%**  1.57% 0.30%** 

Small and medium city peripheries (8128) 84  2.63%**  1.36% 1.26%** 

Other regions (64651) 107  2.23%*  1.45% 0.77%** 

2000–2015 Large city centres (105) 85  0.60%**  1.33% − 0.72%** 

Large city peripheries (1307) 86**  1.69%  1.22%** 0.47%** 

Small and medium city centres (911) 119  0.86%**  1.17% − 0.30%** 

Small and medium city peripheries (8128) 95**  1.60%  1.00%* 0.59%** 

Other regions (64651) 115  1.16%  1.27% − 0.11%**  
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role in the increase in built-up land, especially in the period 1990–2000. 
We find that built-up land changes due to population changes are rela-
tively homogenous within major world regions, as almost all regions in 
the world increase in population (Fig. 5k). Conversely, built-up land 
changes due to BPC changes are more heterogeneous, indicating that 
BPC increases in some regions while it decreases in others (Fig. 5k). At 
the level of major world regions, some differences become visible 

(Fig. 5a-j). Canada and USA, China, and Europe experienced the largest 
increase in built-up land. In Europe, this is mainly driven by increases in 
BPC, while in China and Canada and USA this increase is driven more or 
less equally by population change and BPC change. However, BPC in 
Canada and USA was already much higher at the start of each of the 
periods analysed (see Supplementary Tables S3 and S4). In Europe, there 
is only a small net increase of built-up land related to population change 

Fig. 4. Distribution of built-up land change trajectories over the different types of regions for the period 2000–2015. Colour coding is consistent with Fig. 3.  

Fig. 5. Heterogeneity in built-up land changes due to population change and BPC change in major world regions. Red and blue bars represent changes in built-up 
land due to changes in population and changes in BPC, respectively. The charts show gross changes in both directions, with the light-coloured bars indicating the 
equivalent change in opposite direction, highlighting the relationship between gross changes and net changes. Net changes that are equal or almost equal to the gross 
changes are interpreted as homogenous change trajectories in that major world region, while net changes that are much larger than their corresponding net change 
are interpreted as heterogeneous change trajectories in that major world region. See Supplementary Table S5-S7 for results from the other three approaches to 
allocating built-up land change. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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during 2000–2015, but gross changes are relatively large, illustrating 
the heterogeneity in population dynamics here. Specifically, the net 
increase of 0.46 × 104 km2 built-up land due to population change in 
this period is the result of 1.09 × 104 km2 gross increase and 0.63 × 104 

km2 gross decrease related to contrasting population dynamics across 
different regions within Europe (also see Fig. 3). In the Global South, 
including Latin America, Middle-East and Northern Africa, and Sub- 
Saharan Africa, built-up land increase is mostly driven by population 
growth, whereas urban densification, i.e., a net decrease in BPC, reduced 
the increase in built-up land. For example, we find a net decrease of 0.48 
× 104 km2 built-up land in Sub-Saharan Africa during 2000–2015, 
which is due to the intensified use of built-up land (Fig. 5j). Moreover, 
these regions show much less heterogeneity, especially in their built-up 
land changes due to population dynamics, indicating that nearly all 
regions increase in population or at least stay constant. 

At a national level, changes in built-up land due to population dy-
namics are rather homogeneous for almost all countries, while changes 
in BPC per country are much more heterogeneous (see Supplementary 
Figure S8). This indicates that in most countries, population either in-
creases or decreases in almost all regions within one period. For 
example, population in Latvia grows in nearly all regions during 
1975–1990, while the two consecutive periods show a population 
decrease in all regions. Urban development in the most recent period in 
the Global North is a notable exception to this trend, mostly as a result of 
rural depopulation and related rural–urban migration. Changes in built- 
up land due to changes in BPC are much more heterogeneous in many 
countries (see Supplementary Figure S8). For most European countries, 
the majority of all regions show an increase in BPC, indicating a decrease 
in land-use intensity. Yet, in recent decades, more heterogeneous de-
velopments were observed in some European countries, notably Spain, 
United Kingdom, and Italy, combining mostly densification of urban 
areas with decreasing density in rural areas (i.e. rural depopulation). 
Conversely, many countries mostly in Africa, but also a few in Latin 
America in the first and the last periods, show a homogenous pattern of 
densification in nearly all regions within those countries, mostly because 
the population increased faster than built-up land (see Supplementary 
Figure S8). 

4. Discussion 

4.1. Divergent patterns of built-up land change trajectory 

Globally, 38.3% (29.1%-38.3%) of all new built-up land during 
1975–1990 can be attributed to BPC change, whereas this share 
increased to 49.6% (48.0%-49.9%) during 1990–2000, and was 37.5% 
(29.5–43.6%) during 2000–2015. This suggests that the decrease in 
land-use intensity, representing an increase in land take per person, 
plays a very important role in global built-up land expansion, 
approaching population growth in terms of their relative importance. 
These findings confirm earlier studies, which found that residential 
density has been decreasing almost everywhere for decades (Angel et al., 
2010; Mahtta et al., 2019; Seto et al., 2011). 

While built-up land increases faster than the population, globally, we 
find a large number of regions that do not follow this trend. This 
observation is consistent with earlier findings for specific regions in 
Europe (Wolff et al., 2018) and the United States (Richter, 2020). Most 
notably, we find that large city centres of > 2 M inhabitants are densi-
fying, on average, while the opposite is true for other regions charac-
terized by the absence of cities with > 0.3 M inhabitants and their 
peripheries. These findings suggest that urbanization, and specifically 
the influx of people in large cities, could partially contribute to SDG 
target 11.3 by reducing land take per person. Conversely, we predomi-
nantly find a decrease in density in their peripheries. This also holds true 
for other regions characterized by depopulation, sometimes leaving 
empty buildings behind (Tietjen and Jørgensen, 2016), but also in some 
regions with population increase. 

Densification in large city centres and small and medium city centres 
contrasts with the pattern of decreasing density in large city peripheries, 
small and medium city peripheries, and other regions in all three periods. 
Initially, large city centres and small and medium city centres had a BPC 
that was higher than other regions, but this pattern turned around over 
time due to an increasing concentration of people in both types of city 
centres. An example of this can be seen in Spain and Portugal in Fig. 3a- 
c, where coastal city centres (such as Barcelona and Valencia) are 
characterized by urban densification, while the opposite is true for most 
of the adjacent inland areas. The decrease in density of other regions is at 
least partly related to a decrease in population, rather than an increase 
in built-up land strictly. These processes have been described elsewhere 
as rural land abandonment (Vannier et al., 2019; Weissteiner et al., 
2011) and urban densification (Broitman and Koomen, 2015; Kyttä 
et al., 2013). Our study links these two processes, which could partly 
explain the heterogeneity in built-up land changes due to population 
changes within a country or major world region. 

Our finding that large city centres densify seems to contradict earlier 
studies reporting a decrease in density for cities, including prior analyses 
of urban sprawl (Güneralp et al., 2020; Seto et al., 2011). One possible 
explanation could be the delineation of these cities. In this study, we 
characterized regions that include cities > 2 M as large city centres, but 
their surrounding regions (i.e., large city peripheries) that are often part of 
their metropolitan areas are analyzed separately. For these narrowly 
defined large city centres, we found urban densification on average, 
which reflects the findings by Angel et al. (2021) that in most cities 
investigated, there were net increases in population in the areas built 
before the starting year, and thus densified significantly. However, 
much of the sprawl related to urbanization takes place in the outskirts, 
rather than the city proper (Angel et al., 2021; Salem et al., 2020). 
Hence, we suggest that these results do not contradict earlier findings, 
but that they add an important nuance: large city centres themselves are 
on average intensifying, while their surrounding areas often become less 
dense, for example as part of a process of peri-urbanization and urban 
sprawl fueled by increased accessibility and decreased costs of transport 
(Anas et al., 1998). This process of density changes also potentially ex-
plains the heterogeneity in built-up land changes due to BPC changes 
which was observed for multiple regions. 

A possible explanation for urban densification is the lack of available 
land in large city centres. We found that on average built-up land in large 
city centres is approaching half the land area of these regions (Supple-
mentary Figure S4). Given that 100% is not a realistic upper boundary, 
as there is always a need for green space, the lack of land might explain 
at least part of the observed densification. Their variation in region sizes 
is also reflected in the variation in the range of built-up land percentages 
per region, as some of the regions with a low percentage of built-up land 
are in fact relatively larger regions. Therefore, the impact of land 
availability in large city centres might be stronger than reported in this 
study. Nonetheless, the observation that residential density on average 
increased in these regions is still remarkable as a step towards SDG 
target 11.3, as it is not inevitable. After all, a lack of land in large city 
centres could also lead to population increases in their neighboring re-
gions. Yet, average population increases for large city centres were larger 
than these for large city peripheries in all three study periods. Moreover, 
large city centres also showed an annual increase in built-up land of 
1.61% in the first period and 0.60% in the last period, suggesting that at 
least some expansion was still possible. While small and medium city 
centres also have a higher average share of built-up land than their pe-
ripheries or other regions, these shares remain much lower than for large 
city centres. Therefore, we expect that densification due to a lack of 
available land plays no important role in these categories strictly. Yet, 
consistent with economic theories of land-rent (Anas et al., 1998; 
Manganelli and Murgante, 2017), locations closer to city centres are 
more attractive and thus more expensive, which might trigger densifi-
cation for both large city centres and small and medium city centres. 
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4.2. Limitations 

As any other data-driven analysis, our study results depend on data 
accuracy. Currently, GHSL is the only accessible dataset providing 
consistent time-series of both built-up land and population density at a 
global scale (Balk et al., 2018; Leyk et al., 2019; Melchiorri et al., 2018), 
allowing for the long-term analysis presented in this study. Globally, 
GHSL has an overall accuracy of > 70% (Blei et al., 2018; Marconcini 
et al., 2020), but with a relative low accuracy in some sparsely urbanized 
areas (Leyk et al., 2018) and some parts of Africa and South America 
(Gómez et al., 2019; Sliuzas et al., 2017). Because the GHSL data is 
produced as a time-series, built-up land is mapped consistently for 
different time periods (Pesaresi et al., 2016). Hence our results are 
potentially affected by the data accuracies, but this is unlikely to yield 
dramatically different outcomes (e.g., increases in built-up land where 
in reality there are decreases). 

Population data in GHSL is only lightly modelled. More specifically, 
population estimates in a region are downscaled within that region 
based on the presence and absence of built-up land only (Leyk et al., 
2019). This potentially yields large inaccuracies at a pixel level, but it 
will not have a large impact on the average population density in a re-
gion, as long as the region for which this average is calculated is equal to 
or larger than the regions within which population is downscaled. 
Consistent with findings in Tellman et al. (2021), our exploratory ana-
lyses of GHSL dataset show that in rare cases, regions exhibit suspicious 
and dramatic population changes, which potentially affect our results. 
For example, we found a few regions with sudden drops in one time 
period and sudden rises in the next period, which could not be confirmed 
using other sources. Changes in these regions are consequently catego-
rized into population decline and growth densification, since BPC is derived 
from the population numbers in a particular year. For a few regions with 
suspected unrealistic fluctuations, we checked secondary sources to see 
if we could explain such changes. As a result, for a few regions we adjust 
population size manually (see the supporting csv file). Yet, an assess-
ment of these outliers suggests that these regions only account for a 
small fraction of the total change in built-up land, and therefore these 
irregularities will not affect main findings of this study. GHSL popula-
tion estimates for target years 1975, 1990, 2000 and 2015 are modelled 
on the basis of GPWv4 (Doxsey-Whitfield et al., 2015), which is based on 
>12.5 M input units. This number is much higher than the number of 
regions analysed in this study, thus making the influence of pixel-level 
inaccuracies on our results due to the light modelling likely very 
small. Moreover, downscaled population grids in GHSL are consistent 
with, and adjusted to, United Nations World Population Prospects 
(Melchiorri et al., 2019), making them suitable for the analysis of long 
term process of human settlement changes possible. As a result, we 
believe that our outcomes remain valid despite the known pixel-level 
inaccuracies in the GHSL. Yet, we expect that some areas with rela-
tively large input units for population data, such as in Africa and Central 
Asia might have a lower accuracy (Freire et al., 2016). 

Built-up land change trajectories can vary within our study regions, 
and consequently, our findings depend on the delineation of our study 
region. We selected administrative units because population data was 
also downscaled from administrative units, although typically at a 
higher level (i.e., from smaller units). As administrative units are nor-
mally nested, this choice avoids large inaccuracies because of bound-
aries that are not coinciding. In addition, the selected regions typically 
represent municipalities or counties, which allow for a meaningful 
classification in the context of urbanization and rural–urban migration, 
leading to the five types of regions reported in section 3.1. Taubenböck 
et al. (2019) show that morphological urban areas are potentially better 
delineations of cities. While this holds for the delineation of larger cities, 
regions created by this method do not coincide with the administrative 
regions underlying the population data in GHSL. Moreover, urban 
morphological zones do not provide a regional subdivision the land that 
does not belong to these urban morphological zones, thus constraining 

their application for a study with global coverage. Regular delineations 
such as pixels or hexagons (e.g. Boudet et al. (2020)) also suffer from this 
limitation. One disadvantage of our units of analysis is their range in 
sizes (e.g., regions in Saudi Arabia are much larger than in Western 
Europe). These differences might hamper comparability between re-
gions. Yet, larger units generally represent more remote regions, where 
there is very little built-up land and which do not contribute much to the 
overall process of urban development. Therefore, it is likely that the 
variation in size of the regions analysed only has minimal impacts on our 
results. 

4.3. Implications for sustainable urban development 

Built-up land change trajectories analysed in this study provides the 
basis for a better understanding of urbanization processes across the 
globe, and thus inform policies towards sustainable urban development. 
Specifically, our findings provide important nuances to the widely 
acknowledged narrative that residential density has been declining 
almost everywhere for decades (Angel et al., 2011), and suggests that 
progress towards SDG target 11.3 (indicator 11.3.1) requires a consid-
eration at smaller spatial scales, including both major world regions and 
subnational units. On a global level, our results suggest that the process 
of urbanization, i.e., the increasing share of the population living in 
urban areas, in itself is not necessarily unsustainable from a land take 
point of view, as built-up land in large city centres as well as small and 
medium city centres is used more intensively over time. Despite other 
findings that such planning initiatives have not been very successful this 
far (Cortinovis et al., 2019), we observe many larger cities that have 
intensified over the last few decades, and especially since the year 2000. 

Urban densification can reduce demand for future land take, but 
might also adversely affect other dimensions of sustainability. For 
instance, dense urban areas are often associated with a higher envi-
ronmental quality in some parts of Greater Helsinki, but dense areas are 
also found harmful elsewhere, potentially leading to social inequality 
(Kyttä et al., 2013). In some densely populated areas like Hong Kong, 
Japan, and Singapore, policies aiming to promote high-density devel-
opment may hamper liveability, for instance, due to a loss in urban 
green space (Richards et al., 2017), decrease in air quality (Grêt-Rega-
mey et al., 2020), and an increased urban heat island effect (Seto and 
Christensen, 2013). Apart from large city centres, most land-use densifi-
cation related to built-up land in the past decades is located in Latin 
America, Middle-East and Northern Africa, and Sub-Saharan Africa, 
where BPC was already much smaller than in developed regions such as 
Europe (see Supplementary Tables S3 and S4). Urban densification in 
the Global South, and especially in Sub-Saharan Africa is often adversely 
associated with human well-being (Güneralp et al., 2017; Sclar et al., 
2005). Many of these regions had a low built-up land area per person at 
the start of our analysis period, while they also score lower on other 
aspects of sustainability, such as urban infrastructure and energy con-
sumption (Bakker et al., 2021; Nagendra et al., 2018). Therefore, urban 
densification in these regions might reduce land take, but it inevitably 
comes with socio-economic trade-offs. For example, in Sub-Saharan 
Africa, about 200 million people (UN, 2016) were living in slums in 
2014. Although the share of population inhabited in urban slums has 
been declining since 1990, the development of new slums could be 
interpreted as urban densification (Thorn et al., 2015; Vermeiren et al., 
2012). Such developments deteriorate one situation for SDG target 11.1, 
i.e., urban population living in slums, and therefore suggests a clear 
trade-off between both targets. 

To operationalize sustainability practices, policies towards urban 
sustainability need to account for the spatial inequality of population, 
social conditions, environmental resources, etc., and implement in-
terventions that are efficient, requiring less undesirable trans-
formational change (Abson et al., 2017). In developed countries, where 
residential density is relatively low, policy-makers and urban planners 
could take actions to increase land-use intensity in the context of global 
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environmental change, for instance, by optimizing land configuration 
(Angel et al., 2020). Yet, in densely populated regions that are socially 
vulnerable, local policies towards further urban densification are likely 
to have adverse effects, and policies to limit the development of over- 
populated communities and prioritize the development of public infra-
structure in terms of transportation and sanitation networks would be 
preferable. Local context further matters in terms of available infra-
structure. To avoid the hysteresis of infrastructure, newly developed 
built-up land could prioritize areas with available infrastructure 
(Espindola et al., 2017), or plan for orderly expansion of built-up land by 
organizing the territory on the periphery of existing cities in advance of 
their development. In addition, to alleviate the global competition for 
land, urban planning should consider for the wider contextual condi-
tions and urban densification should be favoured at those locations that 
can support such development. 

5. Data and code availability 

Tabular data and python scripts for the analyses are freely available 
(https://cscproject.github.io). Original spatial data can be openly 
accessed using links provided in the materials and methods section of 
this article. 
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