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Abstract: In recent decades, the continuous growth in the population has significantly changed the area of human 
settlements across the globe. The change of human settlements has brought great challenges to human devel-
opment, environmental change, resource allocation, and disaster prediction and prevention. In the current paper, 
we integrate data products provided by the European Commission, Joint Research Centre with multi-source remote 
sensing data to analyze the changing trends of global human settlements under varying geographical distributions 
from 1990 to 2014. The results demonstrate that on the global scale, human settlements are generally distributed in 
Europe, East Asia, Southeast Asia, South Asia, the eastern United States, the Gulf Coast and the coast of Oceania, 
with most of them distributed in urban agglomerations and coastal areas. Global human settlements have continued 
to grow over the past 25 years, mainly in East Asia, Western Europe and the United States. The area of human 
settlements in eastern Europe has been slightly reduced. The distribution of human settlements is affected by cli-
mate, water and terrain conditions. Humans were more likely to have settled in temperate regions with wetter cli-
mates, and most of the human settlements are located within 500 km of the coastline and 30 km of land-based 
water sources. Our results can provide insights into further investigations of the spatio-temporal dynamics of human 
settlements and its connections to ecological and environmental issues in a changing world. 
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1  Introduction 
The land surface of the Earth is a finite resource that is cen-
tral to human welfare and the functioning of the Earth’s 
system. Human activities are transforming the terrestrial 
environment at unprecedented rates and scales across the 
globe (Seto et al., 2011). For centuries, human settlement 
areas were compact, densely populated and the physical 
extent of the settlement areas grew at a gradual pace. 

However, there has been a marked change in the growth 
trends over the past 30 years. In particular, the current rapid 
growth of the world’s population, the replacement of trans-
portation means and economic development have resulted in 

the rapid growth of the physical area of human settlements. 
Although human settlements make up a relatively small 
proportion of the Earth’s total surface, their expansion has 
had a significant effect on the environment. Therefore, re-
search on the distribution of human settlements and their 
relationships with the environment and social economy is 
particularly important. The majority of related studies gener-
ally focus on the spatiotemporal variation characteristics of 
human settlement areas (Cohen et al., 2004; Angel et al., 
2011; Gong et al., 2019); the environmental problems caused 
by the expansion of human settlements (Mcdonald et al., 
2008; Wittemyer et al., 2008; Seto et al., 2011; Hutyra et al., 
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2011; Seto et al., 2012; Haddad et al., 2015; Ibisch et al., 
2017); natural disasters impacting human settlements near 
the sea (Nicholls et al., 1996; Small et al., 2003; Abel et al., 
2011; Strauss et al., 2012; Addo et al., 2013; Haer et al., 
2013; Hauer et al., 2016; Hauer et al., 2019; Antonioli et al., 
2020; Baisero et al., 2020); the influence of climate on the 
distribution of human settlements (Gray et al., 2012; Hunter 
et al., 2013; Nawrotzki et al., 2015; Egan et al., 2016; Leyk 
et al., 2017; Fang et al., 2020); and the prediction and analy-
sis of human settlement areas (Angel et al., 2011; Seto et al., 
2012).  

The rapid development of network and remote sensing 
technologies has allowed for the advancement of research 
on human settlements. Most of the previous human settle-
ment-related studies are based on a single problem or region. 
For example, Wittemyer et al. (2008) found that average 
population growth rates in 306 protected area boundaries in 
45 countries in Africa and Latin America were almost dou-
ble the rural average, suggesting that protected areas attract 
rather than repel human settlements. However, the expan-
sion of human settlements results in multiple effects. This 
study combines multi-source data with GIS-related tech-
nologies to investigate the distribution pattern of human 
residential areas with rich data sources. Based on the avail-
able data, we explore the multiple drivers of human settle-
ment distributions and their effects. The aims of this study 
are to analyze the spatial and temporal distribution charac-
teristics of human settlements, reveal their impacts on the 
ecological environment, and provide a scientific basis for 
human sustainable development.  

2  Materials and methods 
2.1  Materials 
2.1.1  Global Human Settlement Layer (GHSL) data 
The global human settlements data employed in this paper 
were provided by the European Commission, Joint Research 
Centre. The dataset was derived from Landsat imagery 
(MSS, TM, ETM+, OLI) collected during 1975, 1990, 2000, 
and 2014, and also from built-up presence as derived from 
Landsat image collections (GLS1975, GLS1990, GLS2000, 
and an ad-hoc Landsat 8 collection 2013/2014) (Pesaresi et al., 
2015). As the data coverage was limited in 1975, we only 
used the data from 1990, 2000 and 2014. The GHSL data 
were corrected using Global Urban Footprint (GUF) data. 
The most recent global GUF binary settlement mask 
demonstrates an unprecedented spatial resolution of 12 m 
that provides – for the first time – a complete picture of the 
entirety of urban and rural settlements. This was followed 
by corrections using night-light remote sensing data 
(DMSP/OLS). The kilometer grid data obtained were then 
projected to the World Mollweide equal area projection at a 
1 km spatial resolution. The final dataset represents the per-
centage of human settlements per square kilometer. 

2.1.2  Protected area data 
In this study, we used the World Database on Protected Ar-
eas (WDPA) for the protected area data. This database is 
developed by UNEP-WCMC and the IUCN World Com-
mission on Protected Areas in collaboration with govern-
ments and NGOs. Following simple preprocessing, the 
WDPA data were subject to a 10 km buffer and a raster im-
age with a 1 km spatial resolution was then obtained based 
on the World Mollweide equal area projection. 
2.1.3  Coastline data 
The coastline dataset compromised GSHHG data provided 
by Paul Wessel (Wessel et al., 1996). The dataset contains a 
global grid with distances to the nearest GSHHG shoreline 
in km (negative distances for oceans) on a 1 × 1 arc minute 
grid based on GSHHS version 2.3.7 (released 15 June, 
2017). The coastline data were projected to the World 
Mollweide equal area projection at a 1 km spatial resolution.  
2.1.4  Land water data 
The land water dataset contains data on lakes, reservoirs and 
river widths. The lake and reservoir boundary data include 
3721 polygons obtained from the Global Lakes and Wet-
lands Database GLWD–level 1, developed through a part-
nership between WWF (World Wide Fund for Nature), the 
Center for Environmental Systems Research, and the Uni-
versity of Kassel, Germany (Lehner et al., 2004). River 
width data were extracted from the Global River Widths 
from Landsat (GRWL) Database, which is derived from 
Landsat images (Allen et al, 2018). The GLWD data were 
subject to a 1 km buffer, while the GRWL data were con-
verted into an equidistance projection with a 1 km buffer. 
The two buffered datasets were combined into a single set, 
and a 2–50 km land and water buffer zone was established. 
We combined all buffer data into a 1–50 km land water 
buffer dataset and finally converted its projection into that 
of World Mollweide. 
2.1.5  DEM and slope data 
For the DEM data, we employed elevation data from the 
Shuttle Radar Topography Mission (SRTM) obtained at a 
near-global scale with a radar system. This data generally 
represents a dramatic improvement in the availability of high- 
quality and high-resolution elevation data (Hijmans et al., 
2004). We used the GTOPO30 database for the areas where 
SRTM data were unavailable (e.g., north of 60°N) (Hijmans 
et al., 2005). Following the processing of the two datasets, 
the projection was transformed into the World Mollweide 
projection with a 1 km spatial resolution. The slope was 
calculated based on the DEM data in ArcGIS (v.10.6, Esri) 
and the projection and spatial resolution were maintained.  
2.1.6  Climate data 
Köppen-Geiger climate classification data were used to an-
alyze the distribution of human settlement areas. The Kö-
ppen-Geiger system classifies climate into five key classes 
and 30 sub-types. The classification is based on threshold 
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values and the seasonality of monthly air temperature and 
precipitation (Beck et al., 2018). The data were transformed 
into a World Mollweide projection and resampled to a 1 km 
spatial resolution.  
2.1.7  Population and economic data 
The population dataset was obtained from the United Na-
tions Department of Economic and Social Affairs, Popula-
tion Division (Revision of World Population Prospects, 
2017). The original population dataset contains 1950–2015 
assessment data for 245 countries and regions, as well as 
median, low and high scenarios for 2015–2100. GDP per 
capita data were taken from the National Accounts Main 
Aggregates Database, provided by the Economic Statistics 
Branch of the United Nations Statistics Division. 

2.2  Methods 

Data processing and analysis were performed in ArcGIS and 
Python (v.3.8). Based on the above description, GHSL data 
were calibrated using Global Urban Footprint (GUF) data 
and night-light remote sensing data (DMSP/OLS) to obtain 
raster data with a spatial resolution of 1 km based on Moll-
weide projection. At the same time, other data were also 
converted to Mollweide projection and preprocessed ac-
cordingly. Based on the preprocessing results, we calculated 
the temporal and spatial variation of human residential areas 
across different geographical distributions (e.g., protected 
areas and climatic zones).  

3  Results and discussion 
3.1  Spatiotemporal changes in human settlement areas 

The global data of human settlements in 1990, 2000 and 
2014, reveal a gradual increase in the global area of human 
settlements over the past 25 years (Fig. 1) from 310707.37 
km² in 1990 to 460421.38 km² in 2014. Human settlements 
have grown in different areas across different continents. 
The largest growth of human settlements is Asia, followed 

by North America, again for Europe. Oceania is the least 
growth in human settlements. Figure 2 maps the global 
distribution of human settlements. Human settlements are 
evidently concentrated in the United States, China, India 
and Western Europe. The human settlements located in the 
United States are generally distributed in the eastern plains 
and coastal areas, along the Great Lakes and the western 
coast of the United States. In Europe, the human settlements 
are concentrated in central Europe and the coastal areas. 
Convenient transportation facilitates the movement of the 
population and affects the distribution of human settlements 
to some extent. In contrast, countries such as Russia and 
Ukraine exhibit relatively dispersed human settlements with 
small-scale clustering. This is attributed to the influence of 
geographical location and land area, among other factors. In 
Asia, human settlements are principally distributed in the 
eastern coastal areas of China, South Korea, Japan, near the 
Strait of Malacca and the coastal areas of India. Compared 
with other regions, the distribution of human settlements in 
Africa is relatively scattered, and mainly around the River 
Nile, along the coast of the Guinea Sea and in South Africa. 
In Oceania, human settlements are generally distributed in 
Indonesia, southern Australia and New Zealand. 

Figure 3 depicts the human settlement distributions in 
terms of longitude and latitude. In addition to the trend of 
increasing overall area of human settlements for more than 
30 years, the principal distribution of human settlements is 
observed to be within the ranges of 75 to 125 degrees west; 
10 degrees west to 50 degrees east; and 100 to 150 degrees 
east. In terms of latitude, human settlements are generally 
distributed is in the northern hemisphere, from approxi-
mately 25 to 55 degrees north. 

Figure 4 ranks the top 20 countries in terms of the human 
settlement area. Human residential areas are observed to 
increase on a yearly basis for all countries, with the United 
States ranking first and Turkey last. In the inset of Fig. 4,  

 

 
 
Fig. 1  Global area of human settlements over the past 30 years  
Note: AF-Africa; AS-Asia; EU-Europe; NA-North America; OA-Oceania; SA-South America.  
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Fig. 2  Distribution of human settlements in 2014 

 
we performed a rank-size rule analysis for 233 countries and 
territories as follows: 

1
q

iP P I −= ×                  (1) 

1ln ln lniP P q I= −              (2) 
where Pi is the size of the th city; P1 is the human residen-
tial area of the largest city; I is the order of city i; and q is 
the Zipf index, which reflects the spatial pattern of human 
settlements. When q =1, the distribution of human settle-
ments is relatively balanced and the human settlement areas 
in high- and low-order countries are also balanced; when 
q >1, high-order countries have a strong monopoly; and 

when q <1, the spatial distribution is relatively scattered. 
We performed a rank-size analysis of the human settlement 

areas in each country and their corresponding ranks to obtain 
q1990=1.723, q2000=1.696, and q2014=1.674. All of them are 
greater than 1. This indicates the countries with the highest 
ranking of human settlement area tend to have a strong mo-
nopoly on settlement area. 

We then analyzed the correlations between the human 
settlement area, per capita GDP and population for each 
country in the corresponding years. In order to account for 
the interaction between population and per capita GDP, we 
employed partial correlation analysis. 

 

 
 
Fig. 3  Distribution of human settlements by longitude and latitude  
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Fig. 4  Top 20 countries in terms of human settlements and 
rank-size rule analysis 
 

In the third period of the data, by controlling the influ-
ence of population factors, we determined the partial corre-

lation coefficient e between human residential area and per 
capita GDP in each country as approximately 0.3 (e1990=0.301, 
e2000=0.292, e2014=0.294), with P values less than 0.05. The 
analysis results demonstrate the significant positive correla-
tion between human residential area and per capita GDP. By 
controlling the influence of per capita GDP, the partial cor-
relation coefficient between the human settlement area and 
population was determined as approximately 0.95 
(e1990=0.946, e2000=0.946, e2014=0.934), with P values less 
than 0.05. This indicates that there is also an obvious posi-
tive correlation between the human settlement area and 
population. 

We subtracted the 1990 processed global human settle-
ments data from the corresponding 2014 dataset in order to 
obtain the changes in global human settlements over the 
past 30 years (Fig. 5). The human settlements are observed 
to increase sharply at the global scale and the greatest 
changes are located principally in the United States, China, 
Japan and Europe. The Middle East, Western Europe and 
Central Asia exhibit a general decline in human settlement 
area. 

 

 
 
Fig. 5  Changes in human settlements (1990–2014)  
 

In Asia (Fig. 6), the growth of human settlements is 
mainly distributed in China's Beijing-Tianjin-Hebei urban 
agglomeration, the Yangtze River Delta urban agglomera-
tion, Guangdong-Hong Kong-Macao Greater Bay Area, the 
Chengdu-Chongqing urban agglomeration, Seoul in South 
Korea, and along the coasts of Japan and India. The declines 
in human settlements are concentrated in Uzbekistan, north-
ern Pakistan and Japan.  

The growth of human settlements in North America is 
generally observed in the Great Lakes region, Boston, New 
York, Washington, the Gulf Coast, the Pacific Coast, and 
Mexico City (Fig. 7). A noticeable increase in human settle-
ments is also revealed in several smaller countries such as 
Guatemala, Puerto Rico, Dominica and Haiti. The majority of 
the growth in human settlements in these countries is concen-

trated around their capitals. Decreases in human settlements 
are mainly distributed in the Boston-Washington and Chica-
go-Pittsburgh metropolitan areas in the United States. 

In Europe, growing human settlements are concentrated 
in Manchester, UK, the Netherlands, Belgium, Switzer-
land, Austria, Moscow, Warsaw, Poland, Prague, the 
Czech Republic, the Mediterranean coast and Portugal (Fig. 
8). In the Nile valley of Africa, the growth of human set-
tlements has also been remarkable. The loss of human 
settlements is observed in southern England, central Ger-
many and in Ukraine. Western Russia has also exhibited a 
decrease in human settlements scattered throughout the 
country. In Africa, the main areas of growing human set-
tlements are distributed along the Gulf of Guinea and in 
South Africa. 
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Fig. 6  Changes in human settlements in Asia (1990–2014) 
 

 
 
 

Fig. 7  Changes in human settlements in regions of North America (1990–2014) 
 

3.2  Distribution of human settlement areas near 
protected areas 

Protected areas are vital to the preservation of biodiversity, 
particularly as protected species have suffered habitat loss 
as a result of land use changes. However, the continuous 
increase of the global population has enhanced human set-
tlement areas, and human encroachment on protected area-
shas consequently become more serious. Therefore, it is 

important to maintain a distance between protected areas 
and human settlements. Figure 9 presents the cumulative 
distribution of human settlement distances to protection 
zones. The cumulative distributions exhibit similar trends 
for the years 1990, 2000, and 2014. The largest area of hu-
man habitation is located approximately 15 km from the 
protected areas. The human settlement area is observed to 
gradually decrease with an increasing distance from the 
protected areas. Note that the increase in human settlement  
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Fig. 8  Variations in human settlements in Europe, Western Asia and the northern parts of Africa (1990–2014).  

 
area on the edge of the protected areas is relatively high. We 
also calculated the human settlement area within 10 km of a 
protected area (Table 1), which represents a reasonable dis-
tance for an individual to walk each day (George et al., 
2008). The areas of global human settlements within 10 km 
of a protected area were determined as 21475 km², 25655 
km² and 30010 km² for 1990, 2000 and 2014, respectively, 
indicating a rapid increase in human settlement area in the 
vicinity of protected areas. This overabundance of human 
settlements highlights the threats nature reserves face and 
the limitations of biodiversity conservation. Determining 
how to scientifically and effectively solve the problems 
caused by growing human settlement areas should be a fo-
cus of future research. 

 
Table 1  Areas of human settlements within 10 and 50 km of 
protected areas 

Distance (km) 
Area (km²) 

1990 2000 2014 

≤ 10  21475 25655 30010 

≤ 50  86930 102020 117270 

 

3.3  Distribution of human settlement areas near 
coastlines and land water 

Life cannot develop without water. The growing global 
population has resulted in a large number of people flooding 
into coastal areas, placing great pressure on the ecosystem 
and its resources. We calculated the distribution of human  

 
 

Fig. 9  Distribution of human settlement areas close to 
protected areas    
 

settlements along the coastline and near terrestrial water 
bodies. Figure 10 shows the distribution of human settle-
ments close to the coastline. The distribution of human set-
tlements near the coastline is similar across the 30 years. 
The largest distribution of human settlements is located ap-
proximately 10 km from the coastline. As the distance from 
the coastline increases, the area of human settlements grad-
ually decreases. This indicates a relationship between the 
distribution of human settlement areas and their distance 
from the ocean, namely, the closer an area is to the coastline, 
the greater the distribution of the human settlement area.   

Figure 11 depicts the distribution of human settlement 
areas close to land-based water sources, indicating that ap-
proximately 30% of the world’s human settlement area is 
located within 5 km of these water bodies, while approximate-
ly 80% of human settlement areas are located within 30 km of  
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Fig. 10  Distribution of human settlement area close to ocean 

 

 
 
Fig. 11  Distribution of human settlement area close to land 
water 

land-based water. Only approximately 15% of human settle-
ments are located at farther than 50 km from land water. 

3.4  Distribution of human settlement areas under 
varying climate classifications 

The Köppen-Geiger system classifies climate into five prin-
cipal classes and 30 sub-types (Beck et al., 2018), which are 
listed in Table 2. This classification is based on threshold 
values and the seasonality of monthly air temperature and 
precipitation. We calculated the variations in the areas occu-
pied by human settlements across different climatic zones 
(Fig. 12). The human inhabited area is maximized in the Cfb 
sub-type (temperate, no dry season, warm summer), fol-
lowed by Dfb (cold, no dry season, warm summer) and Dfc 
(cold, no dry season, cold summer). The human settlements 
are generally distributed in humid and temperate regions. 
Cfb also exhibits the largest increase in human settlements 
within the 25-year period.  

3.5  Distribution of human settlement areas by slope 
and elevation 

We further investigated the distribution of human settlement 
area by determining its relationship with elevation and slope. 
Figure 13 presents the distribution of human settlements  

Table 2  Köppen-Geiger climate classification 

Name Representative characteristics 

Af Tropical, rainforest 

Am Tropical, monsoon 

Aw Tropical, savannah 

BWh Arid, desert, hot 

BWk Arid, desert, cold 

BSh Arid, steppe, hot 

BSk Arid, steppe, cold 

Csa Temperate, dry summer, hot summer 

Csb Temperate, dry summer, warm summer 

Csc Temperate, dry summer, cold summer 

Cwa Temperate, dry winter, hot summer 

Cwb Temperate, dry winter, warm summer 

Cwc Temperate, dry winter, cold summer 

Cfa Temperate, no dry season, hot summer 

Cfb Temperate, no dry season, warm summer 

Cfc Temperate, no dry season, cold summer 

Dsa Cold, dry summer, hot summer 

Dsb Cold, dry summer, warm summer 

Dsc Cold, dry summer, cold summer 

Dsd Cold, dry summer, very cold winter 

Dwa Cold, dry winter, hot summer 

Dwb Cold, dry winter, warm summer 

Dwc Cold, dry winter, cold summer 

Dwd Cold, dry winter, very cold winter 

Dfa Cold, no dry season, hot summer 

Dfb Cold, no dry season, warm summer 

Dfc Cold, no dry season, cold summer 

Dfd Cold, no dry season, very cold winter 

ET Polar, tundra 

EF Polar, frost 

 

according to elevation, revealing that the majority of the 
human settlement areas are located at low elevations. Fur-
thermore, the human settlement areas are greatest at 20 m 
asl. The area of human settlements is observed to gradually 
decrease with increasing altitude and stabilizes at the alti-
tude of 500 m. Figure 14 shows the distribution of human 
settlements at varying slopes. The human settlements are 
essentially distributed in areas with a slope of less than 5°, 
and the smaller the slope, the larger the human settlement 
area. At slopes greater than 5°, the human settlement area 
stabilizes. 
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Fig. 12  Distribution of human settlements among the different Köppen-Geiger climatic classifications 
 

 
 

Fig. 13  Human settlement area distribution relative to 
elevation 
 

 
 
Fig. 14  Human settlement area distribution relative to slope 

 

4  Conclusions 
In the current study, we integrated GHSL and multi-source 
remote sensing data to analyze the temporal and spatial var-
iations of global human settlements from 1990 to 2014 and 
under different geographical distributions. The key conclu-
sions are described in the following five items.  

(1) At the global scale, human settlements are generally 
distributed in Europe, East Asia, Southeast Asia, South Asia, 
the eastern United States, the Gulf coast and the coast of 
Oceania, the majority of which are distributed around urban 
agglomerations and coastal areas. The area of human set-
tlements exhibited a continuous increase globally from 1990 
to 2014, particularly in the United States, China, India, Ja-
pan and Western Europe. Human settlement areas exhibited 
a marked decreased in Eastern Europe. 

(2) By controlling the influence of population, we found 
a significant positive correlation between human residential 
area and per capita GDP. Moreover, controlling the influ-
ence of per capita GDP resulted in an obvious positive cor-
relation between human residential area and population. 

(3) Although the proportion of human settlements near 
protected areas decreased from 1990 to 2014, the total area 
of human settlements near protected areas increased. This 
indicates a growing threat to the ecological environment and 
results in problems such as biodiversity change, habitat 
fragmentation, and environmental pollution.  

(4) The distribution of human settlements is observed to 
be related to proximity to water, namely human settlements 
tend to be located closer to water. In particular, the majority 
of human settlements are within 500 km from the coastline 
and 30 km from land-based water bodies. 

(5) The distribution of human settlements is also affected 
by climate. The results show that humans are more likely to 
settle in temperate regions where the climate is wetter. Ele-
vation and slope also have impacts on the distribution of 
human settlements. The majority of human settlements are 
located in areas with elevations and slopes of less than 500 
m and 3°, respectively.  

In conclusion, the area of human settlements is increasing 
throughout the whole world. Climate, elevation, slope, and 
the location of people relative to water all affect the distri-
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bution of human settlements. Meanwhile, we should also 
pay greater attention to the impacts of the expansion of hu-
man settlements on the ecological environment. 
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全球人类居住区在不同地理分布下的变化 
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摘  要：近几十年来，人口的持续增长显著改变了全球的人居环境。人类居住区的变化，对人类发展、环境变化、资源配

置、灾害预测与防治等方面带来了巨大的挑战。本文结合欧洲委员会、联合研究中心提供的数据产品和多源遥感数据，分析了 1990 
‒2014 年不同地理分布全球人居环境的变化趋势。结果表明: 在全球尺度上，人类住区总体分布在欧洲、东亚、东南亚、南亚、

美国东部、墨西哥湾沿岸和大洋洲沿岸，且大多分布在城市群和沿海地区。在过去的 24 年里，全球人类住区持续增长，主要分

布在东亚、西欧和美国。欧洲东部的人类居住区面积略有减少。人类居住区的分布受气候、水和地形条件的影响。人类更有可能

定居在气候湿润的温带地区，大多数人类定居点位于海岸线 500 km 以内和陆地水域 30 km 以内。本文的研究结果可为进一步研

究变化世界中人类住区的时空动态及其与生态环境问题的关系提供参考。 
 

关键词：人类居住区；保护区；时空变化；全球人类居住层 (GHSL) 
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