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ABSTRACT
The anthropogenic impact on the functioning of natural systems and the concept of Anthropocene as a period of the human dom-
ination of the Earth has been widely discussed in literature in the past few decades. Consequently, several land systems classifica-
tions have been developed on a global scale to capture the diversity, intensity, and spatial distribution of the human suppression 
of natural stratification. This review presents the comparison of the most widely used complex global classifications, incorporating 
both natural conditions and the human influence on nature. Methods, input data, the number and type of output categories as well 
as their geographical extent and distribution are described and compared. The review will help potential users to find differences 
between available classifications and choose the right one for a particular use.
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1. Introduction

The Earth is naturally stratified into specific zones, 
which have been classified in different ways by 
humans from ancient times. Humans have substantial-
ly changed this natural distribution by their actions, 
in the case of some regions so significantly that the 
original natural conditions have been completely sup-
pressed in favour of anthropogenic factors (Vitousek 
et al. 1997). Therefore, several global classifications 
were presented to reflect the intensity of human influ-
ence covering a wide range of aspects of anthropogen-
ic transformation. Most of the classifications are used 
as a spatial framework for assessing ecosystem or 
landscape processes (e.g. land cover / land use change, 
ecosystem services evaluation, ecosystem degrada-
tion etc.) and biodiversity monitoring (e.g. Ellis and 
Ramankutty 2008; Václavík et al. 2013). Some clas-
sifications were presented in order to describe the 
diversity and geographical differentiation of human 
pressure on the Earth (e.g. Letourneau et al. 2012). 

In recent times of global climate and environmen-
tal change, understanding the different trends and 
impacts in specific land systems will be crucial in find-
ing appropriate adaptation and mitigation measures. 
Existing global classifications may provide a useful 
spatial framework for such evaluation.

The aim of this review is to present selected global 
classifications, which are widely used and compare 
their methodology and results. Such an overview will 
help potential users in orientation and decision mak-
ing, that is; which classification would fit a particular 
purpose of use. 

2. Human domination of the Earth – 
development and geographical 
demonstration

People have been changing ecosystems, their process-
es and forms, for several million years (Goudie 2013). 
The oldest records (more than 3 million years ago) 
of human activity and technology have been found 
in various parts of Africa (Gosden 2003). The tools 
have become more sophisticated during the Stone 
Age (3.4 million years – ca. 4,000 BCE) and have ena-
bled greater exploitation of natural resources. Other 
important factors were the development of commu-
nicative skills such as speech, and the discovery of the 
use of fire. Fire was one of the most powerful tools 
of environmental transformation. The Neolithic rev-
olution (starting 10,000 to 8,000 BCE) has brought 
about many changes: the transition from a lifestyle 
of hunting and gathering to agriculture and settle-
ment, the domestication of plants and animals, pop-
ulation growth, deforestation, irrigation etc. In the 
Holocene humans also began to mine ores and smelt 
metals (Goudie 2013). The Technological-Scientific 

Revolution and the development of modern industrial 
and urban civilizations have led to immense changes 
in the reshaping of ecosystems globally (Takács-Sánta 
2004; Goudie 2013). The impact of human activities 
on the global environment rapidly increased (Crutzen 
2002) and the number of ways in which humans are 
affecting the environment is multiplying (Vitousek et 
al. 1997). The 20th century was especially an epoch of 
very exceptional change (McNeill 2003).

The current period is called by some scientists, the 
Anthropocene (Crutzen 2002, Waters et al. 2016). The 
Earth is now more influenced by human activities than 
the forces of nature, according to a number of authors, 
anthropogenic transformation of the biosphere pre-
vails (Vitousek et al. 1997; Crutzen 2002; Steffen et al. 
2007; Ellis et al. 2010; Steffen 2010). Human impact is 
mainly reflected in land cover changes, therefore this 
information is often included in global classifications. 
However, the range of anthropogenic activities is 
much wider – e.g. geographical differentiation of pop-
ulation density, varied intensity of natural resource 
use, diverse intensities of domestic livestock, degra-
dation of natural processes, etc. play important role as 
well in terms of natural systems alternation. Human 
activities are causing global biodiversity declines 
(Newbold et al. 2015), both inside and outside pro-
tected areas (Schulze et al. 2018), 75% of the planet’s 
land surface is experiencing measurable human pres-
sures (Venter et al. 2016; Williams et al. 2020; Ellis et 
al. 2021). Therefore, anthropogenic transformation of 
the natural systems cannot be simply ignored in mod-
ern global classifications. Human influence used to be 
simplified or ignored (Alessa and Chapin 2008; Ellis 
et al. 2010) and biomes were identified chiefly as a 
result of a combination of abiotic and biotic factors 
(Udvardy 1975; Olson et al. 2001; Bailey 2004, Hig-
gins et al. 2016, Dinerstein et al. 2017). Several stud-
ies on environmental stratifications involving human 
influence have recently been published resulting in 
different spatially explicit classifications. The classifi-
cations result in the creation of global maps of anthro-
pogenic biomes, anthromes, land-use systems, land 
systems, land system archetypes or world ecosystems 
(Ellis and Ramankutty 2008; Letourneau et al. 2012; 
van Asselen and Verburg 2012; Václavík et al. 2013; 
Sayre et al. 2020).

3. Global environmental classifications

3.1 Anthropogenic biomes

Ellis and Ramankutty (2008) presented the first 
global classification of terrestrial biomes based on 
an empirical analysis of direct human-nature inter-
action. The result of the analysis is a global map of 
anthropogenic biomes. A multi-stage empirical pro-
cedure was used for the identification and mapping 
of anthropogenic biomes, based on global data of 
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land use (percent area of pastures, crops, irrigated 
and rice), land cover (percent area of trees and bare 
earth) and population (Table 1). The analysis was exe-
cuted at 5 arc minute resolution (5′ grid cells cover, 
i.e. 86 km2 at the equator). The procedure first sepa-
rated wild cells from anthropogenic cells based on the 
presence of human populations, pastures, and crops. 
The authors then categorized human-ecosystem 
interactions in anthropogenic cells into four classes 
according to population density. Dense class with high 
population intensity (more than 100 persons km−2), 
residential class with substantial population intensity 
(10 to 100 persons km−2), populated class with minor 
population (1 to 10 persons km−2) and remote class 
with inconsequential population (less than 1 per-
son km−2). During the next step of cluster analysis 
using SPSS, natural groupings within the cells of each 
class were identified based on non-urban population 
density, percentage of urban areas, crops, pastures, 
irrigated lands, rice fields, tree cover and bare land. 
As the last step, the derived strata were organised into 
groupings based on their populations, land-cover and 
land-use characteristics; resulting in the 18 anthro-
pogenic biome classes and 3 wild biome classes (Ellis 
and Ramankutty 2008).

Anthropogenic biome classes were classified into 
five basic groups: dense settlements, villages, crop-
lands, rangelands and forested; wild biome classes 
belong to wildlands (Table 3). Dense settlements con-
tain two biomes, 40% of people live here, the majority is 
urban population. This category covers 1.5 million km2 
and can be found especially in South and Southeast 
Asia, North America or in Western Europe. Villages 
include six biomes which also host 40% of people in 

the world but only 38% is urban. Village biomes cov-
er 7.7 million km2, and are most commonly found in 
Asia, where they cover more than a quarter of all land. 
They are also typical for regions of Europe or Africa. 
Croplands cover more than 27 million km2 and host 
15% of people (7% urban) in five biomes. In Europe 
croplands occupy almost half of all land; the residen-
tial irrigated cropland biome covers about 35%. Crop-
lands are often also located in South and Southeast 
Asia, Latin America and Africa, covering about 25% 
of land in these areas. Rangeland biomes are the most 
extensive, covering nearly 40 million km2, almost 
30% of North and Latin America, Australia, New Zea-
land and Asia, but they are most common in Africa; 
(> 40%) especially in the Near East region (> 45%). 
Rangelands are divided into three different biomes, 
they account for less than 5 % of the global popula-
tion. Forested biomes contain two classes: populated 
and remote forests, and cover 25 million km2 of which 
more than 45% is covered with trees. Forested biomes 
contain only 0.6% of the global population and are 
typical for Latin America (40%) and Eurasia (25%). 
Wildlands occupy nearly 30 million km2 (i.e. only 22% 
of Earth’s ice-free land) and are located mainly in the 
Near East region (50%), North America, Australia and 
New Zealand (40%) and North Asia (30%) (Ellis and 
Ramankutty 2008).

3.2 Anthromes

Ellis et al. (2010) used a new a priori anthrome clas-
sification algorithm built on standardized thresholds 
for classifying the same variables (Table 2) instead of 
the a posteriori anthrome classification used by Ellis 
and Ramankutty (2008). The new classification used 
the same basic classification levels but the system was 
simplified. Village classes were collapsed from six to 
four, croplands from five to four and wildlands from 
three to two. The forested level was broadened from 
two to four classes and named seminatural (Table 3). 
Ellis et al. (2010) also simplified the system interpre-
tation by aggregating anthrome levels into three cat-
egories: used anthromes (dense settlements, villages, 
croplands, rangelands), semi natural anthromes and 
wildlands.

3.3 Land-use systems

Letourneau et al. (2012) proposed a new classifica-
tion based on land-use systems, which represent spe-
cific combinations of interactions between humans 
and the natural environment. Land-use systems try 
to describe the heterogeneity of land cover and also 
land-use intensity; they are characterized by land 
cover, land use, population pressure and accessibility 
(Table 4). The spatial units of the analysis cover an 
area of less than 100 km2 each (5 arc-minutes reso-
lution). Multiple datasets were used in the classifica-
tion: population density, land use / land cover data, 

Tab. 1 Datasets used for the classification of anthropogenic biomes.

Classification factor Reference

Population Dobson et al. (2000)

Pastures area Ramankutty et al. (2008)

Crops area Ramankutty et al. (2008)

Irrigated area Siebert et al. (2007)

Rice area Monfreda et al. (2008)

Tree cover Hansen et al. (2003)

Bare earth Hansen et al. (2003)

Tab. 2 Datasets used for the classification of anthromes.

Classification factor Reference

Population density Klein Goldewijk (2007)

Urban area Klein Goldewijk (2007)

Cropland area Klein Goldewijk (2007)

Pasture area Klein Goldewijk (2007)

Irrigated area Siebert et al. (2007)

Rice cover Monfreda et al. (2008)

Land cover Ramankutty and Foley (1999)
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Tab. 3 List of classes of all classifications.

Classification Category Classes

Anthropogenic 
biomes

Dense settlements 1) Urban; 2) Dense settlements

Villages 1) Rice villages; 2) Irrigated villages; 3) Cropped and pastoral villages; 4) Pastoral villages;  
5) Rainfed villages; 6) Rainfed mosaic villages

Croplands 1) Residential irrigated cropland; 2) Residential rainfed mosaic; 3) Populated irrigated cropland;  
4) Populated rainfed cropland; 5) Remote croplands

Rangeland 1) Residential rangelands; 2) Populated rangelands; 3) Remote rangelands

Forested 1) Populated forests; 2) Remote forests

Wildlands 1) Wild forests; 2) Sparse trees; 3) Barren

Anthromes

Dense settlements 1) Urban; 2) Mixed settlements

Villages 1) Rice villages; 2) Irrigated villages; 3) Rainfed villages; 4) Pastoral villages

Croplands 1) Residential irrigated croplands; 2) Residential rainfed croplands; 3) Populated rainfed cropland;  
4) Remote croplands

Rangeland 1) Residential rangelands; 2) Populated rangelands; 3) Remote rangelands

Seminatural lands 1) Residential woodlands; 2) Populated woodlands; 3) Remote woodlands; 4) Inhabited treeless  
and barren lands

Wildlands 1) Wild woodlands; 2) Wild treeless and barren lands

Land-use 
systems

Bare soils 1) Remote bare soils; 2) Accessible bare soils; 3) Populated areas covered by bare soils

Cropland system

1) Accessible rainfed croplands; 2) Rainfed croplands with intensive livestock breeding; 3) Remote 
rainfed croplands; 4) Rice croplands with intensive bovines breeding; 5) Rice croplands with intensive 
bovines and monogastrics breeding; 6) Partly irrigated croplands with intensive livestock breeding; 
7) Partly irrigated croplands with extensive livestock breeding; 8) Irrigated croplands with intensive 
livestock breeding; 9) Irrigated croplands with intensive bovines breeding

Densely populated 
systems

1) Urban areas; 2) Villages or peri-urban area; 3) Villages and rice croplands; 4) Villages and irrigated 
croplands

Forested systems 1) Sparse trees; 2) Populated areas with forests; 3) Remote forests

Mosaic systems 1) Mosaic landscape; 2) Populated areas mosaic landscape

Pastoral systems 1) Extensive pastures; 2) Intensive pastures with bovines and small ruminants; 3) Intensive pastures 
with bovines

Land 
systems

Cropland systems

1) Cropland extensive with few livestock; 2) Cropland extensive with bovines, goats and sheep;  
3) Cropland extensive with pigs and poultry; 4) Cropland medium intensive with few livestock;  
5) Cropland medium intensive with bovines, goats and sheep; 6) Cropland medium intensive with 
pigs and poultry; 7) Cropland intensive with few livestock; 8) Cropland intensive with bovines, goats 
and sheep; 9) Cropland intensive with pigs and poultry

Mosaic cropland and 
grassland systems

1) Mosaic cropland and grassland with bovines, goats and sheep; 2) Mosaic cropland and grassland 
with pigs and poultry; 3) Mosaic cropland (extensive) and grassland with few livestock; 4) Mosaic 
cropland (medium intensive) and grassland with few livestock; 5) Mosaic cropland (intensive) and 
grassland with few livestock

Mosaic cropland and 
forest systems

1) Mosaic cropland and forest with pigs and poultry; 2) Mosaic cropland (extensive) and forest  
with few livestock; 3) Mosaic cropland (medium intensive) and forest with few livestock;  
4) Mosaic cropland (intensive) and forest with few livestock

Forest systems 1) Dense forest; 2) Open forest with few livestock; 3) Open forest with pigs and poultry

Mosaic (semi-)natural 
systems 1) Mosaic grassland and forest; 2) Mosaic grassland and bare

Grassland systems 1) Natural grassland; 2) Grassland with few livestock; 3) Grassland with bovines, goats and sheep

Bare systems 1) Bare; 2) Bare with few livestock

Settlement systems 1) Peri-urban and villages; 2) Urban

Land system 
archetypes –

1) Forest systems in the tropics; 2) Degraded forest/cropland systems in the tropics; 3) Boreal 
systems of the western world; 4) Boreal systems of the eastern world; 5) High-density urban 
agglomerations; 6) Irrigated cropping systems with rice yield gap; 7) Extensive cropping systems;  
8) Pastoral systems; 9) Irrigated cropping systems; 10) Intensive cropping systems; 11) Marginal lands 
in the developed world; 12) Barren lands in the developing world

World ecosystems – 431 classes; see Sayre et al. (2020)

IUCN Global 
ecosystem 
typology

Terrestrial

25 biomes and 108 ecosystem functional groups; see Keith et al. (2020)

Subterranean

Freshwater

Marine

Atmospheric
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livestock density and accessibility. Cropland data was 
not divided into several types in contrast with Raman-
kutty et al. (2008); livestock density data was convert-
ed to livestock unit densities according to FAO, which 
enabled the comparison of the densities of different 
types of livestock. Letourneau et al. used a two-step 
cluster analysis to identify particular land-use sys-
tems. Firstly, all the grid-cells were pre-grouped into 
many sub-clusters; secondly an algorithm grouped 
the sub-clusters into the optimal number of clusters 
according to the algorithm used. During the first stage 
of the clustering; wild areas, croplands or pastures 
were identified, then major categories of landscapes 
were determined. Each major category was further 
classified; the classification had 32 land-use systems, 
subsequently reduced to 24 classes (Letourneau et al. 
2012).

Land-use system classes are grouped into six 
categories: densely populated systems (4 classes), 
cropland systems (9), pastoral systems (3), mosaic 
systems (2), forested systems (3) and bare soil sys-
tems (3). South America, Africa and Australia are 
dominantly covered by extensive pastoral land-use 
systems; in Europe, South America and New Zealand 
we can find intensive grazing systems; croplands are 
mainly found in Europe, SE Asia and North Ameri-
ca. Densely populated systems are characterized by 
population densities above ca. 1000 inhabitants/km2 
(Letourneau et al. 2012). This classification is compa-
rable with anthropogenic biomes (Ellis and Raman-
kut ty 2008; Ellis et al. 2010).

3.4 Land systems

Van Asselen and Verburg (2012) claim that land 
use and land management were not represent-
ed adequately until the classification by Ellis and 

Ramankutty (2008). Relatively small, but important 
types of land use were not represented and mosaic 
landscapes were inaccurately characterized by a sin-
gle homogeneous land cover type. Van Asselen and 
Verburg (2012) consider land-use intensity as a cru-
cial characteristic of land systems and a main cause of 
environmental damage (Foley et al. 2005). Land cover, 
livestock and agricultural intensity data was used for 
classification of land systems (Table 5), population 
wasn’t used as a classification criterion. Land cover 
variables were tree cover and bare soil cover (Hansen 
et al. 2003), cropland cover (Ramankutty et al. 2008) 
and built-up area (Schneider et al. 2009). Livestock 
data comes from FAO statistics (2007) and agricultur-
al intensity is based on global data of Neumann et al. 
(2010). All data was transformed into spatial resolu-
tion of 5 arc-minutes in this study. For the classifica-
tion and delineation of land systems, a hierarchical 
procedure was used (van Asselen and Verburg 2012).

The global land system classification map contains 
8 categories. Cropland systems are divided into nine 
classes and cover about 8% of the world’s land sur-
face. They are characterized by an average cropland 
cover of ca. 70% and are distinguished based on agri-
cultural intensity, and livestock type and intensity. 
28% of the global population lives in this category. 
Extensive croplands can be found in Africa and India 
while intensive croplands are found in central-east-
ern US, Europe, SW Russia, in parts of China and India. 
The second category is called mosaic cropland and 
grassland systems, which contain five classes that all 
together cover 5% of the land surface and host 10% of 
the world’s population. Extensive types occur mainly 
in Africa, whereas intensively managed systems are 
found in the United States, Europe or Argentina. Mosa-
ic croplands and forest systems cover only 4% of the 
world’s area, and 9% of the world’s population lives 
in this area. These systems occur all over the world. 
Forest systems cover a much larger area of 21% of the 
world’s land surface, but only 8% of the population 
can be found here. Dense forest systems have an aver-
age tree cover of about 80% and mostly include trop-
ical forests or temperate forests at higher latitudes. 
Open forest systems (two different classes) have an 
average tree cover of about 55%. The next category, 
grassland systems cover 12% of the land surface and 
host 4.6% of the world’s population. This category 

Tab. 4 Datasets used for the classification of land-use systems.

Classification factor Reference

Bare soil area Hansen et al. (2003)

Tree cover area Hansen et al. (2003)

Build-up area Elvidge et al. (2007)

Croplands area Ramankutty et al. (2008)

Pastures area Ramankutty et al. (2008)

Crop areas Monfreda et al. (2008)

Irrigated areas Siebert et al. (2005)

Sheep density FAO (2007)

Goats density FAO (2007)

Chicken density FAO (2007)

Pigs density FAO (2007)

Buffaloes density FAO (2007)

Bovines density FAO (2007)

Population density Dobson et al. (2000)

Accessibility Verburg et al. (2011)

Tab. 5 Datasets used for the classification of land systems.

Classification factor Reference

Tree cover Hansen et al. (2003)

Bare soil cover Hansen et al. (2003)

Cropland cover Ramankutty et al. (2008)

Build-up area Schneider et al. (2009)

Livestock density FAO (2007)

Efficiency of agricultural production Neumann et al. (2010)
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is divided into 3 classes, one natural; in tundra and 
two anthropogenic all over the world. Mosaic (semi-)
natural systems are widely spread covering 24% of 
the world land surface, 8% of the population lives in 
the mosaic grassland and forest system, which occurs 
in Canada, Russia, South America, Central Africa and 
China, only 1.5% live in the second class – mosaic 
grassland and bare system. Settlement systems are 
subdivided into the urban, and peri-urban and village 
systems. They cover only 2% of the world’s land sur-
face, but 25% of people live here. Both classes can be 
found all over the world. The last category is named 
bare systems, and is subdivided into two classes; the 
average bare cover is 90%. Bare systems cover 1/4 of 
the land surface and host 5% of the world’s popula-
tion. These systems occur in the Sahara, Australia, 
western China, the Middle East, Mongolia, Kazakhstan 
etc. (van Asselen and Verburg 2012).

3.5 Land system archetypes

Mapping land systems with the incorporation of 
land-use intensity and land management is useful 
for a better understanding of the interactions and 
feedbacks between nature and people, measuring 
impacts, addressing global trade-offs of land-use 
change and developing better policies adapted to 
regional conditions (Foley et al. 2011; Seppelt et al. 
2011; Václavík et al. 2013). In previous studies top-
down approaches were used based on expert’s rules 
or a priori classification. In the study of Václavík et 
al. (2013) a new approach was proposed for rep-
resenting human-environment interactions, a bot-
tom-up approach driven only by the data. Global land 
system archetypes were defined as unique combi-
nations of environmental conditions, socioeconomic 
factors and land-use intensity; they were identified 
based on 32 indicators (Table 6). All datasets were 
derived for the period around the year 2005; spatial 
resolution was the same as in all previous studies – 
5 arc-minutes. Land-use intensity was characterized 
by data on cropland and pasture (Klein Goldewijk et 
al. 2011) and their trends, use of N fertilizer (Potter et 
al. 2010), irrigation (Siebert et al. 2007), soil erosion 
(van Oost et al. 2007), yields and yield gaps for wheat, 
maize and rice (IIASA/FAO 2012), total production 
index and the human appropriation of net primary 
production (Haberl et al. 2007). Environmental con-
ditions were characterised by 35 bioclimatic varia-
bles, from which 5 were selected for the final analysis 
(Kriticos et al. 2012), climate anomalies (Menne et 
al. 2009), NDVI mean and seasonality (Tucker et al. 
2005), soil organic carbon (Batjes 2006) and species 
diversity of terrestrial mammals, birds, amphibians 
and reptiles from the IUCN database. Finally GDP, 
GDP from agriculture, the capital stock in agricul-
ture (FAO), population density and its trend (CIESIN 
2005), political stability (Kaufmann et al. 2010) and 
accessibility (Uchida and Nelson 2009) were used as 

socioeconomic factors. For the classification of land 
system archetypes, a self-organizing map algorithm 
(SOM) was used; an unsupervised neural network. 
The SOM analysis was conducted in R version 2.14.0. 
A 3 by 4 hexagonal plane was chosen as the two-di-
mensional output space. The final result was a map of 
global land system archetypes (Václavík et al. 2013).

Forest systems in the tropics represent the first 
archetype of a total of 12 archetypes. They cover ca. 
14% of terrestrial ecosystems and they are deter-
mined mainly by climate. This archetype can be 
found in Latin America and the Amazon basin, West 
and Central Africa and in SE Asia. Degraded forest/
cropland systems in the tropics cover only 0.35% of 
the world’s land surface area; are characterized by 
enormous soil erosion and occur in Southeast Asia 
and Latin America. Boreal systems of the western 
world cover 14% of the world’s land surface, it’s an 
area of scarcely populated boreal forests and tundra. 
This LSA occurs mainly in Canada, Northern Europe, 
and Patagonia; or in higher elevations. Boreal systems 
of the eastern world occupy 20% of terrestrial ecosys-
tems and are typical for Russia and Northeast China. 
Extensive cropping systems (11%) are defined by a 
high density of cropland and its increasing trend and 
the population density exceeding the global average. 
Extensive cropping systems occur in Eastern Europe, 
Sub-Saharan Africa, South America, India and China. 
Intensive cropping systems (5%) are also character-
ized by a high density of cropland, but it has decreased 
in recent decades. This land system archetype occurs 
in Western Europe, Eastern United States of Ameri-
ca and Western Australia. Only 2% of terrestrial eco-
systems are covered by irrigated cropping systems. 
The intense land-use pressure can be illustrated by 
a very dense population that has increased in the last 
50 years. This archetype is typical for India, China or 
Egypt. Irrigated cropping systems with rice yield gap 
(only 1%) occur in economically very poor and also 
politically unstable regions such as Bangladesh, India 
and Southeast Asia. Pastoral systems (13%) are char-
acterized by high densities of pastures and grasslands 
and are still scarcely populated. They are located in 
Central Asia, South and North Africa and Sahel, and 
in Latin America. High-density urban agglomerations 
cover only 0.1% of the world’s land surface and values 
of its indicators are predominantly extreme, the pop-
ulation density is 7138 persons per km2 etc. Marginal 
lands in the developed world (9%) have low values 
for indicators of land-use intensity, and the popula-
tion density is only 6 people per km2 and decreasing. 
This archetype occurs in Western USA, Australia or 
Argentina. The last land system archetype is called 
barren lands in the developing world and covers 
11% of terrestrial ecosystems. It consists of mainly 
barren and desert areas characterized by low densi-
ties of cropland and pastures, extremely low primary 
production and an extreme climate. The population 
density is only 12 people per km2, the countries are 
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poor and very politically unstable. Barren lands exist 
in regions of the Middle East, Saharan Africa, the 
deserts of Namibia and the Gobi and Atacama deserts 
(Václavík et al. 2013).

3.6 World ecosystems

Sayre et al. (2020) described a new set of maps of 
global ecosystems at a spatial resolution of 250 m 
(8 arc-seconds resolution). The map of terrestrial 
world ecosystems was derived from the objective 
development and integration of global temperature 
domains, global moisture domains, global land-
forms, and global vegetation and land use (Table 7). 

Temperature data come from the WorldClim version 2 
(Fick and Hijmans 2017) database. Global tempera-
ture domains consist of six temperature classes (trop-
ical, subtropical, warm temperate, cold temperate, 
boreal, and polar). World moisture domains are based 
on the value of the aridity index (AI) (Trabucco and 
Zomer 2009), and there are three classes (moist, dry, 
desert) designed. The world temperature domains 
layer and the world moisture domains layer were 
then combined to derive a world climate regions lay-
er. With six temperature domains and three moisture 
domains, a total of 18 climate regions is possible (Say-
re et al. 2020). The climate regions data were then 
combined with a world landforms data layer that is an 
aggregation of the global Hammond landforms layer 
(Karagulle et al. 2017) into four classes (mountains, 
hills, plains, and tablelands), extending the 18 climate 
region classes to 72 possible climate region and land-
form combinations, called world climate and terrain 
settings. In the end Sayre et al. (2020) combined this 
layer with the world vegetation and land cover data 
layer. The world vegetation and land cover layer con-
tains forest, shrubland, grassland, cropland, sparsely 
or non-vegetated (bare) area, settlements, snow and 
ice, and water classes, and was derived from the glob-
al land cover data produced by the European Space 
Agency (ESA 2017). A combination of the previous 
72 settings with the eight vegetation classes yields 
576 total possible combinations of world ecosystems. 
A total of 431 world ecosystems were identified, and 
of these a total of 278 units were natural or semi-nat-
ural vegetation/environment combinations. The big-
gest classes of the classification are Tropical moist 
forest on plains, Tropical desert sparsely or non-veg-
etated on plains, Boreal moist forest on mountains, 
and Subtropical moist forest on mountains, all having 
more than 3 million km2 (Sayre et al. 2020).

3.7 IUCN Global ecosystem typology 

This typology (version 2.0) is created as a hierarchical 
classification. In its upper three levels, functional var-
iation among ecosystems is represented, ecosystems 
are defined by their convergent ecological functions. 
In its lower three levels, compositional variation is 
represented, ecosystems with differing groups of spe-
cies influencing those ecological functions are defined 
(Keith et al. 2020).

The top level of the classification consists of five 
global realms: terrestrial, but also subterranean, 

Tab. 6 Datasets used for the classification of land system archetypes.

Classification factor Reference

Temperature Kriticos et al. (2012)

Diurnal temperature range Kriticos et al. (2012)

Precipitation Kriticos et al. (2012)

Precipitation seasonality Kriticos et al. (2012)

Solar radiation Kriticos et al. (2012)

Climate anomalies http://www.ncdc.noaa.gov 
/cmb-faq/anomalies.php#grid 

NDVI – mean Tucker et al. (2005)

NDVI – seasonality Tucker et al. (2005)

Soil organic carbon Batjes (2006)

Species richness http://www.iucnredlist.org 
/technical-documents/spatial-data

Cropland area Klein Goldewijk et al. (2011)

Cropland area trend Klein Goldewijk et al. (2011)

Pasture area Klein Goldewijk et al. (2011)

Pasture area trend Klein Goldewijk et al. (2011)

N fertilizer Potter et al. (2010)

Irrigation Siebert et al. (2007)

Soil erosion Van Oost et al. (2007)

Yield for wheat http://www.gaez.iiasa.ac.at/

Yield for maize http://www.gaez.iiasa.ac.at/

Yield for rice http://www.gaez.iiasa.ac.at/

Yield gap for wheat http://www.gaez.iiasa.ac.at/

Yield gap for maize http://www.gaez.iiasa.ac.at/

Yield gap for rice http://www.gaez.iiasa.ac.at/

Total production index http://faostat.fao.org/

HANPP Haberl et al. (2007)

Gross domestic product http://faostat.fao.org/

Gross domestic product in 
agriculture http://faostat.fao.org/

Capital stock in agriculture http://faostat.fao.org/

Population density CIESIN (2005)

Population density trend CIESIN (2005)

Political stability http://www.govindicators.org

Accessibility http://bioval.jrc.ec.europa.eu 
/products/gam/index.htm

Tab. 7 Datasets used for the classification of world ecosystems.

Classification factor Reference

Global temperature domains Fick and Hijmans (2017)

Global moisture domains Trabucco and Zomer (2009)

Global landforms Karagulle et al. (2017)

Global vegetation and land use ESA (2017)
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freshwater, marine, and atmospheric. Realms at the 
interface between contrasting environments are 
called transitional realms. At the second level, the 
classification defines 25 biomes ranging from tropical 
forests to several anthropogenic biomes. At the third 
level, the classification splits into 108 classes called 
Ecosystem Functional Groups (EFG). These three lev-
els were developed from the top-down approach. The 
units of the fourth level are developed top-down by 
division of EFGs. In contrast, the fifth and sixth level 
facilitate integration of established local classifica-
tions into the global framework. Integration uses the 
bottom-up approach. The units at the fourth and fifth 
level are both nested with the third level units; they 
represent alternative pathways below the third level 
(Figure 1). Level four units are called Biogeograph-
ic ecotypes, they are ecoregional expressions of an 
EFG. Global ecosystem types create the fifth level of 
the classification, they are complexes of organisms, 
with similar ecological processes and their associat-
ed physical environment within an area occupied by 
an EFG, but with substantial difference in composition 
of organisms. And finally the sixth level – Sub-glob-
al ecosystem types are subunits or nested groups of 
subunits within a global ecosystem type, which exhib-
it more compositional homogeneity and resemblance 

to one another than global ecosystem types (Keith 
et al. 2020).

In the terrestrial realm can be found seven biomes: 
tropical-subtropical forests, temperate-boreal forests 
and woodlands, shrublands and shrubby woodlands, 
savannas and grasslands, deserts and semi-deserts, 
polar-alpine, and intensive land-use systems. These 
biomes are further divided into 34 EFGs. There are 
also transitional realms with terrestrial component: 
palustrine wetlands, shoreline systems, supralitto-
ral coastal systems, anthropogenic shorelines, and 
brackish tidal systems comprising altogether a total 
of 16 EFGs (Keith et al. 2020).

4. Comparison and discussion of methods 
and outputs of global environmental 
classifications

Ellis and Ramankutty (2008), Ellis et al. (2010), 
Letourneau et al. (2012), Van Asselen and Verburg 
(2012) applied top-down approaches based on 
expert’s rules or a priori classification, in contrast 
Václavík et al. (2013) used a bottom-up approach to 
reduce the level of subjectivity and also used a much 

Fig. 1 Hierarchical structure of Global Ecosystem Typology. 
Source: Keith et al. 2020

Tab. 8 Comparison of global environmental classifications.

Name Authors Number 
of categories

Number 
of classes Resolution

Anthropogenic biomes Ellis and Ramankutty (2008) 6 21 5 arc minutes

Anthromes Ellis et al. (2010) 6 19 5 arc minutes

Land-use systems Letourneau et al. (2012) 6 24 5 arc minutes

Land systems Van Asselen and Verburg (2012) 8 30 5 arc minutes

Land system archetypes Václavík et al. (2013) – 12 5 arc minutes

World ecosystems Sayre et al. (2020) – 431 8 arc seconds

IUCN Global ecosystem typology Keith et al. (2020) 5 25 108 30 arc seconds
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Fig. 2 Comparison of land system archetypes (a), anthropogenic biomes (b), anthromes (c) and land systems (d) on the example of The 
Democratic Republic of the Congo.

higher number of input classification factors (32) 
compared to the other studies (Tables 1–2, 4–6). All 
these classifications were executed at the same 5 arc 
minute resolution. Sayre et al. (2020) have taken 
the structural approach. They mapped and subse-
quently integrated different natural elements. World 
ecosystems were executed at the 8 arc seconds res-
olution. Keith et al. (2020) used the combination of 
top-down and bottom-up approaches, which serves 
to balance consistency with realism. The IUCN Global 
ecosystem typology was executed at the 30 arc sec-
onds resolution. Anthropogenic biomes, anthromes, 
land-use systems and land systems all have a similar 
structure. They are grouped into six or eight cate-
gories respectively; each category is further divided 
into individual classes. Land system archetypes are 
completely different, there are 12 categories, which 
are not further divided. World ecosystems consist 
of 431 different classes. The IUCN Global ecosystem 
typology has five categories at the top level further 

divided into 25 classes and further into 108 units, etc. 
(Table 8).

Anthropogenic biomes, anthromes, land-use sys-
tems and land systems are suitable for further use on 
a wide range of scales, from global to regional; or a 
sub-regional scale. Land system archetypes are useful 
mainly on a global or continental scale (Figure 2).

On the other hand, land system archetypes present 
the most objective classification and they are based 
on much more different types of input data. World 
ecosystems and Global ecosystem typology are creat-
ed at a much finer spatial resolution. They are useful 
especially for conservation management.

The availability of individual classifications includ-
ing a link for download is shown in the following table 
(Table 9), classifications of Ellis and Ramankutty 
(2008), Ellis et al. (2010), Van Asselen and Verburg 
(2012), Václavík et al. (2013), Sayre et al. (2020) and 
Keith et al. (2020) are for those interested, freely 
available.
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5. Summary

All the classifications show human-environment 
interactions, but each in a slightly different way. Inter-
esting regional patterns, similarities on a global level 
and differences on a sub-national scale – can all be 
found here. Every classification provides a naturally 
generalized and simplified picture of a rather diverse 
reality. The best currently available datasets are used, 
but the quality and spatial resolution of all the input 
data are the limiting factors, moreover datasets often 
capture information for different periods. Many fac-
tors that could be very useful for classification aren’t 
available or lack the necessary quality (Ellis and 
Ramankutty 2008; Letourneau et al. 2012; van Asse-
len and Verburg 2012; Václavík et al. 2013). Anthro-
pogenic biomes, anthromes, land-use systems, land 
systems, land system archetypes, world ecosystems 
or whatever we want to call them, are useful in the 
better understanding of global human-environment 
interactions and land-use change impacts, identi-
fying regions with similar policy demands, they can 
also help with the global change challenges and can 
be used as inputs for global land change models and 
other modelling.

Naturally, all classifications presented differ in the 
purpose of their development, complexity of input 
variables and range of use by both scientists, interna-
tional institutions, government bodies and the gener-
al public. Anthropogenic biomes and anthromes (Ellis 
and Ramankutty 2008; Ellis et al. 2010), land-use sys-
tems (Letourneau et al. 2012), land systems (van Asse-
len and Verburg 2012) and land system archetypes 
(Václavík et al. 2013) have certainly had a significant 
impact, and each has been cited hundreds or thou-
sands of times. Anthropogenic biomes and anthromes 
have become part of the Principles of Terrestrial Eco-
system Ecology and the National Geographic Atlas of 
the World, and have been incorporated into the IUCN 
Global ecosystem typology (Keith et al. 2020). These 
classifications have recently been used also in ana-
lysing long-term changes (Ellis et al. 2021). The most 
recent classifications with most likely future impact 
are, firstly, World ecosystems, the system devised by 
Sayre et al. (2020) for the Nature Conservancy and 

IPCC, a useful tool for the Convention on Biological 
Diversity’s (CBD) Aichi Target 11, IUCN, FAO or IPBES. 
World ecosystems can be used in global conservation, 
global planning efforts. This system is data-derived 
with high spatial resolution. On the contrary, WWF 
Ecoregions (Olson et al. 2001, Dinnerstein et al. 2017) 
are expert-derived, coarse, and macroscale. And, sec-
ondly, the Global ecosystem typology (Keith et al. 
2020) approved by the IUCN. Ecosystems of the new 
IUCN Red List of Ecosystems are classified accord-
ing to the IUCN Global ecosystem typology, a frame-
work based on ecosystem function and biodiversity.

All the classifications provide a complex global 
spatial framework incorporating both natural and 
human factors that influence the functioning of land 
systems. Therefore, they can be used for the moni-
toring of global change of land use, ecosystems and 
biodiversity dynamics, global conservation and much 
more.
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