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ecozones, bio-climatic realms or other large ecological land units is an essential refer-
ence for global biogeographical and ecological studies. Various classification schemes
exist. These differ significantly in terms of the considered criteria for classification
Handling Editor: Thomas Gillespie and the underlying methodology of class assignments. Evident divergences between
global biome concepts are elusive, weakening hereon based analyses and assump-
tions. Compilation and standardization are essential for obtaining a framework that
enables the comparison of different products. To address this need, we created a cat-
alogue of standardized categorial biome maps comprising 31 different global products
based on various methodological approaches. These products were processed indi-
vidually to facilitate their use in large-scale biogeographical and ecological analyses.
Main types of variables contained: We provide a unified RasterStack containing 31
terrestrial biome and land-cover classifications in different layers. Additional ancillary
and processing information is allocated.

Spatial location and grain: Global, 10 km x 10 km grain size in equal-area Mollweide
projection.

Major taxa and level of measurement: Biomes, ecozones, bio-climatic zones, and eco-
logical land units.

Software format: GeoTiff.
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1 | INTRODUCTION

sum of environmental alterations results in substantial modifications

of biodiversity patterns, processes, functioning, and in consequence

Global changes of ecosystems are currently dominated by various
anthropogenic drivers such as land use or climate change (Bellard
et al.,, 2012; IPBES, 2019; Sage, 2020). Biota and species commu-
nities are globally affected at an unprecedented speed, with severe

and partially uncertain consequences for human well-being. The

of ecosystem services. This development urges for mitigation and
compensations through societal and economic measures and in-
vestments (IPBES, 2019; IPCC, 2021), for example via ecological
restoration (Strassburg et al., 2020). A commonly implemented

measure counteracting environmental alterations and biodiversity

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2022 The Authors. Global Ecology and Biogeography published by John Wiley & Sons Ltd.

2172 wileyonlinelibrary.com/journal/geb

Global Ecol Biogeogr. 2022;31:2172-2183.


www.wileyonlinelibrary.com/journal/geb
mailto:﻿￼
https://orcid.org/0000-0002-1248-9785
https://orcid.org/0000-0001-9720-9078
https://orcid.org/0000-0002-6456-4628
http://creativecommons.org/licenses/by/4.0/
mailto:jc.fischer@uni-bayreuth.de
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fgeb.13574&domain=pdf&date_stamp=2022-08-16

FISCHER ET AL.

Global Ecology A Journal of W l L EY 2173

decline is the designation of protected areas. However, even these
intended arks of biodiversity and refugia for threatened species are
no longer safe sites. As protected areas are spatially fixed zones,
they experience changes, such as emerging novel climatic condi-
tions within their spatial extent (Hoffmann et al., 2019; Hoffmann
& Beierkuhnlein, 2020). Furthermore, alien species cannot be ex-
cluded from protected areas but are invading increasingly weakened
ecosystems (Liu et al., 2020; Schulze et al., 2018). All these processes
should not be seen as the result of local singularities but require a
larger spatial and temporal perspective.

Biome classifications are commonly referred to in applied sci-
ences such as conservation ecology (e.g., Hoffmann et al., 2019).
Distinct partitioning of the Earth's surface into different categorial
classes has immense implications on study results, and thus reflects
upon management strategies. However, the conclusions for decision
making are dependent on the choice of a particular classification.
Consequently, an informed selection of particular biome classifica-
tions according to specific research needs is essential to fathom ef-
fects of global change, and to obtain a baseline for conservation and
restoration actions. The requirement for comprehensive and data-
based reference systems describing terrestrial biomes was recently
reiterated (GEO ECO, 2020). A variety of such differing biome and
land cover classifications is presented and widely used in past and
contemporary scientific studies (e.g., Hassani et al., 2020; Hoffmann
et al.,, 2019; Lenzner et al., 2021; Mucina, 2019). Traditional
global biome concepts, for example, the traditional approach by
Whittaker (1975), are textbook knowledge. Despite initial inten-
tions to form maps based on moving targets of changing climates,
correlated with biome patterns, such adaptations are not compre-
hensive. In previous decades, interactions between climate, soil
properties, vegetation structure, and physiology were increasingly
considered (e.g., Prentice et al., 1992), even leading towards global
and continental vegetation models applied in climate change im-
pact assessments (e.g., Allen et al., 2020; Cramer et al., 2018; Smith
et al., 2001). However, these assumed linkages between ecosystem
processes and spatial patterns as well as their development need to
be validated through ground-truthing and in-situ monitoring.

Established concepts of biomes and ecozones vary substantially
in categorization criteria, the number of mapping units, conformity,
spatial coverage, and resolution (Beierkuhnlein & Fischer, 2021). This
is a consequence of the application of different underlying method-
ological approaches and criteria for class definition. Concepts can be
categorized according to their methodological origin, which includes
partitioning referring to in-situ measurements and remotely-sensed
observations, modelling approaches, expert knowledge, review, and
combinations of these. In addition, classifications differ according to
their specific thematic foci. Considerations based on climatic con-
ditions and seasonality (e.g., Beck et al., 2018), primary vegetation
composites either focusing on potential natural (Hengl et al., 2018;
Kaplan et al., 2003; Pfadenhauer & Klo6tzli, 2014; Ramankutty &
Foley, 1999) or actual vegetation patterns (Buchhorn et al., 2019;
Ellis et al., 2010), the inclusion of geological features (mountain sys-
tems, e.g., Pfadenhauer & Kio6tzli, 2014; barren land, e.g., Defries

and Biogeography Macroecology

et al., 2010; Kaplan et al., 2003) or geographical focus, such as the
latitudinal arrangement (e.g., moist mid-latitudes, Schultz, 2016), add
to variety and disharmony in biome classifications. There is no con-
sistency in the consideration of azonal classes that are not linked to
climatic factors, such as inland water bodies, ice shields or emerging
urban, and other areas of human dominance. Due to the fact that
in large mountain ranges ecosystems of different zonal biomes can
be superimposed within a small two-dimensional area, orobiomes
have been distinguished as specific cases in several approaches (e.g.,
Walter & Breckle, 2002).

Certain classifications include transitional zones, called zono-
ecotones, in between particular zones (e.g., Walter, 1968; Walter &
Box, 1976). Despite these differences, many drivers of alternative
biome classifications are interdependent. As an example, climate is
controlled by solar radiation, which in turn relies on latitude, conti-
nental location, and topography, further defining precipitation re-
gimes. This complexity is reflected in habitat conditions that affect
vegetation structures and ecosystems.

While understanding the progression and history of biomes is
one way to approach differences in biome classifications (Hunter
et al., 2021; Mucina, 2019), we argue that a comparison of classifi-
cation schemes is helpful to understand where different concepts
agree and deviate. Hitherto no comprehensive inventory has been
attempted to describe products of different global classifications in
a standardized way to facilitate comparisons and ultimately select
the most suitable classification system for individual research pur-
poses. Here, we inventory published and commonly used terrestrial
biome and land-cover classifications and provide a standardized cat-
alogue for products originating from 31 concepts.

2 | THE SPECTRUM AND USE OF BIOME
CLASSIFICATIONS

Biomes as a concept have their roots in the work of Lamarck and
Candolle (Lamarck & Candolle, 1805) and von Humboldt and
Bonpland (1805), who pointed out that certain regions could be,
for example, attributed to large-scale floristic regions. The term
‘biome’ was introduced in 1916 by Clements (1916). Although today
biomes are considered a framework for all biota at large scales and
are characterized by a specific set of ecosystems, historically there
has been a strong emphasis on vegetation structures (formations).
Initially, predominant vegetation structures and plant physiology
were seen as the most important features related to average climatic
conditions (Walter, 1968; Whittaker, 1975). Even though this con-
nection between climate and vegetation patterns is still the most
common approach, additional drivers of global patterns, such as
soil types, water availability, and disturbance events, were increas-
ingly considered in the following decades (Mucina, 2019). Given
the complexity of extensive natural systems biomes are intended
to characterize, it is not surprising that the term is still ambiguous.
Even though the continental scale is not clearly defined, there is con-
sensus that the term biome is being used to represent larger spatial
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units than ecosystems. Nevertheless, the term is avoided when the
focus is purely on vegetation and not on entire ecosystems (e.g.,
Pfadenhauer & Klotzli, 2014).

Interestingly, the diversity of biome classifications is not only a
consequence of linear progression with more sophisticated methods
and finer grained data but also a result of the differing disciplinary
viewpoints and approaches applied to derive such classifications.
Early biome classifications were merely built on individual expert
knowledge (e.g., Walter, 1968, 1976; Whittaker, 1975), with there-
from resulting discrepancies related to individual viewpoints. At that
time, individual ecological experience was difficult to attain on a
global scale, and data availability was scarce. Considering the dif-
ficult circumstances, under which these early biome concepts were
created, they are of high quality and invaluable for science today.
To this day, classifications derived from expert knowledge are often
cited and used in contemporary biogeographical research (e.g.,
Dinerstein et al., 2017; Olson et al., 2001).

A major challenge in global land area classification consists in
balancing between limiting the number of classes without oversim-
plifying the natural heterogeneity of any ecological unit. The applied
criteria for class definition determine boundaries according to the
thematic focus. Consequently, careful selection of the criteria used
to delineate such large-scale units is essential to create distinct
biome maps. A resulting caveat is the delimited set of classification
criteria. Nevertheless, this, often hidden, drawback is balanced out
by the advantages in terms of practical applicability of maps with
clear units and respective ancillary documentation.

In the past, map-based comparisons of global biome concepts
were based on visual inspection alone, allowing only vague similarity
estimations to be made (Leemans, 1990). Surprisingly, several widely
referred to expert-based biome classifications are to date not avail-
able as georeferenced products (e.g., Pfadenhauer & Klétzli, 2014;
Schmithilsen, 1976; Schultz, 1988, 1995, 2002, 2008, 2016), which
restricts their use in geoinformatics and global studies. However,
lacking digital availability should no longer be accepted as an argu-
ment for ignorance. Overall, past selection biases induced by lacking
digital standards are reduced with ongoing technological advances
but limitations remain in respect to availability of computing power,
which might be required for processing of certain remote sensing
derived products and modelled classifications. Nevertheless, such
approaches reflect the current-day realities of land surfaces that are
strongly modified by humans and thus are valuable for global change
analyses.

While historically most expert-based biome classifications ex-
clusively displayed the potential natural vegetation on Earth, and
were thus also hypothetical to a certain degree and in addition
dependent on a given time and climate, some included landscape
elements resulting from anthropogenic activities (e.g., Mdiller-
Hohenstein, 1981). As humans have shaped their environment for
12,000years or more, the concept of anthromes was introduced
to classify terrestrial areas based on the human imprint on nature
(Ellis et al., 2010; Ellis & Ramankutty, 2008). While classifications
both with and without anthropogenic elements can be justified,

they represent different reference systems. For nature conser-
vation, naturalness, and wilderness may be the most important
guidelines. For global change impact studies, the human footprint
may be more relevant. Obviously, the philosophy and methodology
behind different global maps differ considerably. Certain concepts
focus on potential global patterns of natural ecosystems and others
on the current state of land cover. The continuity of past ‘natural’
patterns is questionable under contemporary conditions (Chiarucci
et al., 2010). Under this perspective, it can be questioned if for-
merly produced global maps are still valid. Some classifications like,
Schultz (1988) have never been significantly updated but are still
frequently referred to in geography, pedology, and vegetation sci-
ences (e.g., Amelung et al., 2018; Eitel & Faust, 2013; Pfadenhauer
& Kilotzli, 2014; Zech et al., 2014). However, modelling the global
distribution of potential natural patterns of biomes under current
climatic conditions (e.g., Hengl et al., 2018; Higgins et al., 2016) does
intrinsically ignore the human sphere, which interacts intensely with
natural systems. Consequently, there is no right or wrong, but just
different viewpoints and baselines that users need to be aware of.
Our work aims to provide an overview and easy access to diverse

approaches and classifications.

3 | DATA SOURCES: INVENTORIED BIOME
CLASSIFICATIONS

We focused on categorial maps of global terrestrial biome and land-
cover classifications. Potential products for consideration were
identified based upon a literature review of scientific papers and
textbooks. Aiming for maximum comprehensiveness and high in-
clusiveness, the ultimate criterion for contemplation of individual
classifications was the partition of Earth's terrestrial surface fol-
lowing climatic and vegetation characteristics as well as remotely
sensed surface properties. The selection was refined in respect to
popularity (number of citations or editions), topicality (latest ver-
sions of e.g., Koppen-Geiger climate classification) and individual-
ity to yield 31 concepts extracted from 30 sources (Table 1; for an
extended version including additional information see Supporting
Information Appendix S1). Regarding their methodological genesis,
the considered products represent a variety of techniques, compris-
ing climatic and vegetation modelling, earth observation, divisive
data clustering, quantitative analysis, review, field study, and expert
knowledge. The underlying criteria of class assignment comprise a
wide range of climatic, radiative, bio-, geo-, and lithologic as well
as vegetative, geographic, geomorphologic, and anthropogenic
parameters.

Further classifications that were reviewed but not included
in our final catalogue are the International Geosphere-Biosphere
Programme (IGBP) Land Cover Classification (Belward, 1996), the
Simple Biosphere 2 Model (Sellers et al., 1996), the Vegetation
Lifeform (Running et al., 1995), the Global Ecosystems (Olson, 1994a,
1994b), the Biosphere Atmosphere Transfer Scheme (Dickinson
et al., 1986), the Simple Biosphere Model (Sellers et al., 1986), and
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TABLE 1 Standardized products of all concepts sorted by year of publication or last edition, including the number of different classes and
the underlying criteria for class assignment

Methodology of class Layer in

Publication Name of classification Criteria for class assignment assignment RasterStack

Allen et al. (2020) Global vegetation Carbon mass, LAI, and plant Modelling with the global 1
patterns of the functional types dynamic vegetation Lund-
past 140,000vyears Potsdam-Jena General

Ecosystem Simulator

Buchhorn et al. (2019) Dataset of the global Multi-spectral Earth surface Supervised classification of 2
component of the reflectance on top of satellite imagery data based
Copernicus Land canopies on external reference
Monitoring Service datasets and expert opinion

Beck et al. (2018) Present and future Climate (temperature and Application of a slightly adjusted 3
Képpen- precipitation) Képpen-Geiger classification
Geiger climate based on climatological
classification maps thresholds following Peel
at 1-km resolution et al. (2007)

Hengl et al. (2018) Global mapping of Potential natural vegetation Modelling based on several 4
potential natural machine learning techniques
vegetation: an including neural networks,
assessment of random forest, gradient
machine learning boosting, K-nearest
algorithms for neighbour, and Cubist
estimating land
potential

Dinerstein et al. (2017) An ecoregion-based Biogeographical zonation and Revision of the terrestrial 5
approach to species distribution ecoregions of the world by
protecting half the Olson et al. (2001) based
terrestrial realm on technical advances and

expert knowledge

Zhang et al. (2017) A global classification Climate (temperature and Non-hierarchical data clustering 6
of vegetation precipitation) and vegetation based on K-means distances
based on NDVI, (NDVI) in 14 classes, validation via
rainfall, and Kappa statistics
temperature

Netzel and On using a clustering Mean monthly climatic Climate data clustering based 7

Stepinski (2016) approach for conditions including on dynamic time warping as
global climate temperature, precipitation, a measure for dissimilarity
classification and temperature range between climate types

Netzel and On using a clustering Mean monthly climatic Climate data clustering based 8

Stepinski (2016) approach for conditions including on Euclidean distance as a
global climate temperature, precipitation, measure for dissimilarity
classification and temperature range between climate types

Higgins et al. (2016) Defining functional Vegetation parameters including Classification of vegetation 9
biomes and a productivity index, timing categories based on multiple
monitoring their of minimum vegetation predefined parameters
change globally activity, vegetation height; of vegetation height,

essential data for the productivity, and plant
definition of these factors growth limitations
are NDVI, soil moisture, solar
radiation, and temperature
Pfadenhauer and Earth's vegetation Life-form and distribution of Review and modification of 10

Klotzli (2014)

potential natural dominant
vegetation types as defined
by local environmental
habitat conditions (climate,
soil, relief)

global vegetation patterns
by Schmithiisen (1976)
informed by multiple
regional sources

(Continues)
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TABLE 1 (Continued)

Methodology of class Layer in
Publication Name of classification  Criteria for class assignment assignment RasterStack
Zhang and Yan (2014) Spatiotemporal Climate (temperature and Non-hierarchical data clustering 11

Metzger et al. (2013)

Food and Agriculture
Organization
of the United
Nations (2012)

Tateishi et al. (2011,
2014); Kobayashi
etal. (2017)

Defries et al. (2010)

change in
geographical
distribution of
global climate
types in the
context of climate
warming

A high-resolution
bioclimate map
of the world:
a unifying
framework for
global biodiversity
research and
monitoring

Global ecological
zones for FAO
forest reporting:
2010 update

Global Land Cover by
national mapping
organizations

ISLSCP Il University
of Maryland
global land cover
classifications,
1992-1993

precipitation)

42 climatic and physical

environmental

parameters including
temperature, precipitation,
evapotranspiration, aridity
and humidity indices, solar
irradiance, and elevation

Bioregionalization, biogeography,

biodiversity, and
macroecological patterns,
vegetation

Earth's spectral surface

reflectance

NDVI, vegetation cover, and

canopy height

based on K-means distances
in 14 classes, validation via
Kappa statistics

Compilation of multiple

bio-climatic parameters,
collinearity reduction among
input parameters based

on Pearson correlation,
statistical grouping by
principal components
analysis of the covariance
matrix, data clustering by
iterative self-organizing data
analysis for classification

of principal components
into homogeneous
environmental strata,
similarity-based aggregation
of strata into global
environmental zones

based on Euclidean
distance, comparison of
final classification with
multiple global and regional
ecosystem concepts by
Kappa statistics

Delineation of global

ecological zones based on

a compilation of global and
regional ecological and
vegetational source maps,
revision according to remote
sensing observational data
and expert consultations
for categorization of broad
vegetation (forest) types

Supervised classification

of satellite imagery by
MODIS based on multiple
remote sensing products

for reference as well as
specific regional maps and
expert opinion, individual
unsupervised classification
for certain classes, validation
with stratified random
sampling

Resampling of land cover and

derived NDVI data from
AVHRR with hierarchical
classification

12

13

14

15
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TABLE 1 (Continued)

Publication

Ellis et al. (2010)

European Space

Agency (2010)

Friedl| et al. (2010)

The Nature
Conservancy (2009)

Peel et al. (2007)

Bartholomé and

Belward (2005)

Kaplan et al. (2003)

Olson et al. (2001)

Loveland et al. (2000)

Ramankutty and
Foley (1999)

Name of classification

Anthropogenic
transformation of
the biomes, 1700
to 2000

GlobCover

MODIS collection
5 global land
cover: algorithm
refinements and
characterization of
new datasets

Terrestrial ecoregions
of the world

Updated world map
of the Képpen-
Geiger climate
classification

GLC2000: a new
approach to
global land cover
mapping from
Earth observation
data

Climate change and
arctic ecosystems:
2. modelling,
paleodata-model
comparisons, and
future projections

Terrestrial ecoregions
of the world: a
new map of life on
Earth

Development of a
global land cover
characteristics

database and IGBP

DISCover from
1 km AVHRR data

Estimating historical
changes in global
land cover:
croplands from
1700 to 1992

Criteria for class assignment

Human population density and
land use

Earth surface reflectance of solar
radiance in 15 spectral bands
ranging from 412.5-900nm
in wavelength

Earth surface reflectance data
derived from time series
of seven spectral bands
provided by MODIS, EVI,
remotely sensed land surface
temperature, surface albedo

Macro-biogeographical patterns

Climate (temperature and
precipitation)

Top-of-canopy surface
reflectance

Potential natural vegetation
and associated
phenological, hydrological
and biogeochemical
characteristics

Distribution of distinct natural
communities prior to
human land use change,
biogeographical zonation,
and species distribution

NDVI

Potential natural vegetation

Global Ecology
and Biogeography

Methodology of class
assignment

Rule-based model classification
according to standardized
thresholds

Regionally specified
classification of high-
resolution surface
reflectance mosaics,
validation informed by
expert knowledge

Nested classification of Earth
observation data based on
ensemble decision trees,
cross-validation analysis

Compilation of selected global
and regional ecozones,
alignment and expert
informed modification

Classification and spatial
interpolation of
observational climate
records based on predefined
thresholds

Derivation of land cover
maps from spectral
surface reflectance at four
wavelength ranges based on
regionally optimized image
classification procedure

Coupled biogeographical and
biogeochemical distribution
modelling of biomes of
defined by main potential
natural vegetation types

Review of global and regional
biogeographical provinces,
hierarchical classification
into ecoregions, refinement
based on expert
consultation, nesting of
ecoregions into biomes and
biogeographical realms

Unsupervised classification and
subsequent stratification of
monthly NDVI composites
provided by AVHRR from
1992-1993 at continental
scale

Informed classification of
remotely sensed land cover

= wiLey- 27

Layer in
RasterStack

16

17

18

19

20

21

22

23

24

25

(Continues)
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TABLE 1 (Continued)

Publication

Leemans (1990)

Schultz (1988, 1995,
2002, 2008, 2016)

Miiller-
Hohenstein (1981)

Schmithusen (1976)

Whittaker (1975)

Walter (1964, 1968);
Walter & Breckle
(2002); Breckle and
Rafigpoor (2019)

Name of classification

Possible changes in
natural vegetation
patterns due to
global warming

Ecozones of the Earth

Landscape belts of the
Earth

Atlas of biogeography

Communities and
ecosystems

Vegetation and
climate

FISCHER ET AL.

Criteria for class assignment

Vegetation determined by

bio-climatic site conditions
(biotemperature,
precipitation, potential
evapotranspiration ratio)

Climate (temperature,

precipitation,
evapotranspiration),
vegetation (community
composition, phytomass
distribution, primary

production, growing season),

radiation, pedosphere,
lithosphere, fauna, human
activities (settlement, land
use)

Climate, vegetation, soil

Climate (temperature, potential
evapotranspiration), potential

natural vegetation, soil,
topography, elevation

Climate (temperature,

precipitation) and

vegetation (plant community

distribution)

Bio-physical environmental

parameters including
temperature, precipitation,
solar radiation, soil
characteristics, flora, and
fauna, continentality and
maritime influence, snow
cover

Methodology of class Layer in
assignment RasterStack
Application of the Holdridge 26
life zone classification
(Holdridge, 1947, 1967)
based on spatially
interpolated bio-climatic
parameters from climate
station records
Review, evaluation of regional 27
ecological studies,
quantitative ecosystem
analysis
Review and combination of 28
thematic concepts
Biogeographical analysis 29
Biogeographical analysis 30
Classification according to 31

defined thresholds on
climatic data, vegetation

proxies, and surface cover

indices

Abbreviations: AVHRR, advanced very high-resolution radiometer; EVI, enhanced vegetation index, FAO, food and agriculture organization of the
United Nations; IGBP, international geosphere-biosphere programme; ISLSCP Il, international satellite land-surface climatology project, initiative Il;

LAI, leaf area index; MODIS, moderate resolution imaging spectroradiometer; NDVI, normalized difference vegetation index.

the United States Geological Survey (USGS) Land Use/Land Cover
System (Anderson et al., 1976). These are all derived from the Global
Land Cover Characterization (GLCC) scheme (USGS EROS, 2018)
and were replaced by more up to date products. Furthermore, the
Global Land Cover Map 2006 (lwao et al., 2006) was not included
because of the limited number of only six non-specific USGS land-
cover classes. A clustering-based classification by Zscheischler
et al. (2012) could not be included because underlying spatial data

were unavailable.

4 | STANDARDIZATION OF PRODUCTS

Spatial data of the selected classifications were retrieved from original
sources depending on their availability. Certain concepts, including

Breckle and Rafigpoor (2019), Schultz (1988, 1995, 2002, 2008,
2016), Pfadenhauer and Klotzli (2014), Muller-Hohenstein (1981),
Schmithisen (1976), and Whittaker (1975), were manually digitized
and geo-referenced as Environmental Systems Research Institute,
Inc. (ESRI) shapefiles in ArcGIS (ESRI, 2019) based on scans of the
latest available map representations extracted from the relevant lit-
erature. These classifications and others presented in vector format
were transformed to grid data.

A template raster file was created from country polygons (wrld-
simpl dataset) (Bivand & Lewin-Koh, 2021) to serve as a reference
for grid processing. All concepts were harmonized with this stan-
dard format at a spatial resolution of 10 km x 10 km, over a global
extent from 180°W to 180°E and 90°N to 90°S and with the co-
ordinate reference system set to equal-area Mollweide projection.
Any undefined classes were excluded. The values of all raster cells
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were transformed to numbers by changing the names of classes,
which are commonly character strings, to distinct values (e.g., val-
ues ‘1’ and ‘2’ were assigned to ‘Tropical rain forest’ and ‘Savanna’,
respectively). Classes were sorted according to their centre's latitu-
dinal deviation from the equator in ascending order from 1 until the
maximum number of different classes. For example, in the case of a

classification with 14 classes, the value ‘1’ was assigned to all cells of

Compilation

Beomw

Standardization of individual products

2179
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the biome with the lowest latitudinal centre, and ‘14’ was set as the
cell value for the biome closest to the poles. Inland water bodies,
oceanic islands, mountains, and urban areas were defined as azonal
classes; thus, consistent values were assigned (inland water bod-
ies = 95, oceanic islands = 96, mountains = 97, urban = 98). All pro-
cessed classifications were combined into one RasterStack object

(Hijmans, 2021) with 31 layers in chronological order from the most

Combination of all products

-~
£ x>
& ,,:- —_ - .
Projection: P N
Mollweide N
g N
g\
N
R
=~
3
Format: 3
raster/grid =
Resolution:
10 km x 10 km Raster stack of 31 products
Geo Tiff format
Mollweide projection

FIGURE 1 Schematic figure of the methodological procedure. Concepts were compiled from different sources, including scientific
literature and textbooks (left). All individual products were aligned in terms of their coordinate reference system, data format, and spatial
resolution (middle). Finally, all products were stored in a RasterStack object (right).
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FIGURE 2 Overlay from all 31 classifications of those particular classes located closest to the equator by their latitudinal centre. The
colour gradient from yellow to dark blue indicates the frequency of overlapping classes. Note that the total maximum value of overlapping
classes was 29 and not 31. This shows that there is no total agreement at any spatial point of all classifications included. This underlines
the variance that exists among global biome and land cover concepts. The geographic projection of this map display is set to equal-area

Mollweide projection.
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recent to the oldest classification (Supporting Information Appendix
S2). The methodological procedure is illustrated in Figure 1. To visu-
alize the divergence of products from individual classifications, the
spatial overlap of the classes with the lowest latitudinal centres of
each biome classification was plotted by frequency in one combined
map (Figure 2).

Legends of all maps were harmonized for consistency. They
are provided in an ancillary text file in the same order as in the
RasterStack (Supporting Information Appendix S3). Maps includ-
ing legends of all processed concepts are furthermore presented
(Supporting Information Appendix S4). We also supply exemplary R
code and show how the biome catalogue RasterStack can be opened
(Supporting Information Appendix S5).

All spatial data manipulations and displays were performed with
the R software environment for statistical computation (R Core
Team, 2021) utilizing the ‘raster’ (Hijmans, 2021), ‘rgdal’ (Bivand
et al., 2021), ‘maptools' (Bivand & Lewin-Koh, 2021), ‘viridis' (Garnier
et al.,, 2021), and ‘terra’ (Hijmans, 2022) packages. The code is pro-
vided in the Supporting Information (Appendix S5).

5 | DATA STRUCTURE

The final biome catalogue consists of one raster stack object
(RasterStack) in GeoTiff format. Each considered classification is repre-
sented by one layer of 1,800 rows, 3,600 columns and 6,480,000 cells
at a spatial resolution of 10 km x 10 km in x- and y-dimensions, with
global extent in equal-area Mollweide projection. The classifications
are sorted chronologically by their year of publication or latest edition,
equal to the order in Table 1. For example, the classification by Allen
et al. (2020) is at the first position (layer 1), and the concept originat-
ing back to 1964 by Walter (1964) (subsequentially updated multiple
times, e.g., Walter, 1970; Breckle & Rafigpoor, 2019) is placed last in
the stack (layer 31). Full legend information, including the publication,
position in the raster stack, class names, and associated grid values, is
provided in Supporting Information Appendix S3.

AUTHOR CONTRIBUTIONS

JCF, AW, and CB conceptualized the study. JCF developed the
methodology and compiled, processed, and formatted the data. JCF
and AW created the figures. JCF, AW, and CB wrote and edited the
manuscript.

ACKNOWLEDGMENTS

We thank Reinhold Stahlmann for his valuable technical support.
Tessa Urbon provided help by digitizing individual maps. We are
grateful for the valuable comments on the manuscript from our col-
leagues. We acknowledge the provision of Globcover 2005 products
by European Space Agency (ESA) and the ESA Globcover Project led
by Médias France/Pole d'Observation des Surfaces continentales
par TELédétection (POSTEL). Open Access funding enabled and or-
ganized by Projekt DEAL.

FUNDING INFORMATION

This research received no specific funding.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

DATA AVAILABILITY STATEMENT

The biome inventory is openly available as a RasterStack ob-
ject in GeoTiff format with associated legend information con-
tained in a separate text file that can be accessed on Dryad
under the following link: https://datadryad.org/stash/landing/
show?id=doi%3A10.5061%2Fdryad.hgbzkh1jm. All other supple-
mentary material can be accessed as Supporting Information in the

online version of this article.

ORCID

Jan-Christopher Fischer "= https://orcid.org/0000-0002-1248-9785
https://orcid.org/0000-0001-9720-9078
https://orcid.org/0000-0002-6456-4628

Anna Walentowitz

Carl Beierkuhnlein

REFERENCES

Allen, J. R. M., Forrest, M., Hickler, T., Singarayer, J. S., Valdes, P. J.,
& Huntley, B. (2020). Global vegetation patterns of the past
140,000 years. Journal of Biogeography, 47, 2073-2090. https://doi.
org/10.1111/jbi.13930

Amelung, W., Blume, H. P., Fleige, H., Horn, R., Kandeler, E., Kogel-
Knabner, 1., Kretzschmar, R., Stahr, K., & Wilke, B. M. (2018).
Scheffer/Schachtschabel Lehrbuch der Bodenkunde. Ferdinand Enke
Verlag.

Anderson, J. R., Hardy, E. E., Roach, J. T., & Witmer, R. E. (1976). A land
use and land cover classification system for use with remote sensor
data. U.S. Geological Survey Professional Paper 964. https://doi.
org/10.3133/pp964

Bartholomé, E., & Belward, A. S. (2005). GLC2000: A new approach
to global land cover mapping from earth observation data.
International Journal of Remote Sensing, 26, 1959-1977. https://doi.
org/10.1080/01431160412331291297

Beck, H. E., Zimmermann, N. E., McVicar, T. R., Vergopolan, N., Berg,
A., & Wood, E. F. (2018). Present and future Képpen-Geiger cli-
mate classification maps at 1-km resolution. Scientific Data, 5, 1-12.
https://doi.org/10.1038/sdata.2018.214

Beierkuhnlein, C., & Fischer, J. C. (2021). Global biomes and eco-
zones - Conceptual and spatial communalities and discrepan-
cies. Erdkunde, 75(4), 249-270. https://doi.org/10.3112/erdku
nde.2021.04.01

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., & Courchamp, F.
(2012). Impacts of climate change on the future of biodiversity.
Ecology Letters, 15, 365-377. https://onlinelibrary.wiley.com/doi/
ftr/10.1111/j.1461-0248.2011.01736.x

Belward, A. S. (Ed.). (1996). The IGBP-DIS global 1 km land cover data set
(DISCover)-proposal and implementation plans. IGBP-DIS Working
Paper No. 13, International Geosphere-Biosphere Programme
Data and Information System Office.

Bivand, R., Keitt, T., & Rowlingson, B. (2021). rgdal: Bindings for the ‘geo-
spatial’ data abstraction library. R package version 1.5-23. https://
CRAN.R-project.org/package=rgdal.

Bivand, R., & Lewin-Koh, N. (2021). maptools: Tools for handling spatial ob-
jects. R package version 1.1-1. https://CRAN.R-project.org/packa
ge=maptools.

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB)/LID™AB | 1M Aed 1[UlUO//:SANY) SUONIPUOD Pue Swis | 81 88S *[£202/20/6T] Uo Ariqiaulluo A8 ‘yineikeq weisieniun A v2SET geb/TTTT 0T/ I0p/woo Ao |1 Ale.q1pul|uoy/sdny Wwoy papeojumod ‘TT ‘220z ‘8528997 T


https://datadryad.org/stash/landing/show?id=doi%3A10.5061%2Fdryad.hqbzkh1jm
https://datadryad.org/stash/landing/show?id=doi%3A10.5061%2Fdryad.hqbzkh1jm
https://orcid.org/0000-0002-1248-9785
https://orcid.org/0000-0002-1248-9785
https://orcid.org/0000-0001-9720-9078
https://orcid.org/0000-0001-9720-9078
https://orcid.org/0000-0002-6456-4628
https://orcid.org/0000-0002-6456-4628
https://doi.org/10.1111/jbi.13930
https://doi.org/10.1111/jbi.13930
https://doi.org/10.3133/pp964
https://doi.org/10.3133/pp964
https://doi.org/10.1080/01431160412331291297
https://doi.org/10.1080/01431160412331291297
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.3112/erdkunde.2021.04.01
https://doi.org/10.3112/erdkunde.2021.04.01
https://onlinelibrary.wiley.com/doi/ftr/10.1111/j.1461-0248.2011.01736.x
https://onlinelibrary.wiley.com/doi/ftr/10.1111/j.1461-0248.2011.01736.x
https://cran.r-project.org/package=rgdal
https://cran.r-project.org/package=rgdal
https://cran.r-project.org/package=maptools
https://cran.r-project.org/package=maptools

FISCHER ET AL.

Breckle, S. W., & Rafigpoor, M. D. (2019). Vegetation und Klima. Springer
Spektrum.

Buchhorn, M., Smets, B., Bertels, L., Lesiv, M., Tsendbazar, N.-E., Herold,
M., & Fritz, S. (2019). Copernicus global land service: Land cover
100m: Epoch 2015: Globe. Dataset of the global component of the
Copernicus Land Monitoring Service. https://doi.org/10.5281/
zen0do.3939038

Chiarucci, A., Araujo, M. B., Decocq, G., Beierkuhnlein, C., & Fernandez-
Palacios, J. M. (2010). The concept of potential natural vegetation:
An epitaph? Journal of Vegetation Science, 21(6), 1172-1178. https://
doi.org/10.1111/j.1654-1103.2010.01218.x

Clements, F. E. (1916). Development and structure of the biome. Ecological
Society Abs.

Cramer, W., Guiot, J., Fader, M., Garrabou, J., Gattuso, J. P., Iglesias,
A., Lange, M. A, Lionello, P, Llasat, M. C., Paz, S., Pefuelas, J.,
Snoussi, M., Toreti, A., Tsimplis, M. N., & Xoplaki, E. (2018). Climate
change and interconnected risks to sustainable development in the
Mediterranean. Nature Climate Change, 8, 972-980. https://doi.
org/10.1038/s41558-018-0299-2

Defries, R. S., Hansen, M. C., Hall, F. G,, Collatz, G. J., Meeson, B. W., Los,
S. O,, E.B. De Colstoun, Landis D. R. (2010). ISLSCP II University
of Maryland global land cover classifications, 1992-1993. ORNL
DAAC. https://doi.org/10.3334/ORNLDAAC/969

Dickinson, R. E., Henderson-Sellers, A., Kennedy, P. J., & Wilson, M. F.
(1986). Biosphere-atmosphere transfer scheme (BATS) for the NCAR
Community climate model (No. NCAR/TN-275-+STR). University
Corporation for Atmospheric Research. http://dx.doi.org/10.5065/
D6668B58

Dinerstein, E., Olson, D., Joshi, A., Vynne, C., Burgess, N. D.,
Wikramanayake, E., Hahn, N., Palminteri, S., Hedao, P., Noss,
R., Hansen, M., Locke, H., Ellis, E. C., Jones, B., Barber, C. V,
Hayes, R., Kormos, C., Martin, V., Crist, E., ... Saleem, M. (2017).
An ecoregion-based approach to protecting half the terrestrial
realm. Bioscience, 67(6), 534-545. https://doi.org/10.1093/biosc
i/bix014

Eitel, B., & Faust, D. (2013). Bodengeographie. Westermann.

Ellis, E. C., Klein Goldewijk, K., Siebert, S., Lightman, D., & Ramankutty,
N. (2010). Anthropogenic transformation of the biomes, 1700 to
2000. Global Ecology and Biogeography, 19(5), 589-606. https://doi.
org/10.1111/j.1466-8238.2010.00540.x

Ellis, E. C., & Ramankutty, N. (2008). Putting people in the map: anthropo-
genic biomes of the world. Frontiers in Ecology and the Environment,
6,439-447. https://doi.org/10.1890/070062

ESRI. (2019). ArcGIS desktop: Release 10.7.1. Environmental Systems
Research Institute.

European Space Agency. (2010). ESA GlobCover 2009 Project. http://due.
esrin.esa.int/page_globcover.php

Food and Agriculture Organization of the United Nations. (2012).
Global ecological zones for FAO forest reporting: 2010 update. Forest
Resources Assessment Working Paper 179. https://www.fao.
org/3/ap86le/ap86le.pdf

Friedl, M. A., Sulla-Menashe, D., Tan, B., Schneider, A., Ramankutty,
N., Sibley, A., & Huang, X. (2010). MODIS collection 5 global land
cover: Algorithm refinements and characterization of new data-
sets. Remote Sensing of Environment, 114, 168-182. https://doi.
org/10.1016/j.rse.2009.08.016

Garnier, S., Ross, N., Rudis, R., Camargo, A. P., Sciaini, M., & Scherer, C.
(2021). Rvision - colorblind-friendly color maps for R. R package ver-
sion 0.6.1. https://doi.org/10.5281/zenodo.5579397

GEO ECO. (2020). Implementation Plan 2020-2022. https://earthobser
vations.org/documents/gwp20_22/GEO-ECO.pdf

Hassani, A., Azapagic, A., & Shokri, N. (2020). Predicting long-term dy-
namics of soil salinity and sodicity on a global scale. Proceedings
of the National Academy of Sciences of the United States of
America, 117(52), 33017-33027. https://doi.org/10.1073/pnas.
2013771117

Global Ecology A Journal of W l L EY 2181

and Biogeography Macroecology

Hengl, T., Walsh, M. G., Sanderman, J., Wheeler, |., Harrison, S. P.,, &
Prentice, I. C. (2018). Global mapping of potential natural vegeta-
tion: An assessment of machine learning algorithms for estimating
land potential. PeerJ, 6, €5457. https://doi.org/10.7717/peerj.5457

Higgins, S. I., Buitenwerf, R., & Moncrieff, G. R. (2016). Defining func-
tional biomes and monitoring their change globally. Global Change
Biology, 22(11), 3583-3593. https://doi.org/10.1111/gcb.13367

Hijmans, R. J. (2021). raster: Geographic data analysis and modeling. R pack-
age version 3.4-13. https://CRAN.R-project.org/package=raster

Hijmans, R. J. (2022). terra: Spatial data analysis. R package version 1.5-
21. https://CRAN.R-project.org/package=terra

Hoffmann, S., & Beierkuhnlein, C. (2020). Climate change exposure and
vulnerability of the global protected area estate from an interna-
tional perspective. Diversity and Distributions, 2020(26), 1496-
1509. https://doi.org/10.1111/ddi.13136

Hoffmann, S., Irl, S. D. H., & Beierkuhnlein, C. (2019). Predicted cli-
mate shifts within terrestrial protected areas worldwide. Nature
Communications,10, 4787. https://doi.org/10.1038/s41467-019-
12603-w

Holdridge, L. R. (1947). Determination of world plant formations from
simple climatic data. Science,105, 367-368. https://www.scien
ce.org/doi/10.1126/science.105.2727.367

Holdridge, L. R. (1967). Life zone ecology. Tropical Science Center.

Hunter, J., Franklin, S., Luxton, S., & Loidi, J. (2021). Terrestrial biomes:
A conceptual review. Vegetation Classification and Survey, 2, 73-85.
https://doi.org/10.3897/VCS/2021/61463

IPBES (2019). In S. Diaz, J. Settele, E. S. Brondizio, H. T. Ngo, M. Guéze,
J. Agard, A. Arneth, P. Balvanera, K. A. Brauman, S. H. M. Butchart,
K. M. A. Chan, L. A. Garibaldi, K. I. J. Liu, S. M. Subramanian, G. F.
Midgley, P. Miloslavich, Z. Molnéar, D. Obura, A. Pfaff, S. Polasky,
A. Purvis, J. Razzaque, B. Reyers, R. Roy Chowdhury, Y. J. Shin, I.
J. Visseren-Hamakers, K. J. Willis, & C. N. Zayas (Eds.), Summary
for policymakers of the global assessment report on biodiversity and
ecosystem services of the intergovernmental science-policy platform on
biodiversity and ecosystem services. IPBES Secretariat.

IPCC (2021). Summary for policymakers. In V. Masson-Delmotte, P.
Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen,
L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R.
Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, & B. Zhou
(Eds.), Climate change 2021: The physical science basis. Contribution
of working group | to the sixth assessment report of the intergovern-
mental panel on climate change. Cambridge University Press.

lwao, K., Nishida, K., Kinoshita, T., & Yamagata, Y. (2006). Validating land
cover maps with degree confluence project information. Geophy-
sical Research Letters, 33, L23404. https://doi.org/10.1029/2006G
L027768

Kaplan, J. O., Bigelow, N. H., Prentice, I. C., Harrison, S. P., Bartlein, P. J.,
Christensen, T. R., Cramer, W., Matveyeva, N. V., McGuire, A. D,
Murray, D. F., Razzhivin, V. Y., Smith, B., Walker, D. A., Anderson,
P. M, Andreev, A. A., Brubaker, L. B., Edwards, M. E., Lozhkin, A.
V., & Lozhkin, A. V. (2003). Climate change and arctic ecosystems
Il: Modeling, paleodata-model comparisons, and future projec-
tions. Journal of Geophysical Research, 108(D19), 8171. https://doi.
org/10.1029/2002JD002559

Kobayashi, T., Tateishi, R., Alsaaideh, B., Sharma, R. C., Wakaizumi, T.,
Miyamoto, D., Xiulian, B., Long, B. D., Gegentana, G., & Maitiniyazi,
A. (2017). Production of global land cover data - GLCNMO2013.
Journal of Geography and Geology, 9(3), 1-15. http://dx.doi.
org/10.5539/jgg.von3p1l

Lamarck, J. B. P. A., & Candolle, A. P. (1805). Flora francaise ou descriptions
succinctes de toutes les plantes qui croisseant naturellement en France,
disposée selon une nouvelle méthode d'Analyse, et précédées par un ex-
posé des principes élémentaires de la botanique (3¢me éd. Tome 2nd).
Agasse. https://doi.org/10.5962/bhl.title.112968

Leemans, R. (1990). Possible changes in natural vegetation patterns due
to a global warming. IIASA working paper WP90-08 and publication

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB)/LID™AB | 1M Aed 1[UlUO//:SANY) SUONIPUOD Pue Swis | 81 88S *[£202/20/6T] Uo Ariqiaulluo A8 ‘yineikeq weisieniun A v2SET geb/TTTT 0T/ I0p/woo Ao |1 Ale.q1pul|uoy/sdny Wwoy papeojumod ‘TT ‘220z ‘8528997 T


https://doi.org/10.5281/zenodo.3939038
https://doi.org/10.5281/zenodo.3939038
https://doi.org/10.1111/j.1654-1103.2010.01218.x
https://doi.org/10.1111/j.1654-1103.2010.01218.x
https://doi.org/10.1038/s41558-018-0299-2
https://doi.org/10.1038/s41558-018-0299-2
https://doi.org/10.3334/ORNLDAAC/969
http://dx.doi.org/10.5065/D6668B58
http://dx.doi.org/10.5065/D6668B58
https://doi.org/10.1093/biosci/bix014
https://doi.org/10.1093/biosci/bix014
https://doi.org/10.1111/j.1466-8238.2010.00540.x
https://doi.org/10.1111/j.1466-8238.2010.00540.x
https://doi.org/10.1890/070062
http://due.esrin.esa.int/page_globcover.php
http://due.esrin.esa.int/page_globcover.php
https://www.fao.org/3/ap861e/ap861e.pdf
https://www.fao.org/3/ap861e/ap861e.pdf
https://doi.org/10.1016/j.rse.2009.08.016
https://doi.org/10.1016/j.rse.2009.08.016
https://doi.org/10.5281/zenodo.5579397
https://earthobservations.org/documents/gwp20_22/GEO-ECO.pdf
https://earthobservations.org/documents/gwp20_22/GEO-ECO.pdf
https://doi.org/10.1073/pnas.2013771117
https://doi.org/10.1073/pnas.2013771117
https://doi.org/10.7717/peerj.5457
https://doi.org/10.1111/gcb.13367
https://cran.r-project.org/package=raster
https://cran.r-project.org/package=terra
https://doi.org/10.1111/ddi.13136
https://doi.org/10.1038/s41467-019-12603-w
https://doi.org/10.1038/s41467-019-12603-w
https://www.science.org/doi/10.1126/science.105.2727.367
https://www.science.org/doi/10.1126/science.105.2727.367
https://doi.org/10.3897/VCS/2021/61463
https://doi.org/10.1029/2006GL027768
https://doi.org/10.1029/2006GL027768
https://doi.org/10.1029/2002JD002559
https://doi.org/10.1029/2002JD002559
http://dx.doi.org/10.5539/jgg.v9n3p1
http://dx.doi.org/10.5539/jgg.v9n3p1
https://doi.org/10.5962/bhl.title.112968

FISCHER ET AL.

2182 Wl LEY Global Ecology Adournal of
and Biogeography s

number 108 of the biosphere dynamics project. International Institute
of Applied Systems Analysis. https://pure.iiasa.ac.at/3443

Lenzner, B., Magallon, S., Dawson, W., Kreft, H., Kénig, C., Pergl, J.,
Pysek, P., Weigelt, P., van Kleunen, M., Winter, M., Dullinger, S., &
Essl, F. (2021). Role of diversification rates and evolutionary his-
tory as a driver of plant naturalization success. New Phytologist, 229,
2998-3008. https://doi.org/10.1111/nph.17014

Liu, X., Blackburn, T. M., Song, T., Wang, X., Huang, C., & Li, Y. (2020).
Animal invaders threaten protected areas worldwide. Nature
Communications, 11, 2892. https://doi.org/10.1038/541467-020-
16719-2

Loveland, T. R., Reed, B. C., Brown, J. F., Ohlen, D. O., Zhu, Z., Yang, L., &
Merchant, J. W. (2000). Development of a global land cover char-
acteristics database and IGBP, DISCover from 1 km AVHRR data.
International Journal of Remote Sensing, 21, 1303-1330. https://doi.
org/10.1080/014311600210191

Metzger, M. J., Bunce, R. G. H., Jongman, R. H. G., Sayre, R., Trabucco, A.,
& Zomer, R. (2013). High-resolution bioclimate map of the world:
a unifying framework for global biodiversity research and moni-
toring. Global Ecology and Biogeography, 22, 630-638. https://doi.
org/10.1111/geb.12022

Mucina, L. (2019). Biome: Evolution of a crucial ecological and bio-
geographical concept. New Phytologist, 222, 97-114. https://doi.
org/10.1111/nph.15609

Miiller-Hohenstein, K. (1981). Die Landschaftsgiirtel der Erde. Teubner
Studienbticher der Geographie.

Netzel, P., & Stepinski, T. (2016). On using a clustering approach for
global climate classification. Journal of Climate, 29(9), 3387-3401.
https://doi.org/10.1175/JCLI-D-15-0640.1

Olson, D. M., Dinerstein, E., Wikramanayake, E. D., Burgess, N. D.,
Powell, G. V. N., Underwood, E. C., D'Amico, J. A., Itoua, I., Strand,
H. E., Morrison, J. C., Loucks, C. J., Allnutt, T. F., Ricketts, T. H.,
Kura, Y., Lamoreux, J. F., Wettengel, W. W., Hedao, P., & Kassem,
K. R. (2001). Terrestrial ecoregions of the world: A new map of
life on earth: A new global map of terrestrial ecoregions provides
an innovative tool for conserving biodiversity. Bioscience, 51,
933-938.  http://doi.org/10.1641/0006-3568(2001)051[0933:
TEOTWA]2.0.CO;2

Olson, J. S. (1994a). Global ecosystem framework-definitions: USGS EROS
data center internal report, 37.

Olson, J. S. (1994b). Global ecosystem framework-translation strategy:
USGS EROS data center internal report, 39.

Peel, M. C,, Finlayson, B. L., & Mcmahon, T. A. (2007). Updated world
map of the Képpen-Geiger climate classification. Hydrology and
Earth System Sciences Discussions, European Geosciences Union,
11(5), 1633-1644. https://doi.org/10.5194/hess-11-1633-2007

Pfadenhauer, J. S., & Klotzli, F. A. (2014). Vegetation der Erde. Springer
Verlag. https://doi.org/10.1007/978-3-642-41950-8

Prentice, I. C., Cramer, W., Harrison, S. P.,, Leemans, R., Monserud,
R. A., & Solomon, A. M. (1992). Special paper: A global biome
model based on plant physiology and dominance, soil properties
and climate. Journal of Biogeography, 19(2), 117-134. https://doi.
org/10.2307/2845499

R Core Team. (2021). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing https://www.R-proje
ct.org/

Ramankutty, N., & Foley, J. A. (1999). Estimating historical
changes in global land cove: Croplands from 1700 to 1992.
Global Biogeochemical Cycles, 13(4), 997-1027. https://doi.
org/10.1029/1999GB900046

Running, S. W., Loveland, T. R., Pierce, L. L., Nemani, R. R., & Hunt, E. R.
(1995). A remote sensing based vegetation classification logic for
global land cover analysis. Remote Sensing of Environment, 51, 3948-
3952. https://doi.org/10.1016/0034-4257(94)00063-S

Sage, R. F.(2020). Global change biology: A primer. Global Change Biology,
26, 3-30. https://doi.org/10.1111/gcb.14893

Schmithtisen, J. (1976). Allgemeine Geosynergetik. Grundlagen der
Landschaftskunde. De Gryter.

Schultz, J. (1988). Die Okozonen der Erde - Die 6kologische Gliederung der
Geosphdre. Eugen Ulmer Verlag.

Schultz, J. (1995). The ecozones of the world: The ecological divisions of the
geosphere. Springer-Verlag.

Schultz, J. (2002). Die Okozonen der Erde 3. Auflage. Eugen Ulmer UTB.

Schultz, J. (2008). Die Okozonen der Erde 4. Auflage. Eugen Ulmer UTB.

Schultz, J. (2016). Die Okozonen der Erde 5. Auflage. Eugen Ulmer UTB.

Schulze, K., Knights, K., Coad, L., Geldmann, J., Leverington, F., Eassom,
A., Marr, M., Butchart, S. H., Hockings, M., & Burgess, N. D. (2018).
An assessment of threats to terrestrial protected areas. Conservation
Letters, 11, e12435. https://doi.org/10.1111/conl.12435

Sellers, P. J., Mintz, Y., Sud, Y. C., & Dalcher, A. (1986). A simple biosphere
model (SiB) for use within general circulation models. Journal of
Atmospheric Science, 43, 505-531.

Sellers, P. J., Randall, D. A., Collatz, G. J., Berry, J. A., Field, C. B., Dazlich,
D. A., Zhang, C., Collelo, G. D., & Bounoua, L. (1996). A revised
land surface parameterization (SiB2) for atmospheric GCMs - part
I-model formulation. Journal of Climate, 9, 676-705. https://www.
jstor.org/stable/26201333

Smith, B., Prentice, I. C., & Sykes, M. T. (2001). Representation of veg-
etation dynamics in the modelling of terrestrial ecosystems:
Comparing two contrasting approaches within European climate
space. Global Ecology and Biogeography, 10, 621-637. https://doi.
org/10.1046/j.1466-822X.2001.t01-1-00256.x

Strassburg, B. B. N., Iribarrem, A., Beyer, H. L., Cordeiro, C. L., Crouzeilles,
R., Jakovac, C. C,, Junqueira, A. B., Lacerda, E., Latawiec, A. E.,
Balmford, A., Brooks, T. M., Butchart, S. H. M., Chazdon, R. L., Erb,
K.-H., Brancalion, P., Buchanan, G., Cooper, D., Diaz, S., Donald, P.
F., ... Visconti, P. (2020). Global priority areas for ecosystem resto-
ration. Nature, 586(7831), 724-729. https://doi.org/10.1038/s4158
6-020-2784-9

Tateishi, R., Bayaer, U., Al-Bilbisi, H., Aboel Ghar, M., Tsend-Ayush, J.,
Kobayashi, T., Kasimu, A., Hoan, N. T., Shalaby, A., Alsaaideh, B.,
Enkhzaya, T., Gegentana, & Sato, H. P. (2011). Production of global
land cover data - GLCNMO. International Journal of Digital Earth,
4(1), 22-49. https://doi.org/10.1080/17538941003777521

Tateishi, R., Thanh Hoan, N., Kobayashi, T., Alsaaideh, B., Tana, G., &
Xuan Phong, D. (2014). Production of global land cover data -
GLCNMO2008. Journal of Geography and Geology, 6(3), 99-122.
http://dx.doi.org/10.5539/jgg.vé6n3p99

The Nature Conservancy. (2009). Global ecoregions, major habitat types,
biogeographical realms and the nature conservancy terrestrial assess-
ment units as of December 14, 2009. https://geospatial.tnc.org/datas
ets/7b7tb9d945544d41b3e7a91494c42930_0/explore?location=-
0.205389%2C0.000000%2C2.00

USGS EROS. (2018). USGS EROS Archive - Land cover products - Global
Land Cover Characterization (GLCC). https://doi.org/10.5066/
F7GB230D

von Humboldt, A., & Bonpland, A. (1805). Essai sur la geographie des
plantes; accompagne d'un tableau physique des regions equinoxia-
les. Levrault, Schoell et Compagnie. https://doi.org/10.5962/bhl.
title.9309

Walter, H. (1964). Die Vegetation der Erde in &ko-physiologischer
Betrachtung, Band 1: Die tropischen und subtropischen Zonen. VEB
Gustav Fischer.

Walter, H. (1968). Die Vegetation der Erde in 06ko-physiologischer
Betrachtung, Band 2: Die gemdfigten und arktischen Zonen. VEB
Gustav Fischer.

Walter, H. (1970). Vegetation und Klimazonen. Eugen Ulmer Verlag.

Walter, H. (1976). Die 6kologischen Systeme der Kontinente (Biogeosphdire).
Prinzipien ihrer Gliederung mit Beispielen. Fischer Verlag.

Walter, H., & Box, E. (1976). Global classification of natural terrestrial
ecosystems. Vegetatio, 32, 75-81. http://dx.doi.org/10.1007/bf021
11901

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB)/LID™AB | 1M Aed 1[UlUO//:SANY) SUONIPUOD Pue Swis | 81 88S *[£202/20/6T] Uo Ariqiaulluo A8 ‘yineikeq weisieniun A v2SET geb/TTTT 0T/ I0p/woo Ao |1 Ale.q1pul|uoy/sdny Wwoy papeojumod ‘TT ‘220z ‘8528997 T


https://pure.iiasa.ac.at/3443
https://doi.org/10.1111/nph.17014
https://doi.org/10.1038/s41467-020-16719-2
https://doi.org/10.1038/s41467-020-16719-2
https://doi.org/10.1080/014311600210191
https://doi.org/10.1080/014311600210191
https://doi.org/10.1111/geb.12022
https://doi.org/10.1111/geb.12022
https://doi.org/10.1111/nph.15609
https://doi.org/10.1111/nph.15609
https://doi.org/10.1175/JCLI-D-15-0640.1
http://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
http://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1007/978-3-642-41950-8
https://doi.org/10.2307/2845499
https://doi.org/10.2307/2845499
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1029/1999GB900046
https://doi.org/10.1029/1999GB900046
https://doi.org/10.1016/0034-4257(94)00063-S
https://doi.org/10.1111/gcb.14893
https://doi.org/10.1111/conl.12435
https://www.jstor.org/stable/26201333
https://www.jstor.org/stable/26201333
https://doi.org/10.1046/j.1466-822X.2001.t01-1-00256.x
https://doi.org/10.1046/j.1466-822X.2001.t01-1-00256.x
https://doi.org/10.1038/s41586-020-2784-9
https://doi.org/10.1038/s41586-020-2784-9
https://doi.org/10.1080/17538941003777521
http://dx.doi.org/10.5539/jgg.v6n3p99
https://geospatial.tnc.org/datasets/7b7fb9d945544d41b3e7a91494c42930_0/explore?location=-0.205389%2C0.000000%2C2.00
https://geospatial.tnc.org/datasets/7b7fb9d945544d41b3e7a91494c42930_0/explore?location=-0.205389%2C0.000000%2C2.00
https://geospatial.tnc.org/datasets/7b7fb9d945544d41b3e7a91494c42930_0/explore?location=-0.205389%2C0.000000%2C2.00
https://doi.org/10.5066/F7GB230D
https://doi.org/10.5066/F7GB230D
https://doi.org/10.5962/bhl.title.9309
https://doi.org/10.5962/bhl.title.9309
http://dx.doi.org/10.1007/bf02111901
http://dx.doi.org/10.1007/bf02111901

FISCHER ET AL.

Global Ecology A Journal of W l L EY 2183

Walter, H., & Breckle, S. W. (2002). Walter's vegetation of the earth (4th
ed.). Springer.

Whittaker, R. H. (1975). Communities and ecosystems. 2nd (Revised ed.).
MacMillan Publishing Company, Inc.

Zech, W.,, Schad, P., & Hintermaier-Erhard, G. (2014). Béden der Welt
(2nd ed.). Springer Spektrum. https://doi.org/10.1007/978-3-
642-36575-1

Zhang, X., Wu, S., Yan, X., & Chen, Z. (2017). A global classification of
vegetation based on NDVI, rainfall and temperature. International
Journal of Climatology, 37, 2318-2324. https://doi.org/10.1002/
joc.4847

Zhang, X., & Yan, X. (2014). Spatiotemporal change in geographical dis-
tribution of global climate types in the context of climate warming.
Climate Dynamics, 43, 595-605. https://doi.org/10.1007/s0038
2-013-2019-y

Zscheischler, J., Mahecha, M. D., & Harmeling, S. (2012). Climate
classifications: The value of unsupervised clustering. Procedia
Computer Science, 9, 897-906. https://doi.org/10.1016/j.procs.
2012.04.096

BIOSKETCHES

and Biogeography R

Anna Walentowitz is a PhD candidate in biogeography at the
University of Bayreuth. She focuses on insular biodiversity
changes in the Anthropocene and is fascinated by global biogeo-
graphical patterns. For her research, she conducts fieldwork in
the Galapagos and Canary Islands, and forms part of regional and

global initiatives analysing biodiversity data.

Carl Beierkuhnlein holds the Chair of Biogeography at the
University of Bayreuth, where he is a speaker in the Global
Change Ecology study programme. His research interests in-
clude experimental biodiversity research, island biogeography,

and ecological impacts of climate change.

Jan-Christopher Fischer is a biodiversity consultant and re-
searcher. His research focuses on biogeographical modelling of
limiting factors to species and habitat distributions. He is inter-
ested in large-scale terrestrial and marine biodiversity patterns
and underlying biotic and abiotic drivers.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Fischer, J.-C., Walentowitz, A., &
Beierkuhnlein, C. (2022). The biome inventory - Standardizing
global biogeographical land units. Global Ecology and
Biogeography, 31, 2172-2183. https:/doi.org/10.1111/
geb.13574

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIq1T 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB)/LID™AB | 1M Aed 1[UlUO//:SANY) SUONIPUOD Pue Swis | 81 88S *[£202/20/6T] Uo Ariqiaulluo A8 ‘yineikeq weisieniun A v2SET geb/TTTT 0T/ I0p/woo Ao |1 Ale.q1pul|uoy/sdny Wwoy papeojumod ‘TT ‘220z ‘8528997 T


https://doi.org/10.1007/978-3-642-36575-1
https://doi.org/10.1007/978-3-642-36575-1
https://doi.org/10.1002/joc.4847
https://doi.org/10.1002/joc.4847
https://doi.org/10.1007/s00382-013-2019-y
https://doi.org/10.1007/s00382-013-2019-y
https://doi.org/10.1016/j.procs.2012.04.096
https://doi.org/10.1016/j.procs.2012.04.096
https://doi.org/10.1111/geb.13574
https://doi.org/10.1111/geb.13574

	The biome inventory –­ Standardizing global biogeographical land units
	Abstract
	1|INTRODUCTION
	2|THE SPECTRUM AND USE OF BIOME CLASSIFICATIONS
	3|DATA SOURCES: INVENTORIED BIOME CLASSIFICATIONS
	4|STANDARDIZATION OF PRODUCTS
	5|DATA STRUCTURE
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES
	BIOSKETCHES


