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Abstract—An international initiative aimed at the harmonization
and validation of existing and future land cover datasets is needed
to support operational earth observation of land. The goal is to
overcome current limitations of land cover datasets with respect
to their compatibility and comparability and unknown accuracy.
These limitations significantly hinder a variety of applications. Key
entities in this effort are the Land Cover Implementation Team
of Global Observation of Forest Cover/Global Observation of
Land Dynamics, the Global Land Cover Network, and the CEOS
Group on Calibration and Validation. In their recent efforts, they
have explored and provided the methodological and organiza-
tional resources to foster such an international cooperation. The
approaches described in this paper include an introduction of the
UN Land Cover Classification System as a common land cover
language and a basis for legend translation. All actors involved in
land cover mapping are invited to participate in this initiative.

Index Terms—Global Land Cover Network (GLCN), interoper-
ability, land cover, Land Cover Classification System (LCCS).

I. INTRODUCTION

SEVERAL global and regional datasets have been derived
in response to the need for information about land cover

and land cover dynamics. Their development was driven by dif-
ferent national or international initiatives; the subsequent map-
ping standards adopted reflect the varied interests, requirements,
and methodologies of the originating programs. Available data
products include IGBP DISCOVER, the MODIS land cover
product, University of Maryland (UMD) land cover product,
GLC 2000, CORINE-land cover 1990 and 2000, AFRICOVER,
and the MODIS continuous fields products. Although efforts in
harmonization and validation are mentioned in nearly all related
mapping projects, as well as in many other circumstances, there
is only limited compatibility and comparability between these
different maps and their thematic legends—they basically exist
as independent datasets. Despite indications of existing uncer-
tainties in successful validation exercises [1], [2], they often are
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not or only marginally validated [3]. This hinders their use, es-
pecially considering the original purpose of some these datasets
to serve a large number of applications and the problems of in-
sufficient validation become particularly apparent in efforts to
analyze land cover changes.

For example, the report on the implementation plan of the
global observing systems for climate supporting the work of
the United Nations Framework Convention on Climate Change
(UNFCCC) emphasizes how this lack of homogeneous obser-
vations limits our capacity to monitor terrestrial changes rele-
vant to climate as well as our ability to investigate the causes of
land-surface changes [4]. Seeking solutions to overcome these
limitations would increase the value of these datasets, in par-
ticular, by providing a consistent legend for upcoming global
land cover mapping initiatives, such as GLOBCOVER. Indeed,
the GCOS report [4] recommends establishing an international
mechanism to prepare and issue regulatory and guidance ma-
terial relating to terrestrial observing systems—a recommenda-
tion that the governments participating in the Conference of the
Parties to the UNFCCC have endorsed (COP 9/Decision 11),
in particular, by tasking the Global Terrestrial Observing Sys-
tems (GTOS). Both, the GCOS implementation plan [4] and the
Group on Earth Observation [5] implementation plan task Food
and Agricultural Organization (FAO)-GTOS and Global Obser-
vation of Forest Cover/Global Observation of Land Dynamics
(GOFC-GOLD) to move forward in this arena.

This paper outlines a strategy and first experiences for an ini-
tiative to foster harmonization and validation of all existing and
upcoming global land cover datasets. A coordinated interna-
tional effort and comprehensive consensus building are essen-
tial for such a task to be successful. The general approach is to
combine experience and resources from all actors involved in
global earth observations of land including space agencies such
as the European Space Agency (ESA) and the National Aero-
nautics and Space Administration (NASA), the FAO, GTOS
and the Global Land Cover Network (GLCN), the Committee
Earth Observation Satellites (CEOS) with the group on calibra-
tion and validation (Cal/Val), and the European Joint Research
Center (JRC). All of these institutions, as well as the users of
land cover datasets, will benefit from such a combined effort.
The current initiative is supported by the Land Cover Implemen-
tation Team (LC-IT) of the organization GOFC-GOLD. More
specifically, we describe the background for international coop-
eration in earth observations of land, a general framework for
land cover harmonization, introduce the UN Land Cover Clas-
sification System (LCCS), and outline the validation strategy as
part of this joint initiative.

0196-2892/$20.00 © 2006 IEEE
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II. FRAMEWORK FOR INTERNATIONAL COOPERATION

The need for harmonized and validated earth observation
products is endorsed in several international conventions and
treaties, i.e., in UNCED’s Agenda 21, the World Summit on
Sustainable Development (WSSD) in Johannesburg, South
Africa, in 2002 and the related Group of Earth Observations
(GEO) formed in 2003 [5], [6]. However, land cover data
interoperability or compatibility would be a dream for the
users but can be a nightmare for the data developers [7]. Full
comparability is certainly a long term goal but has to start and
evolve from an international consensus building effort. In the
domain of land observations, the organization GOFC-GOLD
and its LC-IT provides an appropriate body to support inter-
national initiatives for harmonization and validation of land
cover products [8], [9]. GOFC-GOLD developed as prototype
activity of the Integrated Global Observation Strategy (IGOS)
and is now an established panel of the GTOS, the Secretatriat
of which is hosted by the FAO in Rome.

Fig. 1 highlights the role of GOFC-GOLD to support com-
munication and cooperation with key actors involved in global
terrestrial earth observations. The goal is to strengthen coop-
eration and coordination among global observing systems and
research programs for integrated global observations of the en-
vironment including the endorsement of data interoperability
and data sharing [6] by learning from problems obvious in pre-
vious international space cooperation [10], [11]. The frame-
work to foster a joint initiative on harmonization and validation
of global and regional land cover dataset was outlined in two
GOFC-GOLD workshops in Jena, Germany, and Rome, Italy,
in 2004 [12], [13]. Harmonization and validation are parallel
efforts that complement and profit from each other. The multi-
faceted (though individually limited) experiences and resources
need to be combined to approach the issues as one joint project
incorporating all existing global land cover datasets.

III. FRAMING HARMONIZATION

Harmonization in the context of land cover characterization
can be understood as a process whereby the similarities be-
tween existing definitions of land cover are emphasized, and
inconsistencies reduced. The ultimate goal is to bring various
land cover datasets in “harmony,”thus allowing direct compar-
ison between them. This process follows a “bottom up” per-
spective. Beginning from a state of divergence in land cover
datasets it seeks compatibility and comparability. Harmoniza-
tion does not necessarily eliminate all differences, but should
eliminate major inconsistencies. In other words, one product’s
forests should not be another’s woodland. However, it should be
recognized that different land cover products could characterize
forests to different levels of detail. Standardization, in contrast,
is a “top down” process, and is, therefore, far more rigid. It re-
quires common definitions and standards to derive land cover
information and should eliminate all inconsistencies—and dif-
ferences—between the datasets [14].

Versatile international harmonization experiences exist, e.g.,
in fields of economy, legal issues, medicine, and environmental
statistics [14], [15]. One prominent example is the world wide
harmonization of soil maps. The FAO classification system was

Fig. 1. Role of GOFC-GOLD as platform for international communication and
cooperation.

used as the standard classification system and common language
to harmonize existing national and regional soil maps and their
legends [16]. In general, heterogeneity in land cover maps re-
sults from different methods and standards used to create them
and has multiple facets. They include syntactic issues (e.g., log-
ical data models: vector/raster), schematic heterogeneity (e.g.,
database models, spatial reference systems, cartographic stan-
dards including variable minimum mapping units and mixed
units), and semantic aspects [17].

The latter referring to naming and cognitive conceptualiza-
tions of land cover legends. The reasons for data heterogeneity
and a lack of harmonization are versatile. There is often con-
fusion between the terms “classification system” and “legend,”
especially in treatment of mixed units. A classification is an ab-
stract representation of the situation in the field using well-de-
fined diagnostic criteria to order and arrange objects into groups
or sets on the basis of their characteristics and relationships, i.e.,
in terms of factors like percent cover and height. A thematic
legend is developed from a classification system for a specific
mapping purpose (Fig. 2). Many land cover legends are derived
without underlying classification systems, or at least use dif-
ferent systems, and, thus, lack compatibility. These maps reflect
the requirements of different national and international mapping
agencies or specific applications in their legends and mapping
approaches.

Sometimes, legends show inconsistencies in definitions, such
as overlap or gaps between thematic classes that could have been
avoided if a comprehensive classification system had been used.
In remote sensing applications, land cover definitions often re-
sult from spectral and/or temporal classes distinguishable in the
image data that are then transferred into thematic categories
(e.g., as in unsupervised classifications). The related mapping
products often contain a list of “producer” defined classes that
are more or less suitable for users. Also, land cover legends
differ due to the unique requirements of specific applications
or models. Harmonization does not cause compromises of the
applications requirements, but standardization could negate the
utility of a legend for specific uses. Hence, there can be tradeoffs
between the requirements of specific applications, the quality of
dataset, and the level of standardization.

Despite these known differences and problems, there is,
as yet, no internationally accepted land cover classification
system. Thus, one essential component to complete harmoniza-
tion and validation between different land cover dataset is to
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Fig. 2. Process of developing of land cover legends from a classification system.

find a common language to translate between the different leg-
ends (see Section IV). Similar to the experience of soil sciences,
a harmonization of land cover should first try to harmonize the
parameters used for description of land cover (e.g., classifiers);
then, if these are applied to various systems and legends, one
can always harmonize the individual criteria used to create land
cover categories of whatever name in whatever language.

Common problems exist in the definitions of land cover
types. A prominent example is the definition of forest. The
discrimination between woodlands and shrublands is usually
based on physiognomic aspects like the minimum height
and percent cover of trees. The IGBP legend defines a forest
with a percent tree cover 60% and a height exceeding 2 m.
GLC2000 uses percent tree cover 15% and height exceeding
3 m to discriminate shrubs and trees. This difference is one of
the major reasons for the disagreement between the forested
areas represented in existing global land cover maps (Fig. 3).
Although there is a fair amount of agreement (green areas),
GLC2000 shows the most forest (in blue) since the require-
ments for percent cover of trees is the lowest of the various
legends. This difference is most prominent in transition zones
between tropical forests to savannahs and boreal forests to
tundra vegetation. This example highlights just one class defi-
nition problem, but many others exist. The different definitions
of forest directly affect the mapping of other classes such as
shrublands. In fact, the IGBP legend contains savannah classes
that include different densities of tree cover, e.g., woody sa-
vannah (30%–60%), and savannah (10%–30%). The canopy
density differences provide some flexibility in comparing maps
with different legends. For example, the DISCover- GLC2000
comparison (Fig. 3) of forested areas could have used all of the
IGBP tree covered classes, not just the ones actually named
forest. This highlights the importance of a common language
and a set of commonly agreed classifiers to approach harmo-

nization. Legend developments and comparisons should not
be based on a list of names. The definition of the generic land
cover characteristics (e.g., basic life forms such as trees, shrubs,
herbaceous vegetation, bare areas, etc., and their density), using
a common classification system will be independent of any
local or regional naming conventions. Similarly, unclear and
inconsistent definitions and discriminations remain for other
land types such as urbanized areas or human settlements. In the
same context, their are often unclear separations between land
cover and land use terms (e.g., pasture versus grasslands versus
herbaceous vegetation).

Harmonization efforts to overcome the inconsistencies be-
tween land cover dataset were initiated by the United Nations
Environmental Program (UNEP) and FAO in the early 1990s, in
parallel with the increased use of GIS and spatial analysis. The
main objective of this initiative was a response to the need for har-
monized and standardized collection of data mentioned in several
international conventions. The first expert meeting on harmo-
nizing land cover and land use maps was hosted by UNEP/FAO
in November 1993 in Geneva, Switzerland [18]. The meeting
was framed by a strong requirement for a single internationally
accepted land cover and land use legend. However, it became
obvious that too much standardization reduces application,
relevance, and versatility. It became apparent that it was more
important to standardize terminology than categories. The devel-
opment of a prototype international land cover reference system
was fostered, through an iterative international working group
process which eventually evolved to become the FAO/UNEP
LCCS. Building on these experiences, the GOFC-GOLD Land
Cover Implementation Team in tandem with the team of Global
Land Cover Network of FAO/UNEP started to coordinate and
foster the international harmonization effort and development of
an implementation strategy during two workshops in March and
July 2004 in Jena, Germany, and Rome, Italy.
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Fig. 3. Forest areas as represented in three different global land cover maps: IGBP Discover (classes 1–5), MODIS land cover (classes 1–5), and GLC2000
(classes 1–8).

A parallel development that might be of interest in the
harmonization efforts is scientific progress in the field of
“Interoperability in GIS.” GIS research dealing with categor-
ical ontologies and semantic interoperabilities has developed
methods to measure and resolve terminological and conceptual
incompatibilities in spatial datasets. There are approaches to
measure semantic similarities between land cover legends
using natural language processing or concept lattices, tools
for integration of heterogeneous ontologies, and change de-
tection analysis in various land cover datasets [17], [19]–[22].
These approaches can assist in the comparison and translation
of legends, but do not approach the actual problem of het-
erogeneous mapping standards. The implementation and the
development of frameworks that impact operational mapping
will only be successful if they are conform to strategic deci-
sions on the political level and pushed through the international
bodies and agencies responsible for such tasks.

IV. UN LAND COVER CLASSIFICATION SYSTEM (LCCS)

The previous consensus building efforts and experiences of
GOFC-GOLD have resulted in general agreement that the UN
LCCS provides a valuable universal land cover language for
building land cover legends and comparing existing legends.
LCCS was created by FAO and UNEP in response to a need
for harmonized and standardized collection of land cover data,
availability of land cover data for a wide range of applications
and users, and comparison and correlation of land cover classes.
LCCS is an a priori classification system. It represents a world-
wide reference system for land cover able to combine high flex-
ibility (ability to describe land cover features all over the world
at any scale or level of detail) with an absolute level of standard-
ization of class definitions between different users [23]. The first

version of LCCS was available in 2000; a new updated and im-
proved version (LCCS-2) was released in November 2004 and is
available from the GLCN webpage: http://www.glcn-lccs.org.

LCCS allows a dynamic creation of classes via a dynamic
combination of land cover diagnostic attributes called classi-
fiers without obliging users to use a predefined list of names. In
its basic dichotomous categorization levels, LCCS distinguishes
eight major land cover groups in its dichotomous phase (Fig. 4).
These classes can be further described in the modular-hierar-
chical phase where the set of classifiers (e.g., vegetation life
form, density, height, leaf type, longevity, etc.) and their hierar-
chical arrangement are tailored to the major land cover type. A
resultant suite of more than 200 000 classes of land cover are po-
tentially derivable using a combination of these classifiers. Fur-
ther definition of a land cover class can be achieved by adding
attributes. Two types of attributes that form separate levels in the
classification are distinguished: environmental attributes (e.g.,
climate, land form, soils/lithology, and erosion) and specific at-
tributes (e.g., floristic composition and crop type). Through the
addition of these environmental classifiers, the resultant number
of potential classes increases exponentially.

A central component in creating land cover legends from
LCCS-2 is the incorporation in the software of a standardized
codified syntax to deal with the representation of mixed unit
classes. The mixed unit concept is an important component of
the “cartographic standards” of a map and is directly linked with
the scale and the minimum mapable area (MMA) concept. This
standard is applied in LCCS when passing from the abstraction
of the classification (by definition not related to scale) to a spe-
cific legend. Several kinds of mixed units exist (Fig. 5). The mix-
ture between two classes represents a cartographic gener-
alization, since, due to the scale, the extent of the features is
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Fig. 4. LCCS-2 user interface at the initial dichotomous classification phase.

Fig. 5. Mixed unit concept within LCCS 2 (MMA = minimum mapable area).

smaller than the MMA. It means that both features A and B
exist, but in this specific polygon they cannot be represented
singularly. The sequence of the classes in the code means that
feature A is predominant (larger area extent in the polygon) as
compared to B (B covers at least 20% of the polygon area). A
cartographic mixed unit can be done with more than two classes.

is a thematic generalization. It means the area can have
the feature A or the feature B, i.e., for classes like “snow and
ice.” : is a time related mixture. It is used only for agri-
cultural classes and means the area has the class A one year and
the other year the class B. Another type of mixed units
exists if different layers of vegetation are present, e.g., to de-
scribe areas with agro-forestry.

The LCCS software program contains three different Mod-
ules. Land cover categories are defined in the classification
module by the combination of a set of independent classifiers.
They are hierarchically arranged and can be linked with envi-
ronmental and specific discipline related attributes. The legend
module contains storage of land cover classes. This module
allows the export of data in commonly used file formats. It also
supports users incorporating their own user- defined names
to the already provided standard names. Finally, there is a
translator module which can be used to compare and correlate
classifications and/or legends. The software and the manual are
available for download from the LCCS web site. LCCS is in
the process of being considered into ISO TC 211 (International
Organization for Standardization—Technical Committee)
to obtain the status on an international standard. This will

strengthen LCCS as basis for the evolution of a standardized
approach to land cover classification.

V. IMPLEMENTING HARMONIZATION

The implementation strategy for harmonization of land cover
datasets developed in consensus with actors involved in land
cover mapping during the GOFC-GOLD/GLCN workshops has
several components. Currently, the implementation strategy fo-
cuses on “land cover.”

A. Identification and Supply of Harmonization Resources

An essential resource for harmonization is LCCS. During the
GOFC-GOLD/GLCN workshops LCCS has been tested to de-
termine if it is as appropriate classification system to provide a
common language and legend translation device. GOFC-GOLD
in cooperation with GLCN and endorsed through GTOS recom-
mend LCCS to space agencies and other actors involved in land
cover mapping as a standard for land cover legend generation
and as an exploratory tool for comparing and contrasting dif-
ferent legends. The software and documentation for LCCS are
freely available on the web. GOFC-GOLD and its partners are
supporting the UN initiative of the Global Land Cover Network
to raise awareness and foster the use of LCCS and harmonized
products in workshops, tutorials, and on demand for specific
users or projects. As part of that process, GOFC-GOLD and its
partners will work toward international consensus for the clas-
sifier thresholds and the hierarchy of these thresholds used in
LCCS.

B. Development and Documentation of Harmonization
Experiences for Existing Datasets

Exercises are underway to evaluate the resources and pro-
vide better understanding on how to harmonize the variety of
existing land cover datasets and their legends. The first step is
to develop legend translation protocols for the different existing
legends into LCCS. The translation of the IGBP legend, for ex-
ample, into LCCS, is shown in Table I. The IGBP legend was
translated based on the IGBP class definitions. The comparison
shows general differences in terminology (forest versus trees);
different types of thematic and cartographic land cover mixtures
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TABLE I
TRANSLATION OF THE IGBP LEGEND INTO LCCS

Notes: The LCC-Code is unique numerical identifier for each LCCS category based on any possible combination of classifiers. The LCC-code was intended

for use in GIS to allow consistent and transparent coding of LCCS classes. The LCCLevel describes a Boolean formula showing each classifier used for this class.

For example the first IGBP class “Evergreen Needleleaf Forests” has a formula of “A3A10B2XXD2E1.” The first level “A3” stands for trees; “A10” for a cover

of>65%; “B2” for a possible height of “3–30 m;” XX for a blank, hence, an unused classifier (in this case spatial distribution); “D2” for needle-leaved; and “E1”

for evergreen. The use of “/” or “//” show cartographic or thematic mixture between individual land cover classes (see Fig. 5). For information, please refer to the

LCCS-1 manual available at: http://www.africover.org/download/manuals/LCCSMS20.pdf

(e.g., woody savannah versus woodland with herbaceous layer).
The IGBP class name and category descriptions are maintained
in the translation. Specific translation issues and problems are
documented, e.g., some inconsistencies remain like tree den-
sity of 60% (IGBP) versus 65% (LCCS) and the minimum tree
height of 2 m (IGBP), which does not match the 3-m definition
of a tree within LCCS. However, it can be assumed that such dif-
ferences cause only small inconsistencies among global maps.

Several ongoing case studies fostered through GOFC-GOLD
are currently being completed to also gain harmonization
exercises between global and regional datasets in specific
test sites, i.e., in Siberia, Mongolia, Thuringia/Germany, and
others. Translations, comparative analysis, and evaluation of
the translated products are based on local expertise and in situ
data. Based on these experiences, it has become apparent that
every legend can be translated into the LCCS framework if
sufficient information about the category definitions is available
from the original interpreter.

Despite successful examples for legend translation, this step
only resolves some inconsistencies between semantics of land
cover datasets. The process of legend translation also highlights
differences between legends and shows which classes can be

harmonized (and, thus, directly compared) and where legends
show inconsistencies. Different classifier definitions or thresh-
olds (e.g., density and minimum height of trees) remain prob-
lematic and cannot be resolved through legend translation after
the maps have been completed. Common methods to overcome
these problems usually results in a loss of detail or information.
Additional information might be needed to overcome these in-
consistencies and to compare different datasets. In this context,
vegetation continuous field products can also play an important
role in harmonization of global and regional land cover products
when used in a parametric manner and based on ordinal classi-
fication. Given a clear definition of the basic vegetation traits
(e.g., trees), these products could be incorporated into existing
classifications and used to explain and overcome some of the
definition differences. A case study example on exploring the
synergy between existing global mapping products is presented
in this issue [24].

The translation provides only one step in the harmonization
process. Other issues still remain, e.g., from cartographic
standards, or from unresolved differences in classifier defini-
tions. For existing maps, harmonization will, in most cases,
not remove all inconsistencies. Limitations are expected for
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a posteriori harmonization or retro-fitted intercomparison of
existing legends even after a successful translation. Hence,
harmonization exercises for current land cover datasets should
mainly focus on outlining these inconsistencies and try to
improve understanding of how and why these datasets are not
directly comparable. The current case studies will provide and
document some translations (e.g., IGBP, CORINE, IPCC, etc.)
including limitations and capabilities of the harmonization
mechanisms and the use of LCCS. This information is helpful
for future projects and the update of LCCS. Future harmoniza-
tion efforts should also pay particular attention to these results
for upcoming land cover mapping efforts.

C. Influence on Future Mapping Projects

Harmonization efforts will be most effective when applied
in the development phase of projects producing land cover
datasets. In fact, the whole initiative can only be successful
if the harmonization efforts influence operational land cover
data collection. Mapping projects are encouraged to profit
from resources and harmonization experiences, especially in
terms of identified problems and inconsistencies in existing
legends. The harmonization strategy is endorsed through the
international panels (e.g., GTOS) and the space agencies. There
is a motivation for developers of land cover products, especially
in the science community, and more particularly in the national
development and planning agencies, to seek comparability and
develop their legends from a standard classification scheme like
LCCS. This should be especially true for land cover products
that are derived for a variety of purposes and not for a specific
user or application.

Some land cover products are already LCCS compatible e.g.,
GLC2000. The United Nations Global Land Cover Network
as well as GOFC-GOLD is in process of communicating with
active mapping projects to implement the harmonization objec-
tives. One major effort is the new ESA initiative GLOBCOVER
launched in 2004. This project is an international collaboration
between ESA, FAO and UNEP—through GLCN, JRC, IGBP,
and GOFC-GOLD with the objective to produce a global land
cover map for the year 2005, based on fine-resolution (300 m)
MERIS data, a sensor on the ENVISAT satellite. This new
product is intended to update and to complement the other
existing comparable global products, such as the global land
cover map for the year 2000 (GLC 2000).

VI. VALIDATION OF GLOBAL LAND COVER MAPS

Validation is important both during the production and after
the completion of land cover maps. Validation exercises have
been completed to varying degrees for individual land cover
datasets. Until recently, the IGBP DISCOVER product was the
only global products that can be considered thoroughly vali-
dated [1]. Further progress in this arena is presented by Mayaux
et al. [2] that provide the analysis of a thorough validation of
the GLC2000 global dataset based on LCCS. The accuracies
of other global datasets have been indicated by initial valida-
tion efforts based on limited resources [25]. There were further
verification and comparisons in specific case studies [3], [26].

These studies have certainly improved our understanding of ac-
curacy and comparability between these datasets. However, a
joint accuracy assessment, statistically robust and consistent for
the whole globe, is still missing to date.

Validation of global land cover datasets is a challenging ef-
fort due to the high frequency of mixed pixels at the resolutions
currently used for mapping, difficulty in precise geolocation of
map products and reference materials, and logistical difficulties
associated with reference data collection. Hence, a coordinated
international effort is required for such a task. The methodolog-
ical background for validation of global land cover datasets has
beenprovidedbythegrouponcalibrationandvalidation(Cal/Val)
of the Committee Earth Observation Satellites. Previous valida-
tion experiences and the scientific state of the art for robust accu-
racy assessment of regional and global land cover datasets was re-
cently summarized in “bestpractice”document [27].Asetofcore
analysis methods exist for accuracy assessment, which should
be routinely adopted as a baseline for reporting map accuracy.
The recommended approach is to develop a “living” dataset of
validation sites that could be used to verify any new global land
cover map. Previous efforts have resulted in several land cover
test site datasets [28]. They are currently the only source of val-
idation sites and provide important information for current ver-
ification processes. However, for a joint initiative to validate all
existing and future global land cover datasets a new set of vali-
dation sites is needed to provide a statistically robust, consistent,
harmonized, updated, and accessible reference database. The in-
tent is to select the sites in such a way that they are not associated
with any specific land cover map and that they may retain sta-
tistically rigor when used in conjunction with a variety of maps.
The validation will be based on high-resolution satellite data like
Landsat ETM and others. For example, global Landsat TM/ETM
mosaics exist for the years 1990 and 2000. Continued observa-
tions on this scale are essential to maintain the keep the reference
database “living” and up to date. Such a dataset will allow con-
tinued assessment of the accuracy and validity of datasets even
after many years of their production. For the image interpretation
task, GOFC-GOLD maintains a world wide system of regional
networks with local remote sensing/validationexperts. Moreover
FAO and UNEP through GLCN are implementing a significant
outreach program to support capacities for land cover mapping
production and validation at national and regional scales.

A key component for a joint validation is the harmonization
framework. A common language and understanding of semantic
differences between existing land cover dataset is essential for
comparative analyses of accuracy. Thus, the harmonization
strategy described earlier and the validation are parallel efforts.
For example, in situ or reference data for accuracy assessment
need to be acquired in a standardized way to be of value and
comparable for a variety of land cover datasets and legends on
different scales. Hence, the individual validation site interpreta-
tions will be generic descriptions of land cover characteristics
and independent of any land cover legend in LCCS language.
LCCS will assign the right land cover class based on the different
implemented legend translations. This makes the validation
process transparent, consistent, and applicable to any land
cover map compatible with LCCS. The resulting comparative
validation will move forward the degree of harmonization and
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interoperability of land cover datasets. A joint accuracy assess-
ment increases the comparability of datasets and understanding
of quality and possible problems. An understanding of joint
dataset uncertainties is essential for synergetic use and the com-
bination and aggregation of different land cover information.
Such information is important to users and any application and
will improve the knowledge available for future mapping efforts.

VII. CONCLUSION

The outline presented here is an invitation to entities involved
in global earth observations of land to participate and benefit
from a combined effort to bring global land cover datasets to an
improved level of standardization which will enhance their ulti-
mate utilization. The political framework, the organizations for
international cooperation, and the methodological resources to
support a joint harmonization and validation initiative for land
cover datasets is fast developing, as exemplified by UNFCCC
related decisions in this direction. It is now up to the individual
members of the community to provide their share in this ini-
tiative. Previous efforts have suffered from a lack of funding
for harmonization and validation. This new initiative offers the
framework to overcome these problems.

• The space agencies and major users of global land cover
datasets should support the initiative with resources and
funding. Considering the investments in earth observa-
tion and development of the datasets, the required re-
sources are quite small, particularly if the effort is a true
international cooperation with several potential sources
of funding.

• Producers of land cover datasets, such as national/inter-
national mapping programs, land cover facilities, and
the scientific community are encouraged to follow the
guidelines for harmonization of land cover datasets and
to engage in the standards advocated by the GLCN. This
suggests some changes in current practice. The flexibility
of the harmonization mechanisms, however, respects the
previous investment in existing data. Basically, current
data acquisitions can be continued using existing data
systems and many available nomenclatures. Changes
such as using LCCS standards should be discussed and
considered to permit separate data sets to be combined
more easily than at present, possibly with minimal effort
for data originators and without significant information
loss. For example, there could be an effort for joint
reprocessing of global datasets with harmonized legends
or, once validated, a combination of the different maps
that is more accurately tailored toward specific applica-
tions. The earth observation data exist to map land cover
changes on global scales over the last 20 years.

• An essential requirement for success of this initiative
is continuity in satellite observations. This includes
both global land cover mapping sensors (e.g., MODIS,
MERIS, etc.) and higher spatial resolution systems (such
as Landsat) for continuous accuracy assessment and wall
to wall inventories.

• The science community and development planning agen-
cies should further explore methods for dealing with in-
consistent land cover semantics and pursue a posteriori
harmonization.

Again, a framework for this joint initiative is in place and the
earth observation community is encouraged to participate and
contribute in this important step toward operational mapping of
land. So far, the efforts are focused on land cover, approaches
to land use classification should be explored as well and such
efforts could follow a similar avenue to the one presented here.
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