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26.1 INTRODUCTION

Reliable observations of the earth’s land cover are crucial to the understanding of climate 

change and its impacts, to sustainable development, to natural resource management, to con-

serving of biodiversity, and to the understanding of ecosystems and biogeochemical cycling. 

Land-cover change is an issue with far-reaching policy implications, internationally, nation-

ally, or locally. The United Nations Conference on Environment and Development’s Agenda 

21, the World Summit on Sustainable Development in Johannesburg 2002, and the existing UN 

conventions, most prominently the United Nations Framework Convention on Climate Change 

(UNFCCC), have further emphasized the importance of sustained land-cover assessments in 

their implementation plans (GCOS, 2004). The recently adopted implementation plan of the 

Group on Earth Observation (GEO) highlights in particular the importance of land cover for 

all areas of societal benefi ts.

Despite such emphasis, it is to be noted that land observations are not as operational as other 

major earth observation domains (oceans and atmosphere). It has further been shown that simply 

providing technically and scientifi cally sound data sets is often not suffi cient for operational land-

cover observations and assessments. Such activities have to be part of a process of engaging with 

user organizations, policy makers, and political processes in order to ensure that mapping and mon-

itoring products are seen as legitimate and salient, apart from their being technically valid (Clark 

et al., 2006). Thus, one objective is to ensure interaction with, and technical support for, high-level 

political processes, such as GEO and UN conventions, with increasing need for land-cover earth 

observations and assessments. This requires an advocacy role for participating in international 

mechanisms to enhance the importance of land-cover observations, understand the requirements 

for specifying land observation strategies, and provide technical support and feedback to the polit-

ical processes and policy discussions.

The additional objective is to build technical credibility, and it is twofold. The fi rst component 

focuses on the area of international consensus building on technical implementation guidelines. 

Moving from research to operation for global monitoring has to integrate and synthesize scientifi c 

progress for defi ning the most suitable and internationally accepted approaches. Such detailed 

technical protocols specify the current best practices and lay the foundation for actual mapping 

and monitoring efforts. These include identifying best practices for land-cover validation, evolving 

standards for land-cover characterization, and setting guidelines for monitoring deforestation and 

associated carbon emissions in developing countries. The second component deals with imple-

mentation activities and further technical studies to address remaining critical issues in order to 

support the development of international standards and showcasing of their successful application. 

Different case studies of land-cover harmonization and validation, as well as land-change analysis, 

are presented in order to evaluate and assess technical guidelines and foster operational land-

cover assessment activities in practice. In addition, implementation of the strategies and technical 

guidelines developed as part of this study is addressed by participating in specifi c global mapping 

activities.

The present work has been carried out as part of the Global Observation of Forest Cover 

and Land Dynamics (GOFC-GOLD) in conjunction with the ongoing European efforts to 

monitor land cover globally. The activities, linked to the Global Terrestrial Observing System 

(GTOS), provide the essential platform for linking scientific research with multiple activities 

and actors, such as data producers, political processes, and information users in global land 

observations.

26.2 LEARNING FROM GLOBAL ASSESSMENTS

Global environmental assessments have become a key element in international, national, and 

local policy and decision making. They are an important means for scientists to provide inputs to 
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address environmental problems at the policy level, apart from the more traditional ways of peer-

reviewed publications, popular media, or private advice to relevant actors (Clark et al., 2006). 

The global nature of such efforts emphasizes their role in addressing problems that require coop-

eration among different countries, between scientists and policy makers, and across different 

areas. There are several such assessments, including the Millennium Ecosystem Assessment, 

the Intergovernmental Panel on Climate Change (IPCC) assessment reports, United Nations 

Environment Programme’s Global Environmental Outlook, or the Forest Resources Assessments 

conducted by the Food and Agriculture Organization (FAO). There is no doubt that good scien-

tifi c information is essential for environmental decision making. However, mechanisms to link 

scientifi c research to policy-level discussions and decisions are not an easy matter. For example, 

there is temporal dependence and an evolutionary cycle that links scientifi c fi ndings, creation of 

an observation and monitoring program, and related policy and public awareness and action; this 

is referred to as the “issue attention cycle.” Furthermore, global assessments require a social com-

munication process in which scientists, decision makers, advocates, and the media interact and 

interpret fi ndings in particular ways. Thus, it is to be noted that the impact of global assessment 

depends not merely on the science being robust and technically believable (credibility). Users 

must view the assessment as being “salient,” “legitimate,” and “credible.” When potential users 

believe that the information generated by an assessment process is relevant to their decision mak-

ing, it can be considered salient. Legitimacy is provided if the process is perceived as being fair 

and taking into account the concerns and insights of the relevant stakeholders. In this context, fi ve 

general principles have been advocated for practitioners to produce effi cient global and regional 

assessments (Clark et al., 2006):

• Focus on the process, not the report

• Focus on salience, legitimacy, and credibility

• Assess with multiple audiences in mind

• Involve stakeholders and connect with existing networks

• Develop infl uence over time

These principles are also relevant for global land monitoring and assessment efforts, which, 

besides providing the data and observations, should engage in international processes to make 

the fi ndings and results more relevant and acceptable. Adoption of this concept in this work 

and in global land-cover observations in general is presented in Figure 26.1. The ultimate 

determinants of historical context, key user characteristics, and assessment characteristics 

lay the foundation by specifying activities to ensure progress in the three areas. To improve 

saliency, three specifi c political processes have been chosen for engaging with and analyzing 

user requirements. Interaction with these processes improves saliency and thereby the rele-

vance, usefulness, and acceptance of land-cover observations. Global land-cover observations 

and assessments have become more legitimate by establishing a long-term interaction pro-

cess among relevant actors, developing technical consensus, and implementing projects jointly. 

Setting standards for land-cover characterization and validation and showcasing their applica-

tion in global land-cover and land-change assessment studies have in particular ensured tech-

nical credibility.

26.3 PROGRESS IN ENHANCING SALIENCY AND LEGITIMACY

A high-level political process was the UNFCCC discussions and negotiations on reducing 

emissions from deforestation and forest degradation in developing countries (REDD); it was 

the key mitigation option for the post-Kyoto climate agreement. Related policy negotiations 

have been suffering from a lack of technical understanding of whether the historical and future 

pace of forest loss and associated carbon emissions in developing countries can be estimated 
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and accounted for in an operational, verifi able, transparent, and effi cient manner. Thus, the 

user requirements are rather specifi c. A direct effort to provide technical input to this process 

was initiated when the issue was identifi ed in 2005 (Figure 26.2). Dedicated technical input has 

been developed to assist the negotiations and build country capacity (Herold and Johns, 2007), 

including a GOFC-GOLD REDD sourcebook. It describes, in a user-friendly format, the con-

sensus reached and the transparent methods adopted to produce estimates of changes in forest 
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FIGURE 26.2 Timeline showing the major REDD events as part of the UNFCCC process and the contrib-

uting activities of the GOFC-GOLD working group to assist in and respond to the UNFCCC requirements 

(COP = Conference of the Parties, SBSTA = Subsidiary Body of Science and Technical Advice).
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FIGURE 26.1 Adoption of the conceptual framework for considering effective environmental assessments 

(Clark et al., 2006), emphasizing the approaches to improving saliency, legitimacy, and credibility for global 

land-cover observations.
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399Saliency, Legitimacy, and Credibility—Land-Cover Observations

area and the production of carbon stocks resulting from deforestation and degradation (www.

gofc-gold.uni-jena.de/redd).

The second prominent area in the UNFCCC that calls for progress in global land-cover obser-

vation relates to research and systematic observation (GCOS, 2004). The aim is to continuously 

monitor essential climate variables (ECVs) so as to reduce uncertainties in understanding the 

global climate system; this includes land cover as one such variable. The related Global Climate 

Observing System (GCOS) implementation plan (GCOS, 2004) mentions a number of specifi c 

tasks to improve global observation of land cover as an ECV, including the creation of inter-

national standards, consensus methods for map accuracy assessment, continuity for fi ne-scale 

satellite observations, development of an in situ reference network, implementation of an opera-

tional validation framework, generation of annual global land-cover products, and development 

of a high-resolution global land-cover change data set. As requested by the UNFCCC Subsidiary 

Body of Science and Technical Advice, reporting guidelines and standards are being developed 

for each ECV, including land cover. Work on this issue is documented at www.fao.org/gtos/top-

cECV.html.

GEO is now the most prominent political process concerned specifi cally with earth observa-

tion. It resulted from three ministerial-level earth observation summits (2003–2005) and started 

implementation activities in 2006. A dedicated task in the GEO 2006–2011 work plan was 

global land-cover observation, and the fi rst step toward this was the process of linking GEO 

requirements (nine areas of societal benefi ts) with land-cover observation variables (Figures 

26.3 and 26.4).

26.4 BUILDING TECHNICAL CREDIBILITY

The UNFCCC and GEO requirements have been studied and applied to develop comprehensive 

observation strategies and defi ne implementation priorities. Key strategies derived as part of the 
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FIGURE 26.3 (See color insert.)GEO areas of societal benefi ts and key land-cover observation needs 

emphasize the multitude of services from continuous and consistent global terrestrial observations.
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research are refl ected in the Integrated Global Observations for Land (IGOL) (Townshend et al., 

2007) and in the GEO land-cover tasks (Herold et al., 2008).

An operational land-cover observation framework integrates information from different scales, 

that is, moderate- and high-resolution satellite data, and in situ observations (or high-resolution 

satellite data). These measurements have contributed to global monitoring in terms of spatial and 

thematic detail and require temporal updates. An integrated system combines the advantages to pro-

vide worldwide consistency and link the local and global observation levels. The concept assumes 

that there is observation continuity on all observation scales and that the data and information prod-

ucts are consistent and compatible. This assumes the availability of coordinated operational global 

satellite and in situ observations and common approaches to characterize, describe, and compare 

land-cover information (standardization, harmonization, and validation) and to facilitate the joint 

application of mapping products.

In the context of harmonization and evolving standards for semantic land-cover characteriza-

tion, the UN Land-Cover Classifi cation System (LCCS) currently provides the most comprehensive, 

internationally accepted, and fl exible framework (Herold et al., 2006). Within LCCS, land-cover 

classifi ers provide standardization of terminology and include descriptions of vegetation life form, 

leaf type, leaf longevity, and percent cover, as well as characterization of nonvegetated cover types 

(such as terrestrial vs. aquatic/regularly fl ooded areas).

Progress in the statistically robust accuracy assessment of land-cover data focuses on the devel-

opment of standard methods (Strahler et al., 2006) for operational efforts and specifi c validation 

exercises. Dedicated case studies for assessing the accuracy of global land-cover maps (GLC2000, 

Mayaux et al., 2000), and the comparative assessment of different global maps linking harmoni-

zation and validation, have resulted in a thorough understanding of the existing uncertainties and 

strategies so as to assess and reduce them in the future.

Based on the global land-cover products with 1-km spatial resolution and a better understanding 

of their inconsistencies, this research has contributed to refi nement, better utilization, and updating 

of the products. This includes the development of synergy maps with thematic characterizations 

aimed at specifi c applications (SYNMAP, Jung et al., 2006), their application in earth system mod-

els, and the exploration of linkages and heterogeneities between existing global and regional land 

cover. The new GLOBCOVER 2005/06 product (Arino et al., 2007) provides the next generation of 

global land-cover data based on available international standards, with more detailed spatial resolu-

tions and with the aim of generating them annually.
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FIGURE 26.4 Concept of user communities and activities within user consultation plan to assess land-cover 

requirements of general land-cover user community and climate modeling community.
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An operational global land-cover observing system must provide land-cover change estimates 

to fully deliver the benefi ts. A combined approach using coarse-resolution and fi ne-scale satellite 

observations and in situ observations seems most suitable for global and regional scales. Case stud-

ies using coarse-resolution satellite data investigating land-cover dynamics emphasize the value 

of studying long-term trends, interannual versus intraannual dynamics, and the indication of large 

and cumulative land change, and hot spots. However, fi ne-scale (i.e., Landsat-type) satellite data 

are currently the most suitable data source for observing with confi dence a large array of land-

cover/land-use change processes. The need for such operational approaches is now emphasized in 

starting national forest monitoring activities in many developing countries in order to build capac-

ities for participation in the post-2012 climate agreement. In general, successful implementation 

and technical credibility of a global land-cover change assessment requires involvement, agree-

ment, and capacity building among countries and their regional and national experts and networks. 

In that context, FAO’s Forest Resources Assessment for 2010 will use operational satellite-based 

approaches for a regional and global monitoring of historical forest change processes.

26.5 REQUIREMENTS FOR MONITORING LAND-COVER ECV

For observing land cover as an ECV, several areas require attention:

• The need to address UNFCCC requirements

• The need for product specifi cations to be driven by the climate user communities

• The need for implementation to focus on a truly global system and process, including:

• coordinated observations

• integrated and standardized mapping

• independent quality assessment

AQ17

AQ4

TABLE 26.1
Characteristics of Land-Cover Mapping and Monitoring Products Useful for Observing 
Land-Cover as an ECV (11).

Name Spatial Resolution Frequency of Product Update Maturity

Mapping of land cover
Land-cover maps 250 m–1 km Annual Preoperational

Fine-scale land-cover and 

land-use maps

10–30 m 3–5 years Preoperational (for land 

cover)

Global land-cover reference 

sample database

in situ/1 m 1–5 years Preoperational (CEOS, 

GOFC-GOLD)

Monitoring of dynamics and change
Global land-cover 

dynamics and disturbances

250 m–1 km Intraannual/long-time series Preoperational (for several 

processes)

Fine-scale land-cover and 

land-use change

10–30 m 1–5 years Preoperational (for land 

cover)

Monitoring areas of “rapid 

change”

1–30 m 1–2 years or less Preoperational (for some 

change processes)

Source: Adapted from Herold, M., et al. Assessment of the Status of the Development of the Standards for the Terrestrial 
Essential Climate Variables: Land Cover, FAO/GTOS ECV Report T9. 2009. Available at http://www.fao.org/gtos/

doc/ECVs/T09/T09.pdf.
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Any ECV monitoring efforts have to ensure saliency and legitimacy besides technical credi-

bility. An international coordination mechanism among key actors worldwide (users, producers, 

science, regional/national experts) is essential to ensure that land-cover products are accepted inter-

nationally and by UNFCCC. The recent GTOS report (Herold et al., 2009) summarizes the level 

of standardization and desired observations as a general assessment of the UNFCCC requirements 

and needs (Table 26.1).

Besides, the analysis emphasizes the need for coordinated observations. An operational global 

land-cover monitoring integrates information from different observation scales, that is, integrating 

coarse- and fi ne-scale satellite data and in situ data. ECV monitoring assumes the use of all use-

ful data sources—from historical archives, present assets, and future monitoring programs—in a 

seamless and consistent manner. Acquisitions and the derivation of standard products should be 

coordinated among space agencies (e.g., with the support of GEO, Committee of Earth Observation 

Satellites).

“Integrated and standardized mapping and monitoring” refers to the need for both static and 

updated maps and dynamic monitoring products at different spatial and temporal scales (Table 

26.1). These outputs require different sets of observations and monitoring approaches. The devel-

opment and derivation of the mapping products need consistency in land-cover characterization in 

order to be interoperable as part of an integrated global observing system. The broad areas and top-

ics requiring international consensus are outlined in this document. There is also a need to ensure 

synergy with other ECV observation products (i.e., fi re, biophysical parameters, snow cover) that 

are directly related to land-cover characteristics.

The issue of independent quality assessment follows the need to ensure that the required stan-

dards are met and that uncertainties are quantifi ed and reduced as far as practicable. Considering 

the suite of important land-cover information (Table 26.1), a diversity of products contributing to 

ECV monitoring is to be expected. While diversity and redundancy are useful for building a sus-

tained global land-cover monitoring system and for ensuring fl exibility in incorporating new tech-

nologies, an independent assessment mechanism led by the international community is also needed. 

This mechanism should provide comparative assessment and validation of individual products and 

work toward synergy to ensure that a common framework is used for global assessments and that 

the “best global estimates” are made available on the basis of current knowledge, data, and infor-

mation. The basis for such efforts is a sustained global network of calibration and validation sites, 

international agreement, and standards and approaches for land-cover characterization and valida-

tion, and an internal coordination mechanism.

26.6  DETAILED CLIMATE USER ASSESSMENT—THE 
EUROPEAN SPACE AGENCY LAND-COVER CLIMATE 
CHANGE INITIATIVE PROJECT EXPERIENCES

Despite the general requirements of UNFCCC and its subsidiary bodies, the ECV monitoring imple-

mentation and related, more detailed, product specifi cations should be driven by a more consolidated 

user assessment. There are different levels at which users refl ecting the climate research community 

can be involved in this process. Some of the key climate users will represent particular research 

groups and fi elds, and their specifi c requirements will have a key impact on product specifi cation. 

However, the user consultation should further address a broad range of issues related to the nature of 

the interactions of land cover and climate. Climate determines the distribution of natural vegetation; 

so changes in vegetation indicate climate change. Land-cover changes also occur because of changes 

in land management practices and land use (e.g., agricultural intensifi cation or forest clearance for 

cropland). Changes in land cover force climate change by modifying water and energy exchanges 

with the atmosphere and by changing greenhouse gas and aerosol sources and sinks. Global land 

observations are used in climate, carbon, and ecosystem models that provide predictions and scenar-

ios for use by the parties negotiating development of UNFCCC; observations of land variables have 

AQ6
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to be reported by the parties to the convention in order to document their own overall contribution to 

changes in the earth’s atmospheric constituents, including greenhouse gas concentrations.

One of the key requirements is that current IPCC assessment reports are based on an uncertain 

understanding of the land surface dynamics and related processes; these issues call for continuous 

monitoring systems and data.

For an adequate modeling of processes at the land surface boundary to the atmosphere, an 

accurate representation of the land surface is necessary. A climate model used to simulate these 

processes requires proper determination of the land surface characteristics used in its parameter-

izations as boundary conditions. These parameters include background surface albedo, surface 

roughness length due to vegetation, fractional vegetation cover, leaf area index (LAI), forest ratio, 

plant-available soil water holding capacity, and volumetric wilting point.

Three major communities—Global Circulation Modeling (GCM), Earth System Modeling 

(ESM), and Integrated Assessment Modeling (IAM)—play an important role in understanding and 

quantifying earth and climate system analysis and, specifi cally, in understanding the role of land-

use and land-cover change. They have a common global scope of some kind but focus on different 

objectives.

A variety of approaches to addressing land-use and land-cover change have been considered by 

these communities. GCM includes a rather coarse level of ecological and biogeochemical process 

representation and uses land cover as a generic and fi xed boundary condition. ESM modelers take 

an approach that stems from a combination of basic ecosystem (e.g., carbon cycle) and dynamic 

global vegetation models (DGVMs) and incorporate different plant functional types (PFTs) into 

their structures. These aspects of ESMs are increasingly being used for impact assessments, both 

for ecosystems and for the impacts on hydrology, which are modifi ed by ecosystem responses. 

The ESM approach is derived from a tradition of using complex models to analyze the different 

components and interactions of the physical system. The focus has mainly been on the climate 

system, with an initial description of coupled ocean–atmosphere systems and, more recently, the 

carbon cycle and dynamic vegetation. By enlarging its focus, the ESM approach is increasingly 

coupling climate with hydrology, agriculture, and urban systems as integral components of the 

earth system.

The IAM approach comes largely from a tradition of modeling human behavior explicitly and 

the interaction of human activities, decision making, and the environment, including economic pro-

duction and consumption, energy systems, greenhouse gas emissions, and land use. This commu-

nity has also recognized the importance of land use as a critical factor in socioeconomic decision 

making, for example, for food and timber production, the state of ecosystems and their services, 

and, increasingly, as a response to the demand for biofuels for the electricity and transportation 

sectors. Whereas many IAMs have focused strongly on energy–economy systems and included 

land-use emissions only as exogenous factors, this is now changing with the development and imple-

mentation of increasingly coupled socioeconomic and climate modeling strategies.

In addition, improved land-cover observations might lay the foundation for fostering the next-

generation climate model concepts and applications. There is already a debate within the climate 

modeling community on new and revised concepts to better parameterize land-cover characteris-

tics for better process representation. In this context, the initial activities of the Terrabites EU Cost 

action (http://www.terrabites.net/) observed that there are scale limits to the second generation of 

DGVMs. PFTs need an improved representation, taking into account the dynamics in both space 

and time. Most DGVMs are “area-based” models in which grid cell fractions occupied by homoge-

neous populations of PFTs exist without any real age or size structure and do not mechanistically 

simulate the process of vegetation succession or competition for light resources between PFTs. 

Second-generation DGVMs are already using a more advanced spatial representation of vegeta-

tion (e.g., LPJ-GUESS using populations of individual plants). Dynamic changes in PFTs can be 

represented by characterization of changes and variation in plant traits, for example, phenology, 

R/K strategy. This also links closely to ECV variables like fraction of absorbed photosynthetically 

AQ7
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active radiation and LAI. As many plant traits vary much more within species than between species 

within PFTs, PFTs are still a good base to represent the inherent variability. A new defi nition of 

PFTs should be able to represent vegetation coexistence caused by vertical and spatial ecosystem 

heterogeneity.

Thus, land-cover user requirements for climate modeling and climate research are expected to 

diversify, and this complexity can be addressed in three main steps that refl ect different areas of 

user interaction (A–D).

26.6.1 USER SURVEY OVERVIEW

As part of the requirement analysis, a user consultation mechanism (Figure 26.4) was set up to 

involve different climate modeling groups by conducting surveys for different types of users: (1) a 

group of key users, most of them also participating in the Climate Modelling User Group (CMUG) 

of the European Space Agency Climate Change Initiative (ESA CCI); (2) associated climate users 

involved in and leading the development of relevant key climate models and applications; and (3) 

the broad land-cover data user community refl ected in scientifi c literature and represented by users 

of the ESA GlobCover product. The surveys were carried out in September and October 2010 and 

focused on the three major ways in which land-cover observations are used in climate models:

 1. As proxy for a set of land surface parameters assigned on the basis of PFTs

 2. As proxy for human activities in terms of natural versus anthropogenic and tracking human 

activities, that is, land use affecting land cover (land-cover change as a driver of climate 

change)

 3. As data sets for validation of model outcomes (i.e., time series) or to study feedback effects 

(land-cover change as a consequence of climate change)

The growth of requirements for the three aspects from the current models to new modeling 

approaches was specifi cally taken into account. Next to the surveys, requirements from the GCOS 

Implementation Plan 2004 and 2010 and associated strategic earth observation documents for land 

cover (GTOS, IGOL, Intergrated Global Carbon Observation, and CMUG) were considered and 

reviewed. Finally, a detailed literature review was carried out with special attention to innovative con-

cepts and approaches in order to better refl ect land dynamics in the next-generation climate models.

26.6.2 ANALYSIS OF USER REQUIREMENTS

The outcome of user requirement assessment shows that although the range of requirements of 

the climate modeling community is broad, the requirements coming from different user groups 

and the broader requirements derived from GCOS, CMUG, and other relevant international panels 

are well matched. As a starting point of the Land-Cover CCI project, activities have been closely 

aligned with specifi c land-cover tasks listed in the GCOS Implementation Plan of 2004 and 2010 

(Table 26.2). For example, LCCS should be adopted as an approach to thematic characterization 

of land-cover classes (Action T22), particularly because of its compatibility with the PFT concept. 

The project will further address critical tasks that have not made much progress to date, that is, on 

the implementation of an operational reference network and validation (Action T25) and creation of 

annual maps of global land cover (Action T26).

26.6.2.1 Spatial Detail
The users provided information on the level of spatial details they required, and the results are 

summarized in Figure 26.5. First, there is not one spatial resolution that fi ts all purposes; on an 

average, climate models run on broad spatial levels of detail, and a resolution of 300 m or coarser 

is suffi cient to meet the modeling requirements of most users. However, for some, and in particular 
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for the future (Figure 26.5), more detailed resolutions are required. This would mean that in the 

coming years land-cover observations for estimating model parameters and for describing change 

would need to develop toward fi ne-scale satellite observations coming from Landsat-type observa-

tions (e.g., Sentinel-2). This would also require prioritization of regions for which this level of detail 

is most relevant.

100000
10000

1000
100

10
1

Resolution used in current models Resolution required to improve current models Resolution required in new modeling approaches

key users Associate users

Required for modeling Required for parameter
estimation

Required for land-cover
change detection

Broad users Key users Key users

[m
] (

lo
g)

FIGURE 26.5 (See color insert.) Spatial resolution median requirements (note y-axis in log-scale) from 

user surveys. The orange points indicate the minimum requirement.

TABLE 26.2
Key Tasks for Land-Cover Theme from GCOS Implementation Plan (2004 and 2010), 
Progress Reported in 2009 (for COP 15), and How These Tasks Are Taken Up by Land-
Cover CCI Project

GCOS Implementation 
Plan Task (2004 and 2010)

Status Reported in Recent 
Progress Report (2009) Issues Addressed by Land-Cover CCI

Action T22 international 

standards for land-cover 

maps; in IP 2010, T22 was 

removed 

The UN LCCS (under ISO) provides the 

required standards and specifi cations 

(good progress)

LCCS classifi ers, generic classes and 

related legends targeted at user 

requirements will be used to develop the 

product

Action T23 methods for 

land-cover map accuracy 

assessment; in IP 2010, 

defi ned as T26

Standard validation protocols, methods 

and best practices have been developed 

by the CEOS Working Group on 

Calibration and Validation (WGCV), 

working with GOFC-GOLD (good 

progress)

The project uses a comprehensive 

validation approach that is independent, 

internationally agreed, and repeatable

Action T25 development of 

in situ reference network 

for land cover; in IP 2010, 

T22 is refl ected in 

ecosystem observing 

network

As a start, GOFC-GOLD and CEOS 

WGCV have developed the framework 

for an in situ reference network for 

operational global land-cover validation 

(low progress)

For product validation, a comprehensive 

approach, making best use of existing 

resources and aiming at developing an 

operational reference network, is applied

Action T26 annual 

land-cover products; in IP 

2010, defi ned as T27

There are several global land-cover 

products at the requested resolution, 

including GlobCover and MODIS 

(moderate progress)

The activities build upon the GlobCover 

heritage, cooperating with the MODIS 

team and aiming at annual global 

products

Action T27 regular 

fi ne-resolution land-cover 

maps and change; in IP 

2010, defi ned as T28

No concerted action toward a global 

product at the required fi ne resolution 

(10–30 m) has been achieved (low 

progress)

The issue of fi ne-scale land cover/

land-cover change is not specifi cally 

addressed here, while some 

methodological steps could be extended 

to higher resolution dataset
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26.6.2.2 Temporal Resolution
Many users rely on annual updating of parameters initially derived from land-cover data. While 

annual data are currently not available for land cover, the modeling community is using interpola-

tion and ancillary data (i.e., from the literature or models) to provide the temporal detail required.

The need for increased temporal resolution data is pertinent to all user groups. Particularly for 

the future, moving into intraannual and monthly dynamics of land cover is considered essential 

(Figure 26.6). While any addition to the temporal resolution of the currently often static land-cover 

data is useful, the need to explore the potential of dense remote-sensing time-series signals is vital. 

In terms of the temporal range, models use periods beyond the remote-sensing era back in time, and 

this range is expected to widen further in the future.

26.6.2.3 Land-Cover Characterization and Land-Change Requirements
Whereas almost all major land categories in current maps are important, the surveys particularly 

highlighted the need for increasing detail in forest, herbaceous, and agriculture classes in the cur-

rent models. Considering all users, the need for wetland and urban classes is expected to increase 

in future models and other land-cover applications. Forests and some other vegetation classes (i.e., 

shrubs) are commonly separated by leaf type and phenology. Since users require a suite of different 

types of land-cover categories (or PFTs) for model parameterization that varies with type of model 

and modeling approach, any land-cover product will need to offer some fl exibility in responding to 

these different thematic needs. Broad surveys have shown that more than 90% of the users fi nd the 

UN LCCS suitable for thematic characterization—an approach that is also compatible with the PFT 

concept of many models. The surveys stressed the need for additional information on the separation 

of C3/C4 grasses and crops and consideration of human activities and land management practices. 

For example, “disturbed fraction” has been advocated as one such requirement. While some infor-

mation is commonly not available from remote-sensing data sets (i.e., C3/C4 separation), the use of 

external products or nonsatellite-derived data may be needed if it improves accuracy and parameter 

estimation procedures.

A fair amount of users (in particular, key users) do not utilize any change or dynamic prod-

ucts from land-cover remote sensing in their modeling. However, as stated in Figure 26.7, the 

need for more dynamic information and land-cover/land-use changes in the future is pertinent. 

Important information is required for vegetation phenology, agricultural expansion, forest loss/

deforestation, and urbanization. In addition, the need to monitor wetland dynamics, fi re, land 

degradation, and long-term vegetation trends is highlighted by the community of associated 

users.

It is also important to note that about half of the broad user community and one-fi fth of the 

associated users did not mention the need for any change/dynamic information. This reemphasizes 
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FIGURE 26.6 Synthesis for temporal resolution median requirements from user surveys.
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the need for both stable and accurate land cover and dynamic components refl ecting time series and 

changes.

26.6.2.4 Accuracy Requirements
There are three types of quantitative requirements for the accuracy of the CCI land-cover products 

coming from GCOS, CMUG, and CCI [8]. Since available land-cover maps have an overall area-

weighted accuracy of around 70%, it can be assumed that the accuracy requirements for the land-

cover CCI should be higher. Second, GCOS requirements mention a maximum of 15% omission/

commission per class and those from CMUG and the CCI an error of 5%–10%. CMUG further 

requires stability in accuracies over time of less than 10%. Those requirements can be understood as 

quantitative guidelines; however, in the current knowledge of global land-cover mapping, there are 

two main problems in using such statements for the upcoming land-cover mapping efforts:

• Errors of 5%–10% either per class or as overall accuracy are rare and hard to achieve in any 

land-cover mapping effort with more than—two or three categories

• The accuracy of the product depends on its actual use in the model

In particular, the analysis of the model parameters versus land-cover types emphasizes that the 

relative importance of different class accuracies varies heavily depending on which parameter is 

estimated (Section 26.3.4). This is an important implication that cannot be considered by using a 
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standard overall accuracy reporting. Any accuracy analysis should provide fl exibility to account 

for such differences in the way land-cover data are used in models and the related impact on the 

uncertainty of the input data. In addition, the need for stability in the accuracy should be refl ected 

in implementing a multidate accuracy assessment.

Finally, the users stressed the need for quality fl ags and controls, the probability for the land-

cover class or anticipated second class or even probability distribution function for each class (com-

ing from the classifi cation algorithm), and the need for accuracy numbers for land-cover classes 

(potentially also with regional estimates).

26.6.3 ANALYSIS OF MODEL PARAMETERS VERSUS LAND-COVER

The relationship between land-cover types and model parameters is one of the most important 

issues determining the accuracy and relevancy of land-cover data for parameterization, calibration, 

and validation of climate-related models. We used the climate model parameterization as described 

by Hagemann (2002) to provide a better quantitative understanding of why and on what level of 

detail and accuracy the climate users require thematic land-cover information. In this study, 75 dif-

ferent land surface classes according to the Olsson land and ecosystem map (Olson, 1994a, 1994b) 

were parameterized for nine land surface parameters, using literature data and expert analysis. We 

used these data to analyze the relative importance of different land-cover classes for estimating 

model parameters. The importance of each differentiating two land-cover classes is refl ected in the 

relative similarity for each actual land surface parameter value. Thus, for each pair of classes (x, y), 

the similarity (Simxy) can be calculated by relating the specifi c parameter values for each class (Parx, 

Pary) to the overall range of parameter values across all classes (Parmax – Parmin):

Sim
Par Par
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values among two land-cover classes for four land surface parameters. Note: the scale of y-scale varies for 

different diagrams.
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The similarity value is reported as a percentage, with 100% representing the same parameter 

value for this pair of classes. The result is a symmetric matrix of 75 × 75 classes for each of the nine 

surface parameters; the aggregated results are presented here.

Figure 26.8 shows the histograms of the distribution of the similarities among all class pairs for 

four parameters. For different land surface parameters, the patterns of class similarity are somewhat 

different. For albedo, there are a few classes that obviously have a value (snow, ice, water) very dif-

ferent from those of many of the other classes that are relatively similar. For the forest ratio, there 

is more of an equal distribution among the range of similarity values. A more varied distribution 

is indicated for vegetation surface roughness and the LAI. This highlights the fact that the relative 

importance, and thereby the accuracy, of land-cover categories for model parameterization varies 

depending on what model parameter is estimated from the data. A single overall accuracy for a 

land-cover map value will not be able to provide information on how accurate a specifi c map is for 

parameter estimation.

Table 26.3 shows the average similarity from nine parameter values for 12 land-cover classes 

aggregated from 75 Olsson map classes. The areas with pink table cells have the highest average 

TABLE 26.3
Matrix of the Similarity Between the 12 Generalized Land-Cover Classes as Average 
for Nine Land Surface Model Parameters
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similarities among all land surface parameters. They tend to be located near the diagonal of the 

matrix, refl ecting somewhat the ranking of classes 1–12 from forests to barren and water areas. 

Most dissimilar are the nonvegetated and vegetation classes. A misclassifi cation and confusion 

between two classes with large similarity will cause a much lower error in the quantitative parame-

ter estimation than uncertainties among very dissimilar classes.

26.7  SUMMARY OF AND RECOMMENDATIONS 
FOR LAND-COVER ECV EFFORTS

In summary, the requirements coming from different user groups and the broader requirements 

derived from relevant international panels are well matched. The fi ndings highlight that

• There is need for both stable land-cover data and a dynamic component in the form of time 

series and changes in land cover

• Consistency among the different model parameters is often more important than accuracy 

of individual data sets, and it is important to understand the relationship between land-

cover classifi ers with the parameters and the relative importance of different land-cover 

classes

• Providing information on natural versus anthropogenic vegetation (disturbed fraction) and 

tracking human activities and defi ning history of disturbance is of increasing relevance, in 

particular for land use affecting land cover, with more details needed for focus areas with 

large anthropogenic effects

• Land-cover products should provide fl exibility to serve different scales and purposes in 

terms of both spatial and temporal resolution

• The relative importance of different class accuracies varies signifi cantly depending on 

the surface parameter that is estimated, and the need for stability in accuracy should be 

refl ected in implementing a multidate accuracy assessment

• Future requirements for temporal resolution refer to intraannual and monthly dynamics of 

land cover, including remote-sensing time-series signals

• More than 90% of the general land-cover users fi nd LCCS (Herold and Johns, 2007) suit-

able for thematic characterization, and this approach is also quite compatible with the PFT 

concept of many models

• Quality of land-cover products needs to be transparent by using quality fl ags and controls 

and should include information on the probability for the land-cover class or anticipated 

second class or even the probability distribution function for each class (coming from the 

classifi cation algorithm).

As a next step within the Land-Cover CCI project (2010–2013), the outcome of this user require-

ment analysis will be used as input for the product specifi cation of the next-generation Global Land 

Cover data set that will be developed within this project.
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