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BACKGROUND AND RATIONALE 

Problem to be solved: 

Land cover (LC) and land cover change (LCC; together as LCLCC) are important parameters 

needed by many users, including UN Conventions, the UN Statistical Division (UNSD, particularly 

their System of Environmental-Economic Accounting--SEEA), and national governments, among 

others. Understanding LCLCC is needed to track progress towards meeting commitments such 

as the Sustainable Development Goals, the Aichi Targets of the UN Convention on Biological 

Diversity, the UNFCCC Paris Agreement and a variety of national and sub-national internal 

goals. Some end-users such as the UNSD require globally consistent approaches to measuring 

LCLCC, while national governments, for example, need consistency at the national level. 

However, despite the growing proliferation of LCLCC products, the availability of appropriate 

LCLCC information remains limited and many user needs remain unsatisfied. Different users 

have widely different needs, particularly in terms of the classification system used, the 

frequency of updates, and spatial resolution; meeting such varied needs is difficult. Generating 

LC datasets is typically mostly a manual process that requires very significant human resources, 

compounding the challenge. And to complicate the issue further, coordination among users, 

among providers, and between users and providers is limited, impeding progress in addressing 

these shortcomings. Finally, although some global datasets are available their accuracy varies 

spatially and by class, making their usefulness for national or sub-national applications quite 

limited. 

This range of user needs and other complications presently make it impossible for a single 

global dataset to be sufficient in satisfying those needs. A new approach to generating and 

providing LCLCC information is needed that can both meet such varied user requirements and 

still be operationally practical and sustainable.  

It is useful to group user needs into basic categories: 

 Number of classes and levels 

 Definition of non-ambiguous classes and descriptions 

 Types of classes 

 Accuracy 

 Spatial resolution 

 Temporal resolution (frequency of repeat) 

 Consistency over time 

 Trustworthiness/control 
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With these basic user needs in mind the following vision is proposed for a LC generation 

system; the need for such a sustainable operational system has been recognized for some time. 

A sustainable operational system that generates land cover datasets according to specific user 

requirements for the number and types of classes. The system provides consistent datasets on a 

regular basis with average accuracy of greater than 80%. 

Thus, the key characteristics of such a system might be: 

1) An operational system with long-term support 

2) Ability to meet the varied needs of different users 

3) Provides periodic, consistent, frequent LC datasets useful for change assessment 

4) Provides sufficient number of classes and levels 

5) Provides sufficient accuracy 

6) Provides appropriate output format 

Limitations 

If we are interested in developing such a system it is useful to think about the key factors that 

have so far made its achievement elusive, despite recognition of its value. Here are some key 

limiting factors: 

Labor intensiveness. Most LC datasets require very large amounts of manual labor, making 

them expensive, particularly at the global but also at the national scale. This results in 

infrequent or widely spaced updates, making LCC assessment difficult. Automated processing 

would seem to be the only practical solution to this issue. The accuracy of automatically 

generated datasets continues to increase over time though they may not, yet, be fully up to the 

level provided by manual methods. 

Varied user needs. Perhaps the most obvious difference among users is the number and types 

of classes they need, with the result that a LC map for one user is often not appropriate for 

another. Attempts to get users to agree on a standard legend have not been fruitful—for good 

reason—their requirements are simply not sufficiently compatible. The result, to overstate it 

only slightly, is that each user needs their own LC dataset.  

Data availability. Although multispectral datasets like Landsat and Sentinel 2 are now widely 

available the number of classes they can accurately support is limited by the information 

content of the data. Additional, complementary data sources would add additional information 

and thus be able to support a greater number of classes and/or more accuracy. Some key data 

sources are remote-sensing-based, such as hyperspectral, radar, and lidar sensors, while others 

could include a wide range of data including socio-economic information. Having said that, 

however, Landsat and Sentinel-2 can meet the needs of many users and are the obvious 

datasets to start with as they are available now, at no cost, and are a widely understood sensor 

technology. 
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Coordination. Historically, most LC dataset generation has been undertaken independently, for 

a particular purpose and type of user, without a lot of interaction with other data providers or 

users. Such conditions are not conducive to development of a sustainable operational system. 

Implications 

Exploring how to address these limitations can point to some options for a path towards such a 

sustainable operational system. Since manual methods are so labor intensive the only practical 

long-term approach would seem to necessarily include development of satisfactory automated 

systems. The accuracy of current automated systems is still being defined but these continue to 

improve. With additional data sources (perhaps particularly space-based sensors), improved 

techniques (including artificial intelligence), and adequate processing power an automated 

approach should be practical. Indeed, there are already examples of successful automated 

processing, though perhaps not yet at a global scale. 

In terms of meeting the wide variety of user needs two approaches, or perhaps a hybrid, have 

been suggested: 

a) An automated approach that generates datasets on demand after accepting 

requirements, such as number and types of classes, from the user.  

b) LC Meta Language could be used to generate a multipurpose LC database, the contents 

of which could then be recombined in various ways to meet different user needs. 

To summarize, we suggest that the best path towards a sustainable operational system is to: 

1) Continue development of automated approaches so they are more universally accurate 

2) Initially, focus on Landsat and Sentinel-2 as the key input data sources 

3) Explore incorporation of additional datasets to increase the size of the informational 

base. Some datasets, such as hyperspectral and other space-based sensors, may not yet 

be available though have been much discussed; CEOS can play a key role here. 

Thoughts on a System 

 One approach for a system would be to have regional centers that were shared by the 

users of that region; perhaps the global weather forecasting network is a useful model.   

 The world is a big place and generating LC maps for it, and for many countries, will 

require a lot of computing resources. Really a lot; this is recognized. However the 

resources required are well-within the scope of existing supercomputer and cloud 

facilities.  

 Whatever approach was selected for the desired system, that same system would be 

useful for generating other products beyond LC. For example, it could be used to 

generate indicators, essential variables, or any other product derived from the data. This 

could be tremendously valuable and greatly increase the Return on Investment of such a 

system. 
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Discussion topics: 

1) Who are the key players in automated processing? Are we talking with all of them? 

What path are they on? What accuracy levels are they getting? What is needed to 

improve accuracy? What algorithm(s) and datasets are they using? 

2) How would a shared system provide the level of trustworthiness that countries need? 

Would an open source system that national governments could copy and customize be 

one such solution? 

3) Processing of hyperspectral datasets, radar, and lidar is quite different from processing 

multispectral datasets, and the expertise is much less widespread. How big a challenge 

is this in terms of expanding the informational base? 

4) What additional space-based sensors would provide additional information and the 

highest return on investment for LC? 

5) What other datasets are useful? Are they available? 

6)  “Accuracy” needs to be clearly defined in discussions. For example, the accuracy of a 

particular class can be very different from the overall, average accuracy of a dataset. 

7) Are global LC maps needed?  

8) The classification used (type and number of classes) should address the issue of 

semantic interoperability, allowing a clear definition of classes and possible 

recombination of these classes. 

9) There is no indication of addressing this process through either an object based image 

analysis or pixel-based approach, which can quite change the methodological approach 

and results.  


