
   

  
 

 

 

 

Towards a Sustainable Operational System for Land Cover 

Classifications That Can Meet Varied User Needs 
 

Workshop Report 

 

Date: 23-24 May, 2016 

Venue: Geospatial World Forum, Rotterdam, The Netherlands 

Event website (containing full agenda, concept note, all presentations, plus additional materials): 

http://www.earthobservations.org/me_201605_gwf_lcc.php 

 

This focused workshop was co-organized by GEO (Group on Earth Observations) and UN-

GGIM (United Nations initiative on Global Geospatial Information Management). It was a 

special session within the Geospatial World Forum (we thank Geospatial Media for their 

hospitality and help in making this happen). 

 

 

This document comprises the following parts: 

 

1. Key points and outcomes 

2. Breakout group summaries 

3. Workshop overview 

4. Agenda 

5. List of participants 

 

 

 

 

 

 

 

 

 

 

 

Report prepared by André Obregón and Gary Geller (GEO Secretariat). 

  

http://www.earthobservations.org/me_201605_gwf_lcc.php


   

  
 

 

 
 

Key Points and Outcomes 
 

The workshop focused on pathways towards a sustainable and operational land cover system 

capable of meeting varied user needs, with the following vision:  

 

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

requirements for geographic scope and the number and types of classes; datasets can be 

generated on a regular basis using consistent methods and with needed accuracy. 

 

After several contextual presentations and discussions participants divided into four breakout 

groups to explore ideas for systems that meet that vision. Those ideas were then discussed in a 

plenary session. 

 

With approval from the 40 or so participants, the GEO Secretariat and UNGGIM took the action 

to consolidate the workshop discussions and outcomes into a draft concept paper. This will be 

circulated among the participants for comment and to consider whether the concepts are 

appropriate for submission to a refereed journal. The November GEO Plenary in St. Petersburg 

was selected as a reasonable milestone. 

 

Key Points and Outcomes 

These reflect the key points that emerged from the discussions; note that although there was 

general agreement on these, agreement may not have been 100%. 

 

 An automated, Data Cube-like approach that is cognizant of Analysis Ready Data (ARD) 

should be the core of an operational system. This approach greatly simplifies product 

generation, particularly for on-demand products. The breakout groups generated similar 

system concepts, though they differed some in emphasis (these are summarized below) 

 An on-demand system is needed because user needs for classes, geographic scope, and other 

requirements vary. Meeting such varied needs implies an automated system such as those 

suggested by the breakout groups. 

 Reference data for training and validation need to be an integral part of any system, yet this 

is perhaps the biggest challenge to system operationalization. A curated, open-access 

database, with associated standards and protocols to guide crowd-sourced contributions, is 

recommended, potentially within the framework of GEO.  

 The system should include additional data sources such as radar, lidar, hyperspectral, and 

non-remote sensing data. These increase the information available to characterize the 

ground. 

 It is better to quantitatively characterize the ground rather than classify it by applying labels, 

the definitions of which vary from user to user. Agreement on which LC classification 

system to use (e.g. LCCS) is needed. 



   

  
 

 

 Many users, e.g. national governments, will not utilize a “black box” approach because they 

must have insight and control over the algorithms used and how they are applied to product 

generation.  

 The needs of global users such as the UN may differ from those of national users--global 

users need global consistency but national users have needs that vary from country to 

country. Such varied needs reinforce the importance of an on-demand system. Note that this 

is a political issue that cannot be resolved by the system, which should simply fulfil user 

requests. 

 Several options for global system implementation were discussed. One would be to follow 

the weather forecasting community’s approach of several large, cooperating Numerical 

Weather Prediction centers, basically regional hubs. A related concept would use (perhaps in 

addition) something like CEOS’s “data cube in a box” approach, which is an open source, 

distributable package that allows anyone to set up their own data cube. Because it is scalable 

it could be used by global, regional, national, and local users.  

 Whatever the architectural details are, an operational system can support much more than 

just land cover generation: the infrastructure used to generate LC is the same as that needed 

to generate a wide variety of other important products, including indicators for the SDGs and 

other international agreements (CBD,  Ramsar, UNCCD, UNFCCC …), a wide variety of 

maps, change products, anomalies and many other products of direct relevance to policy and 

management. This is an extremely important point because it greatly broadens the base of 

support for such a system and highlights the much higher return on investment relative to a 

LC-only system. 

 

Additional Points 

 

 Existing LC products can be included into a data cube—this will increase access and allow 

them to be used for a variety of purposes. 

 Validating a LC change product is very different from validating a static LC map. 

 The CEOS LC validation WG is an important one and needs to be included in discussions on 

validation and reference data. 

 The quality of reference data is crucial. So is characterization of that quality since this will 

allow a potential user to decide whether they can use it or whether they need to provide their 

own. Local users should be engaged to add sites to a reference database; this increases trust 

of the data for that region, but also helps engage countries more broadly and increase 

capacity.  

 User classes can be assigned after processing the data into a database (such as LCCS/LCML) 

that captures surface characteristics. This allows map legends to be cross-walked. However, 

the user should not need to understand how the system works if all they want is a classified 

map. 

 Change maps that utilize categories rather than characteristics may not capture change 

correctly—another reason to develop characteristic-based rather than class-based systems. 



   

  
 

 

 User communities are much more interested in change (e.g. forest loss) than in static LC 

maps.  

 Map quality can be improved incrementally. For example, an automated classification could 

generate an intermediate product which may then be further developed manually by local 

people, leading to a final product of higher accuracy. Or, for an automated system additional 

training data could be obtained and utilized until desired accuracy was reached. 

Challenges and Cautions 

 Collecting sufficient, high quality reference data for training and validation is perhaps the 

biggest challenge to system operationalization. 

 Successful utilization of any of the suggested system concepts will vary regionally, 

depending on reference data quality, in-house capacity, data availability and quality, surface 

characteristics, and other factors.  

 Automated LC is hard to do (e.g. for Google, forests and water took 1-2 years to get right). 

 Capacity to generate or utilize LC data varies widely; even if an ideal, operational system is 

developed, capacity building will be needed by some groups. Some low-capacity countries 

may be best served by provision with a static map with pre-defined classes. 

 Processing large areas such as for a global map is very resource intensive, although also very 

do-able with a supercomputer or cloud facilities. More difficult can be getting very large 

amounts of data into such a facility. 

 The envisioned systems have both technical challenges (e.g. increasing the level of 

automation) and organizational/political challenges (e.g. collaboration among key players). 

  



   

  
 

 

 

Breakout Group Summaries 
 

The charge to the four breakout groups was to identify and describe a system that best meets the 

Vision statement, including consideration of challenges, coordination areas, approaches, and 

everything else.  

 

Group 1 
 

The first group presented a framework of a system consisting of four parts:  

 

a) Acquisition/Storage including a Data Cube-like technology 

b) Manipulation including data reduction 

c) Processing phase where primitives are further processed into categories. An algorithm 

toolbox could provide a generic way to group all processing methods, include those with a 

manual component. Automated processing done in the cloud, an EO processing center, 

requiring a supercomputer. This is scalable and can support collaborative efforts but only if 

you are able to move the data to your machine (and it can be a lot of data). Capability to 

accommodate different classification systems (such as LCCS). Trustworthiness of the 

training data is important.  

d) Validation including citizen science 

 

Sustainability of the system would be crucial as well as a consistent data flow and accuracy. 

Sufficient capacity for both processing and training would be important, and trust in the system 

would be needed for the product to be accepted by a government. 

 

 

 
 

 

  



   

  
 

 

Group 2 

 

A system framework was presented that took a similar approach to Group 1. It incorporates two 

major types of data: 1) raw remote sensing data and its derived Analysis-Ready Data, 2) existing 

Land Cover products.  It enables storage and retrieval of data which are regularly updated and 

follow appropriate standards. And it supports a wide variety of user needs--they can customize 

the system by adding or selecting desired algorithms, or utilize the various tools that are 

provided for analysis, leading to new user–defined products. Intermediate products are 

generated, similar to the “primitives” introduced by the first group. 

 

Validation is a key system component, and the system would build upon previous work such as  

following GOFC-GOLD guidelines. Users can upload their own reference data, providing 

flexibility as to validation approach. Another important element of the system is the capability to 

generate statistics related to the land cover maps, useful in national reporting processes. 

 

Other points and challenges: 

 

 Data accessibility: commitment needed by GEO members to make data open 

 Support for users with different capacity levels 

 Ownership and confidentiality 

 System administration: Use regional hubs? National systems? 

 Trust issue—is it open source? Where does it run? 

  

  



   

  
 

 

Group 3 
 

A system architecture was described with an emphasis on the training data as a crucial element. 

A global reference dataset at very fine detail is needed (e.g. based on a superset of training sites 

globally). This needs to be flexible, not tied to categories, updated yearly, and the existing 

GOFC-GOLD reference datasets could be expanded. Citizen science such as GEO-Wiki can 

have a role.  

 

The system would use an automated, Data Cube-like concept or the cloud populated with ARD. 

Regarding the issue where to do the computations the cloud would probably be best. The need 

for annual or periodic refresh of LC drives the need for automation. Users would select the 

legend and a hierarchical approach would be used, with a broad set of classes on top and more 

details underneath. 

 

Consistency is an issue and needs to be ensured between the variety of products to be generated. 

Accuracy of the products and quality of validation data is essential for building trust in the 

system. Capacity building is needed, which also contributes to the needed trust. 

 

 
 

  



   

  
 

 

 

Group 4 
 

The last group presented an on-demand system capable of producing a user-specified product for 

a generic user. The user would also be enabled to evaluate the quality and upload their own 

training data; this could be done iteratively until the needed level of accuracy was achieved. 

 

Reference data, for both training and validation, is the biggest bottleneck. A curated, 

standardized global dataset of reference sites is needed (ideally something like GBIF). This 

could be a GEO-led initiative. 

 

The system should run in the cloud and be agile, scalable, and dynamic. It could be centralized, 

or less centralized (e.g. country level). The use of ARD was acknowledged but also other layers 

were highlighted (e.g. citizen science). 

 

 

 
 
  



   

  
 

 

 

Workshop Overview 
 

 

Problem:  

Different users of land cover data have different requirements for the number and type of 

classes, geographic scope (e.g. national, regional, global), temporal frequency, accuracy, and 

other respects. Current approaches to generating LC maps cannot always meet these varied 

needs. 

 

Workshop Purpose:  

Advances in science and technology may now enable the conception of new approaches to 

generating LC maps so these varied user needs can be better met. The workshop explored new 

pathways to a sustainable operational system capable of meeting these varied user needs.  

 

Vision Statement:  

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

requirements for geographic scope and the number and types of classes; datasets can be 

generated on a regular basis using consistent methods and with needed accuracy. 

 

Concept Note for the Workshop: 

http://www.earthobservations.org/documents/meetings/201605_lcc/201605_lcc_concept_note.p

df 
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Agenda 
 

 

Day 1 (Monday 23 May 2016) 

 

13:30-13:50 Introduction and stage-setting (Gary Geller, GEO & Greg Scott, UNGGIM) 

13:50-14:05 History and lessons learned (Martin Herold, GOFC-GOLD) 

14:05-14:30 Thoughts on the problem and Vision (Zoltan Szantoi, JRC) 

14:30-16:30 

Thoughts from key organizations 
 

 FAO (Antonio di Gregorio) 

 National Geomatics Center of China (Chen Jun) 

 GOFC-GOLD (Brice Mora) 

 ESA (Olivier Arino) 

 USGS and CEOS (presented by Leo Lymburner)  

16:30-18:00 Discussion on “Thoughts from key organizations” 

18:00-18:15 Challenges in developing the Forest Change Product (Matt Hansen) 

18:15-18:30 Wrap-up 

 

Day 2 (Tuesday 24 May 2016) 

9:00-9:30 Review Day 1 outcome (Gary Geller, GEO) 

9:30-9;45 Charter for breakout groups 

9:45-12:00 Breakout groups meet 

12:00-13:00 Lunch 

13:30-15:00 Breakout groups finalize PowerPoint presentations 

13:30-15:00 Breakout presentations in “plenary”  

15:30-17:00 Discussion: assimilating the outputs of the breakout groups 

17:00-17:30 Wrap-up 
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