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Related task(s): 

Task 4.2 User requirements for developing a tool for the validation of land 
cover data in African Protected Areas 

 
Using the requirements obtained in Task 4.1, this task will focus on the development of an 
expert-based validation tool of land cover data. This tool will be an open source UncertWeb 
service which will include a thick client that is able to function independently of an internet 
connection for the image analysis. The tool will allow images (validated and unvalidated) to 
be exchanged with the existing JRC database linked with the African Protected Areas 
Assessment Tool (APAAT). Catalogues will be used to improve data retrieval. In particular 
this task will test the flexibility of the UncertML encoding as applied to remotely sensed and 
volunteered information.  

Active partners: JRC, AST 
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 Legal Notices 

The information in this document is subject to change without notice. 
The Members of the UncertWeb Consortium make no warranty of any kind with regard to 
this document, including, but not limited to, the implied warranties of merchantability and 

fitness for a particular purpose. The Members of the UncertWeb Consortium shall not be held 
liable for errors contained herein or direct, indirect, special, incidental or consequential 

damages in connection with the furnishing, performance, or use of this material. 
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Executive Summary 
This document presents an example of Web-based mapping based on free and open-source 
software and standards (including PostGIS, OpenLayers, WMS/WFS and Geoserver) to 
support expert / community validation of global land cover maps within and around protected 
areas. Authorised users are permitted to validate the accuracy of land cover classifications, 
using site-specific imagery and local knowledge. Users may optionally provide uncertainty 
information at various levels: from a general rating of their confidence in a site validation to a 
numerical ranking of the possible land cover types within a sample polygon. We present 
further details on the potential use of the latter application, in combination with NDVI and 
other time series data from the eStation1 - a system for receiving, processing and 
disseminating environmental data. We show how these tools can be used to increase the 
usability of earth observation data by local stakeholders and experts, and can assist in 
evaluating the impact of protection regimes on land cover change and habitat fragmentation. 

                                                

1 http://estation.jrc.ec.europa.eu/  
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1 Introduction 
Because Africa is home to some of the most valuable natural ecosystems and species on the 
planet, and because of the large areas these ecosystems cover, the monitoring of Protected 
Areas (PAs) in Africa is a priority for environmental organisations and the European 
Commission. Biodiversity value of and threats to PAs must be assessed and ranked in order to 
support decision making and fund allocation processes, and to this end the African Protected 
Areas Assessment Tool (APAAT2) has been developed at the Joint Research Centre of the 
European Commission (Hartley et al., 2007). The APAAT is an online information system 
based on satellite technology, which is currently the most advanced system for providing 
policy makers with information on anthropogenic pressures, as well as on the value of PAs in 
terms of habitat and species. At the time of writing, the APAAT is reengineered to ease its 
maintenance and to allow for the assessment of protected areas at the global scale. Renamed 
DOPA3 (for Digital Observatory for Protected Areas), the information system is aiming at 
becoming a core element of the Group on Earth Observations Biodiversity Observation 
Network (GEO BON), the biodiversity arm of the Global Earth Observation System of 
System of Systems (GEOSS). DOPA is currently developed by the Joint Research Centre in 
collaboration with other international organizations including the Global Biodiversity 
Information Facility (GBIF), the UNEP-World Conservation Monitoring Centre (WCMC), 
Birdlife International and the Royal Society for the Protection of Birds (RSPB).  
 
In contrast to the APAAT where the information used by the web site is collected only once 
and stored on a local repository before being processed, the DOPA is designed as a set of 
distributed models and databases combined with open, interoperable web services to provide 
a large variety of end-users including park managers, decision-makers and researchers with 
means to assess, monitor and forecast the state and pressure of protected areas at the global 
scale. As such, DOPA is a good example for the integration of complex resources and relies 
on UncertWeb to develop the mechanisms, standards, tools and case studies to enable the 
management of the uncertainties. 
 
Two key factors to biodiversity loss are addressed in UncertWEB: habitat degradation and 
climate change. Their impacts are difficult to accurately monitor and forecast because of two 
major impediments: an absence of regularly updated and validated land cover data and a lack 
of knowledge on the specific and local effects of climate change. The first issue is addressed 
in this report where we present a web-based tool facilitating the exchange, interpretation and 
validation of land cover data based on Landsat images shared between the DOPA and 
managers of PAs who have easy access to ground truth data. By implementing the methods 
and tools developed in WP1-3, it will become possible to generate and share up-to-date and 
well-validated land cover data which includes estimates of uncertainty. These efforts will 
further facilitate more robust and accurate quantification of changes and threats within and 
around PAs. In a later stage, we plan to show how land cover information can be further used 
to identify unique ecosystems through eHabitat4, DOPA’s web processing service which can 
help to assess sensitivity of PAs to different climate change scenarios.  
 
 

                                                
2 http://bioval.jrc.ec.europa.eu/APAAT/  
3 http://dopa.jrc.ec.europa.eu/  
4 http://ehabitat.jrc.ec.europa.eu/  
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2 Use of Land Cover Data for Biodiversity  
Land cover is the observed biophysical cover of the earth's surface. It describes the vegetation 
and man-made features of a habitat (e.g., forests, grasslands, built-up areas, desert and lakes). 
Land cover data are therefore critical for resource assessments and are further used for 
modelling purposes, in particular for climate change models, for assessing carbon stocks or 
for identifying critical habitats. These efforts rely mainly on three global land cover products 
that have been made available in the last decade: the Global Land Cover 2000 (GLC 2000, 
Fritz et al., 2003, Bartholome & Belward, 2005), MODIS (Friedl et al., 2002) and GlobCover 
(Bicheron et al., 2008) (see Figure 1).  

 

  

Figure 1. Example of a land cover map and its classification scheme (MODIS land cover product for the 
year 2001) 

2.1 Land cover data for identifying unique ecosystems: the 
eHabitat scenario 

In the frame of the WP4 of the UncertWEB project, land cover information is used in the 
model chain of eHabitat (see Deliverable 4.1). eHabitat (Dubois et al., 2011) uses as input 
variables the boundaries of an area of reference and a set of thematic variables to model 
habitats inside and outside of this area. Figure 2 shows how land cover data are used in the 
computation of a Probability of Habitat Similarity (PoHS): an area of reference, typically a 
protected area, is selected and Mahalanobis distances used to calculate the likelihood of 
finding a similar set of combination of a set of selected input variables, and thus the 
likelihood of finding habitats similar to that of the reference area.  
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Figure 2. Example of computation of the probabilities of similarities to find similar ecosystems outside of 
the protected area of Kafue, Zambia. Nine default themes are considered of which 3 are derived from land 
cover maps 

Land cover data, however, exhibit large uncertainties. When compared, these products show 
significant differences, in particular across cropland and forest domains as shown by Fritz et 
al., (2010) and Fritz and See (2008). Putting aside the impact of the use of different satellite 
sensors and different classification methodologies, the main obstacle to harmonized products 
is the lack of the in situ validated data needed for calibrating the products as well as for 
validating the resulting maps. Strahler et al. (2006), in their recommendations for evaluation 
and accuracy assessment of global land cover maps, advocate the setting up of a universal 
validation dataset as the first step in ensuring consistency in land cover maps.   

eHabitat is based on continuous variables, but categorical land cover data, as is the main type 
of land cover data in this report, can be introduced into eHabitat in two different ways.  

First of all, we can assume that if the area of reference only includes a limited number of land 
cover classes, we will set the similarity for all areas that do not have one of these land cover 
classes to zero. This is a way of masking the result after computing the PoHS from the 
continuous data. Uncertainties of continuous and categorical data can be introduced by 
simulating a different categorical land cover for each simulation of eHabitat of the continuous 
data set. The different simulations from eHabitat will therefore be clipped differently, which 
will further change the uncertainty as modeled from ehabitat. 

The second possibility would be to compute percentages of land cover classes within a pixel, 
thus making each land cover class a continuous variable. Such a data set already exist from 
MODIS continuous vegetation fields (Hansen et al., 2003) and was used in APAAT (Hartley 
et al., 2007). The computation of percentages can be done by indicator kriging for each land 
cover class separately. Uncertainties can be included by simulation instead of kriging. The 
challenge of this approach is that we will have to add one new variable to the computation of 
PoHS in eHabitat for each land cover class, hence the number of variables can be 
computationally impossible to handle if the number of land classes is high.  

2.2 Land cover change for assessing threats to protected 
areas 

Mapping land cover change further allows assessment of the consequences of ecosystem 
change for human well-being, an effort coordinated by the United Nations in its Millennium 
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Ecosystem Assessment5 project. Land cover change monitoring can typically help with: 

• assessing compliance with and success of land management schemes; 

• predicting threats and pressure to biodiversity from shifting human populations and 
changes in agricultural practices; 

• quantifying the fragmentation and loss of remnant habitats; 

• calculating economic metrics such as carbon storage. 
 
Figure 3 gives an example on how the monitoring of land cover within and around protected 
areas can help in assessing pressures and threats. In the first case, an afforestation process is 
documented between the years 2003 and 2009 in the Kibale National Park in Uganda. In the 
second example, agricultural encroachments are shown for the same time period in the 
Kahuzi-Biega National Park, DRC. 
 

     
 

     
2003      2009   

Figure 3. Examples of use of time series of land cover map to assess changes in and around protected 
areas.  Above, Kibale National Park (red borders, Lower right) in Uganda: the gain in dark green colour 
shows the results of the aforestation process. Below, Kahuzi-Biega National Park (red borders), DRC: the 
land cover change in the protected area highlights agricultural encroachment. From (Gross et al., 2011) 

                                                
5 http://www.maweb.org/en/index.aspx  
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Because what is happening outside of protected areas is at least as important as what is 
happening inside, (particularly when assessing fragmentation of landscapes and loss of 
connectivity between ecological corridors), buffer zones of different sizes are usually 
employed to better capture the pressures on protected areas. Ewers and Rodrigues have 
described (Ewers and Rodrigues, 2008) such a conceptual framework where the use of buffer 
zones and land cover change can help in assessing the effectiveness of a given protected area, 
and the effect of protection on the spatial configuration of any development or degradation 
which may still occur (Figure 4)  
 
 

 
 
Figure 4. Map of a hypothetical protected area with buffer zones (top) and conceptual framework for 
assessing pressures on the protected area (bottom). In the above example, the protected status of the 
reserve is hypothesised to displace development to the immediate surroundings, thereby increasing 
habitat fragmentation. This illustrates how monitoring land cover change inside and outside a protected 
area helps in assessing its effectiveness. From Ewers & Rodrigues (2008) 
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3 Uncertainties in Land Cover data 
Land cover data are typically derived from a supervised classification process where reference 
locations are made available to a decision-tree classifier (see e.g. Friedl et al. (2002) and 
(McIver and Friedl, 2002) that is further applied to the whole dataset. The classification 
process is then using the probabilities of membership to a given class defined by the spectral 
signature for each pixel.  Land cover data can be further improved by using prior knowledge 
on the likelihood of a given class to appear at a certain location. A mangrove, for example, 
cannot be found more than a few kilometers away from the coast.  
 
Confusion matrixes are then used to assess the classification accuracy: validated in situ 
observations are contrasted against automatically labeled pixels. A matrix is usually generated 
where true classes are given across the rows and the estimated classes in columns. The 
diagonal of the matrix shows the agreement (in number of samples or sample area) between 
observed versus estimated classes, and can be further used to assess the overall accuracy.  
 
A confidence value can be further attributed to each pixel by looking into the temporal 
variations of the spectral classification within a year for annual products. An example of such 
a confidence classification averaged over the years 2003-2009 in Africa is shown in Figure 5.  
 

 
Figure 5. Example of classification confidence layer showing for each pixel from the MODIS land cover 
product the probability that the correct land cover label was assigned. Large uncertainties can be found in 
all biomes with the exception of deserts and rainforest (Gross et al., 2011). 



 

  7 

 
The automatic assessment of uncertainties in the land cover classes would be straightforward 
if the definition of the true classes were not so difficult. However, in reality, there are often 
disagreements between experts when attributing an ecological class to an area, and the usually 
smooth transition between ecosystems (ecotones) adds further uncertainties and complexities 
to the reference data.  

Landcover mapping and monitoring involves numerous sources of uncertainty, including 

1. error in automated classifications from multispectral imagery, 
• failure to recognise the landcover because of noise, cloud, resolution or other 

measurement issues 
• confusion between landcover classes due to spectral similarity or to lack of 

separability with a particular instrument 
2. probability that a landcover will change to another landcover over a specific time period, 
3. inconsistency of opinion between experts supplying ‘ground truth’ labels, 
4. gradual change of landcover across space (ecotones) and mixing within a sample area, 
5. lack of confidence in a validation due to poor imagery or supporting evidence 

These various sources of uncertainty have very different natures, and can be assessed and 
handled in different ways. However, they all combine to affect the reliability of the final land 
cover map, and so must be harmonised and mathematically combined as far as possible, in 
order for useful intercomparisons to be made between maps for prediction and identification 
of trends.  

Type 1) is typically addressed by gathering supplementary ground truth information to (a) fill 
gaps due to sensor problems, and (b) identify the frequencies with which specific land covers 
are confused, and present them in a confusion matrix which can be used to predict likely 
error. In the tools presented here, proposed classifications may be corrected by experts and a 
matrix created from the identified discrepancies. 

Type 2) is philosophically very different, though it uses the same mathematical vocabulary of 
‘probability’: it is not about uncertainty of a characteristic at a particular time and location, 
but about the likely change that occurs at that location over time. Certain specific landcovers 
change into others with characteristically high or low frequencies under known external 
conditions, and a knowledge of the likelihood of change can be used in two ways: firstly, a 
transition matrix may be built up from multi-temporal maps, which allows, for example, 
prediction of likely habitat loss and degradation under certain scenarios; secondly, contextual 
knowledge of changes that are highly unlikely can improve the correction of artefacts and 
misclassifications. It is important to note that there will be some uncertainty associated with 
the values of the transition matrix, though this is rarely available in current published work. In 
the tools presented here, the transition matrix may be produced from subsets or whole sets of 
samples points by comparing their state between multiple sample dates. 

Types 3, 4 and 5 all apply to the ground truth data which is used to correct and generate 
uncertainty estimates 1) and 2). Consistency checking (3) is an important way of assessing the 
quality of a classification even when the exact truth cannot be identified, and may in this 
application be carried out by assigning the same set of sample points to multiple experts for 
validation. Mixing or gradual change of landcovers (4) is important in early identification of 
landcover change which may be occurring slowly; it is better to identify a 30% encroachment 
of invasive vegetation and to act on that than to wait until the entire area is dominated by the 
vegetation and can be reclassified. For this reason, the tools presented here allow experts to 
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estimate the percentage cover of up to three landcover types in a sample. Finally, a lack of 
confidence (5), while harder to quantify, can be used as a flag to identify areas where more 
data acquisition efforts (possibly expensive and laborious) should be focussed. In this case, 
the uncertainty is classified into one of three broad categories, allowing specific samples to be 
downweighted or excluded from analyses if necessary. 

It is the purpose of this deliverable of the UncertWeb project to ease the capture and 
documentation of the uncertainties of the validation process of experts analysing land cover 
data. Figure 6 recalls the flow chart of the data used in WP4. The eHabitat model is able to 
propagate the uncertainty from the land cover mapping and from the other data sources. This 
will be further documented in deliverable 4.3, which will be finished Month 30. 

 

 
 

Figure 6. Flow chart for inputs, output and modelling steps in the eHabitat model 
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4 Land Cover Validation Tools 

4.1 Geo-Wiki 

The often large disagreements in the definition and interpretation of land cover data have 
motivated the development of several Web based applications for use by people (park rangers, 
citizens, scientists and others) with access to ground truth information.  

The Geo-Wiki application (www.geo-wiki.org), developed by Fritz et al. (2009), is an 
example of a crowd-sourcing system for validating global land cover using citizens. Its 
objective is to involve the scientific community and the public in validating global land cover. 
Disagreement maps between the different global land cover products are provided on the site 
to highlight areas where validation of the global products is needed using information on 
Google Earth (Figure 7).  

Specific scientific objectives of the geo-wiki.org project are: 

- To provide an improved number of validation points to the scientific community for 
use in validation and calibration of other land cover products; 

- To derive a hybrid land cover map which integrates the existing products based on the 
validation points; 

- To provide an educational tool for students and interested citizens to learn about 
global land cover, highlighting current areas of disagreements, and how Google Earth can be 
used to understand which global land cover product is better at which location (Figure 7).   

One of the ultimate goals of Geo-wiki is to use the citizen-collected data to build an integrated 
hybrid land cover map that combines the most accurate parts of each land cover product, 
further corrected using data collected from the public. 

 

 

Figure 7. Viewing a cropland disagreement map between MODIS and the GLC-2000 
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4.2 UncertWeb’s Web Client for Land Cover Validation in 
Protected Areas 

In contrast to the Geo-Wiki, which is open to all and investigates the level of disagreement 
between existing forms of land cover information, we will here discuss a Web-based 
application designed for experts which focuses on mapping and monitoring land cover change 
rather than on identifying the disagreements between existing products and ground truth. The 
tool also allows the documentation of uncertainties in the validation process. While is can be 
used at any global location, current work with RSPB and Birdlife focuses on African 
Protected Areas. Because this tool is the actual deliverable described in this report, it will be 
described in detail. However, we also invite the reader to view a demonstration video at:  

http://landcover-change.jrc.ec.europa.eu/validation/videos/Birdlife_editor.html   

4.2.1 Previous work 
The work was derived from IDL-based tools generated by Simonetti et al., (2011) (Figure 8) 
which was made available in the past by the JRC to experts to help them in performing the 
validation of land cover data. The aim was to use the IDL tools as a template, incorporating 
the well-tested features and trying to address any extra requirements specified by  the engaged 
and experienced user community.  While the IDL application was extremely successful in 
engaging validators and national experts, it has a number of limitations as it: 

• Requires users to attend a workshop or to load data and software locally; 

• Requires user to send back their edits. 

• Cannot provide contextual information such as Google Earth. 

• Does not provide means to capture data uncertainties 

• Does not allow the users to deal with data mixture (e.g., heterogeneous landcovers).  

 
A questionnaire was circulated to expert users during two international validation workshops, 
and the answers were used to inform development of Web-based tools. Besides the need for 
Web-based tools in order to access remote databases, other requirements identified were 
extensions of the existing tools to allow the user to specify their certainty about a 
classification, and to record mixing of land covers within segments. With regard to the 
specific assessment of pressures on protected areas, it was also requested that the developers 
allow the tool to be used for systematic sampling exercises as carried out by Birdlife 
International and RSPB. 100m sample boxes are placed at regular intervals across an 
Important Bird Area (IBA) and a 20km buffer zone surrounding it. Land cover change over 
time is recorded for each sample, and the results may be used to identify whether protection 
has a significant effect on land cover change within parks, and whether development and 
agriculture are being displaced by protection regimes, thus increasing the effective 
fragmentation of the habitats within protected parks.  
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Figure 8. Viewing a cropland disagreement map between MODIS and the GLC-2000 using JRC’s IDL 
based land cover validation tool 

4.2.2 Technical implementation 
An existing PostGIS database was coupled with Geoserver, UMN Mapserver and bespoke 
javascript/php code to generate a browser-based interface that can be accessed by authorised 
users to view and edit data from a centralised source. The Web-based application gives access 
to Landsat GLS data via WMS to allow a flexible wall-to-wall sampling approach (albeit with 
lower–quality satellite data) at any locations specified by the user. Sample locations can be 
uploaded, labelled by the experts for a selection of time periods according to a user-specified 
legend and downloaded from the PostGIS database as a csv-format file.  
 
Although the tools themselves are developed in Open Source, a username and password are 
required to use the validation interface because of the requirement to have an expert only 
based system. 

4.2.3 The Web based GUI 

4.2.3.1 Selecting the reference area 
The first step in analysing the data is to access the area where an existing sampling process is 
in progress or to load a new data set (Figure 9). 
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Figure 9. Sampling sites of Important Bird Areas in Kenya made accessible to a registered user. 

 
In the case of well defined boundaries, these will appear in red lines with the set of the 
collection of sample points (Figure 10).  
 

 
Figure 10. Sampling sites and boundaries of an Important Bird Areas as seen by a registered user 

The buttons on the right allow the user to go to the editing screen. If the user has already 
committed some changes, then ‘Edit UNSEEN Samples’ should be selected. Otherwise, the 
‘Edit ALL Samples’ will automatically step the user through the whole set.  

4.2.3.2 Imagery analysis 
The imagery for three time periods is shown (Figure 11), with the sample box overlaid on it. 
The aim is to classify the contents of the sample box, which covers 300m x 300m. If one is 
accessing the Google Earth plugin, then one will see the box overlaid on the 2D and 3D 
Google Earth imagery, if one selects the ‘View on GE’ tab. (see Figure 12 for an example) 
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Figure 11. Screen capture of the main window for analyzing land cover change at three different time 
periods.  

 
In the image above, the following analytical tools can be seen: 

1. Band combination adjuster. To change the combination, select the R, G and B bands and 
the combination will be applied to all map windows.  

2. Stretch tool. Allows min-max, histogram and other stretches on the Landsat WMS imagery 
. The user can return to the default stretch by selecting it and clicking ‘Apply’.  

3. Existing classification windows. These will display existing classifications for each time 
period, so they will be empty when a user begins their classification.  

4. MODIS data for context. At the moment this mainly serves to show how unreliable MODIS 
can be! The sample site is overlaid on MODIS data from two different years for context.  

5. NDVI signals for all available years, overlaid on bands showing the historical maximum, 
mean and minimum for this area. If the user hovers over the name of a year in the legend and 
click it, they can switch lines on and off to make the graph clearer.  

6. Slider to move between sites. You can jump ahead to a selected site by using this slider and 
then clicking ‘Go’. Alternatively, the ‘Prev’ and ‘Next’ buttons at top right can be used to step 
through the samples one by one. 

7. Legend panel for choosing the labels for the current sample. This is further discussed in the 
next section.  

4.2.3.3 Contextual analysis 
Where mixing is concerned, the Google Earth imagery can be useful to get an idea of recent 
conditions, though it should not be treated as the truth. Landsat data can also be accessed via web 
map services (Figure 12). The tool can be configured to display imagery from any source which is 
available as a WMS, simply by making some changes to the database on the server. 
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Figure 12. Visualization of the park boundaries and sampling sites using Landsat imagery as a backdrop 
(above) and 2D/3D contextual  visualization of the environments around the center of the sample box 
(bottom) using Google Earth. 
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NDVI, or Normalised Difference Vegetation Index, is a dimensionless index that is indicative 
for vegetation density and is calculated by comparing the visible and near-infrared sunlight 
reflected by the surface (reflectance). Spatio-temporal changes in NDVI reflect seasonal 
variations in vegetation but can also highlight more dramatic changes due to a change of the 
land cover. Figure 13 shows how the validation tool can retrieve NDVI values from a local 
database and display the average NDVI for the core of the protected area as well as that 
recorded in different buffer zones, which are marked with a different color in the legend.  

 

 
Figure 13. Spatio temporal series of NDVI data in a protected area and its surroundings. Two different 
samples are shown highlighting different responses and therefore land cover type. 

4.2.3.4 Classifying a sample’s landcover 
The legend panel allows users to choose the land cover for each sample for three time periods 
(tp), and to record their certainty about what is contained in the box. It is possible to record 
mixed land covers if necessary. To begin with, the land cover which the expert believes to be 
the dominant (majority) one within the sample box must be chosen (Figure 14). Several other 
items become active, including the ‘Mix’ button and the ‘Commit changes’ button. 
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Figure 14. Selection of the dominant land cover type. tp1, tp2 & tp3 refer to “time periods” 1,2,3  

The selection of the dominant land cover type is prone to uncertainties which need to be 
captured. 

4.2.3.5 Documenting uncertainties 
There are three main ways in which land-cover can be recorded using the tool developed 
within UncertWeb:  

1) dominant land-cover only;  

2) dominant land-cover plus expert’s certainty of classification; 

3) land-cover with mixing (with or without associated expert uncertainty).  

Approach 1) is the traditional method which was available within pre-existing tools. It is easy 
to interpret and analyse, but lacks sensitivity to fine-scale changes. In particular, this approach 
can be problematic when attempting to monitor gradual change such as forest loss, since a 
homogeneous classification will only identify the trend at the point when a new land cover 
becomes dominant.   
 
Work within the UncertWeb project has focused on adding options 2) and 3) to the Web-
based toolkit. The addition of a categorical certainty qualifier (2) does not greatly increase the 
processing time of samples, and provides additional information about the likely accuracy of 
the output.  This can be particularly useful in focusing efforts on acquisition of extra imagery 
of information to improve areas whose classification is recorded as uncertain. Figure 15 
shows the interface through which this information is submitted by the user to the database on 
the server. 
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Figure 15. The interface for supplying certainty information. 
 
Approach 3) which can be used to record up to three different land-cover types and their 
relative proportions within each sample area, is more time consuming, but also more likely to 
identify gradual or small-scale changes in land-cover.  This aspect of the tool is perhaps best 
targeted at specific land-cover types; for example, if the aim of the research is to investigate 
encroachment of artificial land-cover into natural vegetation, mixing need only be recorded in 
sample locations containing artificial land-cover types. Figure 16 shows the interface through 
which users can supply mixture information. A user may, in addition record their overall 
certainty using the interface. 
 
 

 
 

Figure 16. The interface through which users can specify percentages of mixed land cover. 
 
 
The mixture information can be reported in a variety of ways. The easiest is to show a simple 
summary for each site to the user. Aggregate information can also be generated and displayed 
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in the same way – for example, to show overall proportional changes between years. Figure 
17 shows simple piecharts with mixture information for several time periods. 
 
 

 
 

Figure 17. Typical graphs generated by the tool 
 

4.2.3.6 Confusion and Transition matrices 
 
Section 3 described how confusion matrices are used to calculate and convey the accuracy of 
categorical classifications. The JRC validation tool uses confusion matrices in this way to 
visualize improvements between the stages of a classification – i.e., the value-added from 
each stage of validation. It also uses transition matrices to visualize change over time from 
one landcover to another. The matrix generation tools were originally developed for another 
JRC validation exercise, the TREES-3 Forest Resource Assessment, where data goes through 
several stages of classification and correction. However, they are currently being adapted for 
use in the validation tool described here. Graphs are dynamically generated which show the 
area of land whose label changes from one class to another at each stage of the classification 
(a confusion matrix), OR at each time step (a transition matrix). These graphs may be 
generated for selected samples, for individual protected areas, for whole countries or for 
entire, global datasets. 
 
An example of the confusion matrices which can be generated is shown in Figure 18 
 

 
Figure 18. Graphs summarising the areas of land cover reclassified at different stages of a classification. 
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A graph such as that shown above can be extremely useful in identifying whether there are 
particular land cover classes which are being poorly identified by an automated classification 
(leading to a large change in the first graph) and whether there are certain classes which 
particularly need the expertise of a local expert to be correctly identified (leading to large 
changes in the second graph). The country-level analysis can also help in identifying regional 
effects – for example, vegetation confusions which are more common in particular eco-
regions. Thus this tool allows the visualisation and investigation of several rather different 
types of uncertainty.  
 
By contrast, the transition matrix illustrates a probabilistic uncertainty about the future status 
of a sample. T summarises the frequency with which a particular landcover is seen to be 
superseded by another landcover, whether this be caused by development, natural succession 
or habitat degradation 
 
 
Transition matrices and confusion matrices are useful inputs to any modelling which aims to 
robustly propagate and handle data uncertainty. A confusion matrix may be used in a Monte 
Carlo manner to generate alternative, hypothetical landscapes such as those used in the 
uncertainty-enabled version of eHabitat. A transition matrix, on the other hand, may be 
generated in a stratified way in order to assess the effects of other environmental predictors, 
or may be used to model future landcover change. Within the UncertWeb project, it is 
important to encode this information in such a ay that it can be used by ‘uncertainty-enabled’ 
models (namely, Web Processing Services). To this end, the matrix visualisation tools to be 
added by the end of February 2012 will also allow the export of the generated matrices in 
UncertML format as well as plain text. 
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5 Conclusions  
This report introduces a web client allowing experts to validate land cover data in and around 
protected areas. We believe it offers the following main benefits: 

• It is a simple, low capacity tool for rapid assessment of land cover change which can be 
used for systematic monitoring of IBAs & PAs. 

• Browser-based tools accessing a central database allow greater flexibility and shared 
editing. 

• Reliable Web-based sources of satellite imagery data are increasing but are not trivial to 
exploit. 

• Mixture and certainty information are vital in spotting progressive land-cover and land-
use change. 

For those familiar with the Geo-Wiki tool, we summarise in the following table (Table 1) the 
main differences between both tools. 

 

 Geo-Wiki UncertWeb’s Validation tool 
Validation of classes 3 12 classes  

(in the current example - legend is 
configurable by authorised users) 

Mixture of LC     
              

Not possible Possible (% of different classes) 

Disagreement maps of 
different classifications 

Yes Not available 

Time series No Yes 
Expert based No Yes 
Uncertainties Yes Yes, - Qualitative classes 'Certain, 

Rather uncertain, Very uncertain' 
Imagery GoogleEarth             GoogleEarth (2D and 2.5D) + 

Landsat 
Classifications                   Modis, GLC2000, 

Globcover     
Modis, GLC2000 

NDVI profile simple advanced 
Aim Reconciling land cover ~ 

2000   
Tracking changes in land cover over 
time 

Dowloadable 
results?        

Yes, kmz format Yes, csv files of sample locations and 
their attributes. 

User selects areas?          Yes, user can classify 
any pixel   

Yes, authorised users can generate 
new sample schemes. 

 
Table 1 – Summary table of the main differences between the Geo-Wiki and UncertWeb’s land cover 
validation tool 
 
The utility of the certainty and mixture information are still under evaluation. Consistency 
checks involving classifications of the same sample sites by 5 different experts have identified 
a moderate correlation between the uncertainty reported by experts and the inconsistency of 
the classification of those samples (Spearman rank rs =0.52, p=0.0001962). This indicates that 
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experts are in many instances correctly flagging problematic sites which are likely to require 
further investigation and supplementary data or ground truthing. However, this information is 
not a foolproof indicator of all inconsistently-classified areas. 
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8 Annex 

8.1 How to access the tools and view the allocated sample 
points 

For the most stable performance, the prototype tool should be used in Mozilla Firefox.  
 
The Birdlife tool can be accessed at the following URLs:  
http://landcover-change.jrc.ec.europa.eu/validation/Birdlife.php  
 
If you have the Google Earth plugin installed in your browser, you can use the version which displays 
contextual 2D and 2.5D imagery from Google Earth. The URL is as follows:  
http://landcover-change.jrc.ec.europa.eu/validation/Birdlife.php?GE=x  
 

In order to view or edit the data you will require a login username and password 

 
Each set of samples is grouped as part of a ‘site’, and allocated to a specific user. To see your sites, 
you need to log in.  

 
 
Enter your username and password, and type the 6-character captcha in the box next to the ‘login’ 
button. If you can’t read the one that’s shown, click ‘Different Image’ until you get a good one! Then 
select ‘Login’.  
 
You will see your site appear on the map, symbolised by question marks. Some sites are not ‘real’, 
they are just convenient groupings of sample points. So don’t worry if yours appears in the middle of 
the sea.  
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You can select a site either from the drop-down list at top right, or directly on the map (a tree icon 
appears).  
 
Then select ‘Go’.  

 
 
If your site has real boundaries, you will see these on the tab that appears. Otherwise, you’ll 
just see the collection of sample points.  
 
The buttons on the right allow you to go to the editing screen. If you have already committed 
some changes, then select ‘Edit UNSEEN Samples’. Otherwise, select ‘Edit ALL Samples’, 
and you will automatically step through the set.  
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8.2 Administration tools for validating land cover data in 
African protected areas 

8.2.1 Logging in 
The login page requires a username, password and completion of a captcha image. 
 

 
 

8.2.2 Creating an expert 
The administrator sees a tabbed interface offering a number of options. First, they can create a 
new ‘expert’ and assign them a user name and password. 
 

 
 

8.2.3 Creating a new site 
All samples must be associated with a site, and that site can be assigned to one or more 
experts for validation. Before uploading sample locations, the administrator creates a site, 
specifying its location, country and continent. This information is used to define the 
contextual information which can be supplied for the sample set. 
When a new site is created, it must be allocated to one existing expert. However, the site can 
subsequently be made available to more experts (see step 5) for consistency checking. 
 

 
 
 

8.2.4 Uploading sample locations 
Frequently, an administrator has designed a sampling scheme and identified a grid or 
stratified pattern of sample locations. These can be uploaded to the tool in the form of a 
comma-separated text file. Each row should contain: 

• A unique ID for that sample 
• Latitude and Longitude values, in decimal degrees (WGS84 projection) 
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• The name of the site to which that sample should be attached. 
 

In this way, multiple sites may be populated with samples from a single file upload. 
 

 
 
When the expert logs in, they will now see their allocated sites, and will be permitted to edit 
and classify all the sample locations associated with those sites. 
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8.2.5 Copying a site to another expert 
There is often a need to allow several experts to classify the same data, in order to check 
consistency or gain a consensus opinion. This can be easily done using the ‘Duplicate one or 
more sites’ tab. 
 

 
 
The chosen expert will now see these sites in their map and list, with the requested suffix 
appended onto the end of each site name. 
 

8.2.6 Downloading classified data 
Once an expert has classified their samples, the data can be downloaded in a comma-
separated text format, using the final tab on the interface. 
 

 
 
The administrator can specify a particular site (above) or an expert. If an expert is specified, it 
is possible to request that only sites which have been completely classified should be 
downloaded. 
 

 
 
If Excel is installed on the administrator’s computer, the file will by default open in Excel. 
Alternatively, it can be saved to disk. 
 


