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A user-driven process for INSPIRE-compliant land use database: example from 
Wallonia, Belgium
Benjamin Beaumont a, Taïs Grippa b and Moritz Lennert b

aRemote Sensing and Geodata Unit, Institut Scientifique De Service Public, Liège, Belgium; bDepartment of Geosciences, Environment & 
Society, Université Libre De Bruxelles, Belgium

ABSTRACT
Regional land use monitoring at high spatial, temporal, and thematic resolution is an important 
expectation of Walloon stakeholders. Over the last decade, increased data-processing capacities 
and the annual acquisition of remotely sensed data have resulted in the production of a large 
amount of relevant geodata. The INSPIRE directive and its obligations for 2020 serve as a path for 
the development of a new user-driven and open-source hierarchical land use classification system 
mapping scheme, as presented in this paper. The process includes intensive user consultation, the 
development of an entire automatic processing chain, and efforts to address challenges such as big 
data handling, the variability of input data properties, and reproducibility. The thematically 
detailed land use map, with its 69 classes, is already widely used by Walloon stakeholders, and 
new demands for updating have already emerged. Based on a European classification system that 
is compulsory for all member states, INSPIRE-compliant land use maps will make it possible to carry 
out cross-border studies and compare spatial planning strategies between states.
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1. Introduction
Land use (LU) reflects the intensity and location of 
human activities’ impact on the natural environment. 
Monitoring the state and change in LU and regulating 
its future evolution constitute key issues for the devel-
opment of sustainable territorial policies. INSPIRE 
Directive 2007/2/EC defines existing LU as ‘the territory 
characterised according to its current functional dimen-
sion or socio-economic purpose (e.g., residential, indus-
trial, commercial, agricultural, forestry, recreational)’ 
(European Parliament, Council of the European Union 
2007, 13). It objectively depicts the use and functions 
of a territory as it has been and effectively still is in real 
life. Local and regional stakeholders benefit from LU 
maps for decision-making as LU data enable them to 
assess past or draw new spatial planning strategies for 
promoting sustainable development (Hersperger et al. 
2018), protecting and reinforcing environmental assets 
(Cunha and Magalhães 2019), and improving built, eco-
nomic, and social environments of communities (Barton 
2009). When combined with land cover (LC) data, LU 
data offer great tools, especially for monitoring land 
take (Science for Environment Policy 2016), modelling 
flood risks (Akter et al. 2018; Stephenne et al. 2017), and 
managing various geospatial data sets (Aubrecht et al., 
2009). This paper describes how Wallonia, in southern 

Belgium, developed a new LU mapping scheme that 
provides INSPIRE-compliant data built and designed to 
answer regional and local stakeholders’ needs.

EU member states had to provide a compliant LU 
spatial dataset by October 2020, as LU was listed in the 
third annexe of INSPIRE’s spatial data themes. The 
Hierarchical INSPIRE Land Use Classification System 
(HILUCS) is INSPIRE’s mandatory LU nomenclature 
(INSPIRE Thematic Working Group Land Use 2013) in 
order to ensure the interoperability of spatial data sets 
and services across all European countries. HILUCS is a 
multi-level (three levels) nomenclature developed 
according to land (nature, networks, and built-up) and 
economic (primary, secondary, and tertiary sectors) per-
spectives, thereby resulting in six classes at Level 1: (1) 
primary production, (2) secondary production, (3) ter-
tiary production, (4) transport networks logistics and 
utilities, (5) residential use, and (6) other use. Level 1 is 
further subdivided into 27 and 65 classes at Levels 2 and 
3, respectively.

To meet the INSPIRE deadline, in 2017 Walloon autho-
rities funded the WALOUS project aimed at the user- 
driven elaboration of new INSPIRE-compliant LC and 
LU datasets for the region. The previous LC and LU 
dataset, created in 2007 (SPW-ARNE 2007), relied on a 
mixed LC and LU nomenclature inspired by Corine Land 
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Cover that no longer meets today’s needs. Given users’ 
high expectations, the WALOUS approach had to meet 
the end-users’ needs to the greatest extent possible 
(Beaumont et al. 2019b), be reproducible, and rely on 
open-source solutions in order to reduce costs and 
improve the timeliness of future production.

The LU and LC mapping did not need to meet the 
same prerequisites. Regarding the LC mapping, Wallonia 
had already disposed of three successful studies. Grippa 
et al. (2017) developed an open-source semi-automated 
processing chain for urban object-based LC mapping 
that Beaumont et al. (2017) further applied to the 
urban areas of the city of Liège. Radoux et al. (2019) 
developed a pixel-based LC mapping approach for eco-
system monitoring purposes in the Lifewatch project 
framework covering the entire region. These papers 
highlighted the quality of the input data available for 
Wallonia. Indeed, each year the authorities acquire cov-
erage from aerial orthophotos (and a derived digital 
surface model) with sub metre spatial resolution. 
Lennert et al. (2019) described the first steps towards a 
new reproducible and open-source approach for build-
ing the new 2018 Walloon LC database (i.e., Bassine et al. 
2020). Beaumont et al. (2019a) discussed a supervised LU 
proof-of-concept mapping scheme for the city of Liège. 
The approach uses spatial indicators derived from the LC 
data set along with geocoded data of residential and 
company units as inputs to provide a LU map with a 
legend similar to the European Urban Atlas 2012 (EEA 
2012). However, users’ needs were not appropriately 
addressed, and INSPIRE compliance was not pursued.

Although remote sensing is often recognized as a viable 
source of data from which generalist LU maps can be 
efficiently created and updated (Rozenstein and Karnieli 
2011), with recent examples integrating neural networks 
and object-based image analysis (OBIA; Huang, Zhao, and 
Song 2018; Liu et al. 2019), it is of limited help when 
addressing a nomenclature as precise as HILUCS. Highly 
specific or rich thematically geographical information sys-
tem (GIS) data sets are needed to support HILUCS mapping, 
including statistical information such as census and busi-
ness activities (Diaz-Pacheco. and Garcia-Palomares 2014).

A successful pilot of an INSPIRE-compliant LU map is 
the Open Land Use (OLU) map application (SDI4Apps 
2017), which provides harmonized HILUCS open data 
using the data model defined by INSPIRE and integrating 
various pilot regions’ data from various level of details (i. 
e., Urban Atlas, Corine Land Cover, Land Parcel 
Identification System [LPIS], and Digital cadastre data). 
Still, only a few regions were part of the prototypes, and 
Wallonia was not one of them.

Nevertheless, Wallonia, as well as Belgian federal insti-
tutions, manage a diversified and rich catalogue of 

geodata potentially useful for increasing the output 
quality of HILUCS. However, the relevant information is 
found in a diverse collection of data sets with varying 
thematic, geometric, and temporal completeness and 
different update frequencies. Semantics are not always 
directly translatable into HILUCS, and a lot of redun-
dancy occurs among the different data sets.

This paper presents how we addressed the identified 
challenges to develop a new LU mapping scheme driven 
by users while also being compliant with INSPIRE and 
using a transparent and reproducible approach. Section 
2 describes the overall methodology. Section 3 details 
the classification results. Section 4 discusses the major 
lessons learned and future work.

2. Materials and methods

2.1. Study area

Wallonia, in southern Belgium, is a 16.901 km2 EU-NUTS 
1 statistical region sharing borders with Flanders, the 
Netherlands, Germany, Luxembourg, and France 
(Figure 1). Its mean population density is 215.7 inhabi-
tants/km2 (IWEPS 2020a). The northern and western 
parts of Wallonia are mostly occupied by arable lands. 
Forests and grasslands cover the southern and eastern 
parts while the Sambre and Meuse River areas (central- 
cluster) cross Wallonia’s three most populated munici-
palities of Charleroi, Liège, and Namur (SPW-DGO2 
2018).

2.2. User-driven building process

Detailed and accurate knowledge of LU is crucial for 
many scientific and operational applications. Beaumont 
et al. (2019b) showed the importance of precisely defin-
ing the technical specifications of the database within a 
strong co-building process with the expected users. The 
authors focused on the initial stage of the consultation 

Figure 1. Wallonia, a 16 901 km2 study area illustrated using the 
new LC 2018 dataset.
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process, which consisted of interviews asking open- and 
closed-ended questions followed by a plenary meeting 
covering three specific goals: (1) introducing users to the 
INSPIRE LU data specifications requirements, (2) amend-
ing these requirements according to their particular 
needs, and (3) performing a census of available data, 
including gathering their experience using these in 
their work fields. In total, 46 members of 23 institutions 
participated in this consultation, which lasted 3 months. 
The institutions represented included public administra-
tions at the national, regional, and city levels as well as 
research centres, universities, and non-profit organiza-
tions active in a wide variety of fields, such as spatial 
planning, environmental monitoring, agriculture, cli-
mate modelling, hydrology, digital transformation, 
transports, and logistics. Unfortunately, private compa-
nies, such as spatial planning and environmental impact 
consulting firms, declined the invitation to participate.

During the interviews, in order to identify acceptable 
trade-offs (i.e., co-define methodological priorities), users 
were asked to allocate a limited budget of 10 points to the 
following three objectives: (1) minimum mapping unit 
(MMU), (2) overall accuracy (OA), and (3) update frequency 
(UF). For example, a user who asks for yearly and very 
accurate (OA > 90%) LU data has to accept a compromise 
on MMU. The ternary graph in Figure 2 presents the 
priority needs users expressed for the specification of 
the LU map. This graph shows six distinct combinations 
of compromises, with certain general tendencies. Users 
expressed a preference for fine-scale LU representation (i. 
e., cadastral parcels at a minimum), mostly at the expense 
of OA. Necessary update frequency for data production 
ranges from 3 to 5 years for most users (85%). Globally, if 
the new map meets these requirements, end-users would 
be interested in integrating these new data as a sustain-
able input into their decision-making processes.

INSPIRE HILUCS is mandatory at the most appropriate 
level according to the geographic data sets available 

(INSPIRE Thematic Working Group Land Use 2013). Still, 
HILUCS is mainly driven by the economic perspective, 
which leaves out other needs and uses. Consultations 
with potential users resulted in four amendments to 
HILUCS with limited impacts on interoperability: (1) is 
the subdivision of the Level 2 agricultural class into grass-
lands, arable lands, and Christmas tree farms; (2) the 
subdivision of Level 2 residential classes according to 
four population density levels; (3) the elimination of 
Level 3 for several classes, such as industry and commer-
cial activities, as they were of no use to users; and (4) 
increased thematic visibility of natural areas in the first 
level of the legend, resulting in the decision to move the 
‘6_3_NaturalAreas’ class to a new Level 1 ‘7_NaturalAreas’ 
class. Appendix 1 presents the final legend.

A consolidation process and two plenary meetings 
followed this initial consultation stage. The consolida-
tion process consisted of providing a 1-kilometre buffer 
of preliminary LU classification results around familiar 
neighbourhoods for 16 experts (Figure 3). Their task 
was to validate the LU according to their expert knowl-
edge. Their feedback proved essential for refining the 
rules allocating HILUCS classes as well as consolidating 
the list of input data. The plenary meetings included new 
users (80+ in total, up from the 46 in the initial stage) to 
discuss methodological options based on preliminary 
results and ask specific questions of the relevant experts. 
These actions increased the project’s visibility, the com-
prehension of the methodological choices according to 
the panel’s needs, and the product’s appropriation, but 
also contributed to higher expectations.

2.3. LU processing chain

Figure 4 presents an overview of the developed proces-
sing chain, which is fully available in a GitHub repository 
(i.e., https://github.com/tgrippa/WALOUS_UTS).

The processing chain maps LU at the scale of mutually 
exclusive cadastral parcels’ polygons (i.e., the finest scale 
requested by the panel of users). The cadastral parcel 
plan graphically represents and assembles a map of the 
heritage documentation on the Belgian territory. In 
terms of layers of information, this dataset consists 
mainly of real estate (property makers defining the par-
cels, which are the mapping units of this study, and 
building footprints), street names, addresses, places, 
and administrative boundaries. The federal authority 
(SPF-Finances 2019) publishes this plan annually on 1 
January. The orange boxes in Figure 4 depict how sta-
tistics are extracted from the three various formats of 
data inputs. Indeed, the mapping scheme integrates 
various types of geographical data sets that provide LU 
information at the time of observation, including 

Figure 2. Ternary graph illustrating the compromises among LU 
objectives as preferred by users.
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polygon features (e.g., natural areas), a discrete set of 
points (e.g., coordinates of population and firm registers 
according to their postal addresses), and gridded data (e. 
g., LC). Table 1 provides an overview of the data inputs. 
In total, the process integrates 24 distinct databases, 
including the mapping unit and the raster layer of LC 
as well as 19 thematic data inputs and three specific data 
inputs integrated for dealing with areas outside of the 
cadastral parcels (i.e., mainly the networks). The extrac-
tion of statistics includes proportion and coverage cal-
culations for polygon features, counts of elements, and a 
synthesis of attributes (e.g., total number of residents) 
for discrete data as well as zonal statistics (area ratio and 
mode) extraction for the gridded LC data. A decision had 
to be taken in the case of polygon features in order to 
avoid the observed co-registration issues between the 
different input data used and the cadastre. This decision 
included considering an input polygon feature as rele-
vant for the classification of each mapping unit only if it 
covers at least 15 m2 and overlaps at least 5% of this 
mapping unit. Without these thresholds, multiple mis-
classifications were observed, especially between forests 
and agricultural lands. If necessary, these thresholds 
could easily be refined within the code.

Lookup tables, which are also available on the GitHub 
repository, translate complex multi-class dataset legends 

into the LU nomenclatures. The processing chain derives 
two LU nomenclatures: one including the subdivision of 
agricultural and residential lands as well as the increased 
visibility of natural elements (Walloon users’ specifica-
tion; see Appendix 1), and a second one being strictly 
compliant with INSPIRE HILUCS. For the latter, the pro-
cessing chain provides options 1 and 2, as defined in the 
INSPIRE LU data specification (INSPIRE Thematic Working 
Group Land Use 2013). Option 1 depicts the majority 
class per cadastral parcels, which facilitates cartographic 
representation. Option 2 depicts the complete informa-
tion by providing several LU per spatial unit for 
advanced users.

An important aspect for users was the transparency of 
the classification process; thus, a decision tree approach 
was deemed to be the most useful for mapping the 
dominant LU of the parcel. The fact that the queries 
provide a single piece of LU information does not 
mean that only one LU exists in the given cadastral 
parcel as different usages often co-exist. However, the 
decision tree approach provides easily understandable 
data, with limited complexity in the data symbology. 
Still, the process creates an HILUCS-compliant attribute 
in order to keep all the information useful for an expert’s 
use of the data (i.e., all classes encountered for each 
cadastral parcel). The user-driven process helped conso-
lidate the decision tree classification (see Figure 1 for the 
consolidation areas). In total, the decision tree contains 
62 hierarchical conditional SQL queries, which are avail-
able in the GitHub repository. Figure 5 presents it with a 
synthetic view.

Automated post-processing in the form of SQL 
queries corrects well-identified and regular misclassifica-
tions and derives subclasses. The well-known misclassi-
fications include garden parcels classified as agricultural 
lands due to the owners’ incorrect or out-of-date 
declaration of the nature of the land in the cadastre. 
Most of these parcels are annexed to residential areas 
in very dense neighbourhoods, which help in the auto-
matic detection. A neighbourhood’s analysis of popula-
tion density calculates for each residential parcel the 
population density in a buffer of 200 metres, which can 
then be used to subdivide residential areas into four 
subclasses. Finally, the post-processing step also man-
ages the creation of the HILUCS-compliant attributes as 
well as the final table export.

Following the post-processing, two toolboxes allow 
for the validation of the final map as well as for the 
extraction of a series of descriptive statistics. The valida-
tion toolbox reports confusion matrices, overall accu-
racy, Cohen’s kappa metric, and the F1 score.

The processing chain has been designed and imple-
mented in such a way that it is as automated as possible 

Figure 4. LU classification processing chain.

Figure 3. LU consolidation set provided by the external experts.
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while remaining easily executable and modifiable by a 
user not highly specialized in programming. Thus, it is 
possible, for example, to add new sources of information 
and modify the HILUCS lookup tables or the rules’ prio-
rities in the decision tree classification. The processing 
chain is provided as a series of Jupyter Notebook files 
(Kluyver et al. 2016), which are widely used in the com-
puter sphere as they offer the advantage of being able to 
combine, in the same file, the programmer’s and/or 
user’s guide and the actual code. The code can be 
directly executed in the Jupyter Notebook, thereby 
improving interactivity with the code and debugging. 
In addition, Jupyter Notebooks can display the content 
of the tables stored on a PostgreSQL database directly, 
without having to go through a database client 
software.

The processing chain uses several software packages 
and programming languages. The spatial and non-spatial 
data tables are integrated into the PostgreSQL database 
(http://www.postgresql.org/) with PostGIS extension for 
spatial analysis functions (Strobl 2008). Working with 
database management software (DBMS) with spatial func-
tions instead of traditional GIS analyses (intersections, 
unions, joints of attribute tables within GIS software 
such as QGIS or ArcGIS) eased the data organization and 
manipulation of very large tables. DBMS such as 
PostgreSQL easily manages very large volumes of spatial 
and non-spatial data. The SQL language is used for 
queries of the database. Python automates the different 
steps as well as the automatic generation and launching 
of SQL queries (Van Rossum and Drake 1995). Whenever 
possible, steps are coded as functions stored in Python 
scripts. Some pre-processing of the input data is done in 

GRASS GIS (Neteler et al. 2012), but in an automated way 
via the Python API of the software.

Although cost management also plays a role, the 
choice for completely free and open source software 
was motivated mostly by the idea that public software 
should be open because it was financed by public 
money (https://publiccode.eu/) and it ensures durability 
and independence for the administration itself as well as 
allowing public scrutiny of procedures. If all software 
used is at least on par with, if not more advanced than, 
the equivalent proprietary products, there is no reason 
to use the latter.

2.4. Data challenge

Providing highly detailed LU data according to INSPIRE 
LU data specification and users’ needs for the 3,909,501 
cadastral parcels and the 808 km2 of non-cadastre land 
proved to be a complex task as various challenges 
emerged related to big data, data properties, calibration, 
and validation.

In recent decades, the rapid evolution of geographic 
information data handling, along with aerial and satellite 
data acquisition capabilities with the automation of data 
extraction algorithms and techniques, is providing 
increasingly abundant and up-to-date information on 
LU (Diaz-Pacheco. and Garcia-Palomares 2014). For 
example, the WalOnMap web platform, gathering all 
official geodata of Wallonia, contained 372 datasets as 
of August 2020, many of which relates to LU to some 
extent. The user-driven building process allowed for the 
selection of 24 datasets. Integrating these into the map-
ping process, given their varying formats, scales, time-
liness, qualities, and contents (Table 1), makes it 
challenging to get coherent output on the 69 classes’ 
final map. These variations strongly influence the meth-
odological choices, the overall implementation of the 
processing chain, and the hierarchical order of queries.

3. Results

The final output is a fully automated processing chain 
providing a spatial database containing LU and LC attri-
butes for the complete Walloon territory. Attributes clas-
sify LU according to the Walloon and INSPIRE 
specifications (see Appendix 1 for the complete nomen-
clature). Figure 6 illustrates the dominant LU according 
to Walloon users’ needs over the city of Louvain-la- 
Neuve. After the general Level 1, Levels 2 and 3 subdi-
vide the land according to more detailed economic and 
administrative uses. Level 4 provides a further discrimi-
nation of agricultural lands into grasslands, arable lands, 
and Christmas tree farms. The bottom of Figure 6 

Figure 5. Synthetic view of the hierarchical set of queries for 
mapping dominant LU. Table 1 explains the acronyms.
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presents a hybrid level grouping Levels 3 and 4. White 
areas in the map for Levels 3 and 4 indicate areas where 
no information is available at the given levels.

The LU map with Walloon specification has been 
validated at Level 1 using the validation toolbox. A 
stratified random sampling approach has been used to 
create an independent set of 1200 parcels classified 
using the photo interpretation of aerial images, Google 
street view, and internet research (to assess company 
activities). For 240 parcels, the expert was not able to 
define dominant LU with greater than 80% certainty 
(subjective assessment). As such, the final validation 
dataset contains 960 parcels (i.e., an average 137 parcels 
per class). Overall accuracy (OA) is 83.14% (area wise), 
the F1 score is 0.86, and the Kappa index is 0.76. Classes 
1 (F1 score of 0.94) and 2 (F1 score of 0.87) get the 
highest scores while Class 6 is of low quality (F1 score 
of 0.06) due to the inner definition of Class 6 (e.g., 
abandoned areas, unknows use) versus the capacities 
of the expert to attribute such classes during the valida-
tion of the dataset creation. Class 1 is the most repre-
sented class in terms of surface in Wallonia (80% of land, 
forest and agriculture) and is globally well classified. Not 

considering Class 6 given the classification uncertainty 
of its elements, but taking into account sampling prob-
ability and using an accuracy approach weighted by the 
area represented by each class (Radoux and Bogaert 
2017) results in an OA of 96.10% ± 1.09 at Level 1.

The descriptive toolbox provides some key numbers 
for the regional application. In terms of the percentage 
of cadastre areas while crossing all data inputs, 0.23% 
have no LU information at all, 18.34% have only one 
piece of LU information, and 50.95% are characterized 
by identical LU information from different sources at 
Level 3. The maximum of different LU classes attributed 
to one parcel when including all levels is 10, resulting in 
a mean number of 1.79 classes per parcel. In terms of 
classification results of dominant LU at Level 1 (area 
wise), Wallonia is predominantly characterized by pri-
mary production (80.96%), but also includes secondary 
production (0.67%), tertiary production (1.55%), trans-
port networks, logistics, and utilities (2.62%), residential 
lands (6.79%), natural areas (2.13%) and other 
LU (5.27%).

IWEPS (2020b) provides annual LU regional statistics 
via the WALSTAT online interface (walstat.iweps.be). 

Figure 6a. Illustration of the city of Louvain-la-Neuve, highlighting the dominant LU classification and nomenclature (Walloon 
specification).

ANNALS OF GIS 7



Using only the declared use of land (240 categories) from 
the cadastral matrix, which has the strong advantage of 
having been published annually for years, IWEPS synthe-
tized this information into a nomenclature of 16 classes 
(IWEPS 2018). Table 2 compares the 2018 WALSTAT 
statistics with the WALOUS LU product (in terms of 
area percentage).

However, when comparing these numbers, group-
ing them into the 16 categories of the original nomen-
clatures can lead to discrepancies. In that IWEPS (2018, 
2020b) has extensively documented the relevance and 
limitations of its analyses. However, several observa-
tions can be made regarding the main differences. 
Residential use is higher in WALOUS LU, as this class 
also includes compatible uses. WALOUS integrates the 
population register and thus detects mixed uses, 
including residential use, whereas WALSTAT prioritizes 
commercial activities and services over residential 
usages to provide only a single LU per parcel. The 
lower value of community services in WALOUS LU can 
be explained by the classification of military zones. 

After consulting with the end-users and given the 
very high biological value observed in several Walloon 
military camps, it was decided to classify these as nat-
ural areas. Still, the semi-natural areas’ value is lower in 
WALOUS LU than in WALSTAT; this is due to different 
definitions. With the exception of the military camps, 
WALOUS LU allocates cadastral parcels to natural areas 
only if official nature conservation databases intersect 
them. Meanwhile, the grouping of declared use from 
the cadastral matrix in the semi-natural areas class of 
WALSTAT is less strict as it also integrates unprotected 
areas. Integrating the Land Parcel Information System 
(LPIS) in WALOUS LU and the post-processing of mis-
classified agricultural lands into residential gardens 
leads to a better classification of arable lands and grass-
lands. Finally, the inclusion of three datasets for dealing 
with non-cadastre areas reduces the percentage of land 
with unknown use. The WALOUS LU approach thus 
brings additional geo-information for an improved LU 
classification. Still, a more in-depth comparison will be 

Figure 6b. (continued)
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carried out in the future to improve the new LU data-
base in subsequent iterations.

The software solution is as modular as possible and 
open source (see the GitHub repository: https://github. 
com/tgrippa/WALOUS_UTS). At each step of the mapping 
scheme, particular attention has been dedicated to ensur-
ing that methods are as reproducible as possible. Well- 
established open source software has been used, and big 
data issues have been managed by optimizing code. 
Given the property rights of the datasets, database access 
is secured and limited to specific users. Still, the software 
solution (without the input data) is provided under the 
GNU-GPL V3 licence, and the final cartographic products 
are open data under the general conditions (SPW 2016a, 
2019) extended by the CPU-Type C licence (SPW 2016b).

4. Discussion
This paper has introduced a fully automated and open- 
source methodology for mapping INSPIRE-compliant 
HILUCS data from a rich catalogue of geodatabases, 
without neglecting the specific needs of local stake-
holders. At a time when the replicability of research 
and the sharing of existing solutions are high on the 
discussion agenda, the development of free and open- 
source solutions is becoming paramount (Ince, Hatton, 
and Graham-Cumming 2012; Nosek et al., 2015). This 
processing chain, relying on existing open-source geos-
patial software, proves its ability of being quickly custo-
mizable in order to match the continuously evolving 
requirements expressed by a large panel of users.

Two mains issues emerged during the research. The first 
issue was how to develop a tool that meets both the 
requirements from above (INSPIRE regulatory framework) 
and the (varying) operational needs from below (local 
actors). The answer took the form of a well-defined user- 

driven building process. Users were involved from the first 
day, when they were introduced to the INSPIRE specificati 
ons and the practical possibilities offered by Walloon data, 
until the last day, which involved the validation and pre-
sentation of the final outputs. What was clear was the need 
to clarify from the outset the concepts and requirements 
specified by the directive. Even the distinction between LU 
and LC needed to be clarified, as reinforced by the historical 
mixing of information at both the regional (SPW-ARNE 
2007) and European scales (Corine Land Cover). Given the 
desired generalist scope of the LU data, the user sample 
should leave no one out. Moreover, no data should be 
omitted. The right to speak and express an opinion had to 
be fairly accommodated without any single opinion pre-
vailing. In order to guarantee all these elements, it was 
essential to set up a procedure for collecting needs that 
was as objective and transparent as possible, followed by 
several plenary meetings led by a moderation team. 
Feedback from this group of users was provided back to 
the decision-making body overseeing the research. The 
reasoned decisions were then transparently passed down 
to the panel, who had the chance to react to them. When 
no response could be provided to a particular need, a 
dialogue was established with the stakeholder to assess 
future avenues for improvement or ancillary data to meet 
it. Taking into account local needs resulted in easily rever-
sible changes, both in terminology and in the automated 
tools developed. Documented codes were as modular as 
possible, and versioning was key.

The second issue that emerged in this research was the 
need to determine how to process so much input data 
with various specifications and ensure the transmission of 
accurate information that was up to date as possible and 
not in contradiction with the realities on the ground. This 
technical challenge was difficult to address. The experts 
all had their own opinions, according to their specific 

Table 2. Comparison of current LU regional reference statistics from WALSTAT versus the new WALOUS LU database.

IWEPS WALSTAT classification
WALSTAT 2018 

(% of land)
WALOUS LU 2018 

(% of land)
Difference 

(WALOUS – WALSTAT)

Residential Use 6,4 6,9 +0,5
Commercial, Financial Professional and Information Services 0,3 0,5 +0,2
Community Services 1,1 0,5 −0,6
Cultural, Entertainment and Recreational Services 0,9 0,6 −0,3
Farming Infrastructure 0,6 0,6 0
Secondary Production 1,0 0,7 −0,3
Mining and Quarry, Waste Management and Abandoned Areas 0,2 1,7 +1,5
Transport Network and Logistics 0,4 1,0 +0,6
Arable Lands and Permanent Crops 28,6 27,4 −1,2
Grasslands 23,2 24,7 +1,5
Other artificial lands 0 0 0
Forests 29,3 28,9 −0,4
Semi-Natural Areas 2,6 2,1 −0,5
Wetlands 0,3 0,0 −0,3
Water Areas 0,2 0,4 +0,2
Unknown Use 5,2 4,0 −1,2
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needs, about the input data qualities. Source data docu-
mentation can be very fragmented or complex to obtain. 
Geometric accuracy varies from one dataset to another. In 
addition, as Diaz-Pacheco. and Garcia-Palomares (2014) 
stated, it is not easy for each piece of information to be 
integrated to depict the LU configuration at a single 
reference date (here, 2018). In practice, this single refer-
ence date may often be a composite of several adjacent 
times. In our case, some input data sets were created in 
2015 (such as Christmas tree farms) or even earlier (such 
as PICC dataset), with no traceability of production date 
per object. Some data providers use local or thematic 
updating approaches according to available resources or 
opportunities. Therefore, their dataset does not ensure a 
complete representation of the situation in a given year, 
but mixes recent data with older and outdated elements. 
Still, no alternative to these datasets exists, which makes 
the study of short-term (one or two years) change more 
complex, which is a strong constraint for many applica-
tions. Ranking the data according to an order of reliability 
has proven to be difficult, and changes to the decision 
tree classification (prevalence of rules) have been realized 
until the very last minute. Again, the modularity and 
automation of the code proved essential here.

In the end, an INSPIRE-compliant LU map has been 
provided to the authorities, valorizing the rich catalogue 
of reference geodata available in Wallonia. As the end- 
users’ needs were strongly taken into account, various 
derived uses of the new LU data are already being 
carried out, including regional flood risk assessments, a 
study of the vulnerability and adaptation to climate 
change in urban areas, and the modelling of LU change. 
With an open-source and reproducible mapping 
scheme, the presented approach offers great opportu-
nities for a continuous LU mapping of Wallonia.

Future work is likely to include the renewal of the 
database for 2019, 2020, and beyond, with revised meth-
odological choices according to user feedback, training 
of the administration for internalization of the process, 
and the development of approaches to change detec-
tion for decision-making efforts.
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Appendix

1. Code List of INSPIRE HILUCS classes amended by 
Walloon users

Classes in green were added/moved following the end-users’ 
consultation compared to INSPIRE HILUCS.
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