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4. Land use database generation
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Areas investigated by Murbandy/Moland for which the data sets are completed in Europe (blue colour),
including a new set of areas (green colour), that are currently being studied. Figure 4.1
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4.1. The Murbandy/Moland 
methodology
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Figure 4.2 Structure of the Murbandy/Moland project

(1) The reference land use database is derived from very high-resolution satellite imagery (IRS1-C panchromatic, 
5.7 metre/pixel). At presentthe highest resolution data commercially available are obtained using the Indian 
IRS-1C sensor (MURBANDY-Sunderland Final Report).

(2) GIS software.
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Note: The figure shows an image of the same area taken at different times and the land use classes at full detail 
derived from them. The increment of the urban fabric (red colour) category and the decrement of agricultural land 
(yellow colour) can be observed.

(3) Major roads, railways, canals and rivers, as far as they are visible in the image, were digitised as linear 
features. If their width exceeded 25 metres they were digitised as both linear features and polygons.

City of Vienna. Samples of IRS-1C image Figure 4.3

City of Helsinki.
Example of historical database (aerial photography — left) and reference database (IRS image — right) Figure 4.4
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Source: Corine land cover technical guide.

Table 4.1 Corine land cover legend (Corine land cover technical guide)

1 Artificial surfaces 1.1 Urban fabric 1.1.1 Continuous urban fabric

1.1.2 Discontinuous urban fabric

1.2 Industrial, commercial 
and transport units

1.2.1 Industrial or commercial units

1.2.2 Road and rail networks and associated land

1.2.3 Port areas

1.2.4 Airports

1.3 Mine, dump and 
construction sites

1.3.1 Mineral extraction sites

1.3.2 Dump sites

1.3.3 Construction sites

1.4 Artificial, non agricultural 
vegetated areas

1.4.1 Green urban areas

1.4.2 Sport and leisure facilities

2 Agricultural areas 2.1 Arable land 2.1.1 Non-irrigated arable land

2.1.2 Permanently irrigated land

2.1.3 Rice fields

2.2 Permanent crops 2.2.1 Vineyards

2.2.2 Fruit trees and berry plantations

2.2.3 Olive groves

2.3 Pastures 2.3.1 Pastures

2.4 Heterogeneous 
agricultural areas

2.4.1 Annual crops associated with permanent crops

2.4.2 Complex cultivation patterns

2.4.3 Land principally occupied by agriculture, with 
significant areas of natural vegetation

2.4.4 Agro-forestry areas

3 Forests and semi-
natural areas

3.1 Forests 3.1.1 Broad-leaved forest

3.1.2 Coniferous forest

3.1.3 Mixed forest

3.2 Scrub and/or 
herbaceous vegetation 
associations

3.2.1 Natural grasslands

3.2.2 Moors and heath land

3.2.3 Sclerophyllous vegetation

3.2.4 Transitional woodland scrub

3.3 Open spaces with little 
or no vegetation

3.3.1 Beaches, dunes, sands

3.3.2 Bare rocks

3.3.3 Sparsely vegetated areas

3.3.4 Burnt areas

3.3.5 Glaciers and perpetual snow

4 Wetlands 4.1 Inland wetlands 4.1.1 Inland marshes

4.1.2 Peat bogs

4.2 Maritime wetlands 4.2.1 Salt marshes

4.2.2 Salines

4.2.3 Intertidal flats

5 Water bodies 5.1 Inland waters 5.1.1 Water courses

5.1.2 Water bodies

5.2 Marine waters 5.2.1 Coastal lagoons

5.2.2 Estuaries

5.2.3 Sea and ocean
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Unit area example: the areas (polygons) marked with a white line correspond to class 1.1.2, discontinuous
urban fabric (Landsat TM image, from the Corine land cover technical guide) Figure 4.5
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Figure 4.6
Sample of the same area mapped by Corine land cover (left) and Murbandy/Moland (right). Inside the 
artificial areas in the Corine classification, and which are marked with red colour, Murbandy/Moland would 
individuate more features, such as green areas, public services, etc.
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Note: The above is a description of the third Corine land cover level as reported in the technical guide. In italic 
are the changes introduced by Murbandy/Moland The — fourth level has been introduced by Murbandy/Moland.

Numeric codes and headings of the third and fourth level of the Murbandy/Moland legend. The fourth level
almost perfectly coincides with — that of the Corine land cover legend Table 4.2

1.1.1 Continuous urban fabric. Most of the land is covered by structures and the transport network. 
Buildings, roads and artificially surfaced areas cover more than 80 % of the total surface. Non-linear 
areas of vegetation and bare soil are exceptional.
When roads and structures along roads are only 25 m wide, as long as they are more than 1 ha in size 
will be classified as continuous dense urban fabric.

1.1.1.1 Residential continuous dense urban fabric. Residential structures cover more than 80 % of the total 
surface. More than 50 % of the buildings have 3 or more stories.

1.1.1.2 Residential continuous medium dense urban fabric. Residential structures cover more than 80 % of the 
total surface. Less than 50 % of the buildings have 3 or more stories.

1.1.2 Discontinuous urban fabric. Most of the land is covered by structures. Buildings, roads and artificially 
surfaced areas are associated with vegetated areas and bare soil, which occupy discontinuous but 
significant surfaces. This type of land cover can be distinguished from continuous urban fabric by the 
presence of non-impervious surfaces: gardens, parks, planted areas and non-surfaced public areas.
(Buildings, roads and artificially surfaced areas cover between 50 % and 80 % of the total surface area 
of the unit). Between 10 % and 80 % of the land is covered by residential structures.

1.1.2.1 Residential discontinuous urban fabric. Buildings, roads and other artificially surfaced areas cover 
between 50 % and 80 % of the total surface.

1.1.2.2 Residential discontinuous sparse urban fabric. Buildings, roads and other artificially surfaced areas 
cover between 10 % and 50 % of the total surface. The vegetated areas are predominant but is not 
land dedicated to forestry of agriculture.

1.2.1 Industrial (and), commercial, public and private units. Artificially surfaced areas (with concrete, asphalt, 
tarmacadam, or stabilised, e.g. beaten earth) devoid of vegetation, occupy (most) more than 50 % of 
the area in question, which also contains buildings and/or vegetated areas.

1.2.1.1 Industrial areas. Surfaces occupied by industrial activities, including their related areas.

1.2.1.2 Commercial areas. Surfaces basically occupied by commercial activities, including their related areas.

1.2.1.3 Public and private services not related to the transport system. Surfaces occupied by general 
government, semi-public or private administrations including their related areas (access ways, lawns, 
parking areas).

1.2.2 Road and rail networks and associated land. Motorways, railways, including associated installations 
(stations, platforms, embankments). Minimum width to include: (100 m) 25 m.

1.2.2.1 Fast transit roads and associated land. Motorways, by-pass roads, toll-ways, etc.

1.2.2.1 Other roads and associated land.

1.2.2.3 Railways and associated land.

1.2.3 Port areas. Infrastructure of port areas, including quays, dockyards and marinas.

1.2.4 Airports. Airport installations: runways, buildings and associated land.

1.3.1 Mineral extraction sites. Areas with open-pit extraction of industrial minerals (sandpits, quarries) or 
other minerals (opencast mines). Includes flooded gravel pits, except for river-bed extraction.

1.3.2 Dump sites. Landfill or mine dump sites, industrial or public.

1.3.3 Construction sites. Spaces under construction development, soil or bedrock excavations, earthworks.

1.3.4 Abandoned land. Land within urban areas, where no particular use can be seen.

1.4.1 Green urban areas. Areas with vegetation within urban fabric. Includes parks (and cemeteries with 
vegetation).

1.4.2 Sport and leisure facilities. Camping grounds, sports grounds, leisure parks, golf courses, racecourses, 
etc. Includes formal parks not surrounded by urban zones.

5.1.1 Water courses Natural or artificial water courses serving as water drainage channels. Includes canals. 
Minimum width to include: (100) 25m.

5.1.1.1 Canals. Including man made watercourses.

5.1.1.2 Rivers.
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Figure 4.7 Colour codes of the legend adopted by Murbandy/Moland. A more complete legend is currently being used 
for new study areas.

Figure 4.8 City of Nicosia (Cyprus). Simplified land use maps (limited number of classes)



Land use database generation 41

�����������	
�����
���
��

(���
��
����
����	
�
	
����
�������	������	���
�
�
�����	������	
������
�	
�
�

������
���)�
�����
��
�)����	����
	�����	�����������
����
"
���
���������*�����(�������������
����
������������	��	���+
�	
�
�

������
��+���
������
	���$��
����
����������
��
������
���
��


��
�,�-��(����������*�����
���
����
	���
��
�������.

/������*�����
�	��0�1�23�%�√�

(�
���%	�����	���
��
����
����%
�
	����	���
����������	����
�
�������
��
�

City of Copenhagen, Denmark. Example of complete polygon data set, showing the land use evolution of
the study area during four different time periods. Each colour corresponds to a different land use. Figure 4.9

City of Munich. Example of core area and buffer zone Figure 4.10
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Note: The calculated buffer (blue line) was modified to exclude areas of minor importance (e.g. the sea) and 
include other areas. For instance, part of the settlement indicated with a green circle — top of the picture — 
would have been cut off if the buffer calculated with the formula were used.
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Figure 4.11 Urban area of Sunderland and Washington New Town (United Kingdom) 

8  kilometres
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Box. 4.1: The Moland urban and regional growth model

As part of Moland, a model has been developed for simulating urban and regional growth (White et al., 1999). 
This model, which is based on spatial dynamics systems called 'cellular automata', takes as input the Moland land 
use and transport databases, maps of land use suitability and zoning (i.e. legal constraints), and socio-economic 
data. The model then simulates future land use development under the input spatial planning and policy 
scenarios. The output from the model is maps of predicted land use development over 20 years. The aim of the 
model is to forecast future land use development under existing spatial plans and policies, and to compare 
alternative spatial planning and policy scenarios, in terms of their effects on future land use development. 

The underlying spatial dynamics of the Moland urban and regional growth model are determined by so-called 
'transition rules', which specify the interaction between neighbouring land use types. Examples of two transition 
rules are shown in Figure 1. The upper part of Figure 1 shows the effect of 'Residential discontinuous sparse urban 
fabric' on itself, while the lower part shows the effect of 'Industrial areas' on 'Residential discontinuous sparse 
urban fabric'. In both graphs, the x-axis indicates the distance (in pixels) from the central pixel in a neighbourhood 
of radius 8 pixels, while the y-axis quantifies the attraction (above x-axis) or repulsion (below x-axis) effect 
between the two land use types in question. As can be seen, close to the centre of the neighbourhood, 
'Residential discontinuous sparse urban fabric' has an attraction effect on itself, while 'Industrial areas' have a 
repulsion effect on 'Residential discontinuous sparse urban fabric'. In other words, 'Residential discontinuous 
sparse urban fabric' will tend to occur beside cells of the same type, and not beside 'Industrial areas'. 

Two transition rules used in the Moland urban and regional growth model

By modifying the input data, the Moland urban and regional growth model can be used to explore, in a 
realistic way, alternative future scenarios of land use development. The following types of spatial planning and 
policy 'interventions' — with sample 'real' applications — can be easily simulated with the model: 

• Addition / removal of transport links: This can be used, for example, for a strategic environment assessment 
of the trans-European network for transport (TEN). 

• Modification of land use zoning: This can be used, for example, to assess the effects on land use 
development of prohibiting the development of artificial surfaces in natural areas. 

• Modification of land use suitability: This can be used, for example, to assess the effects on land use 
development of decreasing the flooding risk, due to infrastructural improvements. 

• Modification of socio-economic data: This can be used, for example, to assess the effects on land use 
development of a changing economic climate (e.g. decreased industrial production). 

• Modification of model's transition rules: This can be used, for example, to capture the particular cultural 
characteristics of an area (e.g. in certain areas, nearness to water might be considered attractive for 
residential areas). 

Alternative spatial planning and policy scenarios to the Moland urban and regional growth model are 
presented in the form of digital data sets of the transport networks, socio-economic data, land use zoning 
status and land use suitability. Based on these scenarios, and on the actual land use types at the start of the 
forecasting period, the model then predicts the likely future pattern of land use development for each year 
over the next 20 years. In order to compare the alternative predicted land use maps produced by the model, 
in terms of the long-term sustainability of the input land use planning and management parameters, various 
indicators — including those describing landscape fragmentation — are computed and analysed.

Currently, the Moland urban and regional growth model is being calibrated for Moland's extensive Europe-
wide network of cities and regions, using the Moland land use and transport databases, as well as the ancillary 
data sets acquired from local authorities. The latest version of the model also incorporates data describing 
the socio-economic properties of the area, and will be used to simulate the interactions between the cities 
and their surrounding regions. This so-called 'macro model' is being tested on four new extended Moland 
European study areas, where extensive regional changes in land use are likely to occur as a result of major 
economic and infrastructural developments (e.g. the Dresden-Prague transport corridor).

Source: White et al., 1999 (1) 

(1) White, R., G. Engelen, I. Uljee, C. Lavalle, and D. Ehrlich. 1999. Developing an Urban Land Use Simulator 
for European Cities. Conference on ‘GIS for Tomorrow’. Stresa, Italy, June 1999.
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4.2. Technical issues
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Bratislava — example of panel houses Figure 4.12
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Note: Areas where the land use in the imagery appears to be similar to olive groves, yet with a larger space 
between trees. By fieldwork it was detected that these areas are covered by Ceratonia siliqua. Although this fruit 
tree plantation does not follow the classic pattern of an orchard these areas were classified as 'fruit trees' (class 
2.2.2).

Figure 4.13 Prague — the IRS image shows the structure of the panel houses

Figure 4.14 Algarve — assigning classes to abandoned land
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�

Note: Areas where Ceratonia siliqua is the dominant species and with large abundance of shrubs. Although 
Ceratonia siliqua is a fruit tree, these areas do not have an agricultural purpose. Because this species is 
autochthonous in Algarve, these areas were classified as sclerophyllous vegetation (class 3.2.3).
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Algarve — assigning classes to abandoned land Figure 4.15




