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1. INTRODUCTION

Environment and landscape

Environmental issues very often relate to concern for the state of the land and, as debate
grows ever more wide-ranging, questions concerning the landscape are frequently raised.
The dramatic changes that have occurred since the Second World War largely explain the
disquiet that is expressed.

The process of urbanisation, the mushrooming of tourist infrastructure in restricted spaces
(coastal zones, mountains and other tourist areas), developments in agriculture and
transport (road, rail, energy) have all drastically changed the face of the land and our
human perception of it. Unlike changes to the environment - air, water, soil - which may
only be measured by elaborate instruments, changes to the landscape are generally more
apparent and can be perceived directly.

Landscapes are often the result of a complex and gradual moulding by human activity.
More specifically, they have frequently emerged as a by-product of the skilled,
sophisticated efforts of farmers to get the best from the land, when the absence of
mechanisation and chemical products led them to develop techniques based on a precise
understanding of ecological processes. In this way, it could be said that the characteristics
of the European landscape are a function of how the environment has been nurtured, or
not, for productive purposes.

The concept of landscape

Fed by the dramatic changes of the last fifty years, doubts are widespread as to whether
and how traditional high value landscapes can be preserved, and whether our society can
continue to produce this type of landscape, which is rightly acknowledged to be a slow
and complex process. Landscapes that are now regarded as valuable, for aesthetic or
environmental reasons, were not created intentionally, but have arisen as a by-product of
historical processes, linked to social or economic developments. Fortified towns or
particular types of land organisation were not conceived to embellish the landscape, but
for security reasons, or as a practical response to economic pressures, even if over time
they have acquired a high intrinsic value.

Moreover, the value accorded to different landscapes, and even the concept of landscape
itself, is not fixed, but may represent different things to different people. The landscape of
the artist, for example, is perceived differently by the farmer, the geologist or the historian.
But to build quantitative instruments by which landscapes may be analysed, it is necessary
to differentiate between landscapes, how they have evolved, and to pinpoint those
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elementary aspects which enhance or make them poorer. This systematic analysis of
landscapes is only just starting.

The "landscape" we are talking about here is not that of the artist nor that of the
geographer or the historian. For the former, certain European regions evoke particular
types of landscape and are identified, rightly or wrongly, with them. The geographic
approach is based on specific characteristics of the land: its green cover, water courses,
relief and human settlements. Thus its main physical features define the landscape. Here,
we are approaching landscape through land cover, by constructing a land cover diversity
index

Landscape and green cover

In Europe, the nature of its green cover is often seen as the main element which describes
a landscape: pasture and forest in Scotland, cereals in the Paris Basin, olive trees in
Andalusia, forest in Baden-Wurtemberg, vineyards in Tuscany and so on. The type of
green cover gives expression to and concentrates within itself soil-type, landform, climate,
history and the interaction between each of these elements.

Therefore, among all the individual components of a landscape, landcover - given both its
stability and sensitivity to change - appears best to embody a range of information about a
given area. This is not to say that landscape is reducible to land cover. Relief plays a
crucial role in the perception of landscape: for example a plateau notched with valleys, or
a region of hills and small valleys, represent very different landscapes independently of
their vegetal cover. High value terraced landscapes are clearly linked to relief. Human
settlements and communication networks are also important landscape features.

All these elements intervene in the construction of landscapes and in general testify to the
subordination of natural areas to human needs, representing the transformation of the
earth's resources into productive areas in the service of society.

From morpho-geology to socio-economics

Early landscape analysis relied on a simple deterministic approach, which would later be
largely outdated, based on natural causes, particularly geological and climatic. Geology
certainly allowed a number of the essential manifestations of a landscape to be explained.
Thanks to it, the nature of superficial layers, soil and relief modelling could be related to
their formation process. The overall profile of the soil, faults in the earth's surface and the
shape of valleys can all be understood through geology and hydrology.

This approach, however, soon turned out to be inadequate and it became necessary to
look for other ways of interpreting those factors that could not be explained by natural
causes. In other words, the natural environment is not in itself sufficient to explain the
history and formation of landscapes; social traditions, economic activity and political
systems have also played a crucial role.

As a general observation, faster transport systems for people and goods, and technical
innovations in agriculture have both radically disrupted the landscape. Agricultural
developments of central importance are:
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– an increase in the average area of fields and holdings;

– a generalisation of production methods, both for cereals and livestock.

Urbanisation (residential and industrial areas) and a rapid growth in infrastructure
(communication networks, electricity pylons and lines…) also exerts an immediate
influence in shaping and producing landscapes. The resulting simplification and
homogenisation of rural landscapes has prompted increasing attention and concern from
civil society.

Landscapes today

The analysis of how contemporary landscapes have been and continue to be produced
thus refers increasingly to changes in agricultural techniques and, beyond this, to the
economic policies that determine changes in the socio-economic environment of rural
areas. The two elements mentioned above - changes in production techniques and the
speeding up of transport, which has enabled an increase in the distance between the point
of production and consumption - have been particularly important in introducing
competition between different production regions. This process has gradually led to a
territorial specialisation in production. Alongside a certain trend towards uniformity of
product and away from territorial diversity, it has also resulted in less-productive areas
and those that are most difficult to farm being abandoned.

So, landscape constitutes a kind of memory in which are recorded different layers of
information, summing up the history of successive cycles of human behaviour on the
surface of the earth. The most recent strata do not erase the evidence of previous phases
of activity The endurance of this stratification helps to explain why certain landscapes are
valued so highly and also, by implication, why attention must be paid to their future socio-
economic development

The present work: building a land cover diversity index for rural areas

Thus, landscape is a matter of concern. The more so because, for many years now,
territorial developments have been the subject of controversy. Certain mutations are seen
by some to have contributed to a deconstruction or even outright destruction of former
landscapes, rather than producing new landscapes that reflect anything more than
economic expedience. The very word landscape has acquired a notion of qualitative
judgement, based on an imprecisely defined set of values. On this basis it can be said,
somewhat paradoxically, that not all mutations in the landscape lead to the production of
new landscapes. The concept of landscape has become indissociable from its fragility.
With the arrival of the 21st century, the most familiar and hitherto immutable landscapes
are seen to be in danger of finally capitulating to the forces of change.

The growing concern for the way in which our landscape is evolving translates in policy
terms into a desire to view landscape as a common good, and so bring it into the sphere of
public intervention. As, in Europe at least, it is rarely possible to draw a clear line between
natural areas and productive areas, the link between farming activity and the state of the
landscape can justifiably be explored.
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In this, we are a long way from the debate about the stewardship of the countryside.
Other economic factors, local policy-making, housing and transport needs, all play key
roles. The landscapes produced by today's processes are in no way comparable to the
complexity and diversity that emerged from the intervention of earlier generations.

The need to track and quantify the changes that our landscapes are undergoing has
prompted the current work, which is based on the CORINE land cover database. This
provides data on land-cover across the whole of the European Union. In this article we
explore the possibility of using this as a tool to provide a systematic and coherent picture
of the spatial diversity of the rural landscape as it is now. The aim is to establish a
standardised approach which can be used for analysis, making it possible to track changes
in the landscape over a period of time. It is hoped that this analysis could then be used to
inform policy decisions at regional, national and European level.

2. METHODOLOGY

2.1. CORINE land cover classes

The land cover module of the CORINE programme aims to produce coherent and
standardised geo-referenced information at European Union level. To each area (polygon)
of at least 25 hectares is attributed the dominant type of land cover. This means that even
if several types of land cover are present in a polygon, only one code is attributed to it,
that of the dominant land cover. Moreover, CORINE classification allows - in order not
to lose any information - for the codification of polygons which have no dominant land
cover (i.e. code 2.4). Different land cover types are included in this category. The
CORINE nomenclature comprises five main Classes successively broken down into two
more detailed Levels. In all, it is so possible to distinguish up to 44 Classes (see Table 1).

Using 44 Classes captures total land cover diversity, i.e. that linked to urban and natural
areas. As our interest is to shed light on the relationship between agriculture and the
landscape in rural areas, we reduced the number of classes. This consideration guided us
in choosing which classes to work with. Concretely:

– not to differentiate artificial surfaces (Class 1) and water bodies (Class 5) by using
exclusively Level 1 of the classification for these Classes,

– to use the finest differentiation for agricultural areas (Class 2), i.e. Level 3 of the
classification,

– to take the intermediate level of classification, i.e. Level 2, for forests and wetlands,
because they are not directly linked to agriculture but contribute to the diversity of
landscapes in rural areas.
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Nevertheless, in the "Forests and semi-natural areas" category, the lowest level (Level 3)
was selected for "shrub and/or herbaceous vegetation associations", because these
Classes play an important role in extensive agricultural areas, particularly breeding. Map 1
illustrates the localisation of these 4 Classes. It clearly shows that they are almost entirely
situated in the Mediterranean regions. However, as the interpretation of what these classes
exactly represent was slightly ambiguous, it was decided to simplify the approach for the
landscape diversity assessment and to test the method by retaining Level 2 for this
category. Nevertheless, we must bear in mind that by using 18 Classes (highlighted in
green in Table 1) instead of 22, the diversity of the green land cover of the Mediterranean
regions1 will be underestimated. All results are not yet recomputed with the 22 Classes of
land cover, but Map 6 already illustrates the implementation of this method with the
selected typology of 22 Classes.
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Map 1: Localisation of shrub and/or herbaceous vegetation associations

                                                

1 We did trials with 18 and 22 classes for the EU. With 22 classes the interpolated median
(see explanation later) was notably higher for the southern regions than for the northern regions
(see also map 6).
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Level 1 Level 2 Level 3
1. Artificial 1.1. Urban fabric 1.1.1. Continuous urban fabric

surfaces 1.1.2. Discontinuous urban fabric
1.2. Industrial, commercial 1.2.1. Industrial or commercial units

and transport 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 1.3.1. Mineral extraction sites
construction sites 1.3.2. Dump sites

1.3.3. Construction sites
1.4. Artificial non-agricultural 1.4.1. Green urban areas

vegetated areas 1.4.2. Sport and leisures facilities
2. Agricultural 2.1. Arable land 2.1.1. Non-irrigated arable land

areas 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 2.4.1. Annual crops associated with permanent crops

agricultural areas 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 3.1. Forests 3.1.1. Broad-leaved forest
semi-natural 3.1.2. Coniferous forest
areas 3.1.3. Mixed forest

3.2. Shrub and/or 3.2.1. Natural grassland
herbaceous vegetation 3.2.2. Moors and heathland
associations 3.2.3. Sclerophyllous vegetation

3.2.4. Transitional woodland shrub
3.3. Open spaces with 3.3.1. Beaches, dunes and sand plains

little or no vegetation 3.3.2. Bare rock
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. Peatbogs

4.2. Coastal 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 oceans

Table 1 -CORINE land cover nomenclature

2.2. The construction of the land cover diversity index

The construction of the land cover diversity index is carried out in two steps.

1. Calculation of the number of CORINE land cover classes in one cell or
square of 3 km x 3 km.



7

2. Aggregation of results at regional level (NUTS 2 or 3).

The base unit for determining the land cover diversity of a NUTS 2 or 3 region is
a square or  cell of 3 km x 3 km within which the count of different land cover
types is carried out. This square of 3 km x 3 km was determined empirically; it
corresponds more or less to the human field of vision (what can be seen with the
naked eye)2.

Moreover, using this cell dimension provides a high number of squares at regional
(Nuts 2 or 3) level. It provides a good picture of intra-regional diversity and also
fine inter-regional comparisons.

The GIS approach

The Corine Land Cover raster dataset (100x100 m pixels) is reclassified from the original 44
classes into 18 classes (1) and analysed using an aggregate function. This aggregate function
partitions the input raster dataset into 3 km x 3 km blocks (2), finds the variety of the values (the
number of different values) within the blocks, and sends it to the cell locations in the
corresponding blocks on an output raster (3).

During this aggregation nine hundred 100 x 100 m land cover pixels are processed within each 3
km x 3 km block. The maximum number of different land cover classes in this processing block
equals 18. The result, a raster dataset with 3 km x 3 km pixels where each pixel's value indicates
the number of different land cover classes in it, is analysed and summarised for each NUTS
region within the EU.

(1)

(2)

(3)

                                                

2 This choice was made after carrying out trials with cells of 10 km x 10 km
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The results of this method are presented for two different regions on Map 2 Schleswig-
Holstein (D) and Map 3 Dordogne (F). The darker the square, the higher the diversity of
the land cover. The Schleswig-Holstein map shows fewer dark green squares than the
Dordogne's, indicating a less diverse land cover.
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Map 2: Schleswig-Holstein, number of land cover classes in 3x3 km blocks
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Map 3: Dordogne, number of land cover classes in 3x3 km blocks.
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Once we had determined the number of classes within each square of 3 km x 3
km, we summed up at regional level (NUTS 2 or 3) the number of squares
containing only one class, two classes, three classes, etc…We then determined, at
regional level, what percentage contained one class, two classes, three classes,
etc.

The distribution of the percentage of classes per square is not normal (gausian), in
that there are more squares containing only a few different classes of land cover
than there are squares containing a high number. In such cases of non-normal
distribution, the median is a better estimator of distribution than the average.

In order to have a finer picture, the interpolated median3 was used. This is a good
estimator of intra-regional diversity (inside/within a NUTS region).

At regional level, dispersion was calculated using the interquartile index
((Q3-Q1)/2)4.

At EU or national level, a good estimator of the diversity between regions (inter-
regional diversity) is the standard deviation of the regional medians5.

Figure 1 presents the distribution of squares of land cover classes for a Spanish
region, Pais Vasco. The non-normality of the distribution is clearly highlighted.
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Figure 1 : distribution of land cover classes

                                                

3 The median of a set of measurements is the middle value when the measurements are arranged from
smallest to largest. From this median definition, we derived the notion of interpolated median. The
interpolated median is calculated as: (median-1) + (50% - (cumulative frequencies in % at median -1
level)/(cumulative frequencies in % at median level - cumulative frequencies in % at median -1 level)).
This illustrates better the diversity of a region. For example, a median of 4 may refer to two different
situations and can cover 19 to 51% of the population as well as 41 to 70%, which is quite different. The
interpolated medians for the same distributions would be for the first 4.97 and 4.30 for the second

4 Where Q1 and Q3 are respectively 25% and 75% of the distribution

5 The distribution of the interpolated medians of the whole of the Union or of a Member State is normal.
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2.3. Some additional remarks on calculation methods

• Squares extending across the borders of a NUTS region are considered as
belonging to both regions, even if only a small part is in the region, because the
human view does not stop at the NUTS border. The maximum error of area
(i.e. the difference between the real area of the region and the sum of all the
squares) which results is around 5%.

• For coastal areas, the problem is that sea is registered in the CORINE
nomenclature as "NO DATA". Thus, coastal squares would most probably
count fewer different classes. Tests carried out for coastal regions have not
shown any bias when these coastal squares for which sea is registered as "NO
DATA" are taken into account.

• Due to a small technical limitation of the algorithm used to calculate the indices,
each processed region must consist of one single polygon. For regions that
consist of multiple polygons (e.g. those which have a number of islands
associated with them) this limitation has been tackled by processing each
polygon separately and combining the results afterwards. Where the region
consists of one main polygon and a number of small islands and the area of the
islands is negligible in proportion to the main polygon, the islands are ignored in
the calculations. If a region ("island") is inserted in another region for instance
Berlin in Brandenburg, the same procedure is applied.
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3. RESULTS

The following map give complete results for the regions of the 13 Member States
for which CORINE Land cover data are available. For Sweden and Finland this
data will only be available at the end of 2000. According to the Member State,
the regions are NUTS 2 or 3 level6. The darker green the region, the higher the
land cover diversity index.

A synthesis of our results at European level is presented in Table 2 and illustrated
by Map 4. Table 2 indicates for each available Member State the median
computed at national level for all the 3 km x 3 km cells, the standard deviation of
the regional medians, the lowest and highest medians and the average number of
cells.

Errore. Il collegamento non è valido.

The EU includes 274,000 cells or squares drawn from 453 regions. The maximum
"theoretical" number of CORINE Land cover classes in one square would be 18,
whereas the "real" maximum is 13 (only for 1 region). 888 cells (0.3% of the total)
include at least 9 different classes whereas, at the other end of the scale, 7,025
cells (2.6% of the total) include only 1 class. More than 17% of the cells include
more than 5 different classes.

The European median (total diversity index) is 3.66 (range 1.33 to 5.66) and the
standard deviation of the median (inter-regional diversity index) 0.86 (23.5%).
The average number of cells per region amounts to 606 (range 21 to 3499).

                                                

6 For certain Member States like Germany, UK, Belgium or the Netherlands the NUTS 3 level represents
very small areas. It is therefore preferable in these cases to choose the NUTS level comparable to NUTS
3 in the other Member States.
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Map 4: EU, median number of different land cover classes in NUTS2/3; 18 land cover classes
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For Italy, analysis was carried out at NUTS 3 level (Provincie) with an average
area of 3200 km². In all, Italy includes nearly 35,000 cells, and the maximum
number of different classes in one cell is 12. The median amounts to 3.55 and the
standard deviation of the median to 0.72 or 20%. The "Provincie" with the lowest
median is Cremona (2.00). The highest median is found in 2 "Provincies" of the
Marche region: Pesaro and Urbino (5.66), the highest EU median.
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Map 5: Italy, median number of different land cover classes in NUTS 3

The regional distribution is as follows:

• 1 region (1% of total) has a median slightly lower than 2 (1.995).

• 19 regions (19%) mostly Northern "Provincies" have a median ranged between
2 and 3.

• 54 regions (53%) have a median ranged between 3 and 4.

• 24 regions (23%) have a median ranged between 4 and 5.

• 5 regions (5%) have a median above 5, the four "Provincies" of Marche and 1
"Provincie" of Umbria.

The average number of cells per region is 388 (range 42 to 937).

4. DISCUSSIONS AND VALIDATION OF THE INDEX PRESENTED ABOVE

4.1. General presentation of the limits and comparisons
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A limit of the index presented above lies in the fact that if, for example, a square
cell includes 5 different classes, it does not at all mean that the classes have the
same area. It is quite possible that one class covers 90% of the cell whereas the
other 4 together cover only 10%. In other words, the diversity square index
presented above does not reflect the area of each class.

For this reason, we have compared, for France, the results of this diversity index
with the Shannon entropy index7 and the perimeter/area ratio index8. France was
chosen because the different regions cover a wide range of median values, from
1.38 to 5.30.

As an illustration of the possible difference in shares between 3 classes in one
square of 3 km x 3 km, below is shown a theoretical comparison of the land cover
diversity and the Shannon index

# land cover types = 3; shannon = 1,52
type 1 = 40%; type 2 = 40%; type 3 = 20%

# land cover types = 3; shannon = 0,62
type 1 = 93%; type 2 = 5%; type 3 = 2%

and the same for the perimeter/area ratio index.

# land cover types = 3
perimeter/area ratio = ca. 0.15 m/m²

# land cover types = 3
perimeter/area ratio = ca. 0.65 m/m²

For the 96 "départements", the Shannon entropy and the perimeter/area ratio
index were calculated for the same square cells of 3 km x 3 km, as had been done
for the land cover diversity index. This meant that the number of cells per NUTS 3
or for the whole of France was the same as for the land cover diversity index.

                                                

7 The Shannon entropy index was designed for information theory, but has also proved useful for
measuring the complexity of the countryside. For a given unit of measurement, in our case a cell of 3 km
x 3 km, the index may range from 0, when there is just one class in the cell to log(n), if the n
nomenclature classes (18 in this case) have the same proportion. As a general rule, the index rises when
the number of classes increases and when the proportion of small classes approaches that of large
classes.

8 Also called edge density in other articles of this publication
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Unlike for the land cover diversity index, for both indices the distribution is normal.
For this reason, the mean and the standard deviation are the best estimators to
represent a region.

Table 3 shows for France the main results of the 3 indices in absolute values.

Errore. Il collegamento non è valido.

4.2. Statistical comparison of the diversity indices

The statistical comparison tests have been carried out for the absolute data. In that
we did not measure the same thing with the 3 indices, we did not carry out a direct
comparison test (t-paired Student for example). We analysed the correlation for
the 95 "départements" between the interpolated medians of the land cover
diversity index and the averages of the Shannon entropy and perimeter/area ratio
indices. Graphs 1 and 2 show the correlations.

Graph 1: Comparison Land Cover Diversity and Shannon Indexes
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Graph 2: Comparison Land Cover Diversity and Perimeter/Area Indexes
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The graphs show that the correlations for "rough" data are highly significant. At least, this
means that the land cover diversity index is a good "proxy" of the Shannon and the
perimeter/area ratio index.

5. CONCLUSIONS

1. The CORINE land cover diversity index is easy to compute and to interpret.
The originality of the approach is to base the calculations on a square cell
of 3 km x 3 km which allows analysis to be carried out at any NUTS level
(NUTS 0 to NUTS 5) as long as the number of squares is statistically
representative. It also allows for analysis not linked to administrative units but
to geographical or landscape units.

2. This index has been compared with the Shannon entropy and the
perimeter/area ratio indices. The Shannon index does not appear to be the
best index to measure the diversity of a square of 3 km x 3 km. In fact, it
takes its highest value when the number of classes is the most elevated but
also if there is equi-repartition of the classes, which is not an index of high
diversity. The perimeter/area ratio index is very good for measuring the
diversity of a square and thus of a region. However, its application is difficult
and time-consuming. In this framework, the land cover diversity index, as
shown in heading 4, is a very good approximation of the perimeter/area ratio
index with the big advantage of being easily computable.

3. The land cover diversity index seems to be an interesting tool for describing
"farmed landscapes" in Europe. This spatial analysis has still to be completed
by carrying out the same calculations but using the 22 classes of land cover
linked with "farmed landscape" (see point 1) rather than the 18 simplified
classes. This means using the most detailed level for all land cover classes
linked with agricultural activities.
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4. Map 6 illustrates provisional results using these 22 classes. The following
remarks can already be made:

� While the general picture does not change, the disaggregation of land
cover classes located mainly in Mediterranean regions (cf. Map 1)
increases the land cover diversity index of those regions.

� A more in-depth investigation has to be carried out as to the relevance
of the land cover classes. This can be done through comparative
analyses of different landscape approaches. In other words, it remains
to be evaluated whether this index expresses globally in the same
manner the richness of Mediterranean, coastal, mountainous, open field
and livestock area landscapes.

� A further enrichment of this tool may be achieved by integrating other
information sources = altimetry, slope, hedgerows, biodiversity, and
other administrative information = natural areas, Environmentally
Sensitive Areas, regional/national parks, Less Favoured Areas (LFAs),
etc…

� Finally, the pertinence of this method for following the improvement or
impoverishment of rural landscapes is being looked into. Recourse to
tools of this type - developed at an adequate level and regularly
updated - could prove precious in gaining a better understanding of the
relationship between policy and territory, and especially of the
relationship between agricultural policy and the rural landscape.
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Map 6: EU, median number of different land cover classes in NUTS2/3; 22 land cover classes.
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