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Abstract  

Land use by human beings is the main direct cause of many of the impacts brought about by 
production systems. The term land use has traditionally been employed to refer to a 
classification of human activities that involve the modification of an area of land. In the field of 
LCA (Life-Cycle Assessment), this term or the impact of land use have been utilised to refer 
to environmental impacts due to occupation and physical transformation of areas of land. 

Some authors have carried out inventories of the methods that attempt to analyse and to 
evaluate this kind of impact. The general rule that they have followed in order to distinguish 
among the main impacts that land use entails has been to consider biodiversity and land 
fertility as the two aspects that are most badly damaged. 

In this article the justification for including a new factor is presented in order to analyse the 
regionalization of land use impact using a taxonomy based on the SUMO (Suggested Upper 
Merged Ontology).  
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Introduction 

Land use by human beings is the main direct cause of many of the impacts brought about by 
production systems. It is widely agreed that this is the main cause of degradation of 
biological diversity, and also that its inappropriate management is one of the main factors 
leading to the reduction in the land's capacity for biological production (Milà i Canals, 2007a). 

The term land use has traditionally been employed to refer to a classification of human 
activities that involve the modification of an area of land. Within the field of Life-Cycle 
Assessment (LCA), this term or the impact of land use have been utilised to refer to 
environmental impacts due to occupation and physical transformation of areas of land 
(Lindeijer, 2000a). 

In studies carried out with the aim of evaluating the environmental impact of products or 
processes by applying LCA, the impact category of land use is not always included or is not 
well suited to such evaluations. This circumstance, together with the scarcity of available 
data, has resulted in a situation in which the application of indicators referring to land use is 
still a complex task due to the lack of agreement on the parameters to be considered and the 
methodology to be followed. 

Several authors have reviewed the different indicators that can be used to calculate the 
impact of land use and how it can be approached within the LCA. Yet, to date no agreement 

216                                  



Area: Environment 

 

―Selected Proceedings from the 13th International Congress on Project Engineering‖. 
(Badajoz, July 2009) 

 

has been reached as regards the way the impacts caused by land use can be incorporated 
into LCA. 

In early studies, the assessment was carried out on the basis of the surface area of land 
concerned. The impact category of land use was associated with the area being used for 
something related to the life cycle of a product or system. This was calculated without there 
being any intention to distinguish between the different forms of land use and without taking 
into account the original state of the land. There was general agreement as regards 
combining this land occupation with the amount of time that human activities were being 
carried out. Consequently the surface area being used was added to the time the activity was 
performed, the impact thus being measured in terms of surface area multiplied by time. But 
this occupation value must be accompanied by a qualitative assessment of the changes 
undergone by the land as a consequence of its being used. It is internationally accepted that 
the life cycle inventory phase must focus on two aspects of land use, i.e. the area occupied 
and the changes that are produced in the quality of the land. Two different concepts thus 
appear: land occupation and transformation (Lindeijer, 2000a). 

Some authors have carried out inventories of the methods for analysing and assessing this 
impact (Lindeijer et al., 1998; Cowell & Lindeijer, 2000a; van der Voet, 2001; Milà i Canals, 
2003; Guinée et al., 2006; Antón et al., 2007). The general rule that they have followed in 
order to differentiate the main impacts caused by land use has been to consider the 
biodiversity and fertility of the land as the aspects that are hit the hardest. 

The lines that follow offer an overview of the main methodologies that have been developed 
to date. 

1.1 Impact on biodiversity 

Biodiversity can be defined as the variety of plants and animal life in a particular habitat, 
including the diversity of ecosystems (variety of habitats within a region or the mosaic of 
small plots to be found within a landscape), genetic diversity (the combination of different 
genes to be found within a population of singular species and the greater variation that can 
be found within different populations of the same species) and the diversity of species 
(variety and abundance of different types of organisms that inhabit a particular area). 

Generally speaking, the methodologies that are applied to compute the impact of land use on 
biodiversity usually measure the number of species or density of vascular plants, which are 
representative of the diversity of species, in general, on a given type of land. The works by 
Barthlott et al. (1996, 1999) showed a strong correlation between the number of species of 
vascular plants and the abundance of other animal and plant species. The main reason for 
choosing the diversity of vascular plants as the indicator of biodiversity is that it is the only 
indicator for which global scientific data are available on different scales (Lindeijer, 2000b). 

In this section the following methods can be highlighted: 

 One of the first authors to deal with this subject was Müller-Wenk (1998), who put 
forward a proposal for modelling the impact of land use on ecosystems by measuring 
vascular plants, using characterisation factors. 

 Lindeijer‘s method (Lindeijer et al., 1998, 2002; Lindeijer, 2000b) uses the 

measurement of the number or the density of vascular plant species, which are 
representative of the diversity of species in general. A further development of the 
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method is the one presented by Weidema and Lindeijer (2001), which measures the 
richness of vascular species.  

 Köllner (2000, 2007, 2008) also measures the richness of vascular plant species, 
where differences in density will depend on the type of land use in the area of study. 

 Goedkoop and Spriensma (2001) applied Köllner‘s method (2000) to develop the 

impact category of land use in the Ecoindicator-99 assessment method. 

 Schenk (2001) proposed a preliminary list of indicators that had been agreed on by 
experts in the field with the aim of further developing them in the future. 

 The method developed by Vogtländer et al. (2004) expresses the impact according to 
the changes in the biodiversity of the flora. It presents two models of characterisation 
based on species richness and on the rarity of the ecosystems and their vascular 
plants. 

 The methodology by Michelsen (2008) is applied in order to carry out an indirect 
evaluation of the biological diversity based on knowledge about which factors are 
important to maintain the biodiversity in a boreal forest. In addition, the intrinsic 
quality of a region is also submitted to an analysis based on the factors determined 
by Weidema and Lindeijer (2007): the scarcity of ecosystems and their vulnerability. 

1.2 Impact on fertility or life-support functions 

Soil performs a series of functions that help to maintain life in ecosystems, and which are 
known as life-sustaining or life-support functions. These functions allow a soil to be fertile 
from a chemical (the capacity to provide nutrients), physical (the capacity to offer suitable 
structural conditions for the support and growth of crops, such as porosity, bulk density, 
penetration resistance, etc.) or biological point of view (linked to the biological processes of 
the soil, related with its organisms, in all their different forms).  

In this section the following methods can be highlighted: 

 Baitz et al. (1999) present a method in which landscape values are not taken into 
account and impacts on biodiversity are considered to be only slightly dominant. The 
method takes into account eleven different quantitative indicators that measure the 
life-support functions of the soil. 

 The method developed by Lindeijer (2000b) and later improved by Weidema and 
Lindeijer (2001) presents the impact in terms of net primary production (NPP) values. 
The NPP value can be seen as an expression of the natural dynamic value of a 
particular area. In terrestrial ecosystems, the availability of biotic resources is related 
to their productivity potential, understood as referring to the production of biomass 
that is photosynthesised by green plants from water, CO2 and solar energy. The NPP 
is obtained by subtracting the amount consumed in cell respiration from this biomass.  

 Both Milà i Canals (Milà i Canals, 2003; Milà i Canals et al., 2007b) and Cowell and 
Clift (2000) suggest using soil organic material (SOM) as an indicator of the long-term 
effects on soil quality and productivity. An increase in the amount of SOM improves 
its biological, chemical and physical quality for a particular crop production. The first 
of these two studies proposes a model for calculating characterisation factors for 
several interventions that affect the total amount of SOM, such as crop waste or 
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organic waste. Cowell and Clift (2000) present a characterisation model based on the 
reserves of organic materials in the soil. 

 

 
Classification Authors Main characteristic 

Based on the 
impact on 

biodiversity 

Müller-Wenk (1998) Measurement of vascular plants 

Lindeijer et al. (1998, 2002), 
Lindeijer (2000b) Measurement of vascular plants 

Weidema and Lindeijer 
(2001)  

Measurement of vascular plants modified 
with specific characteristics of the 

ecosystems 

Köllner (2000, 2007, 2008) Measurement of vascular plants 

Goedkoop and Spriensma 
(2001) 

Computer-based method by Köllner 
(2000) (Ecoindicator-99) 

Schenk (2001) List of indicators 

Vogtländer et al. (2004) Measurement of vascular plants and 
rarity of the ecosystems 

Michelsen (2008) Based on Weidema and Lindeijer (2001) 
applied to ecosystems 

Based on the 
impact on 

fertility or life-
support 

functions 

Baitz et al. (1999) List of indicators 

Lindeijer (2000b) Measurement of the NPP 

Weidema and Lindeijer 
(2001)  

Improvement by Lindeijer (2000b), 
measurement of the NPP 

Milà i Canals (2003), Milà i 
Canals et al. (2007c) Measurement of the SOM 

Cowell and Clift (2000) Measurement of the SOM 

Table 1. Summary of the methodologies for evaluating the impact of land use 

1.3 Landscape impact 

The number of vascular plants and the amount of carbon in the land provide generic 
information about the impact of land use. Because of this general nature, it could be thought 
that they do not provide totally specific and complete information about the different 
characteristics regarding the situation of a particular area of land. 

In order to obtain a global or generic index of the impact caused by the transformation of a 
particular type of land, it is necessary to determine the main impacts. Studies carried out by 
experts show that the main impacts should be those affecting biodiversity and life-support 
functions. The reasons behind the importance and appropriateness of considering the impact 
on biodiversity and fertility as being the best suited for assessing the impact category of land 
use have already been explained in the previous section. 
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However, due to its importance in the quality of a particular landscape and its influence on 
human beings, visual or landscape impact is also considered to be an impact caused by land 
use. 

The development and application of different methods for evaluating the landscape in 
different territories has led to the existence of maps that assess it in a number of regions and 
countries. In the case of Spain, studies have been conducted on a regional level, but the 
landscape has only been described qualitatively and not quantitatively (Otero et al., 2007a, 
2007b). These authors understand the landscape as ‗nature, territory, geographical area, 

environment, system of systems, natural resource, habitat, scenario, daily setting, a one-

point neighbourhood, but above all, and in all cases, landscape is an external manifestation, 

image, indicator or key to the processes that take place within the territory, whether we are 

dealing with the natural or the human sphere. As a source of information, the landscape 

becomes the object of interpretation: humans establish their relationship with the landscape 

as receivers of information and then analyse it scientifically or they experience it emotionally‘ 

(our translation). They claim that the process of evaluating the landscape is recognised as a 
powerful interdisciplinary tool for evaluating the environment and that it provides a basis on 
which to perceive an area of study as a system of interrelated territorial units with specific 
environmental characteristics. In order to produce the map of landscape quality on a national 
scale, they divided the Iberian Peninsula and the Balearic Islands up into 24 large groups or 
associations of landscapes, subdivided into 51 subgroups. They then analysed and extracted 
the main features that go to make up each landscape. These were based mainly on physical 
characteristics such as relief, altitude, position or influence, morphological features, uses and 
populated areas. 

The information provided by the landscape quality factor that was supplied from a series or 
physical features, such as relief or altitude, shows data that are useful for categorising the 
impact of land use with greater accuracy. The information about these features is the basis 
on which to evaluate the landscape. 

Thus, introducing this landscape variable can be a very important aspect to be taken into 
account in land planning processes, together with information about vegetation, geology, soil, 
and so forth (Otero et al., 2007a, 2007b). 

The foregoing hypothesis can be extrapolated when it comes to considering the 
environmental impact of transforming a particular land use, so as to complete the traditionally 
studied impacts such as those produced on biodiversity or the fertility of the land. Thus, the 
impact on the quality of the landscape based on physical factors can therefore be considered 
an important factor for the impacts of land use. 

Methodology 

In order to explain the reasons why the three selected impacts are appropriate for evaluating 
changes in land use from the environmental point of view, we will now go on to consider the 
concepts of ontologies and taxonomies, which are used in the field of design engineering to 
organise information. 

Taxonomies are generally used to classify large amounts of information, although it is 
important to point out that the knowledge that is available can only be arranged over a set of 
variables. This limitation implies, however, that knowledge about any subject is neither 
exhaustive nor objective (Genshenson & Stauffer, 1999). 
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Ontologies are formal representations of a set of concepts with a domain and the 
relationships among those concepts. They are a system for representing knowledge that is 
the result of selecting a field within that knowledge and applying a method in order to obtain 
a formal relation among its concepts and the relationships that link them. These concepts are 
organised in taxonomic structures and an ontology therefore contains a taxonomy of classes, 
along with their corresponding properties and instances.  

Of all the different ontologies that exist, to justify the choice of the impacts, the Suggested 
Upper Merged Ontology (SUMO) (Cebrián-Tarrasón, 2008) is used because of its high level 
of abstraction and because it provides definitions for commonly used terms. This ontology 
divides physical entities into objects and processes. The definitions of each entity are as 
follows: 

 An object is considered to be an entity if it is always present as a single unit, such as 
a person, a car or a watch, for example.  

 A process is an entity that is present for a specific time, such as a particular action, a 
storm or the design of an object, for example. 

Identification and justification of the selected impacts 

The significant concepts from the information provided by the SUMO ontology related with 
the physical concept of land use can be represented as shown in Figure 1. 

By comparing these concepts with the selected impacts, the following information can be 
organised and identified: 

 Biodiversity. According to the definition in the Compact Oxford English Dictionary, 
biodiversity is the variety of plant and animal life in the world or in a particular habitat. 
This factor can be related with the concept of ‗organism‘ (Agent – Organism) in the 
SUMO ontology. In order to understand this identification, it is necessary to explain 
the reasons why an organism is considered to be an element related with the 
biodiversity factor. According to the definition proposed by the SUMO, an organism is 
‗generally, a living individual, including all plants and animals‘, which corresponds 

directly with part of the definition of biodiversity.  

 Fertility. In the horticultural sense fertility can be defined as a measure of the 
nutritional richness of the soil. This factor can be directly related to the concept of 
‗substance‘ (Self-connected Object – Substance). According to the definition put 
forward by the SUMO, a substance is ‗an object in which every part is similar to every 
other in every relevant respect'. It must be pointed out that a substance can have 
physical-chemical properties that vary, such as temperature, chemical constitution, 
density and so forth, (a body of water, for example). The SUMO subdivides the 
concept of ‗substance‘ into six types, of which the concepts of ‗minerals‘, ‗pure 

substances‘, ‗natural substances‘ and 'biologically active substances‘ are selected as 

the most significant. Likewise, pure substances are considered to be ‗metals‘, 

‗molecules' and ‗water‘, while an example of a biologically active substance could be 

‗nutrients‘. All these elements would be essentially related as the constituting 

components of the nutritional richness of the soil. 

 Landscape. Landscape can be defined as the extension of land that can be seen 
from a certain point, although it is a concept that is used in different ways by several 

                                           221



Area: Environment 

 

―Selected Proceedings from the 13th International Congress on Project Engineering‖. 
(Badajoz, July 2009) 

 

fields of study. Nevertheless, all the uses of the term implicitly refer to the existence 
of an observing subject and an observed object (the land), the most important 
features of which are stated as being its visual and spatial qualities.  

The meaning used in this study is taken from a geographical point of view, in which 
landscape is understood to refer to any area on the Earth's surface that is the sum of 
the interaction of the different factors it contains and which are reflected visually in 
space. The geographical landscape is therefore the appearance taken on by 
geographical space. It is defined in terms of its forms, which may be natural or 
anthropic. Every landscape is made up of elements that are connected to one 
another. These elements can be one of essentially three types: abiotic (non-living 
elements), biotic (resulting from the activity of living beings) and anthropic (resulting 
from human activity). Thus, this factor can be directly related with that of ‗region‘ 

(Region – Geographic Area), since, according to the SUMO definition, a region is a 
‗topographic location. Regions encompass surfaces of objects, imaginary places and 
geographic areas. Note that a region is a single type of object and that it may be 
located by itself'.  

 The term referring to human intervention (Agent – SentientAgent) implies the need for 
human beings to modify the environment in order to bring about the changes in the 
impact of land use. This is, therefore, the impact that is to be assessed, which affects 
the other independent, equally levelled impacts that were cited above. 

 The part referring to processes, which are divided into geological and climatic, 
interact in the four factors and are thus very important external factors; nevertheless, 
they are already being taken into account individually by considering the factors of 
fertility, biodiversity and landscape. 

Therefore, by means of what has been outlined above and taking any ontology as the 
starting point, it can be said that the selected terms satisfy the requirements as regards 
taxonomic consistency (Cebrián-Tarrasón & Vidal, 2008), and can be described as follows: 

 Thoroughness, which means that it fully covers the whole of a particular domain, so 
that all cases can be classified. This taxonomical arrangement can be considered to 
be exhaustive because, as pointed out in the related comparison, all the concepts 
associated with the impact of land use fit perfectly into the three domains of the 
different characterisation factors mentioned above.  

 Conceptual orthogonality, which means that the terms inside the arrangement of the 
knowledge about the factors involved in land use are mutually exclusive of the other 
terms. This taxonomy is considered to be conceptually orthogonal because each term 
is mutually exclusive. As an example of this type of consistency, the landscape factor 
is exclusive to the concept referring to region in the SUMO ontology, without there 
being any similar element that can give rise to ambiguity in its definition. 

 Parallel structure, which means that the requirements are classified hierarchically. 
This taxonomy is considered to fulfil a parallel structure because, as it is classified in 
Figure 1, the terms that are related with land use are hierarchically distributed thus 
indicating their relation between the more concrete and the more general terms. In 
the case of the concept ‗substance‘, the idea is exemplified by indicating that any 
substance is an object and that, at the same time, any mineral can be considered a 
substance. 
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Figure 1. Selected concepts from the SUMO hierarchy related with land use 

This comparison shows the need to include the landscape factor as a relevant element in 
order to complement the characterisation of the impact of land use. Figure 2 shows a 
graphical representation of the selected impacts and the taxonomic justification. 

 

 
Figure 2. Taxonomic justification of the selected impacts on land use 
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Conclusion 

This work shows the possibility of applying taxonomies to the field of LCA. It describes a new 
way of working by formalising the knowledge that is available and by opening up the way to 
the future development of an ontology about LCA. 

Likewise, as regards the justification for the work, it must be noted that if only the impacts or 
fundamental sections referring to the biodiversity and fertility factors are considered, then no 
specific factors from the region where it is located are included. This problem can be solved 
by including the landscape factor, either from the physical or the geographical point of view. 
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