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SUMMARY

A research on land cover/land use accounting is currently being carried out by several countries, with the support of Eurostat, as a follow up of the work on physical environmental accounting of a task force gathered by UN-ECE from 1992 to 1995. In the first phase, both theoretical and statistical work lead to the following significant conclusions :

- accounting methodologies provide an efficient linkage between economic activities, land use/land cover and biodiversity;

- land cover and land use maps and statistics (state and evolution) are the basis of core accounts; these latter can structure a set of more detailled, target orientated, supplementary accounts; 

- changes in artificiality, intensity of use of land and botanical diversity can be described with indicators derived from the accounts;

- some compilation is feasible from existing datasets;

- mapping of landscape types and/or mapping of environmental systems (considered as analytical units) is a pre-requisite both for the framing of sampling patterns to collect additional data and the establishment of relevant indicators;

- the use of standard classifications of activities and assets is necessary to bridge economic (monetary) data and physical data (emissions, land use); this seems possible, including the reference to the UN-SEEA Classifications of Non-Financial Assets and Other Changes of Volume of Non-Financial Assets.

INTRODUCTION

The main goal of environmental accounting is to integrate environmental concerns in economic policy making. Basically, environmental accounting aims at bridging the information systems on the economy (the National Accounts) and on the environment in order to provide the policy maker with coherent sectorial, regional or aggregated indicators expressing either economic performances in the light of their environmental impacts or the efficiency of environmental policies according to their cost. These indicators can be compiled in monetary and/or in physical terms.

Providing guidance to the policy, economic and social actors requires some clarification of the causal relashionship between actions or activities, the related pressure (emissions of pollutants, resource use or, oppositely, environmental protection) and the environmental impacts (on the quality of the media, on the state of the ecosystems, on the quality of life and health...). Environmental accounting should therefore encompass schemes on information that enables decision makers to grasp these cause-effects relations.

For a few environmental problems only a general understanding of causes and effects is sufficient for taking decisions on measures. E.g., when the level of pressure is high, its reduction constitutes a goal in itself, as long as it alleviates accordingly the impacts on the environment. 

For most environmental problems however, more detailled knowledge on the mechnisms is required. When the pressures are many and/or moderate, when a choice has to be made either between short term and medium/long term constraints or between social, economic and ecological needs, more care has to be given to the assessment of the impacts themselves. 

Sometimes, global modelling can be established between causes and effects3. However, in most cases, location is an important factor in environmental assessment, both in terms of pressure, impacts and state. 

Environmental impacts may be different according to local environmental conditions. This is true for the emissions of more or less harmful substances (such as nutrients, toxics and other pollutants), their deposition and the subsequent pollution. This is true, as well, for other pressures resulting from natural resource use, either through withdrawal and operation or by in situ use (including land use) and the structural or functional degradation of the environment these uses may result in. 

In general, this means that regional detail has to be supplied at the appropriate level in the accounts. Land cover/land use accounting may provide a general background for integrating the geographical dimension in environmental accounts, where it matters. In particular, land cover/land use accounts aim at providing an assessment of (changes in) the potentials of land. These potentials relate to the richness of  the natural habitats in terms of extent and biodiversity, to their vulnerability, to the characteristics of the soil, to the availability of water (quantity and quality of surface and underground waters, regularity of flows...), to the social and economic activities of which it is the support (agriculture, forestry, but also tourism, transport, industry, housing...). The potentials can be assessed from several points of view, one of them being the capacity of the landscape to sustain natural life under the pressure of human activities. 

A research on land cover/land use accounting is currently being carried out by several countries, with the support of Eurostat, as a follow up of the work on physical environmental accounting  of the Task Force gathered by UN-ECE from 1992 to 19954. The general approach, methodology and first conclusions of this research are described below. 

1. GENERAL APPROACH AND METHODOLOGY

1.1 General model and structure of the accounting framework

For describing the changes in wealth of land major sources of information are available, including inventories of land cover, land use, fauna and flora. 

The bio-physical cover of land results from both the use of land by human activities and natural process, would it be modified or not by human activities. Land cover inventories are worked out with the aid of satellite images or aerial photographs. Land cover inventories are relatively cheap and they provide a framework for detailed subsequent inventories.

Changes in land use may result in changes in land cover (deforestation, building of a road, urbanisation...) or in changes of the conditions of the natural or modified biotopes (due to the use of fertilizers and pesticides or to laying land to fallow, due to the intensity of traffic on a road, due to the density of population in a town...). 

Fauna and flora inventories provide information on biotopes, the number of species present  or on the population of these species. Often special categories are selected such as endangered species or species of international status like some migratory birds. Some species (endangered or not) are considered as indicators of the state of the biotopes and monitored as such.

The understanding of the relationships between socio-economic activities and their consequences on environmental conditions often implies taking into account the functioning of elementary units described in geographical terms, at local level. In this respect, environmental accounting provides a structured framework essential for integrating data from diverse origins, some derived from cartographic analysis, others from sampling inventories or from general surveys of economic actors or activities.

Figure 1 : The general model of land cover/land use accounting

The starting point of land cover/ land use accounting is the assessment of changes in land cover, considered as a preliminary condition for further integration of the data. 

The structure of the accounting framework is based on a distinction between core accounts, concentrating on the changes in land cover/land use and supplementary accounts, which are issue-oriented. This solution ensures a minimum of consistency with the common set of core accounts and some principles for geo-referencing and classification. In addition, the flexibility of the general model makes it possible to experiment with more detailled accounting by using specific national sources, each target-oriented account being linked to a main core which is comparable from one country to another. 

The issues considered are grouped under two main headings : 

- the changes in artificiality due to the intensity of use of land and 

- the natural potentials of land and first of all, the biodiversity.

A final linkage can be made between the changes in biodiversity and the changes in artificiality, both in terms of land cover changes (i. e. deforestation, drainage of wetlands, building on arable land...) and of changes of the intensity of the management of land (without change of the land cover type). 

1.2 The core accounts

The core accounts provide a basic reference in terms of structure and changes of land cover and land use. They are elaborated from land observation techniques, in which remote sensing by satellite and by aerial photographs have an important role to play. However, other sources, generally based on terrestrial sampling, are necessary to detail actual land uses (ahead of what is reflected by the cover of land). 

The core accounts include matrices describing stocks or assets and their changes, together with an analysis of the types of changes. 

Figure 2 : Structure of the core set of land cover/land use accounts

The Stock Accounts are matrices which link , in a first step, land cover to land use and, in a second step, land use to activity sectors. 

The distinction between land cover and land use relates to observation techniques. In principle, it is possible to produce land cover data from detailed exhaustive land use data. However, while land cover data can be collected from airborne or satellite earth observation systems, land use requires field observations, which are more costly. Accordingly, land use information is not, in general, collected in a continuous way, with the exception of specific areas (mainly in some urban data bases). More often than not, land use information is collected on the basis of sampling patterns. In other cases land cover information is considered as a proxy of land use (even if the uses for a same cover may differ5). Of course, activities are better linked to land use than to land cover. 

For this reason, the proposed approach is progressive, starting from very basic data (land cover accounts) which are developed step by step according to assessment targets. The common basis (core accounts for land cover) gives some consistency in the data treatment from diverse sources, requested for compiling accounts for specific environmental targets.

Accounts for changes of land cover aim at explaining the factors which are responsible for the changes, either human activities, natural process or accidents. 

Basically, the accounting unit is a surface area with certain characteristics, either directly observed (remote sensing) or extrapolated from data collected from plots (some aspects of land use, fauna and flora...). The measure used in accounting is often the surface area (hectare or or km²), but length units or number of zones can be relevant in some cases. 

However, the analytical unit for which accounts are compiled is not, in general, the land cover mapping unit itself. Instead, accounts will have to be established at relevant scales with reference to landscape types, to landscape units refering to environmental systems or to administrative regions (the context of decision making). (These questions are discussed in other papers presented in Session 7)

1.3 The supplementary accounts

The supplementary accounts aim to provide information on specific issues. The initial choice of possible supplementary accounts was pragmatic and the participants in the UN-ECE pilot group chosed supplementary accounts according to national concerns and available data.

(see  Table 1 : Initial selection of issues)

 The supplementary accounts rely both on land observation techniques and on other sources of data. They provide specific information and linkages with statistics on economic activities and/or on hydrology, fauna, flora and biotopes. For this reason, they require a consistent definition of analysis and observation units, in reference to landscape types (combining relief, climate geology altogether with land cover) and/or environmental systems (or regions). 

Figure 3 : A general framework for land cover/land use accounting

On Figure 3, the core accounts (which have been previously detailed on figure 2) are enhanced by two sets of data:

- landscape physical types, which, combined with land cover provide landscape types useful for extrapolating data collected on a sampling basis;

- additional information, necessary in particular for taking account of linear features like streams, hedgerows, roads, railways..., when the scales of the basic survey does not allow their identification. 

Further,  two sets of supplementary accounts can be defined. They deal with artificiality of land and biodiversity. 

First, the accounts describing changes in artificiality have to be linked with the origin of the process (the driving forces). Artificialisation can be due to economic activities such as manufacturing and mining, agriculture, construction and public works, tourism, transport... An opposite process can take place, for example in the case of abandoning of land by agriculture. These activities are listed in the ISIC nomenclature. Consumption patterns have to be considered as well, both individual and collective (waste landfills, nature conservation...). For the same production, the intensity of land use depends on the technologies implemented. Artificialisation can be described in terms of changes of land cover (i.e. consumption of natural land by artificial features) or changes in the intensity of use of land cover units remaining in the same type during the period (i.e. intensification of agriculture).  

Second, accounts for potentials of land and biodiversity need additional data, mainly on the water resource, on soil and on fauna and flora. The natural potentials of land depend on its capacity to support the habitats of fauna and flora. An assessment can be made by comparing actual presence of species with theoretical lists, defined in relation to lanscape types.

2. DATA REQUIREMENTS FOR LAND COVER / LAND USE ACCOUNTING

The data required for land cover/ land use accounting can be classified in three types: background data, data from general land surveys and specific data. For the three types of data, the geo-referencing (in the strict sense), or the referencing to a grid or to geographical units (administrative units, natural regions...) is an essential characteristic, the type of assessment being dependant of the precision of the referencing.

2.1 Background data

The background data relate to the permanent characteristics of landscape : relief, geology, soils types, average climate. They are necessary to assess the state of the biotopes by providing a reference like potential vegetation maps, as well as for having a yardstick for the intensity of use of the land. These data are generally available on maps. Administrative boundaries (useful for referencing socio-economic data) can be included with this group. 

Combined with data on the major types of land cover and use, the physical background maps permit the breakdown of the territory into landscape types and environmental regions. 

2.2 Data from general land surveys 

Land cover data can be obtained from remote sensing or from surveys on sample plots. 

Remote sensing provides exhaustive assessments of land cover. The so-called CORINE land cover inventory (CLC) implemented by the European Community in its member states as well as in central and eastern European countries will provide, when completed and updated, a consistent basis for future land cover accounting. Derived from satellite imagery, CLC describes 44 classes of land cover units at the scale of 1/100 000, the smallest mapping unit being of 25 hectares (1 hectare = 10 000 m²).  

The methodology of CLC, however, does not allow to describe most of the linear features of landscapes, natural (e.g. streams) as well as semi-natural (e.g. hedgerows) or artificial (e.g. roads) features. Taking into account these features requires working at a larger scale (e.g. 1/25 000), which implies presently the use of remote sensing from airborne systems (aerial photographs). This information can be obtained from the digitised maps produced by national geographic institutes or through specific surveys.

In general, the quantity of information, including the detail of the classification, obtained from remote sensing corresponds to the scale at which the survey is worked out. At a small or average scale (like CLC), the land cover units are largely composite and can be classified according to their main characteristic. At large scales, the land cover units are the parcels of land or the biotopes and can be used for organising the information according to land use, fauna and flora.

However, remote sensing techniques, including sophisticated image processing, cannot provide sufficient information on land use and biotopes. Much can be done to identify crops or types of natural vegetation but some limits result from the observation tool. First, the cost of detailed surveys by remote sensing may be very high and does not allow the production of exhaustive national inventories. Second, some information can only be collected in situ. It is for example the case for the use of a forest (timber production or recreation or protection of soils), the low vegetation in a forest...etc. 

For these reasons, additional, more detailed information on land use and fauna and flora has to be collected by (sample-based) field surveys.

2.3 Specific data

Additional specific data are necessary in reference to economic activities or to sectorial accounting. They relate to production, intermediate economic consumption (e.g. of pesticides), road traffic, emissions of pollutants, disposal of wastes, etc... As mentioned, the geographical referencing of such data determines the detail of the possible accounting.

Other data relate to rare, threatened or important biotopes. Their identification does not necessarily depend on geographical or statistical surveys. Other sources of information may exist. However, they need to be taken into account. 

3. LESSONS FROM THE NATIONAL PILOT STUDIES

3.1 The pilot studies

The general model for land cover / land use accounting has been tested in pilot studies carried out in Austria, France, Germany and the United Kingdom. The work principle was to try computing accounts, at least for a part of the framework, from existing data. 

Austria started developing ecobalances at regional level for key sectors : agriculture, forestry, tourism, road traffic, construction of buildings. "Classical" statistics were used as a basis of the studies, most of them available by administrative units (municipalities or districts).

France limited in a first phase its study to the feasibility of core accounts. The source of data used is the yearly inventory of the Ministry of Agriculture. This inventory, known as Teruti, is based on a systematic sampling of the territory. Around the sampling points, information is collected both on land cover and on land use (with a focus on crops, but also with information such as the size of buildings or their function). Time series of the changes have been established at national level from 1982 to 1990 and presented by matrices as well as accounts linking initial and final stocks by dint of changes. Due to the source used which provides results by broad region, no geographical integration was attempted at this stage. 

Germany used geographic databases (Stabis-at a scale of 1/25000 and Corine land cover-1/100000) as a starting point. In a test area, changes in land cover/ land use have been linked to activities by means of a classification of land in degrees of artificiality (7 classes). The German experience is presented at the IARIW Special Conference in an invited paper. 

The United Kingdom developped accounts from a detailled landscape inventory known as the Countryside Survey. This survey combines mapping of land cover and sampling of point data for land use and flora. One major finding of the approach is the interest of a background breakdown of the territory in a few landscape types based on physical parameters (climate, relief, geology) combined with land use. Correlated with patterns of agricultural activity and ecological characteristics, these landscape types provide a good basis for sampling and for making extrapolation to regions. The UK experience is presented at the IARIW Special Conference in an invited paper.

3.2 The value-added of land accounting

Insofar as the accounting exercices on physical accounting have been worked out from existing statistics and data bases, a basic question has been discussed by the UN-ECE task force : is there a value-added in accounting ? The general opinion expressed in the final meeting of the task force is that the benefits usually accruing to accounting techniques are also apparent in the pilot studies. The following points have been put forward. 

One major advantage of accounting relates to improved possibilities for the joint use of data from different data systems. This is true both in the field of environmental data and for integrating environmental and economic data.

Also, the accounts help to present more clearly information embodied in the data sets and which are not immediately evident. This is due to the systematic presentation of the changes in quantity and quality and to the analysis of the causes of the changes. This type of information is more efficient for policy making.

Furthermore, accounting improves the consistency of data sets by enhancing their methodological standardisation and their international comparability. In addition, gaps in and between existing data sets become more readily apparent, which helps in the orientation of future statistical work.

Developing accounts also favours the continuity of statistical practices and stability of essential time series.

Finally, accounting appears to be particularly valuable for modelling the state (quantity and quality) of the natural assets and their possible dillution in conjunction with development scenarios and should be of growing importance to environmental information and studies.  

Land cover/ Land use accounting, with the linkages to human activities, on the one hand, and with biodiversity, on the other hand, can be considered as a tool for sustainable development policies. It can provide information at national and regional scale and be used both for national accounting of natural assets (as defined in the SNA and SEEA) and in land planning. Comprehensive indicators can be computed from these accounts. 

On the economic side, a clear linkage can be made with the classifications of the so-called SEEA satellite account of the revised SNA. Both classifications of non-financial assets (CNFA 2.1.3. Land (with ecosystems and soils), except 2.1.3.1. Soils) and other volume changes of non financial assets (COVC, several items) can be used with minor adjustments. The UNECE Standard land use classification is the appropriate classification for land use, whereas the EEA-Corine land cover nomenclature is the one implemented in the largest number of countries. In that respect, land cover/ land use accounts can be considered fulfilling the needs of the relevant building block (Accounts of land use, ecosystems) of the "Version III - Physical accounting" of the SEEA. Another important linkage with SNA relates to the economic activities and the related flows as described by ISIC. The future development of Material-energy balances and of Pressure Indices will also have to consider the land dimension (georeferencing of environmental pressures).

On the Nature side, the linkage will be made easier with the development of other natural resources accounts, in quantity and quality, for water, soils, atmosphere and climate, fauna, flora and biotopes.

The intensity of use and the artificialisation process can be considered at different scales. A first set of indicators can be computed from general data on land cover : surface of land cover units (so-called ecozones), structure of landscape (size of the ecozones, distance between ecozones of a same type, impacts of artificial linear structures...). Further, artificialisation of ecozones which remain in the same type need additional information on stresses due to activities or can be deduced from their consequences on biodiversity.

3.3 Difficulties to overcome

In principle, the best linkage between activities and land has to be found through land use. However, land use information requires field data collected from sources independant from land cover surveys. When such data are not available, land cover data at a large scale (where a good correspondance between land use and land cover units can be found) can be accepted as a proxy for land use and a linkage can be made between activities and land cover. 

However, another problem arises at this stage : economic data are not, generally, georefenced but collected through institutional or functional units which can be refered to administrative units. The integration between data on land use and data on economic activities has to be done at the latter scale with possible further geographical beakdown. 

A similar problem relates to fauna and flora statistics collected through samples-based field surveys. The data can only be extrapolated to environmental regions including physical characteristics. 

These analyses require the use of a geographic information system (GIS).

Considering the data, the UN-ECE pilot exercice shows that useful work can be done in spite of discrepancies and gaps. 

For the future, needs have been identified from the present difficulties. As concerns a single classification, the CLC programme, presently developed in 20 European countries, can possibly be the basis for future accounting. However, some improvements are necessary, mainly in terms of the smaller mapped unit, which is presently of 25 hectares. According to the moderate rate of the changes in Europe and to the large number of small "ecozones", the present degree of aggregation of Corine prevents accounting for regions under a certain size and/or for periods of time shorter than five years, and probably more. An improvement of quality could be obtained by mapping smaller units. 

Considering other uses of remote sensing by satellite, which offers economic advantages for data collection on land, it was noticed that further research is necessary, in particular for an operational use of the vegetation indexes, which could potentially provide usefull assessment of the sealing of soils of urban areas. 

Although standardised field surveys of both land use and fauna and flora are not expected in the near future, an improvement both in quality and in international comparability could be obtained by structuring the sampling patterns in reference to landscape types as described above (section 1.2). 

Finally, one must insist on the necessary cooperation between statisticians, geographers and biologists. In several countries such a cooperation does exist and, for example, statistical offices developed their own capacities in GIS. However, in other countries it is not yet the case and some involvement of national geographic institutes and research organisations could be necessary for the future development of land cover/ land use accounting.

CONCLUSION : FURTHER STEPS

A second phase of the land cover/land use accounting project has been launched, with the support of Eurostat (European Commission) and in connection relation with the related European Environement Agency activities on land cover data and indicators. 

The research done so far can be considered as a preliminary step for an extension of the Pressure Indices Project towards impacts and state assessment. Areas to consider are biodiversity, natural resources and landscape. The main pressures on land are due to the emissions/depositions of pollutants, the use of fertilizers and pesticides in intensive agriculture, urbanization and transport networks. 

The next phase of research aims as well at integrating new developments of the European Environment Agency Land Cover inventories programme. Indicators derived from Land Cover inventories and monitoring and methodologies for assessing the trends of biodiversity could be taken into consideration in the accounting programme. In addition, land cover/land use accounts could help the EEA in organising its information bases for environmental integrated assessment. 

The expected results of the research are :

- linkage of land use and of economic activities (as defined in the emission structure information system); 

- inclusion of rare or localised components (non adequately represented in sampling strategies) in a biodiversity indicator;

- indicators of structural changes of landscape.

NOTES
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Figure 3 : A general framework for Land cover / Land use accounting

Table 1 : Initial selection of issues by the UN-ECE Task Force - An illustration

	PRIVATE 
1. Sealing of soils/ water resources 

2. Partitioning of land (by transport networks)  

3. Artificiality/naturalness 

4. Biodiversity/ vegetation 

5. Landscape stability 

6. Industry (including mining industry) impacts 

7. Agriculture impacts 

8. Tourism impacts 

9. Transports and human settlements impacts 
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Although the authors of the present paper borrow heavily from the mentioned report, the text reflects now their own views and not necessarily those of the task force or of their respective organizations.


2. See bibliography,  Physical Environmental Accounting : Land Use/ Land Cover, Nutrients and the Environment,  op. cit. 2.


3. Greenhouse gases emissions and absorption (by vegetation and oceans) are tentatively linked with climate changes. CFCs, the ozone layer and consequences on health is another area where causal relationship are presently analysed. 


4. Including Austria, France, Germany and the United Kingdom.


5. For example, a forest can be used for (more or less intensive) timber production, for recreational purposes, for protection of soils against erosion, for nature conservation...







