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This paper sheds light on the process of constructing statistical indicators and on the actors involved. It is shown that the model of indicator-building presented is based on co-operation between the actors of politics, science, and statistics and that it enhances discussion with the general public - provided that the information is successfully transmitted. By using case studies from the environmental domain - showing the problem of short-lived indicators and of disregarding an actor involved - an optimistic construction process for indicator-building is developed. The model takes account of all relevant actors (statistics, science, and politics) and of the complexity of their work systems. Analysing the case examples also shows that indicator-building cannot be a linear process but is rather an iterative decision-making process where satisfactory sub-solutions are found and sub-targets are met. Aggregating the indicators is done as a rational process in that procedure of indicator-building.
1. Indicators and the conflicting goals of statistics, science, and politics

Generally, what is meant by statistical indicators is quantitative variables measured or calculated which, individually or as part of a set, allow to obtain as much valid empirical information as possible on a specific matter (indicandum). Consequently, the purpose of indicator-building is to represent the complex reality - the state of a society, its social, economic and ecological connections, and their development - by means of an informative indicator (Schäfer et al. 2004, pp. 167 et seqq.). The main structures and developments of reality are to be represented by statistical information. Reality itself is complex. Extracting from it the essential requires a process of knowledge-finding where the essential is separated from the non-essential and where small descriptive "information atoms" are aggregated in a stepwise process to form larger artefacts, which then can represent more comprehensive sub-systems of reality. The most prominent and most successful approach of that type is national accounts. Using a wealth of individual specialised information, a theory-based, consistent empirical overall picture of the business cycle is developed there, leading to macro indicators such as growth, income, etc. This example illustrates how larger and smaller sections of reality correspond with larger and smaller pieces of statistical information and what the (hierarchical) relations between the latter are like. 

For quite some time already, indicators have been in the focus of the general public. At the theoretical and political levels, a multitude of indicators are discussed and increasing attention is paid to their empirical implementation. Compared with many project-oriented measurements of other providers, official statistics not only meets the criteria of objectivity and neutrality but also offers the advantage of having regular publications and long-time statistical series.

Empirical implementation involves not only mere statistical measurability. A fundamental task of statistics is to provide information (as opposed to data). Statistical data will become relevant information only if they meet the requirements of the users (for example, politics). Therefore, relevance is the comprehensive quality measure from the users' point of view and, consequently, is observed at the national and European levels. At the European level, for instance, the relevance of statistical surveys is laid down in the basic Article 10 of the European statistics law (Council Regulation (EC) No 322/97 on Community Statistics. To meet the quality requirement (relevance) at the national level, the survey programme of official statistics in Germany is developed in a dialogue with data users and is largely laid down in legal provisions. The trade-off between statistical measurability and relevance should be found in that dialogue.

What is decisive for information provision, apart from relevance, is methodology. In Germany, it is laid down in Article 1 of the Federal Statistics Law that data acquisition must be based on using scientific findings and on applying appropriate methods. However, methodology reaches far beyond official statistics and has general importance for empirical work. Disregarding the methodological frame may cause serious errors. This means that indicator construction has to cope with the conflicting goals of statistical measurability, scientific consistency, and political relevance. When applying this to indicator construction, three major "actors" will emerge: statistics, science, and politics. Every individual actor has a complex work system of his own. To illustrate those work systems, a pyramid picture is helpful (chart 1). The pyramid base describes the highly detailed work system, whereas the top part describes the very general work system - in between there is a middle level. Applying this to the work systems of the three actors provides the following picture:


The base of the political pyramid comprises a broad block of individual actions that are taken to arrange the living together in the society (to keep up or set up order). Individual actions may be structured or grouped by their content to form goals of political topics. To achieve such goals, action packages are adopted. At the general level shown at the top, there is the political programme, characterised by the vision and goals of the policy concerned. At all levels (especially the middle level), decision-making is influenced by various interest groups (lobbyists) and markets. 
What is closely connected with the political discussion on goals is the contribution that can be made by statistical reporting systems to measure progress made on the way towards those goals. An item may be represented by different tools and in different detail. In the base of the data pyramid, there are the basic data on selected specific topics, which are collected by subject-related surveys. The basic data are applied in many ways for specialised planning and research. Above them (middle level), there are indicators that are already more aggregated or more selective in terms of subject matter and that are integrated in a set of indicators, e.g. as sub-indicators. At the same level, there are the accounting approaches, where basic data from various sources are integrated in consistent methodical frames, thus allowing a systematic and more analytical view of the matter in question. As mentioned before, the most prominent example of such accounting approaches is national accounts, while another example is environmental-economic accounting which describes the interaction between the economy and the environment. The top level of the pyramid represents a very specific section of statistical information through a very small number of indicators. At the top of the pyramid, there may be a complex figure, a macro indicator such as the gross domestic product. Indicators at that top level may be less demanding in terms of consistency, but they provide early information that is relevant for decision-making. The purpose here is not to represent a matter in every detail and with all aspects and processes; instead, the complexity is to be reduced to relatively few simple measures (Radermacher 1998, p. 240). Macro indicators address especially politics and the general public, and they provide a more compact picture. However, the use of indicators always depends on whether, and to what extent, they are underpinned by, and combined with informative data and indicators (from the lower levels). 

To provide a consistent overall picture, the above pyramid picture must also include the sphere of science. The most detailed manifestation of the scientific work system is basic research. The results of basic research are integrated into the level above, where models are developed.  The top is formed by the theoretical concept used to present a matter, which again is influenced by the relevant paradigms of a science.

In the following chapter, examples will show what happens when actors or pyramid levels are disregarded in indicator-building.
2. The science-based, the political and the statistical approach to indicator construction

2.1 Dominance of science (with the example of the green national product)

In the 1980s, criticism of the national product (or the domestic product) as an indicator increased because it dominates the economic discussion, while disregarding environmental aspects. Critics demanded an indicator that both represents economic development and takes account of the utilisation of nature involved (external effects such as depletion of raw materials, deterioration of air and water quality, reduction of plant and animal species, etc.). The vision was to have an indicator covering economic development as a function of nature utilisation: The idea of the "green national product" was born. The intention was to calculate "only" a kind of consumption of natural assets, which could be used to indicate a genuine, "pure" growth figure (see Brouwer et al. 1999, pp. 13 et seqq.). To determine such consumption of nature, it was attempted to perform a valuation using a neo-classical economic concept. To put it in simplified terms, that concept was based on two theses:

· Thesis 1: We live in a deterministic-linear world of mechanical functions, which can exactly be represented by economic theory (through a mathematical equation). A balance will be reached with marginal movements and changes. 

· Thesis 2: Individual preferences reflect the standards of the society, i.e. values and valuations do not have to be (newly) generated. If there is no relevant market (e.g. a market for the climate), the procedure will not change because a market value is (technically) simulated or shadow prices are determined through a survey.

Consequently, a green national product based on that approach will lead to a fictitious balance of the overall economy, with nature integrated. The neo-classical approach is impressive because of its purely theoretically developed model solutions, its methodical consistency, and its formal elegance in valuing environmental aspects (Radermacher 1998, p. 238); however, it was not possible to implement it in practice. The reasons for the failure of that approach are contained in the above theses: Integrating nature into the green national product is not a marginal movement but rather a massive structural change, modifying all values (even the actual market values). Consequently, there are massive problems of valuation when determining the consumption of natural assets. 

If we apply this to the pyramid pictures, we get three statements (chart 2):

· The construction process of indicator-building runs once: Based on the theoretical concept (of theses 1 and 2), basic research has to define what elements of natural assets and what services provided by nature should be valued by what methods. Then, statistics has to collect the basic data required for the equation. Subsequently, the basic data are "summed up" to form the macro indicator (the green national product) weighted by prices. 

· With that approach, the middle level of the pyramid is irrelevant: There is always a direct top-down (or bottom-up) movement. The interpretation of the results is overburdened with theoretical assumptions and the indicator is attached with a degree of importance that it just does not have.

· Altogether, the approach of the green national product ignores the political pyramid, there is no assessment by politics.
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Goals set by politics (e.g. increasing the share of renewable energy sources) must be achieved by structural intervention influencing both the economy (e.g. production of wind power stations) and the quality of landscape, ecosystems, and biodiversity. Assessing environmental aspects cannot be a matter constructed and measured by experts alone, as is stated by thesis 2. Basically, what is needed is a decision to be taken by the society or by politics - a decision which, on the one hand, reflects the public opinion and is in accordance with the preferences of the electorate and, on the other hand, integrates long-term and global aspects (sustainable development). In this context, individual preferences cannot always be determined synthetically (e.g. by analysing the willingness to pay) and if it can be done statistically, the information value of the measurement is doubtful. For instance, a target for reducing gases affecting the climate, which among other things takes account of future generations' interests and of international aspects, cannot be set by market and opinion analyses. Therefore, politics has to take over the task of assessment. Consequently, individual preferences in turn depend both on processes of opinion-forming in the political sphere and on the indicators examined here. 

Therefore, the attempt to develop and establish a green national product as an aggregate in official statistics has failed - at least in Germany - and there will be no such figure in future either, because the valuations that would be required are just too complex. 

2.2 Dominance of politics (development of topic-specific indicators)

As another example of a current form of indicator-building that cannot be reconciled with the pyramid model of chart 1, a frequent pattern in the development of topic-specific indicators in the environmental sphere will briefly be examined in the following: Departing from the middle level of politics, a political goal is set, for example the improvement of water quality. To achieve that goal, relevant individual actions and regulatory steps are initiated. Then, the effects on water quality have to be covered by basic statistics and represented by a topic-specific indicator. That approach to indicators leads to a dominant position of politics at the expense of theory and empiricism. Where such purely topic-based politics is dominant, there is a great risk that goals and political issues will change ("pollutant of the day"). Topic-specific indicators derived from the basic data are not necessarily embedded in an overall statistical system and frequently there are many sets of indicators existing in parallel that are hardly aggregated, or not at all. Summary and aggregative topic-specific indicators can hardly be operationalised. Consequently, the indicators are short-lived - outside the expert world - and cannot develop into relevant factors. 

Again, for the same three reasons, the approach does not correspond to the pyramid model shown in chart 1: 

· Again, one of the three actors is disregarded, this time it is science. (That exclusion is not entirely correct, but it is assumed in order to present the basic principle in a comprehensible manner.)

· As in the first example, the indicator construction process runs once.

· There is again a pyramid level not taken into account, in this case it is the top level.


[image: image2]
2.3 Dominance of statistics

With a purely statistical approach - putting it in extreme terms - there would be just one pyramid, that is the pyramid of statistics. Departing from a variety of basic data, statistics alone could develop more or less detailed indicators. However, that approach ignores relevance as an important quality requirement to be met by statistics. The demand for information by users (politics) would not be satisfied. Political decision-makers would have to use other sources to satisfy their need for information. In this context, one may well refer to the different possibilities and skills of different users in perceiving and processing the information offered (keyword: Water-Mondriaan, cf. Maasdam 2000). An environmental minister takes strategic decisions and needs information fitting the purpose. Too many and too detailed pieces of information are not adequate here. However, consistency should be achieved between the macro indicators and the details, so that - as if using a lift - one may change between the levels of presentation and the "granulation" of indicators.

3. The ideal-type construction process

Having given some examples of the typical problems in indicator-building, it will be examined in this chapter what a better construction process should be like. As has been shown by the above examples, all three actors must be involved and all three pyramid levels must be taken into account. Also, indicator construction cannot be linear but has to be an iterative decision-making process where satisfactory sub-solutions are found and sub-targets are met. In addition to the horizontal adequation problem caused by competing theories at the same level (between the three pyramids), the vertical aspect must be taken into account, too (Heine, Oltmanns (2002) pp. 4 et seq.). The vertical aspect of adequation examines the aggregation towards higher levels. A precondition here is that hierarchical structuring is possible. Consequently, crucial importance is attached to the discussion between the three actors at the same pyramid level (horizontal adequation) and the discussion within the individual work systems (vertical adequation).

A crucial step towards an optimised decision-making process is the attempt to find a reasonable balance between theory and practice. Pure pragmatism will not lead to solutions that are stable in the long term. Pure theory is not useful for practice. Therefore, decision-making processes will always consist of some "laboratory" (theory) and some "bazaar" (negotiations). What is going on in the laboratory is empirical science; in the bazaar, actual decisions on indicators are negotiated - ideally as a discussion between statistics, science, and politics, taking account of the work systems applied. It may actually be useful here to have different types of indicators at the same time (e.g. system-oriented indicators rather at the micro indicator level, problem-oriented indicators rather at the middle level). Considering the conditions of relevance and quality of statistics, it follows that building indicators must continuously be adjusted to changing user requirements. For such adjustment, framework conditions in terms of time, institution, technology, staff, and finance must be taken into account (Schäfer et al. 2004, p. 165). 

A condensed and easily structured system of a small number of informative indicators is highly important, for example, for using the results within the political process as part of environmental monitoring. It allows to quantify the impact of national economic developments and relevant political actions (e.g. fiscal policy, agricultural policy) on the environment. The goal should be to use macro indicators in order to develop an important information concept to include environmental aspects in other political areas (e.g. transport policy). Aggregating existing information to form key aggregates requires taking political goals as an orientation and taking account of social preferences. In turn, macro indicators should help to clearly define the limits of scope for action, thus to contribute to rendering the political discussion more rational and, where required, to contribute to correcting political goals. Aggregating the information strata towards the next higher (more general) pyramid level will thus become an interaction between classic information producers from science and statistics on the one hand and social and political decision makers on the other. The process character is expressed by the term "procedural rationality" (Radermacher 1998, pp. 238 et seqq. and chart 4). It is accompanied by an increase in the number of judging elements in the indicators constructed. As regards the rational discussion, science (in particular the social and communication sciences) is not only a participant in bazaar discussions but has also the function of process shaping and moderating.
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4. Case studies

4.1 Macro indicators of the state of the environment

When macro indicators were developed between 1998 and 2000 to describe the state of the environment, it was attempted in Germany to follow the ideal-type construction process described in chapter 3. The main goal was to develop macro indicators of the state of the environment by taking the example of the environmental section of "agricultural landscape and agricultural ecosystems". An earlier project had made a major contribution, developing a variety of indicators (about 100 individual indicators) to describe the state of the environment in that environmental section. An interdisciplinary project group was then set up, consisting of staff of the Federal Statistical Office, the ecological centre of the Christian Albrechts University of Kiel and the environmental policy research unit of the Free University of Berlin. Its task within the scope of a research project of the Federal Ministry of Education, Science, Research and Technology was to aggregate the wealth of information on the state of the environment of the agricultural landscape and agricultural ecosystems to form a small number of key indicators, without selecting only "important" indicators on the basis of more or less explicit criteria. A major goal of the project was to provide the findings, methods and approaches for the macro indicator construction of other ecosystems and environmental areas.

What entered into the proposals of the project group was not only the indicators existing already for the middle pyramid level but also various basic data (from the Federal Statistical Office, from environmental measuring networks, and from ecosystem research) as well as methods and approaches of statistical aggregation. From conceptual and methodological aspects, an ecosystem-oriented basic philosophy was chosen as a theoretical concept, i.e. a holistic system-based concept of the environment. Studies thus focus on the ecosystem, in addition to human health as a good that requires protection. The sectoral concept of the environment was abandoned. Consequently, ecosystem-based models and results of ecosystem-based basic research were included, too. As, finally, political guidelines and quantified political targets were taken into account, too, all levels of the three pyramids were represented. 

The iterative process of dialogue took place in two forms: First, as a permanent dialogue accompanying the project at the working level in the project group (laboratory) and, second, in the form of two so-called "consensus-finding roundtables". As mentioned before, the project group consisted of representatives from science and statistics, thus covering already two of the three pyramids (in chart 1). In the consensus-finding roundtables, the dialogue with social user groups - which is indispensable in terms of methodology (keyword: procedural rationality) - was performed as follows: The project group (laboratory) put its proposed indicators, or their possible construction, for discussion to a group of representatives of social interest groups (middle level of the politics pyramid) at the bazaar. For that purpose, selected social user groups received in advance comprehensive information material on the project and the current state of research, connected with concrete questions that were discussed on the initiative of the project group (in order to get to the next higher pyramid level). The dialogue was moderated by a mediation expert (double function of science). As a result, shortcomings were detected, which were returned to the working group to be remedied, which dealt with them before the second round of discussions was held. The participants in the dialogue also succeeded, as had been hoped before, in finding answers to questions raised by the laboratory regarding the comprehensibility and acceptance of indicators and regarding various approaches to aggregation. The environmental policy research unit, supported by the Scientific Centre of Berlin, had a special function as it shaped, organised and monitored the project in that phase. 

Altogether, that form of dialogue is considered very positive because a discussion has successfully been initiated both between the scientists and statisticians of the project and with representatives of social interest groups.  

All in all, some 20 indicators were developed on the structural, material, and functional aspects of the environmental section of agricultural landscape and agricultural ecosystems that was taken as an example. Although the number of indicators may seem large, it should be noted that the methods applied in the project do allow further aggregation if required. The concepts and methods applied have proved suitable and have the potential to be applied to other environmental sections and to the general process of indicator construction.

For the sake of completeness, it should be noted that the indicators developed in that process have remained theoretical and that there has not been any regular empirical coverage of the macro indicators. Although politics was involved in indicator construction, the subsequent implementation was not supported because the financial burden of collecting the required basic data was too large. It may be concluded that, actually, the necessity of having macro indicators was not conveyed in a sufficiently plausible manner to politics and the general public. This shows how important it is to have an active information transfer between statistics, politics, and the public. 
4.2 Further developing the indicator approach of the German sustainability strategy

A second, and more recent example to be examined now is the current discussion in Germany on further developing the indicator approach of the sustainability strategy.  

In 2002, the Federal Government defined 21 indicators for the 21st century as part of its sustainability policy and set quantitative targets for most of them. By choosing the indicators and defining the targets, the political sphere has focused on the priority problem areas where improvements are to be achieved by political actions. The leading indicators used within the scope of sustainability policy are to serve primarily as a communication tool for the general public, to represent problems and to measure the success of political actions.  

Considering that goal, it is not sufficient to focus only on the leading indicators in the upper part of the pyramid. Instead, the level below must be examined, both for indicator construction itself and for the scientific and political analysis of the mechanisms influencing the development of the selected topics. Thus it can be checked whether the political actions have the desired effect. In other words, in order to be able to assess the effect of the actions and, above all, to be able to derive further actions from those findings, the detailed data basis of the middle and lower pyramid levels underlying the indicators must be examined. This refers not only to the direct effect on the relevant target - what is needed is a holistic approach. This is important because the core element of sustainability is integration, i.e. achieving goals simultaneously in the spheres of the economy, the environment, and social matters. Sustainability policy means co-ordinating various sectoral policies and balancing conflicting goals.

Therefore, the disaggregated data should be linked to each other through a consistent data structure, so that integrated analysis can be performed, including interrelationships between individual indicators (Schoer 2003, pp. 10 et seqq.). The integration requirement is easiest to meet at the middle pyramid level because what is generally dominant at the lower level is (more or less) selective data collection oriented towards individual specialised aspects. Therefore, the requirement of integratability for the sustainability indicator approach is best met by the accounting systems of statistical reporting, consisting of three major elements: "core system of national accounts", "satellite system of environmental-economic accounting" and "satellite system of socio-economic accounting". Such accounting can be supported and supplemented by model calculations or simulations to better assess the information content of the data and especially conflicting goals between the dimensions. 

Developing an indicator approach for sustainability that is embedded in a data basis (middle or lower pyramid level) is necessarily designed as a long-term process. The strategy for an integrated sustainability policy should always include jointly co-ordinated (i.e. rational) further development of the indicator approach (in the laboratory and at the bazaar) and of its data basis. By way of aggregation, the leading indicators should be derived from the accounting approach or, at least, consistently be linked to it. In turn, this means that the further development of the accounting system (statistics pyramid) has to be oriented towards the sustainability policy (politics pyramid). Also, investments should be made in setting up analysis tools (science pyramid) for integrated sustainability reporting. The process of indicator setting by politics, which so far has been linear and running once, and the quantification by statistics would then be replaced by an iterative improvement process where science provides the appropriate model tools for integrated sustainability analysis. 

An important step towards an integrated sustainability policy in Germany is the setting up of an interministerial committee in which not only politics but also statistics is represented. One of the future tasks of that committee will be to prepare proposals for the further development of the sustainability indicator approach. In any case, this year's press conference on environmental-economic accounting, which for the first time has been held jointly by the Federal Environmental Agency and the Federal Statistical Office, can be considered as an example of successful dialogue between statistics, science, and politics.
5. Conclusion

The case studies and explanations given above have shown that the construction of macro indicators must involve three actors – statistics, science, and politics – with their relevant work systems, from the detailed to the general level. To get to the next higher level in indicator construction, politics has to provide the assessment of social preferences. Only politics can perform the assessments required for that change of levels because it reflects the societal discussion. Applying that methodology, statistics and science have reached their limits in setting up the models and procuring data and facts. 

To avoid macro or leading indicators being short-lived and to ensure their being accepted and demanded by the society, information transmission is of major importance. A central aspect of implementation is that as many potential users as possible should feel addressed by the information transfer. The message delivered by the indicators must be comprehensible; "plain" data will become a comprehensive source of information only when processed to meet user needs. Indicators are addressed first to politics, where they are an important basis for decision-making, and second to the general public. Successfully implementing macro indicators thus requires that they can be conveyed by the mass media. Taking account of the general public when presenting the results may have positive effects on politics: Good and sufficiently substantiated information provides not only insight into the societal situation - which for example involves the demand for a sustainable policy - but can also make social interest groups abandon their resistance to planned action packages (e.g. emission reduction requirements). Thus the information may actually have an enlightening effect and contribute to politics and its actions being supported by the population. For data interpretation and their representation (visualisation), the media play an important role.
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Chart 2: Neo-classical approach to the green national product











basic data





theoretical


concept








macro


indicators





politics





statistics





science





Chart 1: Work systems of the actors
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Chart 3: Topic-specific indicators
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Chart 4: Procedural rationality
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