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Abstract

Land-Use Planning with respect to major accident hazards is one of the new requirements of the “Seveso II Directive”. In front of this requirement, but also recognising the importance of the issue for the control of major accidents, the various European Member States have developed or are developing adequate procedures, approaches and criteria for the acceptability of hazards or risk. At a national level various criteria are in use based either on "generic distances", or on the level of consequences, or on the level of risk. At a regional and local level, however, local particularities and the presence of multiple and usually conflicting objectives – such as reduction of risk with simultaneous increase of the benefit from exploitation of land – seem to be of great importance in decision making. The paper focuses especially on the local level and it presents a methodological framework to take these conflicting objectives into account. Furthermore, it discusses the application of this methodology in a case study and it demonstrates the useful insights and the substantial aid with which local planners can be provided. 

1. LAND-USE PLANNING DECISIONS IN NATIONAL AND IN LOCAL CONTEXT
One of the new requirements of the Seveso II Directive [1] is Article 12 and the provisions it sets for Land Use Planning. Indeed, the Directive recognises the scope and objective of Land Use planning which is to ensure that the likelihood and the consequences of the potential accidents are taken into consideration when decisions are made concerning siting of new installations, modifications of existing installations, and proposal for new developments in the vicinity of establishments.

In order to provide help to the Competent Authorities of the Member States in complying with Article 12, Guidelines [2] have been elaborated by a European Commission Technical Working Group which was set up for this purpose. The guidance document was published in February 1999, and it refers both to the use of existing technical approaches and to procedural issues. 

Even with the aid of the published Guidelines, land-use planning has proved not to be an easy problem to deal with. Many countries do not have consolidated procedures and criteria to cope with the subject, while, even countries with long experience in the subject where well-defined procedures and criteria are in use, keep their system under continuous review. Questions like “what is the adequate separation distance?” and “how safe is safe enough?” should be addressed in the context of land-use planning. Moreover, many and complex parameters are connected to the issue, further complicating it. Considerations of socio-economic character, such as the benefit from exploitation of land, employment opportunities, importance of the establishment and benefits for the local community from its operation, increase the dimensionality and the complexity of the problem and prompt to a wider context for solving it than the pure technical one. 

Without doubt local communities are the ones directly affected by land-use planning decisions. The local population is exposed to risk and this population will mainly gain the benefit from exploitation of land or from plant operation. Issues like employment opportunities and coping with the historical legacy of incompatible development – which is common in all European countries – are of major concern for the local community. It is therefore exactly this local population the one that has to decide which level of risk is acceptable and to judge the alternatives according to regional and local particularities. Of course such a decision has always to be risk-informed. Risk-informed land-use planning decision-making at a local level will be extensively discussed in the following.

From the methodological point of view, the approaches followed in those countries where consolidated procedures and criteria have been established can be divided in three categories [3]: 

· The determination and use of “generic” separation distances depending on the type of activity rather than on a detailed analysis of the specific site. These safety distances usually derive from expert judgement and are mainly based on historical reasons, experience, rough consequence calculations or the environmental impact of the plant. Generic separation distances according to the type of activity have been established and used in Germany and Sweden and have been proposed in other countries. The use of similar tables of generic distances for screening purposes, i.e. as a checklist to ensure compatibility of land uses at an early stage of the analysis, which is in use in many countries, should be distinguished. 

· The “consequence based” approach that focuses on the assessment of consequences of a number of conceivable scenarios (reference scenarios). Certain endpoints of the consequences are determined, in terms of the levels of the physical magnitudes (concentration, thermal radiation, overpressure) that cause harm, corresponding to certain levels of the undesired effect (fatalities or irreversible effects). Decisions on land-use policy are based on the distance to these endpoints corresponding to the worst among these reference scenarios. The method is used in France and has been proposed for many other countries.

· The “risk based” approach, that focuses on the assessment of both consequences and probabilities of occurrence of the possible accident scenarios. The results are quantified in terms of individual risk (probability of fatality for an individual located at a certain point around the plant and continuously exposed to risk) and societal risk (probability of occurrence of any accident resulting at fatalities greater than or equal to a specific figure) and criteria have been set for both these measures. The approach is followed in the United Kingdom and the Netherlands (however, with different criteria and practical details) and has been proposed for many other countries.

The above well-structured procedures and robust criteria have been established in the various countries at a national level. The criteria define the level of acceptable risk or hazard, either in terms of suggested separation distances, or in terms of acceptable consequences or risk, and set certain restrictions in the development and land-use plan if these conditions are not met. It is however the local level, where the relevant decisions are going to be made, and it is the local society the one that is going to confront the implications of these decisions. The criteria have been established at a national level and are only based on safety grounds. It is widely recognised that except for safety, other parameters also affect land-use planning decisions. For that reason, the character of the safety criteria is usually consultative, leaving to the local authorities the responsibility to judge other issues/parameters and make the final decisions.

It has been recognised that a number of parameters affect the land-use planning decisions, which, in addition, are often conflicting. Thus, from the safety point of view, hazardous installations should be separated from population centres and long population-free zones should ensure the population’s safety. On the contrary, from the economic point of view, land is an economic good, and keeping large areas unexploited decreases the economic profile of the region, with subsequent results to the population’s well-being. A need therefore arises for assessing an “adequate” level of protection, a “best-compromise” between safety and economic exploitation. Other parameters affecting land use planning decisions include employment opportunities, importance of the establishment for the local economy, benefits for the local community from the operation of the plant. All these parameters are of much more interest for the local community, which has to find a compromise solution. The needs for development and for availability of land for other uses (residential, recreation, etc.) are needs of a local character, as well. Constraints of various type and character are also present in a local context. Last but not least, the involved parties including industry, authorities, employees, the population and groups of interest bring at the stake different priorities and values to be taken into account in the decision process. There is therefore no doubt that a multicriteria decision framework would be valuable especially for an analysis of the problem in a local community context.

2.  A MULTI-OBJECTIVE METHODOLOGICAL FRAMEWORK FOR LAND-USE PLANNING DECISIONS 

The methodology that has been developed comes to cover exactly this need. The principles and problem set-up are described in [4], whereas its implementation and application in the land-use planning problem was performed within the LUPACS project [5]. LUPACS (Land Use Planning And Chemical Sites) is a research project partially funded by European Commission (DG XII) in the context of the Environment and Climate Programme (area of technological risks) of the Fourth Framework RTD Programme. The project was carried out in the period May 1996 – April 1999 with the participation of 4 research institutions (RISØ National Laboratory (DK), National Centre for Scientific Research “Demokritos” (GR), EC – Joint Research Centre (Ispra), and Université Paris VI Laforia (F)), 2 central authorities (Swedish Rescue Services Agency and Danish Emergency Management Agency) and 3 regional/local authorities. 

The proposed method, whose detailed description can be found in [5], is based on the principles of multicriteria decision analysis, as they were set out by Keeney-Raiffa [6] and others. The main concept is that the decisions on land use planning and especially at a local community level have to be made taking as many objectives into account as possible. This way all (or as many as possible) of the important concerns of the local society can be taken into consideration and the solution expresses in a better way the whole issue. The framework for this analysis consists of five steps:

(i) Determination of alternatives;

(ii) Determination of consequences;

(iii) Determination of constraints (if any);

(iv) Preference assessment; and

(v) Determination of the “optimum” alternative.

The first step of the procedure consists of determining all the alternative actions of the problem, amongst which the “optimum” action is to be selected. The alternatives are defined by assuming that the area around the plant is divided into M regions/cells (of arbitrary shape according to the physical borders), and considering N possible Land Development Types (LDTs) for each cell.  When the LDTs for all of the cells are defined, their combination constitutes a Land Use Pattern (LUP). The decision space of the problem consists of all possible Land Use Patterns (LUPs), which are defined as combinations of Land Development Types at each cell around the plant. Examples of possible Land Development Types are Industrial, Residential, Residential with high population density, Recreational, etc. A Land Use Pattern on the other hand may determine that one cell/region be used for Residential purposes, the second for Industrial use, the third one for Recreation, the fourth again for Residential, etc. Naturally, the total number of alternative LUPs is NM, an extremely large number for real-world applications. 

The second step consists in determining the objectives that the various alternative actions are trying to achieve and in defining measures of effectiveness in order to measure the degree of achievement of each objective. Each alternative action, if adopted, will result in a number of consequences, related to the objectives of the decision maker. These consequences constitute the evaluation criteria for the alternative actions. The consequence or outcome variables quantify the performance of each alternative with respect to the criteria, and the range of their possible variables constitutes the consequence space. In the land use planning problem the consequence space consists of various categories of the anticipated adverse health effects of the potential accidents as well as of various categories of socioeconomic impacts.  Conflicting objectives arise when attempting to optimise simultaneously these consequences.

In order to avoid establishing a priori value tradeoffs among the objectives of the problem, the concept of efficiency is applied.  A LUP is efficient if there is no other LUP resulting in better consequences.  The proposed methodology yields the set of efficient LUPs (called Efficient Frontier or Set of Non-dominated solutions) and the choice of the preferred alternative is confined among the alternatives of this subset of the decision space.  In this way, problems deriving from the lack of acceptability and defensibility of predetermined value tradeoffs are alleviated and the direct choice of a preferred LUP out of the set of efficient LUPs offers greater insight and provides a more practical framework for discussing the reasons of a particular choice.  An investigation of the conditions for the case of uncertainty showed that, under mild assumptions for the form of the utility function, the methodology can be applied in the case of uncertain consequences, too.

The problem of the large number of alternative LUPs is tackled through a stepwise approach [7, 8]. In order to facilitate the selection of a most-preferred solution among the non-dominated ones, a formal multicriteria method was adopted. It is the Reference Point method [9, 10], which is an interactive and iterative method, based on the definition of aspiration levels by the Decision Maker. The method asks the Decision Maker to define a ‘Reference Point’ in the consequence space, which corresponds to levels of satisfaction among the various criteria, and it assesses the solution that minimises the distance from this Reference Point. 

3.  APPLICATION OF THE METHODOLOGY: AN ILLUSTRATIVE EXAMPLE

The application of the methodology will be described in the following in order to demonstrate its use. The case concerns the proximity of a chemical site with industrial and residential area, and the future plans of the company to extend its activities with production of new products (involving additional storage and handling of hazardous substances) and of the local community with developments in the vicinity of the plant and expansion of the residential area towards an attractive resort. 

3.1. Description of the case and risk profile
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The establishment, located at the bank of a river near its estuary to the open sea (see Figure 1), stores and handles sulphur dioxide and sulphur trioxide in large quantities. Part of raw material and chemicals are imported from a river-port located in the establishment, while another part is transported by rail from a nearby railway station (cell 16 in Figure 1). Similarly, the products of the company are exported through the same routes. The surrounding area is densely populated, including schools and day care centres. The zone south to the establishment – but also the land occupied by the plants – is considered very attractive due to its close proximity to the tourist resort at the mouth of the river and near the sea. A camping area is located south to the establishment (cell 15 in Figure 1). The presence of a marshalling yard together with the railway station further complicates the problem and, as it has been proven elsewhere [11], it increases the risk. In addition, the high value of the land makes the establishment and the surrounding zones attractive and a possible target for the city for future expansion. Future plans of the company also foresee extension of its activities with production/storage of new products. Both decisions related to the future of the company and those concerning the off-site developments (land use planning decisions resulting in increase or decrease in population density in certain zones) make the case an interesting application.

The first phase of the analysis concerns description/familiarisation with the problem and preparation of the necessary input, including the calculation of risk profile. A number of sources of risk were identified and analysed in terms of accident scenarios, respective frequencies of occurrence, and consequences. Especially the estimation of accident frequencies was based on the experience from similar installations and events and not on a detailed analysis of the safety systems of the particular installation, since such a task was out of scope of the project. On the contrary, assessment of the consequences was based on detailed calculations, taking the site’s meteorological data into consideration. According to the calculations, performed for every point of the space around the establishment, the level of individual risk is below 10-6 for most of the populated area (except for the railway station next to marshalling yard – see also Reference [11]), and can therefore be considered as acceptable – according to certain criteria – giving however rise to discussions about possible improvement of the safety situation (ALARA/ALARP principles). It was also clear that slight increase in the level of risk (e.g. due to an increase in the quantities of dangerous substances used) or expansion of the residential area could easily lead into an unacceptable situation.

3.2. Formulation of the case as a Multicriteria Decision Making problem

According to the methodology developed in the LUPACS project, the problem was formulated as a Multicriteria Decision Making (MCDM) one, by determining alternatives and criteria. For the determination of alternatives, the area of concern was divided into 16 smaller regions/cells, as shown in Figure 1. These cells are of arbitrary shape, respecting the physical borders and the morphology of the area. Then, a number of alternative Land Development Types (LDTs) were determined, based on the classification of the National Real Estate Assessment. More specifically, the LDTs considered are:

1 -  undeveloped (e.g. agricultural area, forestry, etc.)

2 -  industrial

3 -  residential / small buildings (i.e. 1 or 2 dwelling buildings, low population density, commercial activities/services included)

4 -  residential / large buildings (i.e. apartment houses, increased population density)

5 -  residential (small buildings), NOT permitting buildings hosting sensitive population (such as school-children, elderly, etc.)

6 -  dense residential (large buildings), NOT permitting buildings hosting sensitive population (such as school-children, elderly, etc.)

7 -  camping area

8 -  railway station

In order to keep the description realistic, certain restrictions apply in the LDTs applicable in each cell (i.e. not all the alternative LDTs described above are applicable for every cell). An alternative Land Use Pattern (LUP) is then determined by the combination of Land Development Types in all geographical cells. In other words, in order to determine an alternative LU Pattern, one has to determine the uses of land (LDT) in all geographical cells. Thus a LU Pattern could be:

“Determine geographical areas 1, 2, 3, 4, 7, 8 and 10 as Residential areas (with low population density), area 5 as industrial, area 6 as undeveloped, areas 9, 11, 13 and 14 as dense residential (high population density), area 12 as Residential areas without sensitive population (Residential Restricted), area 15 as camping area and, finally, in area 16 permit the operation of the railway station”. 

The above definition of alternative LU Patterns (i.e. combinations) gives a total number of about 67 million alternatives from which the Decision Maker should choose the most-preferred  one. 

The set of objectives / criteria has to reflect the main concerns of the local community, which are related both to safety and to achievement of a high level of local development. In this case – after discussion with the local community/authorities – four criteria were chosen:

1 -  Total Potential Loss of Life (PLL – total expected number of fatalities in the whole area of concern)

2 -  Total socioeconomic benefit from the exploitation of the land

3 -  Total Expected Loss of Life for Sensitive Population (ELLSP – related to casualties between the schoolchildren). This criterion was directly related to the presence of schools and day-care centres in the area of concern.

4 -  Total Expected Injuries (EI)

3.3. Generation and Exploration of the Set of Non-dominated Solutions

The evaluation of alternatives, that constitutes the next step of the methodology, requires the assessment of each alternative in the criteria adopted. This task requires risk data, population data and data related to the value of land/buildings (taken from the Real Estate Assessment) as input. 

After formulating the case as a Multicriteria Decision Making problem, data gathering  and preparation of  the necessary input, the LUPACS methodology and the relevant computer tools were applied in order to generate and explore the Efficient Frontier. For the share of clarity, two different runs were performed: a first one employing only two criteria, namely, PLL and socioeconomic benefit, and a second run using all four criteria.

A detailed analysis and discussion of the findings and lessons learned from the case can be found in Reference [5]. The run employing only two criteria resulted in 42 non-dominated solutions (LUPs), as shown in Figure 2. The Decision Maker (DM) can “navigate” on the Efficient Frontier, appearing in the right-hand side of Figure 2, and be presented with a coloured map of the area corresponding to this alternative. Therefore, for example, the policy of alternative #1 is read:

“Keep cells 4 and 5 Undeveloped (close to source), cells 9 and 10 Residential, cell 1 Undeveloped (due to the marshalling yard) and do not permit Railway station in cell 16 (due to the marshalling yard). Gain some benefit by setting Dense Residential  to all other cells”.

A careful examination of the Efficient Frontier identified a certain small area (corresponding to expected fatalities ranging from 4.2(10-6 and 5.5(10-6) where – according to a “reasonable” Decision Maker – the “optimum” solution should be searched. Such a selection requires the formal assessment of the Decision Maker’s preferences. However, many meaningful conclusions were drawn from this analysis, such as that the camping can operate without problems, and that the marshalling yard should be relocated if we want to reduce expected fatalities below a certain level. It also proves that extensive use of Undeveloped LDT is not suggested, and that the LDT followed in cell 2 has a strong impact on the level of PLL and Benefit of the overall LU policy.
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Figure 2. Efficient frontier – 2 criteria: Example of Land Use Pattern

The application of the Reference Point method also gave interesting results. In order to get insights from the application of the methodology, various Reference Points were analysed, as follows:

· Utopia point: Minimum PLL, Maximum Benefit

· Reference point 1: A point on the diagonal, indicating that the DM is indifferent between the two criteria

· Reference point 2: A point on the left side of the diagonal, indicating that the DM prefers optimising PLL than Benefit.

· Reference point 3: A point on the left side of the diagonal and at the lower part of the PLL-Benefit diagram, indicating that the DM strongly prefers optimising PLL than Benefit.

· Reference point 4: A point on the right side of the diagonal, indicating that the DM prefers optimising Benefit than PLL.

The analysis showed that the most-preferred solution and the final ranking between the solutions depend on the location of the Reference Point in the criteria space (which, in turn, depends on trade-off between the criteria and the aspiration levels set by the DM) and the shape of the Efficient Frontier. However, in an interactive way the Decision Maker can – after a number of iterations – select the Reference Point that corresponds to his/her aspirations.

The complete application of the methodology using all four criteria resulted in 1154 solutions (LUPs). An example of the map of the area with the proposed Land Use Pattern is presented in Figure 3. Again, the Reference Point method was applied for ranking the solutions (see Figure 4) and various reference points values were investigated to take insights of the problem and the use of the method.
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Figure 3. Efficient frontier – 4 criteria: Example of Land Use Pattern
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Figure 4. Ranking according to Utopia Point - 4 criteria

4. CONCLUSIONS

At a national level a variety of methods has been developed and is in use, helping the authorities cope with the new requirement of Seveso II Directive on land use planning, with more  or  less  success.  At a local  level,  however,  the  presence of 

multiple and conflicting objectives seems to be of great importance in decision making. Addressing this situation and under the general idea that land use planning is mainly an issue that has to be resolved at a local level, a methodology has been developed taking the multiple objectives into consideration and facilitating the discussions at this level. Moreover, a case study was presented, demonstrating the applicability of the methodology. 
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Figure 1. The area of concern divided into cells








