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Abstract

This paper addresses safety standards around airports in order to keep third party risks within reasonable levels. A short review of safety issues in aviation and safety policies with respect to third party risk is presented. Special attention is paid to estimating the value of statistical life in third party risk in aviation, based on a sample of about 500 respondents. We arrive at a value of 4.6 million Euros per person. This value is used to assess the Dutch safety standard for Amsterdam Airport Schiphol (AAS) that no dwellings are allowed in areas with a risk higher than 10-5 , (1 in 100,000), per year. This strict standard was the result of a tightening of policy after a plane crash in 1992 leading to 39 third party casualities. We apply this value in a cost-benefit analysis and conclude that the minimum protection level has been fixed at a level that is unnecessarily strict.
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1 Introduction

Aviation has always been a very safety-conscious industry. During the 1990s, concern about safety widened from aircraft occupants (internal safety) to ‘third parties’, those on the ground who could be affected by aircraft accidents (Scan-UK 2005). Of course, the probability of an aircraft accident per flight is very small. However, major airports effectively handle many thousands of flights a year, over a relatively small area in the immediate vicinity of the airport. Due to the large concentration of air traffic on these locations, the total risk in the vicinity of an airport is no longer negligible. Moreover, the landing and take-off phases of a flight, which take place in the immediate vicinity of an airport, account together for approximately 70% of the chance of an aircraft accident during a single flight (NLR 2000). This 70% of the total risk during a flight occurs in only 6% of flight time (Figure 1).

Figure 1.  Accident risks and the time distribution over different phases of flight
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Source: NLR 2000.

The crash of a Boeing 747 freighter in one of the suburbs of Amsterdam (Bijlmer) leading to 39 third party fatalities, in 1992, focussed worldwide and especially European concern on third party risk in the context of aviation accidents. Unfortunately, this was not the only aircraft accident causing third party casualties, and in fact, over the years there have been a number of other such accidents.
In their daily life, people have to deal with several sorts of risky activities, some being more risky than others. In a dynamic and complex system like aviation, trade-offs have to be faced between safety, the economy, and the environment. More flights lead to more jobs and more revenues, but also to more noise nuisance and safety risk, for both passengers and the people living in the vicinity of an airport.

According to accepted economic theory, government intervention is not necessary to achieve a social optimum in the absence of market imperfections. Examples of such imperfections are: Public goods; asymmetric information; market power; transaction costs; and externalities (Connolly and Munro 1999, Carlton and Perloff 2000). In the present paper we focus on external safety risk as an example of a market failure. The optimal level of risk is found where the marginal costs of measures to achieve a certain safety level –for example, by restrictive land use policies- are equal to the marginal benefits of such measures in terms of a decrease in damage and casualties.

Application of such decision rules based on cost benefit analysis in the public domain is not always easy since the general public may well have a misperception of the level of risk. As shown in Table 1, the perceptions of risk among residents vary from one domain to the other, due to amongst others media attention. But this does not mean to say that cost benefit analysis is useless in this context. Even when cost benefit analysis does not lead to the selection of policies in a simple and direct way, it nevertheless provides important information on whether an appropriate balance is obtained between costs and benefits of various policy alternatives. For this purpose it is important to have reliable estimates of the benefits of safety improvements in aviation. It is our aim to contribute to this theme by estimating values of statistical life in third party risk of aviation near airports.

Table 1.  Examples of four different types of risky activities

	
	Real risk level (objective)

	Media attention
	Low
	High

	Less
	Serious injury from an amusement park ride
	Injury due to chainsaw use

	Much
	Aviation accidents
	Risk of being burgled


Source: Stone et al. 1994 (adapted).

The structure of the paper is as follows. First, in Section 2, we discuss some key concepts in aviation safety. Safety policies are briefly reviewed in Section 3. The concept of valuation of statistical life in the case of third party risk is examined in Section 4, where also estimation results are presented. In Section 5 we apply the estimation results in a cost-benefit analysis of Dutch safety policy near Schiphol airport in the context of land use planning. We conclude that the present policy is stricter than can be justified from a cost-benefit perspective.

2 Safety in aviation

Considering objective risk levels in aviation, it appears that aviation is a very safe transport system. Worldwide, significantly more people die as a result of car crashes, than as a result of plane crashes (either aboard a plane or on the ground). With respect to the number of third party victims, in the last 50 years, on average 21 people have died on the ground each year due to an air crash. This figure is a worldwide figure, and most accidents occur outside the Western world. The safety level in Western Europe and the United States is much higher than in the rest of the world.

Often the practice of risk policy requires expressing risks in measures and numbers, as a number risks are to a certain extent manageable and mutually comparable (RIVM 2003). External safety is expressed as risk. In a technical respect, risk is a particular weighing function of the chance that an event will occur times the size of the consequences. The consequences of a particular accident can be very divergent. In the context of aviation accidents, we will confine ourselves to the consequences for third parties (neighbours of the airport). In serving air traffic, different interests collide with each other. The level of safety, limiting the environmental pressure, and a suitable settlement of the air traffic flow are all factors which play a certain role. The emphasis lies on the impact of air traffic on safety (LVB 2002).

To judge the acceptability of an activity from the viewpoint of third party risks, use is being made of the notion of risk. For this reason, two main instruments have been developed: Individual risk, and Societal risk. The need to limit the possible consequences of accidents has led to the development of standards for third party risk in aviation. Such a standard serves to result in spatial planning measures, coupled with choices of air traffic routes. Because of this, locations showing too high levels of third party risk, activities or buildings with high concentrations of persons present, and especially with vulnerable groups, are not allowed. It is the political system, that should issue rules. Because of social developments and the emergence of new risks, rules must be adapted on a regular basis.

2.1 Individual risk

Individual risk (IR), is defined as “the chance (per year) that a person, who is permanently located on a particular location outside the airfield border, is killed due to the direct consequences of an air accident caused by an ascending or landing airplane” (MinVenW 1990; NLR 1993; NLR 1997). This measure gives an indication of the risk level experienced by the people who are living, working, or staying in another way in the immediate environs of an airport. The individual risk for a certain location is independent of whether a person is really residing on that particular spot. However, the IR is location dependent. The reproduction of risk for a certain location is expressed by iso-riskcontours on a map. These are lines connecting points with equal risk levels. Risk contours can serve as a point of departure for the forming of safety policy. Risk contours are useful in determining the limits of the safety zones. These safety zones can function as a functional aid in spatial planning.

The number of dwellings within the IR contours can serve as a measure for the total amount of risk experienced in the entire area around an airport. By counting the number of dwellings it is possible to determine where high levels of IR are accompanied by a certain number of dwellings, and, furthermore, dwelling counts can offer an instrument for comparing different scenarios by looking at the risk experienced over a large area (NLR 1997). The highest risk levels are located in the relatively small area at the beginning of a runway. The lower risk levels occur at a longer distance from the runways or the departure- and arrival routes.

2.2 Societal risk

Societal risk is defined as, “the chance per year that a group of more than a particular number of persons (N) is killed as a direct consequence of an airplane accident” (Kerke et al. 2000; NLR 1997). Societal risk is meant to be an indication of the chance of different levels of possible social dislocation of society as a consequence of an aviation accident. The distribution of the population around an airport plays an important role. This is different to individual risk where distribution does not matter. Societal risk can not be represented by means of risk contours on a map, but is presented by means of an FN-curve. The number of victims (N) is on the horizontal axis, the chance of passing away, per year, for a group of N or more victims (F) is on the vertical axis.

3 Safety policy

The policy for third party risk has been occasionally developed for accidents caused within ‘stationary sources’ (e.g. nuclear power plants, factories and warehouses). Aviation, however deals with ‘moving sources’ (aircraft). Moving sources create a different risk situation compared with stationary sources. Therefore a special policy for third party risks in aviation has been developed (DGL 2003). Aviation is historically a strongly regulated sector. On a national and international basis it has been laid down that aviation activities are prohibited, unless it is demonstrated that these activities can be carried out in a sufficiently safe manner. This is “the basic point of departure for guaranteeing safety in the aviation system” (DGL 2003).
Decreasing the risk
The chance of an accident, the spread of accident chances, and the consequences of an accident are all parts of the resulting risk. The chance of an air accident is determined by the chance of an accident per aircraft movement and the total number of aircraft movements. Decreasing the total number of aircraft movements on an airport has a direct influence on the overall accident chance. There exists a proportional relation between the decrease in the number of aircraft movements and the decrease in the number of accidents and with that also in the individual risk (IR). Of course, decreasing the capacity of an airport also brings with it huge economic costs in terms of decreases in employment and other (in)direct benefits.
The chance of an accident per movement (the accident rate) is partly determined by the aviation safety level at a particular airport. Different measures are possible to improve the safety level. Monitoring and improving the safety is strongly integrated in the entire aviation system (PMMS 1993).

Another element, determining the risk level, is the consequences of an air accident. The risk for a location can be decreased by reducing the dimensions of the accident area and the lethality of the consequences in the area concerned. Here it is possible to think of ‘source policy’ with respect to the plane itself (internal safety). By improving the safety of the source (the air traffic), the iso-riskcontours will come to lie closer to the source and the FN-curve of societal risk will move downwards.
The feasibility of such measures is, however, doubtful (PMMS 1993). This makes the consequence aspect of risk not usable as a point of departure in improving the safety level. It is, however, possible to envisage a distribution of heavy and light aircraft over different runways and air traffic routes, taking into account the location of work and residential areas. This would imply a spatial shift of the risk to places where less harm can be done.

Shifting the risk

Bottlenecks in IR are also caused by a combination of a local risk level and the presence of persons on a particular location. Sticking points in the context of third party risk can thus be solved by concentrating the risk in areas where it does no harm. This is possible by means of moving air traffic by choosing another distribution of the traffic over the available runways and routes, or, by the relocation of runways and routes. First of all, the risk is especially concentrated around the runway thresholds
, being only a very small area around an airport. If large concentrations of persons are located in the immediate vicinity of the thresholds, aircraft movements on these runways clearly do contribute more to the total risk than movements on runways where no large concentrations are located in the immediate vicinity. Societal risk can be decreased by moving aircraft movements from the ‘unfavourable’
 runways to other (more favourable) runways. The same applies to air traffic routes. If a route crosses a city centre even on only a few kilometres of the runway threshold, movements on this route contribute relatively greatly towards total risk. Again risk can be decreased by relocating air traffic from these routes to other routes.
The possibilities for moving air traffic are, however, limited by operational conditions. Examples are the maximum allowable cross-wind components in landing, and capacity limitations of routes and runways due to the minimum separating distances which have to be taken into account between landing and departing airplanes. Another way of shifting the risk is the relocation of runways and routes which obviously is quite expensive. Despite the fact that the layout of the runway system offers possibilities for reducing risks, airport capacity and operational possibilities and limitations are important preconditions.

Land use planning: Moving objects on places with too high risk levels

A third way to deal with the risks of air traffic is by removing objects in places where the risk level is too high. This is mainly a matter of spatial policy. The aim of these measures is having no, or fewer, people present in the direct vicinity of a risk source. Note that this policy leaves the risk contours of individual risk unaffected, but the FN-curve will move downward.

Dutch safety policies

Third party risk in aviation is a relatively new policy area (DGL 2003). Third party risk policy is still exclusively limited to the Amsterdam Airport Schiphol (AAS), the main airport in the Netherlands
. Policy is formulated by the Ministry of Public Housing, Physical Planning and Environment Management (VROM) and the Ministry of Traffic and Public Works (V&W). As well as putting a limit on the total risk level that aviation may produce, the number of persons confronted with third party risk is also limited by imposing building and land-use limitations.

Concerning the protection level for third party risk, areas have been appointed where use restrictions are applied to limit the number of persons present within these areas. Because of third party risk, safety zones have been established in the immediate vicinity of Amsterdam Airport Schiphol and areas with special use limitations based on societal risk policy. Besides these kinds of areas, there are also areas with use limitations, limiting the heights of objects and the number of bird attracting destinations. Bird strikes are a serious risk concern for aviation safety.

The areas with use limitations are based on the location of the individual risk contours. The safety zones are situated within the 1.10-5 IR contours. This value (1.10-5 per year) is a tightening of the old policy, in which a maximum risk level of 5.10-5 per year had been used. Within a safety zone, no buildings are allowed, unless these buildings are already there and are used according to the development plan. Within the safety zones no new buildings are allowed. The demolition zones are spatial measures inserted in the local destination plans. In these zones all dwellings have, in principle, to be demolished. A map with relevant countours around Schiphol is given in Figure 2. They clearly indicate where in the neighbouring mumicipalities of Amsterdam and Hoofddorp the use of the five runways have the highest potential risk effects.
Due to the combination of a limit set for the total allowable amount of risk, the rules for the use of the airspace, and the noise nuisance limitations, no third party risk levels larger then 1.10-5 IR will occur outside the safety zones (LVB 2002).

4 Valuation

4.1 Introduction

To guarantee a certain safety level, costs have to be incurred. These costs have to be balanced against the benefits of a safer living environment for the airport’s neighbours. However, the question is whether the valuation put by society on these safety benefits is larger than or at least equal to the expenses incurred by the aviation sector and the government necessary to realize a safer environment. To address this question, we carried out a valuation of a statistical life in the context of third party risk in aviation. If an appropriate value of a statistical life is known, then it is possible to weight the benefits of the safety policy against the costs of the safety policy (a cost-benefit analysis - CBA).

The point of departure of a CBA is to express all expenses and benefits arising from a particular policy into one comparable unity: money (Hjalte et al. 2003). In contrast with the benefits of safety policy, the costs of such policy plans are much easier to express in monetary terms. The benefits are the expected number of human lives which can be saved by carrying out the project(s). No explicit market price exists for a particular change in risk level. Economists have tried to quantify the benefits by means of a standard which reflects the value of a statistical life: the ‘Value Of a Statistical Life’ (VOSL). The VOSL does not reflect the value of a specific individual life, but is entirely based upon the amount of money an individual, or the society as a whole, is willing to tradeoff for a small change in his or her own risk. This appraisal can happen through a payment for a risk reduction: willingness to pay (WTP), or by receiving a certain compensation for an increase of the risk: the willingness to accept (WTA). The fundamental premises of the WTP-approach are (Jones-Lee et al. 1985, p.49): “(a) that social decisions should, so far as possible, reflect the interests, preferences and attitudes to risk of those who are likely to be affected by the decisions and (b) that in the case of safety, these interests, preferences and attitudes are most effectively summarised in terms of the amounts that individuals would be willing to pay or would require in compensation for (typically small) changes in the probability of death or injury during a forthcoming period … the willingness-to-pay approach tends to be concerned principally with individual marginal rates of substitution of wealth for risk of death”. The monetary values of an accident should reflect the preferences of individuals. The marginal rate of substitution between risk and income results in a VOSL. Under the premise that life is preferred to death, that the marginal utility of income is non-negative and, moreover, larger in the case of life than in death , and that people are risk-averse, the VOSL is an increasing function of both risk and income (Hammitt and Graham 2001).
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4.2 Literature review

Table 2 gives a review of studies on this subject.

Table 2  Review of VOSL-values in the context of aviation accidents

	Author
	Year
	Country
	Context
	Type of study 
	Mean
value3
	Median value3

	Fromm


	1965
	U.S.A.
	Internal safety
	WTP
	253,326 
	

	Jones-Lee
	1976
	U.K.
	Internal safety
	WTP
	18.5 million
	15.8 million

	Frankel
	1979
	U.S.A.
	Internal safety1
	CV
	113,296
	

	
	1979
	U.S.A.
	Internal safety1
	CV
	27.1 million
	6.9 million

	
	1979
	U.S.A.
	Internal safety1
	CV
	34.8 million
	8.8 million

	Stone et al.
	1994
	
	Internal safety
	WTP
	46 – 66 euros per flighthour4
	

	Department of Transport (DOT)
	1996
	U.K.
	Third party risk2
	Assumption of road traffic
	1.2 million
	

	FAA
	1998
	U.S.A.
	Internal safety
	WTP
	2.8 million
	

	Scuffham et al.
	2002
	New-Zealand
	Internal safety
	Human Capital
	6.8 million
	

	
	2002
	New-Zealand
	Internal safety
	WTP
	24.7 million
	


Note 1: Unpublished study, based on an e-mail of D. Ball.
Note 2: Concerns an assumption, and therefore does not belong to an ‘empirical’ study - mentioned here for the sake of completeness.
Note 3: All values have been recalculated to euros (2004), using the Consumer Price Index (CPI) of the CBS and exchange rates.
Note 4: Changes in risk level are not mentioned, it is about relative safety changes: “more safety”.


To our knowledge, to date, there has been no empirical study of the VOSL in the context of third party risk in aviation. The studies covered in Table 2 focussed on the internal safety of aviation (the risk for passengers and crew members on board an aircraft). This present empirical study gives a first valuation of a VOSL in the context of external safety risks in aviation (third party risks). There are, however, methods available in the context of safety in road traffic. It has often been indicated that for other transport modalities, use has to be made of these road figures. Moreover, if the external costs of aviation are the subject of a study, third party risk is usually not included. These studies usually focus on noise disturbance, air pollution and climate change due to air traffic. It has been indicated that the VOSL depends on the context of the value assessment (de Blaeij 2003). Therefore, just using road-safety VOSL-values for estimating a valuation of third party risk in aviation is questionable.

4.3 Method

The method being used in this empirical study for estimating the VOSL in the context of third party risk in aviation is partly based on the method used by de Blaeij (de Blaeij 2003) in the context of road safety. Use is made of a Stated Choice Modelling, Contingent Valuation Method (SCM/CVM), a variant of the stated preference method. Hammitt and Graham (1999, 2001) show evidence that a CVM can yield trustworthy valuations for a reduction in (accident) risk.

In the empirical study, respondents were confronted with a choice of three types of rental dwellings. The dwellings differ according to monthly house rental and the external safety risk. Respondents fell into one of six predefined rent categories, depending on the indicated actual rent of a respondent or, in the case where a respondent does not rent a dwelling, the possible rent category which is applicable to him/her. Dwelling A is always the safest alternative having the highest rent. The two other dwellings (B and C) are less safe than dwelling A, but have lower monthly rent values (see Table 3). Details of the questionnaire are given in the Appendix of this paper.

Table 3.  Respondents (categorized) have to choose between three types of dwellings (given values are monthly rental discounts in euros)

	
	
	(low risk)
	((
	(high risk)

	
	
	Dwelling A
	Dwelling B
	Dwelling C

	(low rent)
	Rent category 1
	0 euros
	2 euros
	5 euros

	
	Rent category 2
	0 euros
	4 euros
	10 euros

	
	Rent category 3
	0 euros
	5 euros
	15 euros

	
	Rent category 4
	0 euros
	10 euros
	20 euros

	
	Rent category 5
	0 euros
	15 euros
	25 euros

	(high rent)
	Rent category 6
	0 euros
	20 euros
	30 euros


Note: The distribution and the extent of monthly rental discounts determining the correct value range is based on a pre-survey interview held with 50 respondents, forming a representative group of people living in the vicinity of Amsterdam Airport Schiphol.

The SCM/CVM questionnaire consists of two parts. The first part contains the SCM questions. Here, respondents are asked to make a choice between three different dwellings (A, B and C). The second part contains the CVM questions. Here, the respondents are asked to give an indication of their minimum willingness to accept (WTA) for one of the dwelling alternatives. The content of this CVM-question for an individual respondent in terms of rent depends on his or her answer to the SCM-question in the first part. We will now explain the two methods in more detail.

SCM

Choice Modelling (CM), of which SCM is a variant, is based on the principle that alternatives (dwellings) are composed of different attributes. The method makes use of the choices that individuals make to estimate the marginal valuation for each attribute. The relevant attributes of the dwelling are: the external safety risk of the location in relation to one of the three variants; and the discount of the rental price of this dwelling. It is assumed that the remainder of the attributes of the dwelling such as type of construction, accessibility and the noise disturbance caused by air traffic, etc. is identical for each dwelling. According to Expected Utility theory, a variant is chosen with a higher risk level if, and only if, the expected utility of choosing this dwelling (with accompanying discount) is greater than the expected utility of a dwelling for which less risk is encountered (Riddel et al. 2003). If one of the attributes is expressed in monetary terms, it is possible to estimate the marginal value of the other attributes as well (de Blaeij 2003). In the empirical study, this means that it is possible to estimate the value of safety per dwelling and, more specifically, to estimate the value of a statistical life (VOSL) in the context of third party risk in aviation.

CVM

The CVM-question directly asks the respondents to give a true, but for the market not directly observable, indication of the minimum willingness to accept (WTA) compensation for a specific increase in risk of a particular accident. The use of a CV-question makes it possible to calculate a point VOSL estimate for each respondent individually. Example if dwelling A was chosen: “Despite the fact that you will have to pay x euros house rental less per month for dwelling B, you did not choose dwelling B. Apparently, this discount on the monthly rental price is too small to compensate you for the additional risk level you are confronted with. By at least how much must the discount on dwelling B be to persuade you to choose dwelling B? (This will thus be more than x euros)”.

A VOSL-estimation reflects the valuation of a change in risk level, and does not reflect the value of a specific designated individual human life. It concerns the appreciation of a risk change, and not the appreciation of a specific demonstrable human life. An important element in the calculation of a VOSL-estimate is the risk component. A reduction in the risk level means that statistical human lives are being saved which can be given a certain economic value: VOSL. In the case of third party risk in aviation, the base risk level is already low. As a base risk, the risk level of 1.10-5 (1 in 100,000) per year has been chosen for dwelling A. This forms the limit for the safety zones implied by the new safety policy. According to Dutch law and planning regulations, this means that no dwellings are allowed within these zones. In fact, the average Dutch citizen is confronted with much lower third party risks. Using even smaller risk levels than 1.10-5 per year is, however, difficult for respondents to interpret. The highest risk level of 5.10-5 (5 in 100,000) is the maximum third party risk that was allowed in the safety zones determined in the former physical planning system.

4.4 Data

The target group of the empirical study consists of people living near Amsterdam Airport Schiphol. The questionnaire has been tested extensively in a pilot among about 50 respondents. The data finally used in the empirical study were obtained by an Internet-survey conducted with 534 respondents. All respondents lived in municipalities neighbouring the airport. Respondents were approached via calls in local newspapers and flyers distributed in shopping centres. 

4.5 Results

SCM-part

The statistical analysis of stated choice data is based on Random Utility Maximimization (RU) theory. RU-models address the probability that a respondent chooses a particular variant (dwelling) on the basis of different characteristics of the alternative dwellings. Use is made of ‘Logit models’. An individual acting rationally will choose that dwelling which will yield him/her the highest utility level. The utility of dwelling i for respondent q depends on the discount (diq), and the risk level (riq). The sizes of the discounts vary per subgroup. The next equation represents the utility level Uiq of dwelling i for respondent q, by using a linear utility function:
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 is distributed according to the Weibul distribution
Table 4 presents the results of three different model formulations. The ‘standard’ Logit model without a constant, a model with a fixed constant, and, finally, the ‘adapted’ Logit model, by which the constant has been made dependent on income.

Table 4.  Estimation Results for the SCM-part of the survey: standard model and various specifications of alternative specific constants for safest alternative (A)

	Variable
	Model without
constant
	Model with
fixed constant
	Model with
constant dependent on income (log y)

	Risk
	-0.33

(-4.693)***


	0.42

(4.093)***
	-0.33

(-4.649)***

	Discount
	-0.02

(-1.310)


	-0.02

(-1.313)
	0.04

*(2.392)*

	Constant for safest alternative


	
	2.62

(8.918)***


	

	Constant (log y)


	
	
	3.19

(6.604)***



	VOSL
	20.2 million euros


	-26.6 million euros
	9.2 million euros

	Log-Likelihood
	-481.72


	-428.72
	-457.26

	R2
	0.1797


	0.2692
	0.2206

	Adjusted R2
	0.17817


	0.2672
	0.2184


Note: t-values are shown in brackets, together with their levels of significance: *** 99.9% significance level, * 95% significance level.

It appears that the coefficients of the ‘standard’ model (without a constant) do not have the expected signs. One would expect a positive coefficient α for the discount variable. Closer inspection of the data reveals that many respondents prefer alternative A as it is the safest dwelling, while the shares of people choosing B and C are 10% and 20%, respectively. We test for the presence of a labelling effect by adding an alternative specific fixed constant for the safest alternative (A). A positive constant means that people tend to prefer the safest alternative, irrespective of the specific risk and discount levels. This leads to a better fit, but now the signs for both risk and discount are contrary to expectations. A third specification explores the possibility that people’s preference for the safest alternative depends on income: high income respondents attach high importance to safety irrespective of the costs, whereas this effect is smaller for low incomes. From a theoretical point of view, this third model is preferred since all coefficients have the expected signs. Moreover all coefficients including the interaction term are significant. The constant means a bias towards the safest alternative, where the choice of dwelling A (safest house) depends on income. The implied VOSL is estimated to be 9.2 million euros.

CVM-part

The CVM-part of the survey makes it possible to estimate for each respondent a point estimation of his/her VOSL. The mean WTA/VOSL is the traditional standard, which is used in CBAs. The median WTA/VOSL, which corresponds to that particular value which will be accepted by the majority, is, however, a standard ‘public-choice’ criterion. Mostly the entire distribution is of interest (Carson 2000). In Table 5, the different average and median values for the two random samples taken are given. There is considerable diversity in the mean values
, but the median as central tendency is constant over the two distributions. An obvious advantage of the median value above the mean is that it is not sensitive to outliers.

Table 5  Some (distribution) characteristics of the two random samples (in Euros)

	
	All respondents

(N = 534)
	No outliers1
(N = 487)

	Mean estimate
	142,584 million
	52.8 million

	Median estimate
	30 million
	30 million

	Upper bound2
	9,000 million
	300 million

	Lower bound3
	0 million
	0 million


Note 1: Outliers are defined as those observations with the largest deviation. We have used a limit of two      standard deviations.
Note 2: 2.5% of the highest VOSL estimates of the sample are above this bound.
Note 3: 2.5% of the lowest VOSL estimates of the sample are below this bound.

Not only is the value of a statistical human life (VOSL) relevant but also the factors which determine the level of a VOSL are of interest. A regression analysis shows which factors have a significant influence on the VOSL-value. The independent variables we use are: Gender; Age; Income; Level of education; Number of persons in household; Children younger than the age of 10; Aviation noise; and Risk-index. The variable ‘risk-index’ is used to determine the extent of risk aversion. The extent of aversion is determined by using an index based on six questions
 about risky behaviour (revealed preferences), based on Singh and Thayer (1992).

Table 6. Results of the regression showing which factors influence the VOSL (measured in million Euros, outliers excluded) (N=487)

	
	Estimated Coefficient
	t-value

	Constant


	 24.60
	(4.365)

	Gender
	
	

	Male


	-10.93


	(-3.693)

	Age
	
	

	Young (0 – 30)
	-0.54
	(-0.132)

	Middle (31 – 50)


	 4.48
	(1.309)

	Monthly (net) income (in euros)
	
	

	Low income level (0 – 1500)
	-15.79
	(-3.715)

	Middle income level (1501 – 3000)


	-7.14
	(-2.121)

	Education level
	
	

	Low
	-4.94
	(-1.110)

	Middle


	-2.20
	(-0.728)

	Number of persons in household


	3.84
	(3.055)

	Children younger than 10 years?
	
	

	Yes


	-1.35
	(-0.342)

	Aircraft noise as nuisance?
	
	

	Yes
	14.63
	(5.084)

	Risk attitude index
	
	

	Risk averse
	-2.09
	(-0.595)

	Risk neutral
	7.79
	(2.146)

	R2
	0.175
	

	Adjusted R2
	0.154
	

	F-test
	8.394
	


Reference groups are:

Gender: female; Age: old (>50); Monthly income: High (>3000); Education level: High; Children younger than 10 years?: no; Aircraft noise as nuisance?: no.

Table 6 gives the result of the regression, based on the WTA-values using dummy variables. The regression model is significant at the 99.9%-level. The R2 is broadly in line with this type of analysis (de Blaeij 2003). The following variables are significant: Gender; Monthly net income; Number of persons in household; Aviation noise; and the Risk-attitude variable. Men have, on average, a lower VOSL of 11 million euros compared with females. This result is in line with other studies (see, e.g., Riddel et al. 2003; Alm and Lindberg 2000). Regarding age, the results show no significant differences between the various age categories. The VOSL is significantly higher for the higher income levels. According to economic theory, this is a plausible outcome (Hammitt and Graham 2001). The groups with a low income level and the middle income groups do have an expected lower average VOSL of, respectively 15.8 million and 7.1 million euros relative to the group with the high income levels.

Just like age-differences, differences in education levels are also observed not to have a significant influence on the valuation of safety. The number of persons in a household is shown to be significant, which is according to expectations. The expected VOSL increases, on average, by 3.8 million euros per person. A possible explanation for this could be that, within a family or household, some sort of altruism will occur. While the number of persons in a household shows a significant effect, the presence of children younger than 10 years does not have significant influence on the VOSL. If one considers the differences in VOSL-values for the groups who indicate whether or not they experience aircraft noise nuisance (‘yes’ or ‘no’), the results show a higher VOSL of 14.6 million euros for the group which experiences noise nuisance due to aircraft. This result shows the strong correlation between feeling unsafe and aircraft noise.

The results for the variable ‘risk attitude-index’ are not entirely according to expectations. Since one would expect that WTA would increase with the extent of risk aversion.
Comparison of SCM and CVM outcomes.

The WTA value based on SCM is clearly lower than that based on CVM (9.2 versus 30 million euros). This difference can be easily explained. The 9.2 million euros gives the money-risk trade-off after the correction for the labelling effect, i.e. a substantial part of the respondents tends to choose the safest alternative, irrespective of the risk levels involved. Such a correction was not possible in the CVM case given the differences in methodology. Therefore, it is possible to say that the 9.2 million euro figure gives the relevant VOSL value to be used in CBA, whereas the 30 million euro figure incorporates ‘non-rational feelings on risk’, in the sense that really insignificant risk increases would still lead to substantial demands for compensation. We conclude therefore that the value of 9.2 million euros is the most preferred for CBA. However, one might use the high estimate of 30 million euros as an upper value for sensitivity analysis
.

Another point is that our estimates are to be interpreted as the willingness to accept (WTA) risk increases. In this respect, the study differs from most studies in the field which address willingness to pay (WTP) for risk decreases. The reason for our choice was that the existing risk levels are already so low that most people would have great difficulty in understanding further decreases in the risk involved. It is well-known that WTP values tend to be lower than WTA values. Prospect theory (Kahnemann and Tversky, 1979) gives some explanations for this phenomenon. Since we apply the VOSL-valuation methods in the case of risk reductions, it is more appropriate to use WTP values. On the basis of the work of Brown (1994) and Eisenberger and Weber (1995), we conclude that a reasonable estimate of the WTP/WTA ratio is 0.5. Therefore, we will use 4.6 million euros (9.2/2) as the most appropriate value for the purpose of our study. This figure may be interpreted as a conservative estimate of the VOSL in the context of third party risk in aviation. It may be interesting to compare it with other VOSL estimates. Note that it is well within the range of values reported in Table 2. In addition, de Blaeij (de Blaeij 2003) surveyed a number of studies in the field of VOSL in road transport and found a median value of about 2.5 million euros. This means that the value adopted in the context of third party risk in aviation is substantially higher.
5 Cost-benefit analysis (CBA) of safety-improving policies

5.1 Costs

To realize the intended protection level of 1 victim in 100,000 per year (new policy 2003), a total of 64 houses have to be demolished within the safety zones in the direct surrounding of Amsterdam Airport Schiphol (MER 2003). Converted to the standards of the PKB Schiphol (PKB 1993), this realization requires an estimated investment of 12.0 million euros. This is also the present value (PV) of the investment costs.
5.2 Benefits

Safety benefits

Establishing the safety zone means that dwellings are removed with an expected number of fatal accidents per dwelling of about 4 over a 100,000 (105) years period. Rebuilding the house at a place outside the saftey zone will reduce this risk to a level far below 1 per per 105 years. Thus, the risk reduction per dwelling is close to 4 per 100,000 years.  Assuming a ‘shadow-price’ of safety, the VOSL-value of 4.6 million euros (corrected CVM-value), 64 houses, and an average household size of 2.28 persons (CBS 2004 ), the immaterial safety benefits amount to 26,800 euros per year
. Besides the immaterial safety benefits, there are also material safety benefits, the savings of damage to houses and furniture. Despite the fact that one can insure against this, the costs are passed on in the insurance and are indirectly imposed on society as a whole. Assuming an average furniture and house value of, respectively, 45,000 euros (FPO 2004) and 187,000 euros, results in total material safety benefits of 594 euros per year
.

Under the assumption that government policy relates to a period of 50 years (average expected  remaining lifetime of the houses); that the present safety policy of safety zones will be continued in the future; and that the predicted prognosis of the number of aircraft movements (MER 2003) and the riskmodels for determining the risk (NLR) are valid, Table 7 gives the present values of the total safety benefits, for various discount factors. 

Noise benefits

Besides safety benefits, there are also noise benefits. The demolishing of dwellings due to third party aviation risk results at the same time in a decrease of the noise level experienced by these households. These (noise)benefits should also be taken into account in a CBA. The noise demolition zones for a large part overlap the safety demolition zones. As the ‘production’ of noise leads to a loss of silence, this also forms an external effect of the aviation system (van den Brink 1999). To determine the monetary value of noise exposure of air traffic, a noise level of 30 Ke (Kosten-eenheden
) is taken as the lower limit of noise exposure. This is the noise level at which the airplane noise merges into the background noise and does not cause any nuisance worth mentioning (NEI 1997). On the basis of the work of Baarsma (Baarsma 2001) the total noise benefits amount to 116,351 euros per year. Using the hedonic-pricing method of Schipper (Schipper et al. 1999) would result in comparable results. The noise benefits are independent of the number of (statistical) saved human lives.
5.3 CBA

Assuming the risk-free discount factor (4%) for government investments, a saving of 4.5 human lives and the corrected VOSL values of the CVM part of the survey (4.6 million euros), it appears that the costs required for the realization of the (policy-driven) desired safety level are greater than the total social appreciation through society (safety plus noise benefits) (Table 7.a). Even if we use the corrected CVM-VOSL value (15 million euros) (30/2 – see Section 4.5.3) as the upper value for sensitivity analysis (Table 7.b), the same conclusion can be drawn. This implies, in terms of Figure 1.2, that the safety standard has been set at an unnecessarily strict level, i.e. on the left side of Qs. Using the CVM-VOSL value, it appears that the safety and noise benefits are of the same order of magnitude.

	Table 7.a - CBA safety zones, based on VOSL= 4.6 mln euros
	
	Table 7.b - CBA safety zones, based on VOSL= 15 mln euros

	Discount 

factor
	0%
	2%
	4%1
	6%
	8%
	
	Discount factor
	0%
	2%
	4%1
	6%
	8%

	Costs
	12.0
	12.0
	12.0
	12.0
	12.0
	
	Costs
	12.0
	12.0
	12.0
	12.0
	12.0

	Safety benefits
	1.5
	1.0
	0.7
	0.5
	0.4
	
	Safety benefits
	5.0
	3.1
	2.1
	1.6
	1.2

	Noise benefits
	5.8
	3.7
	2.5
	1.8
	1.4
	
	Noise benefits
	5.8
	3.7
	2.5
	1.8
	1.4

	Total benefits
	7.3
	4.7
	3.2
	2.3
	1.8
	
	Total benefits
	10.8
	6.8
	4.6
	3.4
	2.6

	Difference2
	4.7N
	7.3N
	8.8N
	9.7N
	10.2N
	
	Difference2
	1.2N
	5.2N
	7.4N
	8.6N
	9.4N


Note 1: Risk-free rate.
Note 1: Risk-free rate.

Note 2: N (Negative).
Note 2: N (Negative).

Only in the exceptional case, in which the discount factor equals 0% (CVM-part), are the costs and benefits broadly the same. However, in the more realistic cases using a discount factor of 4%, the benefits of demolishing are clearly lower then the costs, in both SCM and the CVM-part. From an economic point of view, this means that the present external safety limit and third party risk standards have been formulated at a level that is higher than that reflected by consumer preferences.

6 Conclusion

Airports worldwide handle many thousands of flights a year over a relatively small area in the immediate vicinity of an airport. Despite the fact that aviation is a safety-conscious industry, resulting in a very small probability of an aircraft accident per flight, the Dutch government has established special (spatial) policy for third party risk in aviation. These standards and limitations - putting a constraint on the airport capacity - are quite unique compared with the rest of the world. This policy was stimulated by a crash in 1992 in Amsterdam with 39 third party casualties.

Third party risk, as an external effect of the aviation system, can be seen as a market imperfection calling for government intervention. Government should weight the interests of different parties (citizens, municipalities, airports, etc). Trade-offs between safety and the economy can be integrated in an economic approach. Methods are available to make a valuation of non-market goods like safety. The question to be answered in the empirical study was whether the chosen safety protection level by the Dutch government would lead to a social optimum. Based on the protection level, special areas (safety zones) have been designated in the immediate vicinity of Amsterdam Airport Schiphol where use restrictions are applied limiting the number of persons present in these areas. The empirical study asked respondents to choose from three types of rental dwellings. The dwellings differed according to monthly house rental and safety level.

The statistical analysis of risk valuation reveals that respondents have a tendency to choose the safest alternative, irrespective of risk levels and rent reductions. This hampered the estimation of the usual risk-money trade-off. Therefore, we added an alternative specific constant to deal with this problem. Further analysis of the VOSL reveals that it is higher for women than for men, and that it increases with income. Translating the estimates into a willingness to pay (WTP) indicator we finally arrive at a value of 4.6 million euros per person.

This value is used in an assessment of Dutch spatial policy around Schiphol airport where a number of dwellings are to be demolished since they are located in a zone where risks are higher than 10-5 per year. For a rather wide range of assumptions on discount rates, a cost-benefit analysis (CBA) reveals that the standard for the safety zone is not consistent with the WTP values. Less restrictive safety standards would be called for. Of course, it is up to the responsible public bodies to decide whether less strict safety standards should be adopted, but at least it is clear that, if they use consumer preferences as a reference point, the standards are too strict. 
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Appendix: Part of Questionnaire text with valuation question

Assume that you have decided to rent a house. The only choice you have yet to make is a choice from three different dwellings: A, B or C. These three dwellings are completely identical (except for their third party risk due to air traffic). This means that all three dwellings are completely equal with respect to their construction, age, isolation, geography and design.. Also the presence of parking facilities is the same. Moreover, the noise nuisance due to air traffic is the same for all three dwellings. This means you will be confronted with the same noise level if you choose dwelling A, dwelling B, or dwelling C. The only difference between the three dwellings is that each of the three dwellings is located in a different risk zone (concerning risk caused by air traffic). Thus, the chance that you will, while being on the ground, be killed as a consequence of an aircraft accident will be smaller when choosing a dwelling located in a lower risk zone.

If your dwelling is hit by an aircraft accident, you will inevitably also experience material damage to your dwelling. In that case, you can expect that the insurance company will compensate all material damage caused by the aircraft accident. In answering the questions, you should thus only take into account the immaterial damage: the chance that you will die as a consequence of the aircraft accident.

By making the choice between the three dwellings, you thus only have to look at the safety level and the monthly rental price of the dwelling. By rental price, we mean the net rent, i.e. the rental price without the expenses for light and heat. You have the choice between a dwelling in a low risk zone (dwelling A), a dwelling in a moderate risk zone (dwelling B), and a dwelling in a high risk zone (dwelling C).

If you have to pay the same rent per month for a dwelling located in a moderate or higher risk zone as for a dwelling in a low risk zone you will probably choose the dwelling located in the lowest risk zone. After all, the dwellings are in all other respects identical. However, you are offered the possibility that if you choose a dwelling with a higher risk level, you will be compensated in the monthly rent. For a dwelling in a higher risk zone, you have to pay a lower rental price (i.e. you receive a rent discount). In the case where a less-safe dwelling would only yield a rental discount of 1 euro cent you would probably not rent this dwelling. The extra risk you are faced with is in this case not sufficiently compensated through the reduction in the monthly rent that you must pay. If, on the other hand, you would have to pay 1,000 euros per month less for renting a dwelling in a less safe risk zone, you would probably rent this dwelling, since the extra risk is compensated through the reduced rental price.

There will probably be a minimum amount of rent discount that you are willing to accept for being confronted with a higher risk level. By means of this questionnaire we are looking for YOUR idea about the level of this extra compensation.

It thus is about your own safety and not that of others.

For more clarity: the three dwellings only differ with respect to the risk zone in which they are located. Only the risk level caused by the air traffic differs for dwellings A, B and C. All other characteristics are completely equal for all three dwellings. Think of: the construction, the accessibility and the noise disturbance caused by the air traffic. It further has to be mentioned that a risk level of 5 in 100,000 (dwelling C) is a realistic value for dwellings located near an airport.

Question

If you have to make a choice between dwellings A, B and C. Which dwelling would you choose?

 FORMCHECKBOX 
 Dwelling A (risk level of 1 in 100,000 per year, 0 euros rent discount per month)

 FORMCHECKBOX 
 Dwelling B (risk level of 3 in 100,000 per year, X euros rent discount per month)

 FORMCHECKBOX 
 Dwelling C (risk level of 5 in 100,000 per year, Y euros rent discount per month)










Figure 2. Risk contours around Airport Schiphol








� We thank participants of the NECTAR meeting in Florence 2005 for constructive comments.


� Risk levels further away from the runway threshold are even much smaller making the contribution of aviation risk to the total risk on a location almost negligtable compared with ‘natural’ risk.


� Here ‘unfavourable’ only refers to the contribution to the amount of third party risk.


� The Dutch Government is presently  working on third party risk policy for the other (regional) airports. The point of departure will be the approach chosen for Schiphol.


� This strong dependence of the mean on values in the upper range reported by respondents is not unusual in this context. It makes the median a more attractive indicator.


� “Do you have: 1) a fire alarm; 2) a burglar alarm; 3) a life-insurance policy; 4) if you go on a journey, travel insurance; 5) a car alarm;, 6) emergency rations (food/drinks) at home for possible calamities?”


� In Table 7, the CVM results are compared with the SCM results.


� (4 fatal accidents x 64 dwellings x 2.28 persons per household x 4.6 million euros (VOSL)) / 100,000 years = 26,849 euros per year.


� (4 fatal accidents x 64 dwellings x 232,000 euros) / 100,000 years = 594 euros per year.


� Named after Dr. Kosten. Although nowadays use is being made of a new (European) noise indicator (Lden), we can use the Ke indicator in this empirical study.
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