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Abstract
Risk management is an important part of contaminated land projects and different types of risks must be consid-
ered both during investigation and remediation phases, e.g. human health risks, ecological risks, risks for work-
ers during remediation, and project risks. The latter can be risks associated with e.g. time delays due to technical 
or juridical problems, or failure of remediation techniques. To provide cost-efficient management of remediation 
projects, there is an incentive for economic valuation of the risk reduction provided by further investigation or 
remedial actions. The purpose of this paper is (1) to describe problems and possibilities with economic valuation 
of risk reductions, and (2) to illustrate how different valuation perspectives affect the extent of investigations. A 
decision analysis model is presented for integrating the valuation of health, ecological, and project risks.  

1. Introduction
The Swedish Environmental Protection Agency [1] estimates that there are approximately 40 000 contaminated 
sites in Sweden. The accumulated governmental cost for clean-up is so far approximately 1 billion SEK (1€ ~ 
9.50 SEK), but the expected cost for remediation of the 1500 most contaminated sites is an additional 45 billion 
SEK. Assessments of acute and long-term health and ecological risks are required in the management of con-
taminated sites in Sweden. In addition, other types of risks must be managed during the remediation, e.g. health 
and accidental risks for workers, ecological risks during remediation, and economic risks. 

Sustainable development has three major dimensions; socio-cultural, ecological, and economical [2]. From a 
sustainability perspective, the large number of sites and the high costs make it necessary to consider the eco-
nomic values, or benefits, of risk reduction in the management of contaminated sites. In addition, economic 
valuations of environmental restoration are supported through the regulatory framework of the Swedish Envi-
ronmental Code.  

Presently, economic valuations of reduced risks from remediation of contaminated sites are not made explic-
itly in Sweden. The Swedish EPA has published a number of reports to guide investigations and remediation 
control at contaminated sites, see e.g. Swedish EPA [3,4]. However, these guidelines provide little information 
on how to estimate the economic value, qualitatively or quantitatively, of the risk reduction provided by the 
remediation [5]. Valuation of environmental risks has been identified as key areas for further development by the 
Swedish EPA in its analysis of the current knowledge situation in Sweden [6].  

The extent and design of site investigations and remediation efforts depend on how different risks are as-
sessed and valued. Different perspectives among decision-makers regarding the various risks may result in dif-
fering strategies for both site investigations and remedial actions. Given unlimited economic resources and per-
fect information, the human health and ecological risks set the level for the remediation effort. However, limited 
resources and imperfect knowledge result in decisions that are based also on the valuation of these risks in rela-
tion to other influencing factors. Thus, the perspective of the decision-maker has a strong impact on the result. 
The predominant remediation approach in Sweden is excavation of contaminated soil and disposal at licensed 
waste disposal sites. The main reason for this is that more or less complete removal of contamination and con-
tamination load on receptors is the major philosophy in Swedish environmental restoration, and not balancing of 
risks. However, the increasing number of identified contaminated sites, resulting in increased predicted remedia-
tion costs, has led to a growing focus on risk assessments and risk valuations as a decision basis for prioritization 
of available resources. 

The purpose of this paper is (a) to describe problems and possibilities with economic valuations of risk re-
ductions, and (b) to illustrate how different valuation perspectives affect the extent of investigations. An eco-
nomic decision analysis model is presented for integrating the valuation of health, ecological, and other risks into 
one assessment. The decision model can be used on the societal level for cost-benefit analysis, but also for 
evaluating the cost-efficiency of different investigation and remediation alternatives. 

2. Risk Reduction and the Perspective of Decision-Makers 
2.1 Risk reduction and the ALARP principle 
The main objective of remediation project is to asses the risks and, if necessary, to accomplish a risk reduction 
that is sufficiently large to be acceptable by society. The risk reduction should be estimated prior to remediation 
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and an appropriate remediation technique should be selected so that the risk can be reduced to an acceptable 
level (risk management). The policy of the Swedish EPA [7] is that the planned risk reduction should be stated in 
the remediation goals. So far, risk reduction is usually expressed qualitatively in Swedish remediation projects, 
although examples of quantitative or semi-quantitative estimates exist. However, application of economic valua-
tion of risk reductions requires a quantitative estimate of the risk reduction. The ALARP (As Low As Reasona-
bly Practicable) principle is currently widely used and accepted in risk management and is assumed to provide a 
reasonable basis for the work described in this paper. This principle is illustrated in Figure 1. 
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Figure 1. The ALARP principle to risk management, after Melchers [8]. 

The ALARP principle requires that risks between the unacceptable and acceptable risk level must be reduced to 
a level ’As Low As Reasonably Practicable’. For contaminated land project in Sweden the acceptable human 
health risk level is often defined as an excess lifetime cancer risk of one in 100 000 individuals. When compar-
ing this risk level to acceptable risk levels in other sectors of society large differences are found, indicating dif-
ferent valuation bases between the different sectors. Interesting examples are that human risk levels acceptable in 
industrial working environments and residential indoor environments are 100-1000 times higher than those ac-
cepted at contaminated sites [9]. 

In the following, we will discuss how implicit valuations, usually not openly displayed, may affect the esti-
mated risk, and consequently the estimated risk reduction. The discussion is based on the conditions in Sweden, 
where methods developed in other countries, e.g. United States and the Netherlands are adopted. 

2.2 The value basis of human health risk assessment 
The risk assessment procedure is traditionally viewed as a four step procedure [10]: (a) hazard identification, (b) 
dose-response assessment, (c) exposure assessment, and (d) risk characterization. Risk assessment of contami-
nated land is often based on action levels like guideline values [11], soil screening levels [12], or trigger values. 
These values are developed by hazard identification, dose-response assessment, and exposure assessment on a 
general level. General assumptions and attitudes towards risk are thus incorporated in the guideline values. When 
risk reduction is based on the guideline values it is tempting to regard it as objective, representing the reality. As 
will be demonstrated the situation is more complex. 

Guideline values are calculated differently depending on if the contaminant has a threshold or not in the 
dose-response relationship. For carcinogenic contaminants, so called cancer slope factors (SF) have been deter-
mined in a dose-response assessment, often based on animal experiment. The risk level is estimated by multiply-
ing the SF with the chronic daily intake (CDI) of the contaminant, determined in the exposure assessment. But 
what does this deterministic risk level represent? 

To answer this question we must consider why cancer slope factors have been developed in the dose-
response assessment and how the exposure assessment is performed. The main reason is to provide values that 
can be used as tools to protect humans, not to make precise estimates of risk levels. Therefore, the SF is often an 
upper 95th confidence limit of the probability of response based on experimental animal data. Consequently, the 
carcinogenic risk estimate will generally be an upper-bound estimate [13]. Similarly, the exposure assessment is 
performed using the US Superfund’s concept of Reasonable Maximum Exposure [12]. The purpose of this is to 
use conservative values for intake and duration of exposure in order to protect individuals that are exposed more 
than the average person. This implies that the risk is generally overestimated for an average individual and the 
population as a whole, although the risk can be underestimated for very sensitive persons with high exposure. 

For non-carcinogenic contaminants it is believed that there exists a low dose below which no harmful effects 
are anticipated. This threshold is a reference value called Tolerable Daily Intake (TDI) or Acceptable Daily In-
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take (ADI) depending on the type of substance. So called uncertainty factors are applied when TDI-values are 
calculated [14]. Large uncertainty in the dose-response relationship results in high uncertainty factors and a TDI-
value that is adjusted upwards to safeguard for the uncertainty. The principle is similar to safety factors applied 
in construction and geotechnical engineering. US EPA [13] describes how a Hazard Quotient can be used as an 
indirect way of assessing the risk level based on TDI-values, although these values where developed for protec-
tion, not risk estimation. Altogether, this implies that an estimated risk reduction for a non-carcinogenic sub-
stance is a very rough one. 

It can be concluded that the traditional deterministic way of calculating guideline values and risk levels are 
problematic for estimation of risk levels for human populations. Instead, the methodology was developed with 
the objective to protect large parts of the population. Tools like economic decision analysis on the other hand 
require quantitative estimates of risk reduction for the human population at the site, but as indicated, the tradi-
tional deterministic risk calculations are biased. This can to some degree be overcome by performing a probabil-
istic risk assessment. Traditionally, probabilistic risk assessment has been directed towards the exposure assess-
ment [15], but the dose-response assessment also needs to be included to take the uncertainty in toxicological 
data into account. 

Another problem is how to estimate the risk reduction when the risk assessment is based on guideline val-
ues. In Sweden, there is no advice provided by the environmental authorities for how estimation of risk reduction 
should be performed. In lack of such advice, one way is to simply assume that the human health risk reduction is 
a linear function of the reduction in contaminant concentration. This is of course a very rough assumption and it 
may lead to misuse of economic resources. 

Similar problems of uncertain risk estimates are not restricted to contaminated land but are typical for risk 
management in general. Despite all problems, risk management must be performed based on the information that 
is available, even if it is limited, potentially biased, and uncertain. The best thing to do is to use a structured and 
transparent approach where all relevant information gaps and uncertainties are identified. This is problematic 
when risk is defined as a frequency of an undesirable event for which the true value is determined in a determi-
nistic way. We argue that risk instead should be defined as a measure of lack of knowledge and its consequence. 
The deterministic techniques will not be sufficient if we adopt this view of risk; instead probabilistic risk as-
sessment techniques will be required. For many complex problems this is the most realistic way of handling the 
uncertainties and it will render possible economic decision analysis as a tool for allocating resources to site in-
vestigations and remedial actions. 

2.3 Other risk types in remediation projects 
In addition to human health risks there are several other risks in a remediation project. All relevant risk types 
must be considered in order to take the most efficient action. These include for example ecological risks (before, 
during and after remediation), short-term risks for workers during remediation, risk of groundwater contamina-
tion, risk of damage to constructions from the contaminants, engineering risks, and economic risks for the prob-
lem-owner and the entrepreneurs. 

The risks for ecological systems are routinely considered in several countries, often managed within defined 
frameworks, e.g. Swedish EPA [11] and US EPA [16]. However, experience from remediation projects in Swe-
den indicate that the protection level for the ecological systems can vary considerably when site-specific guide-
line values are developed. Risks for ecological systems during remediation can be high, especially if the reme-
diation activities are performed in or close to water resources. A common way of handling these risks are by 
implementation of mitigating measures but often not preceded by any explicit assessment of the actual risk. 

The short-term risks to workers during remediation can be significant and may outweigh the long-term risks 
to residents [17]. Despite this, risks to workers are often not included in the assessment. In Sweden, the attitude 
appears to be that such risks can be managed by protective measures implemented based on the legislation for 
working environment. From the perspective of society these risks should be considered together with other risks. 

The risk for contaminated groundwater has become increasingly important to manage because of scarce wa-
ter resources in many countries and the implementation of the EU Water Framework Directive [18] in national 
legislations. A principle in the Water Directive is that further deterioration of the status of waters should be pre-
vented. The importance of this risk may differ between countries because of different geological and hydrologi-
cal conditions, different water supply systems, and thus different perspectives on the value of groundwater. 

The risk of damaged constructions due to contaminated soil and groundwater is a limited problem but may 
be a relevant issue in some projects [19]. Situations of concern may be when the contaminant has a large influ-
ence on the pH-value, e.g. when sulphur-rich residuals are contaminating the groundwater, resulting in increased 
corrosion and deterioration of constructions [20]. 

Engineering risks depend on the type of remediation technique that is applied. The success varies considera-
bly and the choice of a particular remediation technique is highly dependant on the decision-maker’s expectation 
of how successful it will be. Thus, the decision-makers attitude towards risks becomes important. A risk-seeking 
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decision-maker may select a low-cost but uncertain in situ technique, while a risk-averse one may chose costly 
excavation of contaminated soil followed by disposal at a landfill. 

The economic risks that a problem-owner faces are interconnected with all other risk types. However, the 
connection is stronger with risks that may lead to high direct costs to the project, such as engineering risks. Other 
risks, such as environmental risks, may cause indirect costs but at a later stage and not during the timeframe of 
the actual project. Therefore, the perspective of the decision-maker will influence which economic risks to con-
sider and which to ignore. The problem-owner will primarily consider risks related to the operational or user 
values of the site, such as the risks of restricted land use and health risks to workers on the specific property. A 
decision-maker on the societal level may consider all types of direct and indirect costs, including the non-use 
values, both on the specific property but also for surrounding potential receptors. Examples on non-use values 
are ecological and bequest values of soil and water, both inside the property and in the surroundings. Finally, an 
entrepreneur performing the remediation cannot be expected to have any societal perspective. 

The risk reduction provided by a remediation project depends on which of the above risks are considered. 
The long-term human health and environmental risks are usually the most important ones for the decision-maker. 
However, disregarding other risks may lead to decisions that are inefficient from a societal perspective. 

3. Framework for Economic Risk Valuation of Contaminated Land 
Decision analysis, as presented in this paper, is an economic concept where the stream of benefits and costs over 
a specific time horizon are integrated to produce the total expected economic outcome of a project. If different 
alternative actions can be visualised, the expected economic outcomes of these alternatives can be compared in 
order to select the most cost-effective alternative. The benefits and costs of each alternative are taken into account 
by defining an objective function, i, for each alternative i=1,...,n. Benefits and costs are considered for each year 
t=0,...,T. The objective function has the general form: 
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where B are the benefits [SEK], C  are the costs [SEK], r is the discount rate [decimal fraction], and T is the time 
horizon [years]. The objective function represents the net present value of the alternative i. Reductions of health 
and ecological risks are examples of benefits. Different decision-makers will have different perspectives regard-
ing what benefits and costs to include in the model, how these factors are valued, the time horizon, and the dis-
count rate. From a societal point of view, the values of reduced health risks and ecological risks have to be in-
cluded, and the time horizon is generally long. When performed on a societal level, the decision analysis can be 
referred to as Cost Benefit Analysis (CBA). For the problem owner, the perspective is restricted to risks affecting 
the operation. 

To account for the different perspectives between the problem-owner and the rest of society, a more specific 
objective function model for remediation of contaminated sites can be described, based on Hardisty and Özdemi-
ro lu [21]: 
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where BBo are the benefits to the problem-owner, BsB  are the benefits to the rest of society, Co are the costs to the 
problem-owner, and Cs are the costs to the rest of society. Examples on benefits to the problem-owner are: 

wclpvreso RBBBBB  (eq. 3)

where BBres are the benefits of decreased landuse restrictions, BpvB  are the increased property value of the site, BBl
are the benefits of decreased liability, BcB  are  the benefits of increased trust among public and consumers, and Rw
are the benefits of reduced health risk to workers. Examples on benefits to the rest of society are: 

rpshes BBRRB  (eq. 4)

where Re are the benefits of reduced risks to ecological systems at identified receptors, Rh are the benefits of 
reduced risks to human health, BBps are the increased property values of the site surroundings, and BrB  are the in-
creased recreational values. Examples on costs to the problem-owner are: 

pecrcdo RCCCCC  (eq. 5)
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where Cd are the costs for investigations and design of remedial actions, Cc are capital costs, Cr are the costs for 
remediation, Cec are the costs for environmental control and monitoring, and Rp are the costs of project risks, 
such as delays and accidents to workers. Examples on costs to the rest of society are: 

edarhrers RRRRC  (eq. 6)

where Rer are the costs of increased ecological risks during remediation, Rhr are the costs of increased risks to 
human health during remediation; Rar are the costs of increased accidental risks during transports to and from the 
site, and Red are the costs of increased environmental risks at the disposal/treatment sites of contaminated soil. 

Applications of economic decision analysis in contamination and remediation studies, using frameworks 
similar to the one described above, has been described by several authors. Sharefkin et al. [22] developed a gen-
eralised CBA as a framework for evaluating the impacts, costs, and techniques for mitigating groundwater con-
tamination. Freeze et al. developed a framework for hydrogeological decision analysis in a four-part paper series 
[23-26] applicable also to remediation problems. James et al. [27] and Back [28] used decision-analysis for 
evaluating the value of investigation programs. Rosén and LeGrand [29] presented a guidance framework for 
monetary risk assessments at early stages, prior to any new measurements or actions. Norrman [5] presented 
decision analysis as general tool in managing contaminated sites. Hardisty and Özdemiro lu [21] described deci-
sion analysis models and valuation approaches for groundwater remediation. Rosén et al. [9] gave a discussion 
on possibilities and problems in valuation of the changes in health and ecological risks in remediation projects. 

A critical part of a decision analysis in a remediation project is the economic valuation of reduced risks to 
human health and ecological systems. Economic valuation of such ‘non-market goods’ are still to some extent 
regarded as controversial. However, extensive research, development and applications in the filed of environ-
mental economics over the last decades has resulted in greatly increased knowledge regarding the possibilities 
and limitations of valuations of e.g. statistical life and ecological improvements. Important methodological im-
provements have been made on various types of willingness to pay methods. Major categories of methods are 
Revealed Preference methods and Stated Preference methods. Freeman [30], US EPA [31] and Johansson 
[32,33] provide detailed and extensive information on environmental economic valuation methods. 

A major benefit of the decision analysis is that it provides a structure for transparent economic valuation of 
risk reductions and for integrating these valuations with other costs and benefits in the project. The decision 
analysis forces the decision-makers to reflect upon valuations that need to be made but are commonly not dis-
played explicitly. The implications of the economic valuations in application of a decision-model will be exem-
plified in the following section.  

4. How Economic Valuation Affect Site Investigations 
Freeze et al. [26] states that the perspective of the decision-maker influences the value of an investigation pro-
gram. It is possible to study how differences in perspective influence the design of a sampling program by apply-
ing economic valuation within the presented framework. This can be performed with a model for estimation of 
the value of a sampling program; the so called data worth [26]. Such models have been presented by for example 
Rautman et al. [34], Back [28], and Norberg and Rosén [35]. Here, the model of Back [28] will be used to dem-
onstrate how the decision-makers perspective will influence the extent of sampling. The presentation is limited 
to the economic valuation of failure, as described below. 

The sampling objective is to estimate the mean concentration in a remediation unit (RU), taking a Bayesian 
approach. This is a typically problem encountered in the remediation phase of a project, when the soil is classi-
fied as either contaminated or not contaminated. A RU that is classified as contaminated is remediated. The 
expected value of the remediation project is estimated by the objective function in eq. 1. The purpose is to 
maximise the total benefit of the project, or to minimise costs. The objective function is calculated for two situa-
tions: (a) the present situation with no additional information supplied (prior analysis), and (b) the situation that 
is expected when sample information becomes available (preposterior analysis). The difference in total expected 
benefit is called the expected value of information (EVI), or in other words the data worth of the sampling. 

The input to the model include variables like the guideline value for the contaminant of interest, the sam-
pling uncertainty, the number of samples in the sampling program, the sampling costs, the cost of making the 
wrong decision based on uncertain data (failure cost), and the remediation cost. Some of these variables are 
highly dependent on the perspective of the decision-maker. Sensitivity analysis indicates that the failure cost is a 
very important variable, which is in agreement with experience from other economic decision analysis models 
[5]. The failure cost can be interpreted as the consequences the decision-maker is facing if the decision is made 
not to remediate when the RU is in fact contaminated. Such consequences can be long-term human health risks 
and environmental risks, as well as additional and unexpected remediation costs in the future, if and when the 
contamination is detected at a later stage. Economic valuation techniques can be applied for the quantification 
but the result is highly dependant on the perspective of the decision-maker.  

Three different situations will be illustrated by an example from the remediation phase of a project. The ex-
ample illustrates sampling for classification of RU:s before excavation of contaminated soil. Sampling in one out 
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of 225 RU:s is performed at the Wockatz scrap yard in Göteborg, Sweden. The scrap yard is contaminated my 
metals and oil due to past activities for several decades but the example is limited to cadmium. The size of the 
RU is 10×10×1 m3. All samples from the RU are mixed to produce a composite sample that is sent to a labora-
tory for chemical analyses. 

First, imagine a situation where the failure cost is very low, i.e. close to the remediation cost (region A in 
Figure 2 and 3). The ratio of failure cost to remediation cost is therefore close to 1. This means that there is no 
significant difference in total expected cost if remediation is performed or not, the decision-maker will be facing 
similar costs anyway. Therefore, there is no incentive to reduce the uncertainty about the contaminant situation. 
Consequently, the most cost-efficient strategy is to take only a few samples or even no samples at all because 
EVI is low (Figure 3). The difference between EVI and sampling cost is the expected net value (ENV). The 
sampling program is regarded as cost-efficient when ENV > 0, i.e. the value of sampling is higher than the cost 
of sampling. The optimal number of samples is found where ENV is the highest. 
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Figure 2. Example of the data worth for the most cost-efficient sampling program for estimation of the cadmium 
mean concentration in a remediation unit of contaminated soil. EVI and ENV are plotted as functions 
of the ratio between failure cost and remediation cost.  

Secondly, imagine that that the failure cost is significantly higher than the remediation cost (region B). A deci-
sion-maker that makes the wrong decision will now be facing significantly higher cost than if the correct deci-
sion was made. Therefore, reduction of uncertainty by sampling is worthwhile, as long as the sampling is cost-
efficient. This is the typical situation for sampling of contaminated soil. 
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Figure 3. Example of the most cost-efficient number of samples as a function of the ratio between failure cost 
and remediation cost. 

In the third case the failure cost is orders of magnitude larger than the remediation cost (region C). The uncer-
tainty must therefore be reduced very much because making the wrong decision would result in large conse-
quences. But large uncertainty reduction requires extensive sampling. In fact, the sampling cost is so high that it 
cannot be compensated for by the reduced uncertainty. Therefore it is better to remediate directly, without spend-
ing money on a costly sampling program. At first impression, this case may seem unrealistic but a car-owner 
comes to a similar conclusion every day when he arrives at home in the evening and locks the car. An alternative 
approach would be to leave the car unlocked and spend the night investigating if there are any thieves around. 
The potentially high failure cost (lost car) and the cost of investigation (lost sleep) are so high that the car-owner 
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makes the more cost-efficient decision to lock the car instead. The same principle applies to contaminated land if 
the consequence of leaving contaminated soil without taking action is sufficiently high. 

The example above offers an interesting possibility to study how failure is implicitly valued in traditional 
sampling of contaminated soil. In Sweden, 4 to 5 samples are typically collected in a RU of 10×10 m2 during the 
remediation phase. In Figure 3, an optimal sampling program of 5 samples corresponds to a failure cost that is 
roughly 1.5 times the remediation cost, i.e. very close to region A. This can be regarded as the implicit valuation 
of failure for a traditional sampling program. In other words, if the decision-maker incorrectly takes no action 
because he believes that the RU is clean when in fact it is contaminated, he expects to face consequences that are 
about 1.5 times the remediation cost for the RU. This is believed to be a typical situation in the sense that failure 
is considered to result in relatively minor consequences. Why is the consequence of incorrect classification of 
contaminated soil considered to be so low in traditional sampling? One explanation is that the failure costs may 
occur in the future, not during the actual remediation project. The incentive to spend money to reduce these fu-
ture and uncertain costs is therefore low. 

A conclusion of the above is that the design of a sampling program for contaminated land highly depends on 
the value basis of the decision-maker. This is one reason why the simple question “How many samples should I 
collect” is so difficult to answer. There is no specific answer, unless the basis for the valuation of ‘success’ and 
‘failure’ is known. An environmental authority with a societal perspective can arrive at one conclusion of the 
required sampling effort, while a private company with a more restricted perspective may suggest a very differ-
ent sampling effort. Both may be right based on their different perspectives. 

5. Conclusions 
The main conclusions of this study are:  

Large variation of acceptable risk levels in different sectors of society has been noted. The acceptable risk 
levels for contaminated sites are low compared to other types of risks, e.g. health risks to workers or resi-
dential health risks. 
The present Swedish approach of comparing measured contaminant concentrations to guideline values, 
rather than quantification of the actual risk level, does not correspond very well to economic valuation of 
risk reduction. 
Risk should preferably be defined as a measure of lack of knowledge and its consequence, instead of as a 
frequency determined in a deterministic way. This would facilitate economic valuation of risk reduction but 
would also require probabilistic risk assessment techniques, which are usually more complicated. 
The design of a sampling program for contaminated land highly depends on the value basis of the decision-
maker. The extent of traditional sampling during the remediation phase reflects the implicit valuation of 
making the wrong decision. The consequence of such failure is believed to be valued only slightly higher 
than the remediation cost in typical Swedish remediation projects. However, sampling is problem-specific 
and more applications are required to confirm this.  
Practical applications of economic valuation of risk reductions for contaminated land are so far limited. 
More applications are needed before its potential can be determined. 

Decision analysis in remedial and sampling design for contaminated sites has gained increased interest over the 
last two decades, but still has limited application. We believe one important reason for this is difficulties in per-
forming relevant economic valuations on reduced health and ecological risks. Further applications are therefore 
needed to fully evaluate the potential for decision analysis in managing contaminated sites. A critical part of this 
should be to better use the knowledge gained from the wide range of applications of environmental economics 
and cost-benefit analysis in various other fields, e.g. water eutrophication and air pollution. 
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