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Introduction 

On March 11, 2011, an earthquake and a tsunami struck the Fukushima 

Dai-ichi nuclear power plant in eastern Japan. The nuclear reactors 

automatically shut down when the earthquake struck, but the reactor 

cores still needed active cooling. A 14-meter tsunami wave over-

whelmed the six-meter-high sea defenses, flooded the facilities and 

destroyed the emergency backup power systems (Wakeford 2011). The 

operators soon lost control of the nuclear reactors, and the result was 

the worst nuclear accident in the world since the Chernobyl disaster in 

1986. 

The design and planning of the nuclear power plant in Fukushima, 

its daily operations, the emergency measures that were taken during the 

accident, and the subsequent remedial actions were all guided by prac-

tices, principles, and regulations governing the management of the risks 

associated with radiation and nuclear power generation.  

In addition to scientific, technical, and engineering issues, social and 

ethical issues were involved. For example, the design of the tsunami-

defenses in Fukushima were based on an assessment of the likelihood 

of an earthquake and large tsunami waves, but also on value judgments 

concerning acceptable levels of risk and dealing with uncertainty in 

such assessments. The emergency work at the nuclear power plant dur-

ing the accident meant that a few workers were exposed to high risk in 
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order to avoid the release of radioactive material into the environment, 

which would affect many more people. Forbidding the sale of food-

stuffs from regions contaminated by radioactive fallout from Fukushi-

ma involved weighing health risks to the consumers against economic 

harm to the producers.  

The present thesis is concerned with the ethical issues of radiation 

risk management.
1
 Ethics is highly relevant, as radiation risk manage-

ment requires decisions that affect health risks of people. However, it is 

often hard for the public to gain insight into and understanding of the 

basis of decisions that may affect them. This augments the importance 

of making ethical considerations and value judgments in radiation risk 

management more explicit. Moreover, highlighting ethical issues ena-

bles comparisons and insights from other fields. In particular, many of 

the root causes of controversies and problems in radiation risk man-

agement are analogous to those in other areas and involve issues that 

have long been of central concern in moral philosophy.  

The aim of this introduction is to show how radiation risk manage-

ment entails both practically important and philosophically interesting 

issues by highlighting perspectives that are discussed in the articles 

included in this thesis. One such perspective concerns different risk 

management responses to increased scientific knowledge and to uncer-

tainty. For example, in many cases, it may be impossible to give a con-

clusive answer to questions that policymakers ask because there is not 

enough time or resources available to reduce uncertainties or because 

                                                 
1 “Radiation” in this thesis means ionizing radiation, if nothing else is stated. Ionizing 
radiation has sufficient energy to remove an electron from an atom to create an ion, in 
contrast to nonionizing radiation. Ionizing radiation is much more harmful to living 
organisms than nonionizing radiation. 
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the scientific problem at hand is too difficult. Situations like these can 

create conflicting views of the risks because of differences in value 

judgments that may color interpretations of and responses to uncertain-

ties in scientific data. 

Another perspective is the ethical analysis of regulatory principles in 

radiation protection. Not only do such principles greatly influence the 

construction of the whole system of protection, they are also explicitly 

formulated in national and international laws and regulations and are 

used as a basis for everyday work practices. A thorough analysis of the 

implications and foundations of the principles is, therefore, important. 

We will see how risk regulation principles can involve a commitment 

to moral views that mirror the classical conflict in moral philosophy 

between consequentialist and deontological ethics, and how radiation 

risk management involves other difficult ethical issues, such as weigh-

ing societal benefits against risks to individuals. 

This thesis is based on the idea that the intersection of moral philos-

ophy and practical risk management is a rewarding area to study. In 

particular, the thesis assumes that concepts, ideas, and methods that are 

used in moral philosophy can be of use in analyzing radiation risk man-

agement, and that practices in risk regulation provide a useful testing 

ground for moral philosophical theories. 
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The importance of knowledge and uncertainty for 

radiation risk management 

Scientific knowledge about risks is important to the manner in which 

these risks are regulated. This section illustrates this point, using some 

examples from the history of radiation protection.2 

Wilhelm Röntgen's discovery of the x-ray in 1895 was soon fol-

lowed by the discovery of radioactivity in 1896 by Henri Bequerel and 

the radioactive chemical element radium in 1898 by Pierre and Marie 

Curie (Lindell 1996). These discoveries quickly found practical uses in 

medicine, science, and engineering. However, it was soon noticed that 

radiation could also cause skin burns and other injuries, known today as 

‘tissue reactions.’ Unfortunately, ignorance about the health risks of 

radiation and lack of adequate protective measures caused many inju-

ries and fatalities in the first decades of the 20th century. International 

recommendations on radiation protection were not developed until the 

late 1920s by what would later become the International Commission 

on Radiological Protection (ICRP) (Clarke and Valentin 2009).  

The first radiation protection measures were based on physical pro-

tection, such as technical shielding and practical guidance, and on how 

exposures could be limited by regulating working hours and holidays 

(Clarke and Valentin 2009). However, systematic study of the effects 

of radiation showed that tissue reactions only occur above certain levels 

of exposure to radiation. If a measure of how much radiation is needed 

to create tissue reactions could be defined and measured—a ‘dose’—it 

would be possible to avoid injuries by making sure that exposure was 

                                                 
2 This section is partially based on Wikman (2005a,b). 
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sufficiently below the threshold dose for tissue reactions. Thus, in-

creased scientific knowledge enabled the adoption of a new tool for 

radiation protection— the dose limit. In 1935, an international commis-

sion issued the recommendation of a dose limit, which in modern ter-

minology would correspond to an annual dose of about 500 mSv (i.e., 

about 25 times the present annual limit for average occupational dose) 

(Clarke and Valentin 2009).
3
 

Before the Second World War, the health risks of radiation were not 

widely known among the public, and the medical use of radiation prob-

ably contributed to the public perception of radiation as healthy. Many 

saw radiation as a universal medicine, and it was common to drink and 

bathe in radioactive water and to make visits to mines with high con-

centrations of radioactive radon gas (Lindell 1996).  

However, this perception started to change in the 1950s. The pub-

lic’s perception of radiation was influenced by the atomic bombings of 

Hiroshima and Nagasaki in 1945 and by the increased testing of nuclear 

weapons in the decades that followed (Clarke and Valentin 2009). In 

the 1950s and 1960s, detailed scientific data regarding the carcinogenic 

effects of ionizing radiation were also becoming available. Previously, 

it had been assumed that below the threshold dose, there were no long-

term effects. However, in the 1950s and 1960s, there was increasing 

evidence that ionizing radiation could also cause cancer and hereditary 

                                                 
3 In modern radiation protection, the concept of a ‘dose’ is used to express the amount 
of radiation to which an individual is exposed. Exposure to ionizing radiation is nor-
mally quantified by the effective dose, a measure that takes both the type of radiation 
and the sensitivity of different organs into account. The effective dose is expressed in 
the unit sievert (Sv). One sievert is a very large dose, and it is, therefore, common to 
use millisieverts (mSv) instead (1 mSv = 0.001 Sv). In this thesis, ‘dose’ refers to the 
effective dose if nothing else is stated. The collective dose is the average effective dose 
to an exposed population multiplied by the number of individuals in the exposed popu-
lation. The unit of the collective dose is man Sv.  
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defects. Such long-term effects are caused by modification rather than 

the destruction of living cells and occur with a certain probability, 

which was assumed proportional to the dose. Furthermore, it was 

deemed unlikely that a threshold existed for these kinds of effects 

(Sowby and Valentin 2003).
4
 This would evolve into the so-called ‘lin-

ear no-threshold’ model that has been called the “main general assump-

tion on which radiation protection rests” (Silini 1992, p. 141).  

The linear no-threshold model is called an ‘assumption’ because the 

magnitude of the risks of low doses is uncertain, which makes it very 

difficult to prove that any model is correct. As a result, the linear no-

threshold model should primarily be seen as a practical concept that is 

based on precautionary considerations (Lochard and Boehler 1993). 

However, the scientific controversy around low-dose effects has led to 

different and conflicting views, and consequently, there are those who 

argue that the standard model overestimates the actual risks, as well as 

those who claim that it underestimates the risks (Shrader-Frechette 

2001). Articles I and II discuss ethical implications of the existence of 

uncertain risks and how differences in value judgments of how to inter-

pret and respond to uncertainties in scientific data have introduced an 

ethical dimension into previously purely scientific matters. 

The assumption that there is no threshold for the risks of radiation 

posed a new problem regarding dose limits. Previously, dose limits 

could be set based on the threshold for tissue reactions, with additional 

safety factors, but this approach was not possible regarding the risk of 

cancer and hereditary effects. Several types of approaches to set dose 

                                                 
4 Cancer and hereditary diseases caused by radiation are called “stochastic effects,” in 
contrast to tissue reactions, which are called “deterministic effects.” 
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limits have since been used in radiation protection, including compari-

sons with risks in other areas, and comparisons with the natural back-

ground radiation. These approaches are further discussed in Article I 

and to some extent in Article II. 

Moreover, the increased knowledge was associated with the devel-

opment of a new approach to the management of radiation risks. In-

stead of relying on dose limits, a novel principle was proposed: Expo-

sure to ionizing radiation should be kept ‘as low as practicable’ and any 

unnecessary exposure should be avoided, which eventually evolved 

into what is today called the optimization principle (Lochard and 

Schieber 2000). An everyday application of this principle is the reason 

why your dentist leaves the room while taking an x-ray. He or she does 

this not because any scattered radiation is very dangerous, or there is an 

exposure limit, but because it reduces the aggregated exposure to the 

dentist. How this principle should be interpreted and what the relation-

ship is between optimization and dose limits are discussed in the next 

section. 

Radiation protection principles and ethical theories 

Currently three principles provide the foundation of radiation protec-

tion. These principles were first explicitly defined as a system in 1977 

by the ICRP (Clarke and Valentin 2009). This section presents these 

three principles of radiation protection and briefly discusses the ethical 

issues that particularly pertain to the respective principles underlying 

them (see also Articles I and II). 
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The first fundamental principle of radiation protection can be formu-

lated as follows:
5
  

(i) The principle of justification implies that any decision that alters the 

radiation exposure situation should do more good than harm—meaning 

that by introducing new radiation sources or by intervening for reduc-

ing existing doses or the risk of potential doses, sufficient individual or 

societal benefit should be achieved to offset the detriment such actions 

may cause. (González 2011, p. 2) 

The justification principle defines the minimal requirement for any 

action or regulation that involves radiation—the benefits should out-

weigh the harm. The ICRP states, “the responsibility for judging the 

justification usually falls on governments or national authorities to en-

sure an overall benefit in the broadest sense to society” (ICRP 2007, p 

90). For example, a practical application of the justification principle 

could be the decision to allow or forbid the selling of contaminated 

foodstuffs after a nuclear accident. However, making such decisions 

involves weighing different harms and benefits for different people 

against each other, which means both practical problems (how to meas-

ure harms and benefits) and ethical problems (how can different harms 

and benefits to different individuals be compared, and why is it appro-

priate to do?).  

The justification principle is often interpreted as reflecting a conse-

quentialist or utilitarian moral view (see e.g., ICRP 2001; González 

                                                 
5 I have chosen to present the principles here as formulated by González (2011), be-
cause his formulation gives a somewhat simplified, yet concise, description of the 
principles. See Article I for the canonical formulation in the 2007 general recommenda-
tions of the ICRP. 
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2011). Consequentialism is the view that moral rightness depends only 

on consequences, and utilitarianism is the paradigm case of consequen-

tialism (Sinnott-Armstrong 2011). The justification principle is based 

on the premise that ‘goods’ can be weighed against ‘harms’ in such a 

way that ‘societal benefits’ can offset individual ‘detriment.’ However, 

this premise is controversial from other, non-consequentialist, ethical 

viewpoints. For example, John Rawls argues that “each person possess-

es an inviolability founded on justice that even the welfare of society as 

a whole cannot override” (Rawls 1999, p. 3). Moreover, even within 

consequentialism, we need to define what should be counted as ‘goods’ 

and how interpersonal comparisons of these goods between different 

individuals should be made (Hansson 2004). 

While adhering to the justification principle is a necessary require-

ment in radiation protection, it is not sufficient. Two other principles 

also need to be satisfied. The second principle is the following:  

(ii) The principle of optimization implies that the likelihood of incur-

ring exposures, the number of people exposed, and the magnitude of 

their individual doses and risks should all be kept as low as reasonably 

achievable, taking into account economic and societal factors—

meaning that the level of safety should be the best under the prevailing 

circumstances maximizing the margin of benefit over harm. (González 

2011, p. 2) 

While the justification principle defines the requirement for allowing an 

activity that involves radiation, optimization introduces the additional 

demand that the activity should maximize benefits over harm. A simple 

application of the optimization principle would be to calculate the so-
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called ‘collective dose’ (defined as the sum of individual doses re-

ceived by a specified population) and multiply this with a monetary 

value. This makes it possible to compare different protection alterna-

tives by adding the actual monetary cost and the collective dose ‘cost’ 

and then choosing the alternative with the lowest total ‘cost.’  

Optimization is also typically seen as a utilitarian principle (e.g., 

Hansson 2007a; Clarke and Valentin 2009; González 2011), sharing the 

general ethical issues discussed in connection to the justification prin-

ciple. Optimization has historically been closely associated with cost-

benefit analysis (Clarke and Valentin 2009), which can be seen as ap-

plied utilitarianism (Wolff 2006, Hansson 2007b). A particularly diffi-

cult issue for optimization is to take into account morally relevant fea-

tures (‘societal factors’) and weigh these against other factors (averted 

collective dose, monetary costs, etc.).  

Optimization alone does not ensure protection of the individual from 

dangerous exposure. The third principle addresses this issue: 

(iii) The principle of individual protection implies that the total dose 

and risk incurred by any individual should be restricted—meaning that 

severely inequitable outcomes of optimized safety should be prevented 

by restrictions on individual doses. (González 2011, p 2) 

Thus, the principle of individual protection defines the boundary of 

optimization. This principle is often seen as a deontological principle 

(see e.g., Hansson 2007a; González 2011). Imposing limits on what we 

may do against each other is typical of deontological ethical theories 

(Alexander and Moore 2008). However, it is not clear what the basis 

should be for determining the appropriate level of the dose limit. For 
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example, the idea of a probability-based definition of ‘acceptable risk’ 

is hard to reconcile with ethical theories that stress the absolute rights 

of individuals (Hansson 2003). Other ethical issues related to limit set-

ting include justification of establishing different limits for different 

groups (e.g., workers and the public), and how to deal with differences 

in individual sensitivity to radiation.  

To summarize so far: two of the three fundamental principles of ra-

diation protection (justification and optimization) are normally seen as 

representing a consequentialist ethical view, while the third (individual 

protection) represents deontological ethics. However, deontology and 

consequentialism are commonly seen as in opposition (Alexander and 

Moore 2008). This should make us expect conflicts between the princi-

ples. In the system of principles described above, the principle of indi-

vidual limitation has absolute priority over the other two principles. In 

this way, direct conflicts between the principles are resolved, but the 

conflicting nature of the principles shows in other ways. For example, 

if lower limits are used, then there is less room for optimization, which 

can create situations in which substantial increases in collective doses 

would have to be accepted.  

A hypothetical example illustrates this point: Assume that in a coun-

try radiation exposures are distributed so that one group (Group A) 

consisting of 1000 people is exposed to in average of 10 mSv/yr, while 

a second group (Group B) consisting of 100,000 individuals is exposed 

to 1 mSv/yr. Now assume that a radiation protection authority wants to 

reduce the inequity between the individuals in Group A and Group B 

by introducing measures that reduce the average dose to Group A by 2 

mSv/yr (to 8 mSv/yr). However, this reduction comes at a cost, so op-
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timization now means that the average doses to Group B increase by 1 

mSv/year (to 2 mSv/yr). This would reduce the inequality (from a max-

imum of 9 mSv to 6 mSv), but at the same time almost double the total 

exposure (the collective dose increases from 110 man Sv to 208 man 

Sv).  

The optimization principle is essentially directed towards efficien-

cy—it aims at using available resources and means to reduce doses in 

an efficient manner. The principle of limitation instead promotes the 

goal of equality—that all individuals should be entitled to the same 

basic level of protection. The example shows how the relative weight 

of optimization versus individual protection can imply a trade-off be-

tween these two values. 

The importance of the ethical foundation of the principles is shown 

in the recent discussion within the radiation protection community on a 

revision of the radiation protection system. This debate was initiated 

around 1998 in a discussion paper (Clarke 1999) presented by the then 

chairman of the ICRP, Roger Clarke (Wrixon 2008). In that paper, 

Clarke proposed that a new principle should guide radiation protection: 

The protection philosophy for controllable dose is based on the individ-

ual. If the individual is sufficiently protected from a single source, then 

that is a sufficient criterion for the control of the source. The principle 

is: “If the risk of harm to the health of the most exposed individual is 

trivial, then the total risk is trivial—irrespective of how many people 

are exposed.” (Clarke 1999, p. 111) 

The ICRP explicitly stated that one motivation for a new approach was 

that the old recommendations were too greatly influenced by a utilitari-
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an ethic and that the new recommendations should be based on an “in-

dividual-oriented philosophy” (ICRP 2001, p. 113). The proposed 

changes in the new recommendations included a greater emphasis on 

individual limits (called dose constraints) and less emphasis on the 

concept of collective dose. Clarke's principle is a main topic of discus-

sion in Article II, which argues that the principle is problematic be-

cause it ignores the total effects and that it is not justified by a change 

from a utilitarian ethical view to an ethics based on individual rights. In 

the end, the principle proposed by Clarke was not adopted by the ICRP, 

and the new recommendations (ICRP 2007) essentially retained the 

system of principles of the earlier recommendations (Wrixon 2008).  

I hope this brief review of risk regulation principles used in radiation 

protection has shown how the basic principles of radiation protection 

are related to ethical theory and has illustrated some of the ethical is-

sues that have arisen in connection with the application of these princi-

ples. The next section turns to the problem of analyzing such risk regu-

lation principles.  

Evaluating principles for risk regulation 

How can risk regulation principles and combinations of principles be 

analyzed more thoroughly? Article III addresses this problem by exam-

ining ‘evaluative principles,’ which are formal representations of what 

makes us evaluate one distribution as better than another distribution. 

The combination of individual dose limits and minimizing the collec-

tive dose thus can be described as a single evaluative principle. Article 

III examines this principle together with other principles derived from 
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moral philosophy and welfare economics, such as the idea made fa-

mous by John Rawls (1999) that we should maximize the prospects of 

the least well off or the utilitarian idea that we should maximize total 

utility. These and other views can then be analyzed using mathematical 

tools. Article III defines a set of distinct ways to evaluate distributions 

of doses, analyzes the formal properties of these principles, and con-

cludes that a prioritarian evaluative principle is attractive, since it satis-

fies reasonable formal requirements.  

Prioritarianism is based on the ethical view that benefits to the worse 

off should be given more weight than benefits to the better off (Parfit 

1997). In particular, prioritarianism satisfies the requirement that an 

inequality-decreasing transfer between two individuals results in a bet-

ter distribution. 

The evaluative principles discussed in Article III operate on distribu-

tions of individual doses. However, in real situations, one would like to 

take into account many other aspects, the distribution of doses being 

only one aspect. Article IV utilizes social welfare functions that enable 

a much more capable representation of outcomes. A social welfare 

function is a mathematical rule for ranking outcomes of distributions of 

individuals' utility numbers (numerical assessments of people's well-

being).  

However, even if social welfare functions provide a more detailed 

representation of morally relevant factors, they operate within a conse-

quentialist ethical setting. A non-consequentialist (e.g., deontological) 

critique is that there are important aspects that are difficult or impossi-

ble to incorporate into such frameworks. In order to address this con-

cern, the starting point of Article IV is Carl F. Cranor's (2007) list of 
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aspects of the acceptability of risks, which he argues, “seem sufficient-

ly plausible that any defensible ethical view should be able to provide 

reasons to justify them” (p. 37). For example, Cranor argues that risks 

that are imposed on a person and risks that the person takes are funda-

mentally different, and that the degree of control over voluntarily taken 

risks is relevant. Article IV argues that the basic requirements of an 

ethical theory of risk can properly be taken into account by ‘responsi-

bility-catering prioritarianism,’ an ethical theory developed during the 

previous two decades within the debate on distributive justice, and in 

particular by Richard Arneson (see Arneson 1999). The basic idea is 

that people should be held responsible to some degree for the choices 

they make, but not for outcomes that are not the results of their choices. 

Article IV suggests that responsibility-catering prioritarianism can be 

operationalized using a standard prioritarian social welfare function 

(giving more weight to the worse off), which operates on responsibil-

ity-adjusted utilities. Responsibility-adjusted utilities reflect the utility 

that could normally be expected for individuals, taking into account 

circumstances outside the control of the individual.  

Much work remains before practical decision methods based on re-

sponsibility-catering prioritarianism are developed to the extent that 

they can be used in real applications. However, a more elaborate ap-

proach based on responsibility-catering prioritarianism could perhaps 

be used in order to evaluate or improve risk regulations.  
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Epistemological challenges for accident prevention 

The prevention of accidents is of paramount importance for protecting 

individuals from ionizing radiation. In fact, the most harmful conse-

quences of peaceful applications involving radiation have come from 

the loss of control over nuclear reactors, nuclear chain reactions or ra-

diation sources (IAEA 2006). Article V discusses two specific types of 

epistemological challenges in relation to accident prevention. The first 

type includes completely unexpected events that are only predictable in 

hindsight; these are called ‘black swans.’ The other type includes po-

tential events that are ignored despite existing evidence, which are 

called ‘black elephants.’ 

Black elephants are risks that are known but disregarded by those re-

sponsible for addressing them (like the ‘elephant in the room,’ they are 

seen, but largely ignored). The challenge posed by black elephants 

comes from the tendency to disregard known risks and not take proper 

measures to avoid them. Article V argues that the possibility of large 

earthquakes and tsunamis that could affect Japanese nuclear power 

plants should be seen as a black elephant. Black elephants are particu-

larly hard to address because among other reasons, the nature of black 

elephants means that research generating more knowledge of the risks 

may not necessarily improve the management of the risks. Article V 

suggests that the causes of black elephants include limited economic 

liability, vested interests, limited involvement of stakeholders, and psy-

chological impediments. These issues are of course not new in the risk 

management literature (e.g., they are discussed in relation to ‘safety 
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culture’), but the very concept of the black elephant could perhaps be 

useful in order to highlight these and other related issues. 

Black swans in a sense represent an opposite challenge. How can we 

deal with risks that we do not even know about? Article V proposes a 

shift in focus in risk management from probability reduction to uncer-

tainty reduction, and suggests a wider application of the engineering 

principles of ‘inherently safe design’ and ‘safe fail.’ Both these princi-

ples reduce the uncertainty by a focus on removing the potential for 

catastrophic outcomes.  

Conclusion
 

In this introduction, I have tried to show why radiation risk manage-

ment entails both practically important and philosophically interesting 

issues. Improved scientific understanding of the health hazards of ra-

diation both made it possible to develop new tools to manage radiation 

risks and created new challenges. The interpretation of and response to 

uncertainty are of particular importance here and introduce an ethical 

dimension to matters that previously were purely scientific. 

The use of explicit regulatory principles in radiation risk manage-

ment enables a detailed analysis of the ethical foundations and implica-

tions of these principles. Such an analysis reveals issues that are also 

important in moral philosophy, such as conflicts between efficiency 

and equity and between consequentialist and deontological ethical 

views. 

Within a consequentialist ethical framework, a prioritarian view that 

gives more weight to the situation of worse-off individuals has attrac-
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tive formal attributes. However, non-consequentialists argue that there 

are morally important aspects of risk exposure that are often neglected 

by consequentialists. Responsibility-catering prioritarianism provides a 

way to deal with such worries and can be implemented using responsi-

bility-adjusted utilities and prioritarian social welfare functions. 

Finally, let me end by stating my hope that this thesis may serve as 

an inspiration for further study of the ethics of radiation risk manage-

ment, which involves many more important and subtle issues than I 

have been able to cover in this thesis. 
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Summary of Articles I–V 

Article I: Radiation protection issues related to the use of 

nuclear power 

This paper reviews social and ethical aspects of radiation protection 

related to nuclear power generation. The paper starts by discussing the 

ethical implications of uncertainty in risk assessments in general and 

the linear, no-threshold model of health risks at low doses in particular. 

General ethical issues related to the three fundamental principles of 

radiation protection (Justification, Optimization and Limitation) are 

then presented.  

The practical application of radiation protection is divided into three 

areas: Planned, Emergency and Existing exposure situations. For 

Planned exposure situations, the following issues are discussed in more 

detail: exposure of large populations, exposure of future generations, 

protection against accidents and protection of the environment. For 

Emergency and Existing exposure situations, the problems of heteroge-

neous distributions of exposures and complex social and economic 

aspects are particularly important.  

The paper concludes that four problem areas in social and ethical is-

sues stand out as central for radiation protection: The first is uncertainty 

and the influence of value judgments in scientific risk assessments. The 
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second is the distributions of risks and benefits between different indi-

viduals, in both space and time. The third is the problem of setting lim-

its when there is no known level of exposure associated with a zero 

risk. The fourth central problem area is related to stakeholder influence 

and risk communication. 

Article II: Trivial risks and the new radiation protection 

system 

This article discusses ethical problems related to the proposal that doses 

(or risks) below a certain level should be excluded from the system of 

radiation protection, without any regard for the number of people ex-

posed. It is argued that this proposal ignores the facts that 1) many 

small risks to an individual may add up to a large risk for that individu-

al, 2) that many small risks to many individuals may add up to a large 

expected value of harm, and 3) that a small risk each to many individu-

als may add up to the large probability that several people are harmed. 

Different arguments for excluding small radiation doses from regula-

tion are examined in this essay. First, it is argued that the fact that risks 

are small compared to natural sources should not be used as a justifica-

tion for accepting them. Second, the principle proposed by Clarke 

(1999) is analyzed. It is concluded that the proposed principle equivo-

cates on the meaning of the word ‘trivial,’ and that it ignores the com-

bined effects.  

Third, the article investigates whether the proposal can be justified 

by a change from a utilitarian ethic to an ethic based on individual 

rights. It is argued that ethics based on individual rights may require an 
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even more risk adverse position (e.g., it may not allow a probability 

limit for risks). It is concluded that exposure to unnecessary risks, or 

risks that do not benefit the person exposed to the risk is hard to justify 

in a rights-based ethical setting. 

Fourth, the argument that epidemiological studies cannot detect any 

effects from small doses is irrelevant. The reason is that substantial 

effects might be present without being detectable. It is also argued that 

the mere fact that any individuals harmed by radiation cannot be identi-

fied does not suffice to cancel their rights not to be exposed to risks of 

being harmed. 

Finally, a possible solution to the problem of regulating small risks 

is proposed: Any exclusion of small doses (or risks) from radiation 

protection ought to be based on a case-by-case basis, with the condition 

that the expected value of harm remains small. As the collective dose 

can be seen as a measure of the expected value of harm, this can be 

achieved by keeping the collective dose small. If, instead, we want to 

apply an exclusion level for risks, that level ought to depend on the 

number of people exposed.   

Article III: Principles of protection: a formal approach for 

evaluating dose distributions 

This article discusses the ethical problems involved in determining 

what makes one distribution of individual doses better than another 

distribution. The essay introduces a mathematical framework based on 

preference logic, in which such assessments can be made precisely in 

terms of comparisons between alternative distributions of individual 
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doses. Principles of radiation protection and from parallel discussions 

in moral philosophy and welfare economics are defined using this 

framework and then analyzed for their formal properties. 

The analysis shows that there can be efficiency-related problems 

with a strict application of individual dose limits. These problems can 

formally be expressed as a violation of desirable formal properties. It is 

concluded that one of the principles defined in the paper, ‘bilinear 

prioritarianism,’ may be preferable to the normal combination of prin-

ciples in radiation protection (a lexical ordering of individual dose lim-

its before optimization), since it satisfies efficiency-related properties 

better without sacrificing other desirable properties. Bilinear 

prioritarianism differs from the minimization of a collective dose in 

assigning extra weight to individual doses exceeding a certain limit in 

proportion to the size of the excess dose. It is proposed that a modified 

optimization process that gives more weight to high individual doses 

without introducing a strict limit might better satisfy both the require-

ment of individual protection and that of efficiency.  

The article was written in collaboration with Martin Peterson and 

Sven Ove Hansson. Sven Ove Hansson designed the formal framework, 

and I provided the radiation protection examples, but all three authors 

contributed to all parts of the article. 

Article IV: Toward a responsibility-catering prioritarian 

ethical theory of risk 

This article starts with a discussion of Carl F. Cranor's (2007) list of 

nine aspects that “represent some major facets of circumstances that 
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bear on the generic acceptability of risk exposure” (p. 38). It then ar-

gues that the ethical theory of “responsibility-catering prioritarianism” 

(Arneson 1999) is well positioned to deal with the reasonable require-

ments in an ethical theory of risk.  

The article shows how responsibility-catering prioritarianism can be 

operationalized using a prioritarian social welfare function based on 

hypothetical utilities. For this purpose, we suggest a hypothetical utility 

measure called ‘responsibility-adjusted utility,’ which is based on the 

utility that would normally be expected given circumstances outside of 

the control of the individual. Finally, we argue that degrees of control 

and knowledge of risks and consequences should influence when and 

how people are considered responsible in social decisions on risk. 

The article was written in collaboration with Lars Lindblom, who 

was mainly responsible for the analysis of Carl Cranor's list and the 

presentation of the background on responsibility-catering 

prioritarianism, while I contributed to the other parts of the article. 

Article V: Black elephants and black swans of nuclear 

energy 

This article was written as a response to the Fukushima disaster. Sever-

al authors called the Fukushima disaster a ‘black swan’—a concept 

made famous previously by Nassim Nicholas Taleb (2007), which he 

defines as (i) a high-impact event that (ii) lies beyond the realm of 

regular expectations and (iii) is only predictable in hindsight. 

However, we argue in the article that the hazards of large earth-

quakes and tsunamis were known, and that it would therefore be more 
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appropriate to call the event a ‘black elephant,’ which we define as (i) a 

high-impact event that (ii) lies beyond the realm of regular expecta-

tions, but (iii) is ignored despite existing evidence. 

We then go on to discuss the phenomena that can cause black ele-

phants and suggest that economic incentives, organizational and institu-

tional factors, non-involvement of stakeholders and psychological im-

pediments can all be causes contributing to the creation of black ele-

phants. 

Finally, we also discuss black swans because there may still be true 

‘unknown unknowns.’ We propose that black swans can be dealt with 

by a shift in focus from probability reduction to uncertainty reduction 

that is already present on a more local and limited scale, and also apply 

it on a more holistic level in order to reduce vulnerability to black 

swans. 

This article was written in collaboration with Niklas Möller, and we 

both contributed equally to the article. 
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