
EX ANTE REGULATION AND EX POST LIABILITY UNDER UNCERTAINTY 

Abstract 

This paper studies regulation of firms that engage in hazardous activities under uncertainty. A theoretical 

model is developed for three cases: manager’s attitudes toward uncertainty are (1) risk averse, (2) risk 

loving, and (3) ambiguity averse. Ambiguity aversion is modeled using the smooth model of decision 

making. We show that uncertainty averse attitudes induce over-investment in precaution that reduces 

hazard. Our main result is in stark contrast to previous findings in which uncertainty causes firms to invest 

less in precaution. Under this finding, we examine the effectiveness of ex post liability versus ex ante 

regulation with respect to inducing investment in precaution that reduces hazard. 

 

1. Introduction 

The literature on environmental policy under uncertainty is very extensive. Several papers have analyzed 

the setting of ex ante regulation such as emission fees, subsidies, or permits when the regulator is unable to 

observe, for instance, firm’s costs or environmental damage (see Weitzman (1974), Roberts and Spence 

(1976), Segerson (1988), Xepapadeas (1991)). Kolstad et al. (1990) identify inefficiencies associated with 

the use of ex post liability under uncertainty and suggest the joint use of ex ante regulation to correct them. 

Bearing in mind these analyses, there exists no consensus on how to define uncertainty. We consider 

different definitions of uncertainty and examine how the manager’s attitudes toward uncertainty affect her 

decision to invest in precaution, and how they affect environmental policy. 

With respect to uncertainty Keynes (1936) said, “Human decisions affecting the future, whether 

personal or political or economic, cannot depend on strict mathematical expectation since the basis for 

making such calculations does not exist.” He said this after Knight (1921) described Knightian Uncertainty 

but before Savage (1954) laid the foundations for subjective expected utility. Critiques such as Allais 

(1953), Ellsberg (1961), and Kahneman and Tversky (1979) among others followed from subjective 

expected utility. 



The many ways to conceive what is meant by uncertainty lead to different conclusions with respect 

to how economic agents deal with uncertainty. For instance, Kolstad et al. (1990) find that an increase in 

uncertainty causes the firm to invest less in precaution to reduce expected damages when facing ex post 

liability. In contrast, we find that the more averse to uncertainty she is, the more she invests in precaution. 

Additionally, the manager invests less in precaution the more risk loving she is. We define uncertainty as 

risk and ambiguity1 while Kolstad et al. (1990) define it as a mean preserving spread of the belief about the 

legal standard to which the firm will be held liable. In effect, this mean preserving spread lowers the 

probability of being found liable in the mind of the firm. The firm, being risk neutral, only cares about 

expected liability and therefore reduces their investment in precaution. They also assume that if a firm is 

found liable then liability is always equal to damages. Schmitz (2000) allows judges to impose punitive 

damages in order to induce firms to invest the efficient amount of precaution. Therefore, whether 

uncertainty causes a manager to invest more or less in precaution, the investment level in precaution can 

always be increased or decreased by increasing or decreasing expected liability. We assume in this paper, 

despite what the effect of uncertainty is on investment, risk neutral managers invest efficiently when 

expected liability equals expected damages. 

 Our definition of uncertainty as risk and ambiguity implies that there are several possible outcomes 

with respect to environmental damages and liability. When uncertainty increases it means that either risk is 

increasing, where the variance of outcomes increases while the average outcome remains the same, or 

ambiguity is increasing, where the divergence of the possible probability distributions over outcomes 

increases while the average outcome remains the same, see Klibanoff et al. (2005). Characterizing 

uncertainty in this way means it is only impactful on decision-making if the decision maker does not have 

a neutral preference for these factors. There is some evidence that decision makers within firms can make 

 
1 Ambiguity is defined by the existence of a distribution of different distributions over outcomes rather than a single 

distribution over outcomes when uncertainty is merely risk. Additionally, Ambiguity aversion is an aversion to 

unknown risks, that is, an agent that exhibits ambiguity aversion exhibits a preference for known risks relative to 

unknown risks. 



decisions that reflect other attitudes toward uncertainty that are in addition to a risk neutral attitude. 

Kunreuther et al. (1995) find evidence from a survey of insurance underwriters where they make decisions 

about insurance premiums that do not reflect risk neutrality or a strictly risk averse attitude. A risk averse 

agent should charge the same premium whether the probability of the event he is insuring for is ambiguous 

or not, ceteris paribus. The underwriters, however, state they would charge a higher premium when faced 

with ambiguity. Therefore, decisions made by managers can reflect attitudes that are not necessarily risk 

neutral.2 Kunreuther (1989) gives a good overview of work that explains why firm and manager incentives 

may not align. The study of ambiguity as a type of uncertainty has been overlooked in general and, as shown 

in Chambers and Melkonyan (2017), agent behavior and thus policy recommendations can be sensitive to 

these underlying assumptions.3 Alary, Gollier, and Treich (2013) model how ambiguity aversion affects the 

demand for self-insurance and insurance coverage but decreases the demand for self-protection. For further 

examination of ambiguity in the legal process see Chakravarty and Kelsey (2017), Viscusi and Zeckhauser 

(2015), and Segal and Stein (2003). We seek to answer how managers behave when they lack information 

about liability. Hence, introducing ambiguity is an attempt to examine uncertainty of the type Knight (1921) 

described.  

As an illustration, consider a manager tasked with overseeing the operation of an oil rig. Among 

the many decisions she must make is the amount of time and resources to invest in precaution. Investment 

reduces both the likelihood of an accident occurring and/or the magnitude of environmental damages in the 

event an accident occurs. If there is a regulatory standard, we assume there is no decision for the manager 

to make. The regulator imposes a standard, and the manager complies. In the absence of a regulatory 

standard, a legal system that holds firms liable for damages can induce the manager to internalize damages 

on their own. That is, if the manager expects the firm will be held liable for environmental damages, she 

 
2 Fox and Weber (2002) argue that decision makers usually judge the likelihood of an event based on computation 

intuition with some degree of imprecision and vagueness.  
3 Chesson and Viscusi (2003) empirically show that ambiguity aversion is important among managers facing decisions 

under uncertainty. 



will invest in precaution to reduce expected liability. Since the decision to invest in precaution is under 

uncertainty, we assume attitudes toward uncertainty differ among managers, these preferences must be 

considered when determining social welfare. When relying upon liability to induce investment in 

precaution, the outcome may be inefficient. The manager’s expectation of liability may be low or biased if 

a lawsuit is unlikely, they anticipate their firm can settle out of court at a relatively low cost, or the courts 

may be soft on their industry. However, if liability is equal to environmental damages, then the efficient 

level of precaution is chosen. 

The rest of the paper goes as follows. Section 2 defines the socially optimal level of precaution. 

Section 3 sets up the model of ex ante regulation and shows the socially optimal solution under regulation. 

Section 4 analyzes the decisions of risk averse/loving managers and ambiguity averse managers and how 

uncertainty influences their decisions under ex post liability. We show when the ex post liability outcome 

is better than the outcome under ex ante regulation where managers choose the efficient level of precaution 

and when the ex post liability outcome is not better than the outcome under ex ante regulation. Section 5 

provides some discussions about the implications of our results and section 6 concludes. 

 

1. Socially Optimal Level of Precaution 

Consider a production process that has the potential to generate a negative externality in the form 

of environmental damages.4 Suppose it is possible these expected damages can be reduced by investing in 

precaution denoted 𝑥 at a cost 𝑐(𝑥), which is increasing in 𝑥 and convex, i.e., 𝑐′(𝑥) > 0 and 𝑐′′(𝑥) > 0. 

Damage 𝑒(𝑥, 𝜐) depends on the precaution level 𝑥 and the random variable 𝜈, which has probability 

distribution 𝐹𝜐 representing the uncertainty surrounding how actions of firms affect the environment.5 

 
4 The model embodies cases in which the production process has unwanted consequences in the form of an accident 

or ongoing uncertain damages. 
5 As 𝑥 → ∞, 𝑒(∙) → 0 and as 𝑥 → 0, 𝑒′(∙) → ∞. This ensures interior solutions for all future calculations. 



Damages are decreasing and convex in 𝑥 and increasing in the random variable 𝜐. The socially optimal 

level of precaution is therefore found by solving 

min
𝑥≥0

𝐶(𝑥, 𝑣) = 𝑐(𝑥) + 𝐸𝜐[𝑒(𝑥, 𝜐)] 

where the operator 𝐸𝜐 represents the expectation with respect to the random variable 𝜐. The socially optimal 

level of precaution is 

𝑥∗ = argmin
𝑥

 𝐶(𝑥, 𝑣)  ⇒ 𝑐′(𝑥∗) = −𝐸𝜐[𝑒′(𝑥∗, 𝜐)], 

where the marginal cost of precaution is equal to the expected environmental damages. 

 

3. Ex Ante Regulation 

Now, let us assume that enforcement of regulation is costly, and represented by 𝑟(𝑥),6 but expected 

damages are estimated without error. In this context, the regulator seeks to minimize the cost of ex-ante 

regulation on the firm and the expected environmental damage. Hence, the regulator solves 

𝐶𝑟(𝑥, 𝑣) = 𝑐(𝑥) + 𝑟(𝑥) + 𝐸𝜐[𝑒(𝑥, 𝜐)]. 

The safety level chosen by the regulator is 

�̃�𝑟 = argmin
𝑥

𝐶𝑟(𝑥, 𝑣), 

which is characterized by 

𝑐′(�̃�𝑟) + 𝑟′(�̃�𝑟) = −𝐸𝜐[𝑒′(�̃�𝑟, 𝜐)]. 

 
6 For example, enforcement of regulation may require verification that firms are adhering to the safety standard. 



The precaution level chosen by an ex ante regulator is lower due to the additional marginal cost 

associated with enforcement, while the expected marginal benefit of precaution remains the same, i.e. 

�̃�𝑟 < 𝑥∗.  

 

4. Ex Post Liability 

After an accident occurs or environmental damages caused by the production process becomes known, 

a judge must determine whether the firm is liable. Managers usually face uncertainty about the judge’s 

verdict. Consequently, they form a subjective expectation about the liability they will face, which factors 

into their decision to invest in precaution. Like Greenwald and Stiglitz (1990), we consider that managers 

are adversely affected by their firm going into bankruptcy where their reputation is damaged, and they face 

potentially large job search costs, causing them to not necessarily have risk neutral preferences. In our 

model, hence, managers are concerned about environmental damage as it affects their firm’s liability. 

Specifically, liability depends on precaution and the random variable 𝜔, which has probability distribution 

𝐹𝜔.7 That is, the function 𝐿(𝑥, 𝜔) determines the liability that the firm faces. Liability is decreasing and 

convex in precaution and increasing in the random variable 𝜔. In addition, the more punitive a judge’s 

decision is, the larger the firm’s liability.  

Manager 𝑖 facing ex post liability maximizes his expected utility, as follows 

max
𝑥≥0

𝑈𝑖(𝑥𝑖, 𝑣, 𝜔) = 𝐸𝜔[𝑢(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜔))]. 

The manager’s optimal precaution level is 

𝑥𝑖 = argmax
𝑥𝑖

𝑈𝑖(𝑥𝑖, 𝜔) ⇒ 𝐸𝜔𝑢′(∙)(𝑐′(𝑥𝑖) + 𝐿′(�̂�𝑖, 𝜔)) = 0. 

 
7 Consider that 𝜔 represents uncertainty surrounding liability, for instance, a manager does not know how a judge will 

view the selected level of precaution and whether a judge will find the firm negligent. In other words, the manager 

does not know if the judge will use an objective or a subjective standard. For more details about this interpretation see 

Calabresi and Klevorick (1985). 



The manager chooses an optimal precaution level such that the expected utility from reducing the cost of 

liability is equal to zero. 

Let us first consider the case in which a judge faces a risk neutral manager. 

3.1 Risk-Neutral Manager 

Proposition 3.1. If liability is equal to environmental damages, 𝐿(𝑥, 𝜔) = 𝑒(𝑥, 𝜐), then the risk neutral 

manager chooses the efficient level of precaution, i.e. 𝑥𝑖 = 𝑥∗.8 

In short, when liability is equal to damages the first order conditions for the socially optimal level of 

precaution and for maximizing the manager’s utility are the same. When the manager is risk neutral the 

social welfare maximization problem under liability collapses to a minimization problem equivalent to the 

problem of the regulator under ex ante regulation. The proof is relegated to the appendix, but, in words, a 

risk-neutral manager has the same preferences as a risk-neutral social planner. Therefore, when liability is 

equated with damages they both choose the same level of precaution. 

When we say that liability is equal to environmental damages, we mean that after an accident has 

occurred a judge can get an accurate assessment of the value damages and set the amount the firm is liable 

for equal. It is important to mention that several papers such as Shavell (1984), Kolstad et al. (1990), and 

Schmitz (2000) have examined cases in which the judge is unable to establish a clear liability precedent. 

For instance, Shavell (1984) assumes there exists a positive probability of not being found liable and the 

judge is unable to impose punitive damages, that is, liability that exceeds environmental damages. In this 

case, expected liability is always less than expected damages leading to underinvestment in precaution. 

Kolstad et al. (1990) establish a similar result but cites uncertainty about the legal standard as the cause. 

 
8 All proofs are relegated to the appendix section. 



Finally, Schmitz (2000) allows judges to impose punitive damages, which in turn allows them to equate 

expected liability with expected damages.9 

Corollary 1. If expected liability is lower (higher) than environmental damages, then the risk neutral 

manager will under-invest (over-invest) in precaution relative to the efficient level of precaution. 

The assumption that a judge can accurately assess environmental damages and establish a clear legal 

precedent is quite restrictive. However, under this restrictive setting we can focus on the effect of 

uncertainty on the decision to invest in precaution. 

Next, we consider the case in which a judge faces a risk averse/loving manager. 

3.2 Risk-Averse/Loving Manager 

The following proposition considers a setting in which the manager is not risk neutral.  

Proposition 3.2. The more risk averse (loving) a manager is, the more (less) they invest in precaution. 

The intuition behind the above proposition is like one uses when investing in risky assets. As a risk-

averse investor devotes more of her wealth to a risky asset, the variance of her wealth increases. Since she 

is averse to this variance, she invests less in the risky asset relative to a less risk averse or risk neutral 

investor. For the case of a manager investing in precaution, as she devotes more resources into precaution, 

the variance of her cost decreases. Similarly, the manager is averse to this variance so she invests more in 

precaution relative to a less risk-averse manager. Therefore, an ex post liability rule that holds risk-averse 

managers responsible for the full amount of damages, i.e. where 𝐿(𝑥, 𝜔) = 𝑒(𝑥, 𝜐), will induce them to 

invest more in precaution relative to the risk neutral manager and the risk-loving manager invests less.  

 
9Judges may not be able to equate liability with expected damages if injurers are heterogeneous and individual 

characteristics are unobservable, which prevents judges from imposing optimal liability. Examination of these factors 

can be found in Hiriart et al. (2004) and Rouillon (2008). 

 



Since the risk neutral manager chooses the socially optimal level of precaution the risk averse manager over 

invests in precaution and the risk loving manager under invests in precaution. 

3.3 Ambiguity-Averse Manager 

 An ambiguity averse manager behaves differently than a manager that is only risk averse, since 

ambiguity aversion is an aversion to unknown risks, that is, she exhibits a preference for known risks 

relative to unknown risks. Following Klibanoff (2005), an ambiguity averse manager evaluates utility with 

an increasing and concave function 𝜙(∙), where 
𝜕𝜙

𝜕𝑢
> 0 and 

𝜕2𝜙

𝜕𝑢2 < 0. That is, 𝜙(∙) is a monotonic 

transformation of 𝑢(∙) and ambiguity averse managers prefer situations where outcomes are more certain. 

This specification can be understood as an aversion to mean preserving spreads in the distribution of 

expected utilities. Additionally, it is assumed that the random variable 𝜔 is distributed by 𝐹𝜔(𝜎) where 𝜎 

is a random variable which is distributed by 𝐹𝜎(𝜋). That is, 𝜋 is a parameter that defines the distribution of 

the random variable 𝜎, which in turn defines the distribution of the random variable 𝜔.  In other words, 

there is a distribution of distributions of the variable 𝜔. Let us represent the expected utility maximization 

problem of an ambiguity averse manager 𝑖 as follows, 

max
𝑥≥0

 Φ𝑖(𝑥𝑖; 𝜒) = 𝐸𝜎[𝜙𝑖(𝐸𝜔[𝑢𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖 , 𝜔))])], 

hence, the manager’s optimal precaution level is �̃�𝑖, which solves the above. 

Proposition 3.3. The more ambiguity averse a manager is, the more they invest in precaution. 

An ambiguity averse manager avoids ambiguity analogously to how a risk averse manager avoids risk. 

A risk averse manager avoids risk, i.e. variance, by investing more in precaution, which reduces the variance 

of her expected costs. In the case of an ambiguity averse manager, she avoids ambiguity by investing even 

more. This occurs since the manager tends to favor the more pessimistic probability distribution for liability. 



As an example, consider the concave transformation where 𝜙(𝑥) = −exp (−𝜂𝑥). This function can be 

characterized as a constant absolute ambiguity aversion function since −
𝜙′′(𝑥)

𝜙′(𝑥)
= 𝜂 for all x. This function 

was noted by Klibanoff (2005) as converging to the maxmin expected utility function first proposed by 

Gilboa and Schmeidler (1989) as 𝜂 → ∞. Under this extreme ambiguity aversion, the manager assumes the 

most pessimistic probability distribution over the liability she could face. In this case, she is assuming the 

highest level of expected liability possible. 

 

5. Numerical Examples 

Propositions 3.2 and 3.3 tell us that if the social planner makes a wrong assumption about the 

uncertainty preferences of the manager and imposes a precaution level based on that assumption then the 

precaution level chosen will be inefficient. For example, suppose the cost function is 𝑐(𝑥𝑖) = 𝑥𝑖
2, the 

damage function is represented by 𝑒(𝑥, 𝜐) =
𝜐

𝑥𝑖
 . Consider there is a 50 percent chance damages are low, 

i.e. 𝜔𝑙 = 1, and a 50 percent chance damages are high, i.e. 𝜔ℎ = 50. The social planner’s problem is 

min
𝑥

𝑥2 + [0.5 (
1

𝑥
) + 0.5 (

50

𝑥
)] ≈ 2.34. 

This establishes the baseline to compare to the precaution level chosen by various manger types. Now, 

suppose 𝑒(𝑥, 𝜐) equals 𝐿(𝑥𝑖 , 𝜔), and the functional form of the manager’s utility function is  

𝑢(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖 , 𝜔)) = 1000 − 𝐸𝜐[(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖 , 𝜔))𝜌+1]. 

When 𝜌 = 0 the manager is risk neutral, and their maximization problem and solution is 

max
𝑥𝑖

1000 − 0.5(𝑥𝑖
2 +

1

𝑥𝑖
)1 − 0.5(𝑥𝑖

2 +
50

𝑥𝑖
)1 ≈ 2.34. 

The risk neutral manager choses the same the same level of precaution when liability is equated with 

environmental damages. 



When it is assumed that 𝜌 = 0.5, the manager is risk-averse, and their maximization problem and 

solution is 

𝑥𝐴 = argmax
𝑥𝐴

1000 − 0.5(𝑥𝑖
2 +

1

𝑥𝑖
)1.5 − 0.5(𝑥𝑖

2 +
50

𝑥𝑖
)1.5 ≈ 2.55. 

This demonstrates the risk averse manager overinvests in precaution relative to the risk neutral manager 

when liability is equated with environmental damages. Therefore, non-punitive liability relative to 

environmental damages would incentivize the risk averse manager to choose the efficient level of 

precaution. Thus, liability should not be equated with damages and should be less. If liability is, 𝜔ℎ =

38.2, when damages are high, 𝜐ℎ = 50 the risk averse manager chooses the efficient level of precaution 

since 

𝑚𝑎𝑥
𝑥𝑖

1000 − 0.5(𝑥𝑖
2 +

1

𝑥𝑖
)1.5 − 0.5(𝑥𝑖

2 +
38.2

𝑥𝑖
)1.5 ≈ 2.34. 

When it is assumed that 𝜌 = −0.5, the manager is risk-loving, and their maximization problem 

and solution is 

max
𝑥𝑖

1000 − 0.5(𝑥𝑖
2 +

1

𝑥𝑖
)0.5 − 0.5(𝑥𝑖

2 +
50

𝑥𝑖
)0.5 ≈ 1.93. 

This demonstrates the risk loving manager underinvests in precaution relative to the risk neutral manager 

when liability is equated with environmental damages. Therefore, punitive liability relative to 

environmental damages would incentivize the risk loving manager to choose the efficient level of 

precaution. Thus, liability should not be equated with damages and should be more. If liability is, 𝜔ℎ =

38.2, when damages are high, 𝜐ℎ = 50 the risk loving manager chooses the efficient level of precaution 

since 

𝑚𝑎𝑥
𝑥𝑖

1000 − 0.5(𝑥𝑖
2 +

1

𝑥𝑖
)1.5 − 0.5(𝑥𝑖

2 +
93.7

𝑥𝑖
)1.5 ≈ 2.34 



If it is the case the manager is actually ambiguity averse where their preferences are represented 

by the following monotonic transformation 𝜙 = −(𝑢(∙))
−(𝜇+1)

 that can be expressed as 

𝜙𝑖(𝐸𝜒[𝑢𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜔))]) = −(1000 − (𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜔))𝜌+1)−(𝜇+1) , 

which is of the constant relative ambiguity aversion form where 𝜇 is the coefficient of relative 

ambiguity aversion. If 𝜇 = 9 and 𝜌 = 0.5 (which was assumed for the case of the risk averse manager), 

the manager is ambiguity-averse, and their maximization problem and solution is 

𝑥𝐴𝐴 = argmax
𝑥𝐴𝐴

−0.5 (1000 − 0.01(𝑥𝑖
2 +

1

𝑥𝑖
)1.5 − 0.99(𝑥𝑖

2 +
50

𝑥𝑖
)1.5)

−10

− 0.5 (1000 − 0.99(𝑥𝑖
2 +

1

𝑥𝑖
)1.5 − 0.01(𝑥𝑖

2 +
50

𝑥𝑖
)1.5)

−10

≈ 2.78. 10 

Therefore, non-punitive liability relative to environmental damages would incentivize the ambiguity averse 

manager to choose the efficient level of precaution as well. 

 

6. Discussion on Uncertainty 

As stated previously, Kolstad et al. (1990) find that increasing uncertainty causes firms to invest less 

in precaution when managers are risk neutral and uncertainty is defined as a mean preserving spread of the 

belief about the legal standard to which the firm will be held liable. We find the opposite is true when 

uncertainty is defined as risk and ambiguity, and managers are averse to uncertainty. Investment in 

precaution only decreases when managers are risk loving. The more ambiguity averse a manager is, the 

more they invest in precaution. The more risk averse a manager is, the more they invest in precaution. 

Finally, the more risk loving a manager is, the less they invest in precaution. Thus, if we assume there is no 

uncertainty, i.e. risk or ambiguity, then the level of investment in precaution chosen will be the same for a 

 
10 If the probabilities for 𝜔𝑙 and 𝜔ℎ were the same, for example always 0.01 and 0.99 respectively then there would 

be no ambiguity. 



risk neutral, risk averse, risk loving, and ambiguity averse managers ceteris paribus. If some risk is 

introduced, i.e. variance of liability goes from zero to some epsilon amount above zero, then the risk averse 

and ambiguity averse manager will invest the same amount,11 which is greater than the amount the risk 

neutral manager invests and the risk loving manager will invest an amount less than the risk neutral 

manager. Furthermore, if some ambiguity is introduced, i.e. a small divergence of the possible probability 

distributions over outcomes is introduced while the average outcome remains the same, then the ambiguity 

averse manager will invest more than the risk averse manager, which is more than risk neutral manager 

invests, which is more than the amount the risk loving manager invests. 

With full uncertainty encapsulating both risk and ambiguity the risk averse, loving, and ambiguity 

averse manager do not choose the efficient level of precaution. Since both the risk averse and ambiguity 

averse managers overinvest relative to the efficient level chosen by the risk neutral manager liability should 

be non-punitive in this case and less than environmental damages. We find that liability should only be 

punitive when facing a risk loving manager since they are the only type that underinvests in precaution 

relative to the efficient level chosen by the risk neutral manager. 

Therefore, when liability does not always equal environmental damage it may be the case that 

increasing risk or uncertainty makes the level of investment in precaution more or less efficient relative to 

the ex-ante regulation level. Finally, a social planner who wrongly believes that the manager is risk averse, 

when she is actually ambiguity averse, generates inefficiencies inducing an under-investment in precaution. 

7. Conclusion 

We examine how different attitudes towards uncertainty affect the setting of ex-post liability. We 

focus our attention on ambiguity aversion since few studies analyze its impact on regulation. Our results 

indicate that increasing uncertainty reduces precaution only when managers are risk loving. On the contrary, 

 
11 When we characterize ambiguity according to Klibanoff et al. (2005) and there is only one distribution over 

outcomes, i.e. risk, then the concave transformation that defines the smooth ambiguity model is just a monotonic 

transformation and therefore preserves the same maximum. 



when managers are risk averse and ambiguity averse an increase in risk or ambiguity increases precaution. 

When managers are risk neutral and ambiguity neutral changes in uncertainty have no effect on precaution. 

If expected liability equals expected damages managers will invest the optimal amount in precaution when 

they are risk neutral. Otherwise, managers may under or overinvest relative to the efficient level depending 

on their uncertainty attitude. We find that liability should be punitive only in the case when managers are 

risk loving and non-punitive when they have risk or ambiguity averse attitudes.  

Several research questions arise from our study, for instance, what would happen if the regulator 

exhibits ambiguity aversion about environmental damage when designing an ex-ante regulation? Our paper 

considers that the manager is ambiguity averse with respect to liability and assumes that the regulator has 

uncertainty about the environmental damage but not in the sense of ambiguity aversion. Hence, we expect 

that results change in this different context. In addition, we could consider a different context in which 

managers are able to lobby and influence the potential liability they could face if an accident were to happen. 

This could affect their investment behavior inducing them to underinvest in precaution even in the case in 

which they are ambiguity averse. 
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APPENDIX 

Proof of Proposition 3.0 

As stated previously, 

𝑥𝐿
∗ = argmax

𝑥
𝑆𝑊(𝑥, 𝑣, 𝜔) ⇒  𝐸𝜔𝑢′(∙)(𝑐′(𝑥𝐿

∗) + 𝐿′(𝑥𝐿
∗, 𝜔)) + 𝐸𝜔[𝐿′(𝑥𝐿

∗, 𝜔)] = 𝐸𝜐[𝑒′(𝑥𝐿
∗, 𝜐)] 

If 𝐿(𝑥, 𝜔) = 𝑒(𝑥, 𝜐) then the first order condition for argmax
𝑥

𝑆𝑊(𝑥, 𝑣, 𝜔) becomes 



𝐸𝜔𝑢′(∙)(𝑐′(𝑥𝐿
∗) + 𝑒′(𝑥𝐿

∗, 𝜐)) = 0 

Also, 

𝑥𝑖 = argmax
𝑥𝑖

𝑈𝑖(𝑥𝑖, 𝜔) ⇒ 𝐸𝜔𝑢′(∙)(𝑐′(�̂��̂�) + 𝐿′(�̂�𝑖, 𝜔)) = 0 

If 𝐿(𝑥, 𝜔) = 𝑒(𝑥, 𝜐) then 

𝐸𝜐𝑢′(∙)(𝑐′(𝑥𝑖) + 𝑒′(𝑥𝑖, 𝜐)) = 0 

Thus 𝑥𝑖 = 𝑥𝐿
∗ when 𝐿(𝑥, 𝜔) = 𝑒(𝑥, 𝜐). 

Proof of Proposition 3.1 

If the manager’s utility is represented by 𝑢[𝑐(𝑥𝑖) + 𝐿(𝑒(𝑥𝑖 , 𝜐), 𝜔)] = 𝑐(𝑥𝑖) + 𝐿(𝑒(𝑥𝑖, 𝜐), 𝜔) then setting 

𝐿(𝑒(𝑥𝑖 , 𝜐), 𝜔) = 𝑒(𝑥𝑖 , 𝜐) induces the manager to choose 𝑥𝑖
∗ that minimizes costs. Risk neutral manager 𝑖’s 

optimization problem is 

argmin
𝑥𝑖

𝑐(𝑥𝑖) + 𝐸𝜐[𝑒(𝑥𝑖 , 𝜐)]. 

The first order condition is 

𝑐′(𝑥𝑖) = −𝐸𝜐[𝑒′(𝑥𝑖, 𝜐)]. 

This condition equates the marginal cost of safety with the expected marginal benefit which is the negative 

marginal environmental damages. This is the same condition as the social planner’s problem and therefore 

minimizes social costs associated with safety. 

Proof of Proposition 3.2 

Expected utility for risk averse manager 𝑖 is 

𝑈𝑖(𝑥𝑖, 𝜒) = 𝐸𝜒[𝑢𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜒))]. 

The first order condition is 



𝛾𝑖(𝑥𝑖
∗) ≡ 𝐸𝜒[𝑢′

𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖 , 𝜒))(𝑐′(𝑥𝑖) + 𝐿′(𝑥𝑖, 𝜒))] = 0. 

We can differentiate 𝛾𝑖(𝑥𝑖
∗) to obtain 

𝐸𝜒 [𝑢′′𝑖(∙)(𝑐′′(𝑥𝑖) + 𝐿′′(𝑥𝑖, 𝜒))
2

+ 𝑢′𝑖(∙)(𝑐′′(𝑥𝑖) + 𝐿′′(𝑥𝑖, 𝜒))] < 0. 

Since 𝑢′ < 0,  𝑢′′ < 0 by concavity of the utility function and 𝑐′′(𝑥𝑖) + 𝐿′′(𝑥𝑖, 𝜒) > 0 by convexity of the 

cost and damage functions. Hence, 𝛾′𝑖(𝑥𝑖
∗) is decreasing in 𝑥𝑖, entailing that 𝛾𝑖(𝑥𝑗) < 0 for all 𝑥𝑗 > 𝑥𝑖

∗ but 

𝛾𝑖(𝑥𝑗) > 0 otherwise. Define the utility function of manager 2 as more risk averse than manager 1, that is,  

𝑢2(∙) = 𝜓[𝑢1(∙)] where 𝜓(∙) is an increasing convex transformation. Thus, the first order conditions for 

managers 1 and 2 are 

𝛾1(𝑥1
∗) ≡ 𝐸𝜒[𝑢′

1(∙)(𝑐′(𝑥1) + 𝐿′(𝑥1, 𝜒))] = 0                             (1′) 

𝛾2(𝑥2
∗) ≡ 𝐸𝜒[𝜓′(𝑢1(∙))𝑢′

1(∙)(𝑐′(𝑥2) + 𝐿′(𝑥2, 𝜒))] = 0.                  

If we evaluate 𝛾2(∙) at 𝑥1
∗ we find that 

𝛾2(𝑥1
∗) ≡ 𝐸𝜒[𝜓′(𝑢1(∙))𝑢′

1(∙)(𝑐′(𝑥1) + 𝐿′(𝑥1, 𝜒))] > 0.             (2′) 

The expression in (2’) is the same as the expression in (1’) except that each term is multiplied by 𝜓′(𝑢1(∙)). 

Since this term is a positive decreasing function of 𝜒, the expression (2’) over-weights lower values of 𝜒 

relative to lower values, this increases (2’) relative to (1’) since the lower values of 𝜒 are more preferred 

outcomes they have a positive expected value. Therefore, (2’) sums to a value greater than zero. To show 

𝜓′(𝑢1(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜒))) is increasing in 𝜒 we can apply the Envelope Theorem and differentiate 𝜓′(∙) 

with respect to 𝜒 to obtain 

𝜓′′ (𝑢1(𝑐(𝑥1
∗) + 𝐿(𝑥1

∗, 𝜒))) 𝑢′
1(𝑐(𝑥1

∗) + 𝐿(𝑥1
∗, 𝜒))

𝜕𝐿

𝜕𝜒
(𝑥1

∗) > 0. 

Since 𝜓′′ > 0 by convexity of the transformation 𝜓, 𝑢′ < 0 since utility is decreasing in total costs, and 



𝜕𝐿

𝜕𝜒
> 0 since liability is increasing in 𝜒. Thus, 𝑥1

∗ < 𝑥2
∗ , a more risk averse decision maker within a firm 

invests more in safety. 

Proof of Proposition 3.3 

Consider the random variable 𝜒 distributed according to 𝐹𝜒(𝜎) where 𝜎 is distributed according to 𝐹𝜎(𝜋). 

Expected utility for ambiguity averse manager 𝑖 is 

Φ𝑖(𝑥𝑖; 𝜒) = 𝐸𝜎𝐸𝜒[𝜙𝑖([𝑢𝑖(𝑐(𝑥𝑖) + 𝐿(𝑠𝑖, 𝜒))])]. 

The first order condition yields 

𝜃𝑖(𝑥𝑖
∗) ≡ 𝐸𝜎𝐸𝜒[𝜙′

𝑖([𝑢𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜒))])]([𝑢′
𝑖(𝑐(𝑥𝑖) + 𝐿(𝑥𝑖, 𝜒))(𝑐′(𝑥𝑖) + 𝐿′(𝑥𝑖, 𝜒))]) = 0. 

We can differentiate 𝜃𝑖(𝑥𝑖
∗) to obtain 

𝜃′𝑖(𝑥𝑖
∗) = 𝐸𝜎𝐸𝜒 [𝜙′′

𝑖
(∙)𝑢′𝑖(∙)2(𝑐′(𝑥𝑖) + 𝐿′(𝑥𝑖, 𝜒))

2
+ 𝜙′

𝑖
(∙)𝑢′′𝑖(∙)(𝑐′(𝑥𝑖) + 𝐿′(𝑥𝑖, 𝜒))

2

+ 𝜙′
𝑖
(∙)𝑢′𝑖(∙)(𝑐′′(𝑥𝑖) + 𝐿′′(𝑥𝑖, 𝜒))] < 0. 

Since 𝜙′′ < 0 by concavity of the ambiguity attitude function, 𝑢′′ < 0 by concavity of the utility function 

and 𝑐′′ + 𝐿′′ > 0 by convexity of the cost and damage function. Hence, 𝛾′𝑖(𝑥𝑖
∗) is decreasing in 𝑥𝑖, entailing 

that 𝛾𝑖(𝑥𝑗) < 0 for all 𝑥𝑗 > 𝑥𝑖
∗ but 𝛾𝑖(𝑥𝑗) > 0 otherwise. Define the ambiguity function of manager 2 as 

more ambiguity averse than manager 1, that is,  𝜙2(𝑥) = 𝜉(𝜙1(𝑥)) where 𝜉(∙) is an increasing convex 

transformation. Thus, the first order conditions for managers 1 and 2 are 

𝜃1(𝑥1
∗) ≡ 𝐸𝜎[𝜙′

1
(𝐸𝜐[𝑢1(∙)])](𝐸𝜒[𝑢′

1(∙)(𝑐′(𝑥1) + 𝐿′(𝑥1, 𝜒))]) = 0        (3′) 

𝜃2(𝑥2
∗) ≡ 𝐸𝜎 [𝜉′ (𝜙2(𝐸𝜒[𝑢1(∙)])) 𝜙′

𝑖(𝐸𝜒[𝑢1(∙)])] (𝐸𝜒[𝑢′
1(∙)(𝑐′(𝑥2) + 𝐿′(𝑥2, 𝜒))]) = 0. 

If we evaluate 𝜃2(. ) at 𝑥1
∗ derived from (3), we find that 

𝜃2(𝑥1
∗) ≡ 𝐸𝜎 [𝜉′ (𝜙2(𝐸𝜒[𝑢2(∙)])) 𝜙′

2(𝐸𝜒[𝑢2(∙)])] (𝐸𝜒[𝑢′
2(∙)(𝑐′(𝑥2) + 𝐿′(𝑥2, 𝜒))]) > 0 .      (4′) 



Notice, (4’) is the same as (3’), which is equal to zero, except that it is multiplied by 𝜉′(∙). Since this term 

is a positive decreasing function of 𝜒, the summation (4’) over-weights lowers values of 𝜒 relative to higher 

values, this increases (4’) relative to (3’), and therefore (4’) sums to a value greater than zero. To show 𝜉′(∙) 

is increasing in 𝜒 we can apply the Envelope Theorem and differentiate 𝜉′(∙) with respect to 𝜒 to obtain 

𝜉′′ (𝜙2(𝐸𝜒[𝑢2(∙)])) 𝜙′
2(𝐸𝜒[𝑢2(∙)]) (𝐸𝜒 [𝑢′

2(∙)
𝜕𝐿

𝜕𝜒
(𝑥1

∗)]) < 0. 

Since 𝜉′′ > 0 by convexity of the transformation 𝛾, 𝜙′ > 0 by the ambiguity attitude function increasing 

in utility,  𝑢′ < 0 by utility decreasing in total cost, and 
𝜕𝐿

𝜕𝜒
> 0 since total cost is increasing in 𝜒. Thus, 

𝑥1
∗ < 𝑥2

∗ , a more ambiguity averse decision. 

 


