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Abstract 
 
Contributing to the literature on the consequences of behavioral biases for market outcomes 
and institutional design, we contrast producer liability and minimum quality standard 
regulation as alternative means of social control of product-related torts when consumers are 
heterogeneously overconfident about the risk of harm. We elucidate the role of factors 
shaping the relative desirability of strict liability vis-à-vis minimum quality standard 
regulation from a social welfare standpoint. We also clarify when and why joint use of strict 
liability and minimum quality standard regulation welfare dominates the exclusive use of 
either mode of social control of torts. 
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1. Introduction 

Litigation and government regulation are two key modes of social control of business (see, e.g., 

Shavell 1984b, Djankov et al. 2003, Shleifer 2005). The literature has devoted significant 

attention to comparing the functioning of liability law and government regulation as means of 

social control of torts in an environment where the tortfeasor and the victim are strangers without 

a contractual or other market connection.1 However, accidents also occur in settings where the 

tortfeasor and the harmed party are respectively a firm and its customer, bound by a market 

relationship. In such cases, the market price of the good adjusts to reflect the underlying risk and, 

hence, the implications of specific legal regimes are fundamentally different from those 

pertaining to the scenario where the tortfeasor and the victim are strangers (see, e.g., Miceli 

1997: Ch. 2; Shavell 2004, Sec. II). Yet with the exception of a recent article by Miceli and 

Segerson (2013), we are aware of no other explicitly comparative account contrasting tort 

liability with government regulation applicable to situations where the tortfeasor and the harmed 

party are respectively a firm and its customer. 

In this paper, we take steps toward filling this gap in the literature by comparing the 

performance of tort liability and regulation in the form of a minimum quality standard as means 

of controlling product risks to consumers. Following a lengthy series of previous contributions 

emphasizing the importance of behavioral biases in the context of perception of product-related 

risk, we assume that consumers are overconfident about, and thus systematically underestimate, 

the risk of product-caused harm (see, e.g., Spence 1977, Shavell 1980, Polinsky and Rogerson 
                                                           
1 See e.g. Calabresi (1970), Wittman (1977), White and Wittman (1974), Shavell (1984a), Kolstad et al. (1990), 
Rose-Ackerman (1991), Trebilcock and Winter (1997), Burrows (1999), Glaeser and Shleifer (2003), Boyer and 
Porrini (2004, 2011), Schmitz (2000), Innes (2004), Hiriart et al. (2004, 2008), De Geest and Dari-Mattiacci (2007), 
Calcott and Hutton (2006), Rouillon (2008), Bhole and Wagner (2008), Lenntorp (2009), Dari-Mattiacci and 
Garoupa (2009), Schwartzstein and Shleifer (2013),  Shavell (2012), and Desquilbet and Poret (2014). For analyses 
contrasting litigation and regulation outside of the torts context, see e.g. Glaeser et al. (2001), Garoupa and Gomez-
Pomar (2004), and Xu and Pistor (2005). For empirical studies of regulation versus litigation, see e.g. Helland and 
Klick (2006) and Bentata (2013, 2014). 
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1983, Marino 1988; Sandroni and Squintani 2007, 2013).2,3 Unlike the existing literature that 

examines the consequences of consumer misperceptions of product risks, however, we examine a 

setting in which consumers are, very plausibly, heterogeneous with respect to the degree of their 

overconfidence. Such heterogeneity may be viewed as reflecting differences among consumers 

in predisposition toward risk, access to information, and even prior experience with related 

products.   

When consumers are heterogeneously overconfident about the risk of product-related 

harm, we show that the competitive equilibrium under any of the considered modes of social 

control of business exhibits product differentiation.4 Products offered to consumers with greater 

overconfidence about the risk of harm are riskier, but less expensive, than the products offered to 

consumers that are less overconfident about risk. The precise level of implied risk for harm 

associated with a product offered to consumers of a particular type, and thus the social welfare 

implications, however, vary with the mode of social control of business. 

The regime of laissez-faire, in which consumers themselves bear all product-related 

losses, leads to socially suboptimal outcomes because the levels of precaution chosen by 

competitive firms under laissez-faire are lower than the socially optimal precaution level for 

products offered to all consumer types. The introduction of strict producer liability incentivizes 

firms to increase their investment in precaution relative to the laissez-faire scenario. However, 
                                                           
2 Consumers do not always underestimate the risk of harm. Evidence suggests that consumers tend to overestimate 
the risk of very low probability, high impact events, and underestimate the risk of comparatively high probability 
events (see Viscusi et al. 2005). We focus on the scenario when consumers underestimate (i.e. are overconfident 
about) risk as this is the primary scenario of interest in the literature on products liability (see, e.g., Spence 1977, 
Shavell 1980, Polinsky and Rogerson 1983, Marino 1988). 
3 De Bondt and Thaler (1995: 389) argue that "[p]erhaps the most robust finding in the psychology of judgment is 
that people are overconfident". Overconfidence has been studied in contexts other than perception of risk (see, e.g., 
Moore and Healy 2008, Hilton et al. 2011). For an overview of, and references on, theoretical, experimental, and 
empirical literature on overconfidence, see e.g. Rabin (1998: 31), Grubb (2009: 1773), DellaVigna (2009: 341-344), 
Sandroni and Squintani (2013:151-153), Hoffman and Post (2014: 23), Fellner-Röhling and Krügel (2014), and 
Brookins et al. (2014).  
4 Product differentiation under perfect competition is also a feature of the models developed by Ordover (1979) and 
Choi and Spier (2014). 
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precaution levels under strict liability are nevertheless lower than first-best whenever the 

expected damages fall short of fully covering consumer losses in case of an accident for reasons 

such as firms' judgment proofness, abandoned lawsuits, or because monetary damages need not 

fully compensate consumers for non-pecuniary losses.  

Unlike producer liability, which acts ex post, a minimum quality standard regulates firm 

behavior ex ante, before harm takes place. In our context, an optimal minimum quality standard 

specifies the level of precaution such that the gross consumer utility (i.e. utility if the product 

were perfectly safe) from the marginal product on the market exactly equals the expected harm-

related costs. Minimum quality standard regulation therefore removes from the market those 

products that under the laissez-faire regime yield a negative expected net social benefit. On the 

other hand, firms that obey the standard de facto behave as if the regime governing the industry 

were laissez-faire. With overconfident consumers, however, the products satisfying the specified 

minimum precaution standard feature levels of precaution that are too low relative to the first-

best level of precaution. 

From a social welfare viewpoint, the benefits of minimum quality standard regulation 

therefore stem from the removal of the riskiest productsthose aimed at consumers with 

greatest overconfidence biasfrom the market. The costs arise because the remaining products, 

sold to consumers that are least overconfident about the risk of harm, are effectively governed by 

the rule of caveat emptor (i.e. laissez faire) and, hence, feature inadequately low levels of 

precaution. The benefits from strict producer liability arise from the mitigation of risk relative to 

laissez-faire. The costs arise because under strict liability, the firms in equilibrium continue to 

sell products to the consumers that are most overconfident about risk of harm. For these 

products, the expected net social benefit may be negative, which reduces overall social welfare.  
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We ascertain that as long as the gross utility from the risky product is not excessively 

large, a plausible condition that we clarify below, the attractiveness of minimum quality standard 

regulation relative to strict producer liability decreases with the level of expected damages under 

strict producer liability and increases with the proportion of strongly overconfident consumers in 

the population. In contrast, the impact of the magnitude of harm, conditional on the accident 

having taken place, on the relative desirability of minimum quality standard regulation is in 

general ambiguous. The reason is that under both strict liability and minimum quality standard 

regulation the expected net social benefit from a product could either increase or decrease with 

the extent of incurred harm, an effect which in turn depends on the extent of consumer 

overconfidence about the risk of harm.  

Finally, we examine the effectiveness of the joint use of minimum quality standard 

regulation and strict liability for addressing product-related risks. Several existing papers analyze 

the consequences of simultaneous reliance on regulation and tort law as a means of mitigating 

the risk of harm (see, e.g., Kolstad et al. 1990, Schmitz 2000, Bhole and Wagner 2008, Rouillon 

2008, Lenntorp 2009, Miceli and Segerson 2013). Our contribution lies in analyzing the 

implications of combining strict liability with the enforcement of a minimum quality standard as 

a specific form of government regulation in a setting where the tortfeasor and the harmed party 

are a producer and a consumer bound through a market relationship.  

From a social welfare standpoint, we find that, when the gross utility from the risky 

product is not excessively large, the joint use of minimum quality standard regulation and strict 

producer liability strictly dominates both the use of minimum quality standard regulation alone 

and reliance on strict producer liability on its own. The joint use of minimum quality standard 

regulation and strict liability strictly welfare dominates strict liability when under exclusive 
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reliance on strict liability the market outcome admits trade of risky products that are sold to the 

most overconfident consumers and for which the expected net social benefit is negative. In this 

case, the introduction of the minimum quality standard to complement strict liability is beneficial 

as it is able to preclude the sale of these risky products.  

At the same time, the joint use of minimum quality standard regulation and strict liability 

strictly welfare dominates the reliance on minimum quality standard regulation only, for two 

reasons. First, for those goods that already satisfy the minimum quality standard, strict liability 

increases firms' incentives to invest in precaution. Second, the presence of strict liability allows 

for promulgation and enforcement of a minimum quality standard that is less stringent than the 

optimal minimum quality standard in the absence of producer liability. The resulting increase in 

the sale of products that yield a positive expected net social benefit further contributes to the 

increase in social welfare relative to the scenario where firms are subject to minimum quality 

standard regulation only.  

The rest of the paper proceeds as follows. In the following section, we discuss our 

contribution in the context of the most closely related literature. In Section 3, we develop the 

model's setup, characterize the first-best outcome, and present the equilibria under laissez faire, 

strict liability, and minimum quality standard regulation. In Section 4, we compare the regimes 

of strict liability and minimum quality standard regulation with laissez-faire, and with each other, 

from the social welfare standpoint. In Section 5, we examine the effectiveness of the joint use of 

strict liability and minimum quality standard regulation. Section 6 concludes.  

2. Related Literature 

To the best of our knowledge, the only other contribution that explicitly compares the use of tort 

liability and government regulation in the context of product-related risks is Miceli and Segerson 
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(2013). There are several important differences between our setup and the model of Miceli and 

Segerson (2013). These differences lead to distinct trade-offs and welfare predictions about the 

merits of strict liability vis-à-vis government regulation, and their joint use, as means of social 

control of product risks.  

First, Miceli and Segerson emphasize variation in gross valuation of the product and 

magnitude of harm as sources of heterogeneity among consumers. We, in contrast, aim to 

highlight the implications of consumer heterogeneity with respect to overconfidence about the 

risk of harm. We inter alia deduce comparative statics results on how changes in the underlying 

distribution of consumers with respect to their overconfidence affect the social desirability of 

producer liability relative to government regulation.5   

Second, Miceli and Segerson view government regulation as a regime in which a 

benevolent planner sets a single standard that all firms adhere to. We, in contrast, examine the 

implications of a minimum quality standard. Under minimum quality standard regulation, firms 

who optimally choose precaution levels that are too low given the standard are prohibited from 

selling their products and are effectively removed from the market. On the other hand, firms that 

comply with the standard, a behavior which may include optimally selecting a level of 

precaution that exceeds that required by the standard, effectively operate under the caveat emptor 

rule. These features of minimum quality standard give rise to benefits and costs of government 

regulation that are notably different from those emphasized by Miceli and Segerson.  

Third, Miceli and Segerson assume that under strict liability consumers are fully 

compensated for harm. In their framework, consumer perceptions of risk therefore do not matter 

                                                           
5 Miceli and Segerson (2013) in Section 3 of their paper do touch upon the impact of consumer heterogeneity with 
respect to misperception of risk, but focus on a particular parametric example of such heterogeneity. Specifically, 
they assume that a proportion of consumers perceive risk correctly and that the remaining proportion of consumers 
is homogeneous with respect to their misperception of risk. Our setup is more general in that it allows for any 
pattern of heterogeneity with respect to consumers' overconfidence about risk from harm. 
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under strict liability. We, in contrast, focus on the arguably more realistic scenario (see, e.g., 

Shavell 1984a, De Geest and Dari-Mattiaci 2007, Chen and Hua 2012) in which expected 

damages awarded by the courts in the case of an accident, for reasons described below, fall short 

of the total harm incurred by consumers. As a consequence, the extent of consumer 

overconfidence about the risk of harm directly shapes the equilibrium levels of precaution under 

strict liability. In particular, strict liability in our setting in general does not lead to first-best 

levels of precaution even though the price of a product reflects consumer-specific risk. 

Moreover, because the level of precaution chosen by a competitive firm depends on the extent to 

which the consumer is overconfident about the risk of product-related harm, equilibrium under 

strict producer liability exhibits product differentiation with respect to both the level of safety 

and the price of the product. This is not the case in the analysis of Miceli and Segerson (2013) 

where firms under strict liability choose a single profit-maximizing level of safety and the 

equilibrium price reflects the average risk across all consumers.  

Our paper is also related to two broad strands of the behavioral economics literature. The 

first strand studies market outcomes when consumers exhibit a behavioral bias (see, e.g., 

DellaVigna and Malmeinder 2004, Gabaix and Laibson 2006, Spiegler 2006, Sandroni and 

Squintani 2007, 2013; Eliaz and Spiegler 2008, Grubb 2009, Spinnewijn 2013). We contribute to 

this literature by studying the interaction of competitive firms and consumers that are 

heterogeneously overconfident about product risk. The second strand of the literature explores 

the repercussions of behavioral biases for institutional design (see, e.g., Köszegi 2014, 

DelleVigna 2009: 364-365, Werden et al. 2011, Claussen et al. 2012, Cooper and Kovacic 2012). 

We add to this literature by analyzing the performance of producer liability and minimum quality 
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standard regulation as means of social control of product-related torts when consumers are 

heterogeneously overconfident about product risks.   

3. The Model 

There is a large population of consumers. Each buys at most one unit of the product produced by 

competitive firms. Let u>0 be the benefit to the consumer from the consumption of the product if 

the product entailed no risk. The product, however, is risky. Let π(x) be the objective probability 

that a product fails and harms the consumer, where x≥0 is the firm's level of precaution. We 

assume that π'<0, π">0, with π'(x)→−∞ as x→0 and π'(x)→0 as x→+∞. The level of precaution x 

is assumed to equal the total cost of production of one unit of the good. The total (i.e. pecuniary 

and non-pecuniary) harm suffered by a consumer in case of an accident equals h>0.  

The consumers suffer from a behavioral bias. The subjective probability of an accident as 

perceived by a consumer equals λπ(x), where the parameter λ∈(0,1] captures the extent of 

consumer overconfidence (see, e.g., Sandroni and Squintani 2007, 2013) or, equivalently, the 

extent of consumer underestimation of risk (see, e.g., Spence 1977, Polinsky and Rogerson 1983, 

Shavell 1980, Marino 1988; Miceli and Segerson 2013). The smaller the λ, the more 

overconfident the consumer is in that she discounts the extent of risk from harm more heavily. A 

consumer with λ=1 perceives the risk of harm correctly. Let F(λ) be the cumulative distribution 

function of λ and f(λ) the associated probability density function. The consumers are thus 

identical in all but one respect: the extent of their overconfidence about the risk of product-

related harm.  
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3.1. First Best 

It is socially efficient for a consumer to buy a product if the net expected benefit from the 

product is at least as large as the cost of producing the product: u−π(x)h≥x. Social welfare thus 

equals: 

1

0

[ ( ) ] ( ) ( )W u x x h f d u x x hπ λ λ π= − − = − −∫                                      (1) 

and is independent of λ. At first-best (FB), therefore, the marginal benefit of an additional unit of 

precaution equals the marginal cost:  

( ( )) 1,FBx h hπ ′− =                                                               (2) 

where the first-best level of precaution xFB(h), defined by (2), is increasing in h. Throughout the 

paper, we assume that social welfare at the first-best precaution level is strictly positive: 

W(xFB(h))=u−xFB−π(xFB)h>0. This assumption ensures that it is socially desirable to sell a 

positive quantity of the product. 

3.2. The Notion of Equilibrium 

The product market is perfectly competitive, implying there is free entry and exit. Let U(λ,x) 

denote the consumer's utility from the product excluding the price of the product but including 

expected harm-related costs and any compensation damages in the presence of producer liability. 

Let C(x) be the firm's total cost that includes any compensation damage payments.  

When λ is a consumer's private information, firms compete by offering consumers 

contracts that specify the level of precaution x and the price p of a product. To characterize the 

equilibrium in such a competitive environment with asymmetric information, we invoke the 
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notion of equilibrium proposed by Rothschild and Stiglitz (1976).6 The Rothschild-Stiglitz 

equilibrium is a set of contracts such that no firm incurs losses and given original contracts no 

additional contracts are profitable. In equilibrium, every firm thus earns zero profit on every 

consumer type and, at the same time, the utility of consumers of every type is maximized (see 

Salanie 2005: 58-59). Thus, for consumer of type λ, the Rothschild-Stiglitz equilibrium is 

characterized by a pair (x*,p*) such that:  

( *, ) ( *)U x C x
x
λ∂ ′=

∂
                                                         (3) 

* ( *).p C x=                                                                 (4) 

Importantly, the solution (3)-(4) characterizes a competitive equilibrium even if λ is 

known to firms (rather than being the consumer's private information). When λ is common 

knowledge, competition among firms will drive profits down to zero. The only competitive 

equilibrium with perfect information is therefore one in which the firms offer a family of 

contracts (x,p) that solves the problem of maximizing U(x,λ)−p subject to the constraint 

p−C(x)≥0 (see Salanie 2005: 59); that is, (x*,p*) characterized by (3) and (4). Under the 

assumption of perfect competition, whether information about consumer types is common or 

private (and, hence, gives rise to adverse selection) is therefore "irrelevant" (ibid.).  

3.3. Equilibrium Under Laissez-Faire  

Under laissez-faire (LF), the rule of caveat emptor applies and consumers bear all the accident-

related costs. For consumer of type λ, the utility excluding the price of the product equals 

U(λ,x)=u−λπ(x)h and a firm's total cost equals C(x)=x. Applying expressions (3)-(4) to find the 

equilibrium gives: 
                                                           
6 See e.g. Ordover (1979) and Choi and Spier (2014) for an analogous approach to defining a competitive 
equilibrium in an environment with heterogeneous consumers and competitive firms.  
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1( ( , ))LFx h
h

π λ
λ

′− =                                                          (5)   

( , ) ( , ),λ λ=LF LFp h x h                                                       (6) 

where xLF(λ,h) and the equilibrium price pLF(λ,h) are increasing in both λ and h (see the 

Appendix). Observe that firm's precaution under laissez-faire falls short of first-best precaution 

whenever consumers are overconfident: xLF(λ,h)<xFB(h) whenever λ<1. Since the expected net 

social benefit u−x−π(x)h increases in the level of safety for x<xFB(h), social welfare under 

laissez-faire 

1

0

[ ( , ) ( ( , )) ] ( )λ π λ λ λ= − −∫LF LF LFW u x h x h h f d                                (7) 

falls short of the first-best social welfare W(xFB(h)). Therefore, there exists scope for some form 

of social control of business to improve upon the laissez-faire outcome. 

3.4. Equilibrium Under Strict Liability  

Under strict liability (SL), producers are liable for consumer harm whenever it occurs. Let d be 

the expected damages paid by a firm in case of an accident. That is, conditional on the harm 

having taken place, d is the product of the probability that the firm is found liable in court and 

the damages awarded by the court. We assume that d≤h. d=h in the case of full compensation. 

However, a plaintiff may never file a lawsuit or abandon the case before the court issues a 

judgment (Shavell 1984b, De Geest and Dari-Mattiaci 2007). Firms may be judgment proof 

because of the possibility to file for bankruptcy or because of liability caps (Shavell 1984a, 

1986). Furthermore, whenever non-pecuniary losses from accident-caused harm are important, 

court-awarded compensation, even if it exceeds the pecuniary losses from harm, need not cover 

total consumer losses (Nussim and Tabbach 2009: 173). Thus, very often d<h.  
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Under strict liability, the utility excluding the price of the product for consumer of type λ 

equals U(λ,x)=u−λπ(x)(h−d) and the total cost to a firm equals C(x)=x+π(x)d. Applying 

expressions (3)-(4), the equilibrium is thus characterized by: 

1( ( , , ))
(1 )

SLx h d
h d

π λ
λ λ

′− =
+ −

                                                (8) 

( , , ) ( , , ) ( ( , , )) .λ λ π λ= +SL SL SLp h d x h d x h d d                                     (9) 

Observe that xSL(λ,h,d)>xLF(λ,h) for d>0; xSL(λ,h,d)<xFB(h) whenever λ<1 and d<h; and 

xSL(λ,h,d)=xFB(h) if either λ=1 or d=h. For a given consumer type λ, strict liability induces 

greater precaution than laissez-faire, but the precaution level under strict liability falls short of 

first-best if consumers are overconfident and the expected damages do not fully cover consumer 

losses in case of an accident. Because pSL(λ,h,d)>xSL(λ,h,d)>xLF(λ,h)=pLF(λ,h), it follows that the 

lower risk associated with a product under strict liability relative to laissez-faire comes at the 

cost of a higher price paid by the consumers. The equilibrium price pSL(λ,h,d) is increasing in all 

three of its arguments (see the Appendix). Social welfare under strict liability equals: 

1

0

[ ( , , ) ( ( , , )) ] ( ) .SL SL SLW u x h d x h d h f dλ π λ λ λ= − −∫                                (10) 

3.5. Equilibrium Under Minimum Quality Standard Regulation 

Under minimum quality standard regulation, the regulator sets a minimum quality standard 

(MQS) implying a level of precaution xMQS such that when a firm meets the standard (x≥xMQS), 

the firm is not liable in case of an accident. In contrast, firms that choose precaution levels that 

fail to satisfy the standard (x<xMQS) are prohibited from selling the product. We assume that the 
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minimum quality standard xMQS is perfectly enforced.7 Minimum quality standard regulation is 

thus effectively the regime of laissez-faire subject to the constraint that all producing firms 

choose x≥xMQS. Note that since xLF(λ,h) is increasing in λ, it may be that xLF(λ,h)<xMQS for small 

values of λ and xLF(λ,h)>xMQS for values of λ close to 1. Thus, in equilibrium, some firms may 

optimally choose not to meet the minimum quality standard, and therefore not to sell the product, 

and at the same time a subset of firms may optimally choose to provide more safety than dictated 

by the standard.   

 We characterize the optimal minimum quality standard in Sections 4 and 5 below, where 

we contrast minimum quality standard regulation with other institutional regimes. For now, in 

order to characterize social welfare under a given minimum quality standard, suppose that the 

implemented minimum quality standard xMQS is strictly positive. Accordingly, we can define 

λ0(h) as the unique solution to the expression xLF(λ,h)=xMQS for a given value of xMQS>0. λ0(h) 

therefore denotes the maximum level of consumer overconfidence about the risk of harm such 

that the product offered by competitive firms to consumers of this type just satisfies the 

minimum quality standard xMQS>0. The social welfare then equals: 

 
0

1

( )

[ ( , ) ( ( , )) ] ( ) .MQS LF LF

h

W u x h x h h f d
λ

λ π λ λ λ= − −∫                                (11) 

4. Contrasting Regimes: Welfare Analysis  

We next contrast the social welfare under different regimes governing firm behavior. We first 

compare laissez-faire (LF) with strict liability (SL).8  

Proposition 1 (LF vs. SL): WSL>WLF for any d∈(0,h]. 

                                                           
7 See Chen and Serfes (2012) for an analysis of minimum quality standard regulation when firms need not comply 
with the standard. 
8 See the Appendix for proofs of all results. 
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The equilibrium level of precaution under laissez-faire falls short of the equilibrium level 

of precaution under strict liability for any positive expected damages under strict liability, for 

any consumer type λ. Because the expected net social benefit u−x−π(x)h increases in the level of 

safety for x<xFB(h), the expected net social benefit from a product sold to consumer of type λ 

under strict liability strictly exceeds the expected net social benefit from a product for that 

consumer type under laissez-faire: u−xSL(λ,h,d)−π(xSL(λ,h,d))h>u−xLF(λ,h)−π(xLF(λ,h))h (see 

Figure 1 for an illustrative example). Social welfare under strict liability thus exceeds social 

welfare under laissez-faire. 

We next characterize the optimal minimum quality standard and contrast minimum 

quality standard regulation (MQS) with laissez-faire (LF).  

Proposition 2 (LF vs. MQS): Suppose that u−xLF(λ,h)−π(xLF(λ,h))h<0 as λ→0. Then, the 
optimal minimum quality standard xMQS>0 is the unique solution to the expression u−x−π(x)h=0, 
and WMQS>WLF. In contrast, if u−xLF(λ,h)−π(xLF(λ,h))h≥0 for all λ∈(0,1], the optimal minimum 
quality standard xMQS=0, and WMQS=WLF. 

To understand the characteristics of the optimal minimum quality standard when the 

default regime is laissez-faire, suppose that the gross consumer utility from the product (u) is not 

excessively large so that the expected net social benefit from a product under laissez-faire, 

u−xLF(λ,h)−π(xLF(λ,h))h, is negative for some products. Since u−xLF(λ,h)−π(xLF(λ,h))h is 

increasing in xLF(λ,h) and xLF(λ,h) is in turn increasing in λ, the expected net social benefit is 

negative for those products that are under laissez-faire offered to the group of the most 

overconfident consumers (i.e. consumers with small values of λ). Then, the optimal minimum 

quality standard xMQS>0 is the level of precaution such that the gross consumer utility from the 

marginal product on the market (u) exactly equals expected harm-related cost (x+π(x)h). In this 

case, social welfare under minimum quality standard regulation strictly exceeds the social 
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welfare under laissez-faire. In contrast, if the expected net social benefit from a product under 

laissez-faire is always positive (as would be the case when u is very large), the introduction of 

the minimum quality standard is superfluous; the optimal minimum quality standard is xMQS=0.9  

Propositions 1 and 2 suggest that both strict liability and minimum quality standard 

regulation may improve social welfare relative to the laissez-faire scenario. Yet which mode of 

social control of product-related tortsminimum quality standard regulation (MQS) or strict 

liability (SL)should be used when? To address this question, we focus on the scenario when 

the introduction of the appropriate minimum quality standard increases social welfare relative to 

the laissez-faire case (see Proposition 2).10  

Proposition 3 (MQS vs. SL): Suppose that u−xLF(λ,h)−π(xLF(λ,h))h<0 as λ→0 and 0<d<h. 
Define ∆MQS,SL≡WMQS−WSL. 
1. If u−xSL(λ,h,d)−π(xSL(λ,h,d))h>0 for all λ∈(0,1], then ∆MQS,SL<0. 
2. If u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 as λ→0, then: 

(i) ∆MQS,SL is decreasing in d and in u so that for d sufficiently close to h or for u 
sufficiently large, ∆MQS,SL<0.  

(ii) Let FA(λ) and FB(λ) be cumulative distribution functions defined on λ∈(0,1] and fA(λ) 
and fB(λ) the associated probability density functions with the following properties:  
(a) fA(λ)≤fB(λ) for all λ∈(0,λ1) and there exists a set O1⊆(0,λ1) with µ(O1)>0 such that 

fA(λ)<fB(λ) for all λ∈O1,  
(b) fA(λ)≥fB(λ) for all λ∈(λ1,1] and there exists a set O2⊆(λ1,1] with µ(O2)>0 such that 

fA(λ)>fB(λ) for all λ∈O2,  
where λ1=λ1(h,d) is defined by the expression u−xSL(λ,h,d)−π(xSL(λ,h,d))h=0 and µ(·) 
is a Lebesgue measure. Then, FA(λ) first order stochastically dominates FB(λ) and 
∆MQS,SL under FB(λ) is greater than ∆MQS,SL under FA(λ). 

(iii) The effect of h on ∆MQS,SL is ambiguous.  

                                                           
9 One may argue that when taking into account the fixed costs of setting up and enforcing the regulatory regime, 
which we assume away in our analysis, laissez-faire would in this case strictly dominate minimum quality standard 
regulation from the social welfare viewpoint. 
10 If the introduction of a minimum quality standard cannot increase social welfare above the level attained under 
laissez-faire (this occurs when u−xLF(λ,h)−π(xLF(λ,h))h≥0 for all λ∈(0,1]; see Proposition 2), then, since 
u−xSL(λ,h,d)−π(xSL(λ,h,d))>u−xLF(λ,h)−π(xLF(λ,h))h for all λ∈(0,1], strict liability strictly welfare dominates 
minimum quality standard regulation. 
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Part 1 of Proposition 3 states that when under strict liability the expected net social 

benefit is positive for all products (a condition that is met when, for example, u is sufficiently 

large), strict liability always strictly welfare dominates minimum quality standard regulation. 

Intuitively, because the equilibrium level of safety is higher under strict liability than under 

laissez-faire for all product types, it follows that the expected net social benefit is also higher 

under strict liability than under laissez-faire for all product types. When, in addition, the 

expected net social benefit under strict liability is strictly positive for all products, minimum 

quality standard regulation alone cannot increase social welfare beyond the level attained under 

strict liability.  

In contrast, when the gross consumer utility from the product (u) given the expected costs 

from product-related harm is sufficiently small, strict liability admits the sale of products offered 

to the consumers that strongly underestimate the risk of harm; for these products the expected net 

social benefit is negative. In this case, minimum quality standard regulation, by precluding the 

sale of the most risky products, may potentially increase social welfare beyond the level attained 

under strict liability even though the level of safety for the products that remain on the market 

under minimum quality standard regulation falls short of the level of safety that would have 

obtained had the regime in place been strict producer liability. Part 2 of Proposition 3 suggests 

that in this case the comparison of minimum quality standard regulation and strict liability from 

the social welfare viewpoint depends on the gross consumer utility from the product (u), the level 

of expected damages awarded by the courts (d), the underlying distribution of consumers 

according to their overconfidence about risk of harm, and the extent of harm if an accident takes 

place (h).  
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Whenever the expected damages d are sufficiently close to the level of consumer harm h, 

the firms' choice of precaution under strict liability approaches that under first best. Social 

welfare under strict liability thus exceeds social welfare under minimum quality standard 

regulation. Similarly, if the consumer benefit from the consumption of the product in the absence 

of risk (u) is sufficiently large, so that the introduction of a minimum quality standard regulation 

is superfluous relative to laissez-faire (see Proposition 1), social welfare is greater under strict 

liability than under minimum quality standard regulation (Proposition 3, part 2(i)).  

The relative attractiveness of minimum quality standard regulation vis-à-vis strict liability 

increases with the proportion of consumers that are most overconfident about the risk of harm 

(Proposition 3, part 2(ii)). Intuitively, as the share of highly overconfident consumers increases, 

so does the volume of products, sold under strict liability, that yield a negative expected net 

social benefit. In this scenario, the benefits of the removal of all relatively risky products from 

the market (see Figure 1) outweigh the costs: the loss of social surplus which arises because the 

enforcement of the minimum quality standard eliminates from the market even those products 

for which the expected net social benefit would have been (marginally) positive under the strict 

liability regime. In interpreting part 2(ii) of Proposition 3, note that the condition that distribution 

A first-order stochastically dominates distribution B is necessary but not sufficient for a change 

in the distribution of the degree of overconfidence in the consumer population to alter the 

relative attractiveness of minimum quality standard regulation vis-à-vis strict liability. What is 

crucial is that the shift in the distribution function of λ be such that there is an increase in the 

proportion of consumers with greatest level of overconfidence, i.e. with λ<λ1, where λ1 is 

illustrated in Figure 1. Figure 2 illustrates part 2(ii) of Proposition 3 for the simple example 

where FA(λ) is uniform distribution.  
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Finally, the impact of the extent of harm conditional on the occurrence of an accident (h) 

on the relative desirability of strict liability versus minimum quality standard regulation is 

ambiguous (Proposition 3, part 2(iii)), for the following reason. On the one hand, an increase in h 

changes the cutoff level of consumer overconfidence λ0(h) associated with the marginal product 

permitted on the market under the minimum quality standard xMQS. However, the induced effect 

of a change in h through λ0(h) on social welfare under minimum quality standard regulation 

vanishes because the expected net social benefit from the marginal product permitted on the 

market under the minimum quality standard xMQS equals zero. On the other hand, an increase in h 

incentivizes firms serving overconfident consumers to increase precaution under both strict 

producer liability and minimum quality standard regulation. This, in turn, decreases the 

likelihood of accident under both governance regimes, rendering ambiguous in sign, first, the 

total effect of h on the expected net social benefit from a product under either governance regime 

and, second, as a consequence, the total effect of h on the relative desirability of strict liability 

versus minimum quality standard regulation from the social welfare standpoint.11  

5. Joint Use of Strict Liability and Minimum Quality Standard Regulation 

In the previous sections, we demonstrated that both strict liability and minimum quality standard 

regulation for different reasons fall short of attaining the first-best level of social welfare. 

Moreover, we showed that depending on the parameter values, social welfare under minimum 

quality standard regulation may be greater or smaller than social welfare under strict liability. 

Consider now the scenario when the introduction of the optimal minimum quality standard 

increases social welfare above the level attained under laissez-faire (see Propositions 2 and 3); 

that is, when gross consumer utility from the product (u) is not excessively large. Is it ever 

                                                           
11 See the Appendix for a detailed exposition of all channels through which h affects ∆MQS,SL. 
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beneficial to combine strict liability with minimum quality regulation and, if so, under what 

conditions does the joint use of minimum quality standard regulation and strict liability 

(MQS+SL) welfare dominate strict liability (SL) only and minimum quality standard regulation 

(MQS) only? The following result provides the answer. 

Proposition 4 (MQS+SL vs. SL; MQS+SL vs. MQS): Suppose that u−xLF(λ,h)−π(xLF(λ,h))h<0 
as λ→0 and 0<d<h.  
1. If u−xSL(λ,h,d)−π(xSL(λ,h,d))h>0 for all λ∈(0,1], then: 

(i) the optimal minimum quality standard in the presence of strict liability xMQSSL=0, 

(ii) 
1

0

[ ( , , ) ( ( , , )) ] ( ) ,MQS SL SL SLW u x h d x h d h f dλ π λ λ λ+ = − −∫  

(iii) WMQS+SL=WSL>WMQS. 
2. If u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 as λ→0, then:  

(i) the optimal minimum quality standard in the presence of strict liability 
xMQSSL=xSL(λ1,h,d)>0, where λ1=λ1(h,d) is defined in Proposition 3,  

(ii) 
1

1

( , )

[ ( , , ) ( ( , , )) ] ( ) ,MQS SL SL SL

h d

W u x h d x h d h f d
λ

λ π λ λ λ+ = − −∫  

(iii) WMQS+SL>WSL and WMQS+SL>WMQS.  

Part 1 of Proposition 4 clarifies that if under strict liability the expected net social benefit 

is positive for all products, as would be the case when the gross consumer utility from the 

product (u) is sufficiently large, the introduction of minimum quality standard regulation on top 

of strict liability does not yield any social welfare benefits.12 Because strict liability strictly 

welfare dominates minimum quality regulation under these circumstances (see Proposition 3, 

part 1), joint use of strict liability and minimum quality regulation strictly welfare dominates the 

exclusive reliance on minimum quality standard regulation. In contrast, when under strict 

liability the expected net social benefit is negative for some products (those offered to consumers 

that are most overconfident about the risk of harm), as would be the case when the gross 

                                                           
12 Again, given inevitable fixed costs of regime set-up and operation that we assume away in our analysis, strict 
liability would in fact be strictly preferred to the joint use of strict liability and regulation. 
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consumer utility from the product (u) is not excessively large, the joint use of minimum quality 

standard regulation and strict liability from the social welfare viewpoint strictly dominates both 

minimum quality standard regulation only and strict liability only (Proposition 4, part 2).  

Proposition 4, part 2, is best illustrated with Figure 1. Intuitively, the joint use of 

minimum quality standard regulation and strict liability strictly welfare dominates strict liability 

only because minimum quality standard regulation eliminates from the market those most risky 

products for which the expected net social benefit is negative: the set of products offered to 

consumer of type λ such that λ∈(0,λ1). Similarly, the joint use of minimum quality standard 

regulation and strict liability welfare dominates minimum quality standard regulation only. First, 

the introduction of strict liability increases firms' incentives to invest in precaution for those 

products that already satisfy the minimum quality standard: product types λ∈(λ0,1]. Second, the 

presence of strict liability allows for promulgation and enforcement of a minimum quality 

standard that is laxer than the optimal minimum quality standard in the absence of producer 

liability: xMQSSL=xSL(λ1,h,d)<xMQS.  The resulting increase in the sale of products with a positive 

expected net social benefit further contributes to the increase in social welfare relative to the 

scenario where firms are subject to minimum quality standard regulation only.  

6. Conclusion 

While the literature has extensively examined the effectiveness of tort law and government 

regulation when the injurers and the victims are strangers not bound by a market relationship, 

little has been said about the comparative effectiveness of tort law and regulation in the likewise 

commonplace scenario when the injurers and the victims are respectively firms and their 

customers. Contributing to the literature that studies market outcomes in the presence of 

behaviorally biased consumers and emphasizes the salience of behavioral biases for institutional 
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design, we contrast the performance of strict producer liability and minimum quality standard 

regulation, as well as their joint use, as alternative means of social control of business in a setting 

where competitive firms serve consumers who are heterogeneously overconfident about the risk 

of product-related harm. 

Acting ex post, strict liability provides an incentive for the firms to increase their 

investment in precaution relative to the levels of precaution attained under laissez-faire, when the 

rule of caveat emptor applies. However, under strict liability a combination of institutional 

restrictions (such as judgment-proofness, abandoned lawsuits, and importance of non-pecuniary 

costs) on the magnitude of expected damage payments awarded by courts and consumer 

overconfidence about the risk from harm prevents the implementation of the first-best level of 

precaution and leads to the sale of products with socially excessive levels of expected harm. In 

contrast to strict producer liability, minimum quality standard regulation acts ex ante and 

eliminates from the market all products with inadequately low levels of precaution that would 

have otherwise been sold under laissez-faire. For the products remaining on the market, however, 

caveat emptor applies again and, thus, firms underinvest in precaution to a greater extent than 

they would have under strict liability. 

Whenever the gross utility (i.e. utility in the absence of product risk) that consumers 

derive from the product is not too large relative to expected harm-related costs, the strict liability 

equilibrium involves trade of products, offered to consumers that are most overconfident about 

the risk of harm, for which the expected net social benefit is negative. In this case, the relative 

attractiveness of minimum quality standard regulation versus strict liability decreases with the 

gross consumer utility from the product, increases with the discrepancy between total harm and 

the expected damage payments awarded by the courts, and decreases as the proportion of 
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consumers that are most overconfident about the risk of harm decreases. In contrast, the effect of 

total harm, conditional on accident taking place, is in general ambiguous. Finally, joint use of 

strict liability and minimum quality standard regulation strictly welfare dominates both the use of 

strict liability alone and the exclusive reliance on minimum quality standard regulation. 
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Figure 1: Expected net social benefit from a product as a function of the degree of consumer 
overconfidence about the risk of product-related harm. 

Figure 2: Illustration of part (ii) of Proposition 3. ∆MQS,SL under the distribution of λ with 
density fB exceeds ∆MQS,SL under the distribution of λ with density fA. 
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Appendix 
 
Proof that xLF(λ,h) and pLF(λ,h) are increasing in both λ and h: 

Differentiating both sides of (5) with respect to λ gives: 

2

( , ) 1( ( , ))
LF

LF x hx h
h

λπ λ
λ λ

∂′′− = −
∂

 .                                              (A1) 

Thus,  
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x h
h x h
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′′∂
.                                                (A2) 

Similarly, differentiating both sides of (5) with respect to h and rearranging terms gives: 

2

( , ) 1
( ( , ))
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LF

x h
h h x h
λ

λ π λ
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′′∂

.                                                (A3) 

Because π">0, the right-hand side of (A2) and (A3) is positive. Since pLF(λ,h)=xLF(λ,h), it 

follows that ∂pLF(λ,h)/∂λ>0 and ∂pLF(λ,h)/∂h>0.   □  

Proof that pSL(λ,h,d) is increasing in all three of its arguments: 

Differentiating both sides of expression (9) in turn with respect to λ, h, and d, and rearranging 

terms gives: 

( , , ) ( , , ) 1 ( ( , , ))
SL SL

SLp h d x h d x h d dλ λ π λ
λ λ

∂ ∂ ′ = + ⋅ ∂ ∂
                               (A4) 

( , , ) ( , , ) 1 ( ( , , ))
SL SL

SLp h d x h d x h d d
h h
λ λ π λ∂ ∂ ′ = + ⋅ ∂ ∂

                               (A5)  

( , , ) ( , , ) 1 ( ( , , )) ( ( , , ))
SL SL

SL SLp h d x h d x h d d x h d
d d
λ λ π λ π λ∂ ∂ ′ = + ⋅ + ∂ ∂

                   (A6)   

The terms ∂xSL(λ,h,d)/∂λ, ∂xSL(λ,h,d)/∂h, and ∂xSL(λ,h,d)/∂d are all positive (proof is analogous 

to the proof above showing that ∂xLF(λ,h)/∂λ>0 and ∂xLF(λ,h)/∂h>0, and thus omitted). To sign 

the term 1+π'(xSL(λ,h,d))d appearing on the right-hand side of (A4)-(16), note that the function 

x+π(x)d is strictly convex and attains minimum at x=x(d) where x(d) is defined by 1+π'(x(d))d=0 

or, equivalently, by −π'(x(d))=1/d. Since d<λh+(1−λ)d when d>h it follows that 

1/d>1/(λh+(1−λ)d) and, therefore, xSL(λ,h,d)>x(d) because π"<0. Hence, 1+π'(xSL(λ,h,d))d>0. 

Moreover, π (xSL(λ,h,d))>0. It follows that the right-hand side of (A4)-(A6) is positive.   □ 
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Proof of Proposition 1: 

For λ<1, xLF(λ,h)<xSL(λ,h,d)<xFB(h). Because the function u−x−π(x)h is increasing in x for all 

x<xFB(h),  

u−xLF(λ,h)−π (xLF(λ,h))h<u−xSL(λ,h,d)−π(xSL(λ,h,d))h.                              (A7) 

For λ=1, xLF(λ,h)=xSL(λ,h,d)=xFB(h) and  

u−xLF(λ,h)−π (xLF(λ,h)h=u−xSL(λ,h,d)−π(xSL(λ,h,d))h.                              (A8) 

Figure 1 illustrates (A7) and (A8). Upon comparing expressions (10) and (7), it follows that 

WSL>WLF for any d∈(0,h].   □ 

Proof of Proposition 2: 

Suppose that u−xLF(λ,h)−π(xLF(λ,h))h<0 as λ→0. Hence, under laissez-faire 

u−xLF(λ,h)−π(xLF(λ,h))h<0 for sufficiently small values of λ (see Figure 1), where 

u−xLF(λ,h)−π(xLF(λ,h))h is strictly increasing in λ because ∂xLF(λ,h)/∂λ>0 and 

−1−π'(xLF(λ,h))h>0. To choose a social welfare-maximizing minimum quality standard, the 

regulator sets xMQS>0 such that u−xMQS−π(xMQS)h=0 and u−x−π(x)h>0 for all x>xMQS. Thus, the 

right-hand side of expression (11) exceeds the right-hand side of expression (7) and WMQS>WLF. 

In contrast, if u−xLF(λ,h)−π(xLF(λ,h))h≥0 for all λ∈(0,1], the social welfare-maximizing 

minimum quality standard equals xMQS=0 and WMQS=WLF.   □ 

Proof of Proposition 3: 

Suppose, first, that u−xSL(λ,h,d)−π(xSL(λ,h,d))h>0 for all λ∈(0,1]. Then, the term in the brackets 

in (10) is strictly positive. Moreover, because (A7) holds for all λ∈(0,1), it follows that 

∆MQS,SL<0. This proves part 1 of Proposition 3. 

Suppose, next, that u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 as λ→0. Thus, 

u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 for sufficiently small values of λ (see Figure 1). Recall that 

0

1
,

( )

1

0

[ ( , ) ( ( , )) ] ( )

                             [ ( , , ) ( ( , , )) ] ( ) .

MQS SL LF LF

h

SL SL

u x h x h h f d

u x h d x h d h f d

λ

λ π λ λ λ

λ π λ λ λ

∆ = − −

− − −

∫

∫
                       (A9) 

To establish the effect of d on ∆MQS,SL, differentiate the right-hand side of (A9) with respect to d: 
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1,

0

( , , ) 1 ( ( , , )) ( ) .
MQS SL SL

SLx h d x h d h f d
d d

λ π λ λ λ
 ∂∆ ∂ ′ = − − −  ∂ ∂ 
∫                    (A10) 

In the integrand of (A10), ∂xSL(λ,h,d)/∂d>0 and −1−π'(xSL(λ,h,d))h>0. Therefore, the right-hand 

side of (A10) is negative. Moreover, u−xSL(λ,h,d)−π(xSL(λ,h,d))h→u−xFB(h)−π(xFB(h))h>0 as 

d→h. Thus ∆MQS,SL<0 for d sufficiently close to h.  

To establish the effect of u on ∆MQS,SL, differentiate the right-hand side of (A9) with 

respect to u: 

0

1 1,

0
( ) 0

( ) ( ) ( ( ))
MQS SL

h

f d f d F h
u λ

λ λ λ λ λ∂∆
= − = −

∂ ∫ ∫ ,                                (A11) 

where F(·) is the cumulative density function of λ. Since λ0(h)>0, F(λ0(h))>0 and the right-hand 

side of (A11) is negative. Moreover, for u sufficiently large, ∆MQS,SL<0. This proves part 2(i) of 

Proposition 3. 

Next, define the following function:  

1

1 0

0

[ ( ) ( ( )) ] if (0, ]
( ) [ ( ) ( ( )) ] if ( , ]

[ ( ) ( ( )) ] [ ( ) ( ( )) ] if ( ,1]

SL SL

SL SL

NL NL SL SL

u x x h
u x x h

u x x h u x x h

λ π λ λ λ
λ λ π λ λ λ λ

λ π λ λ π λ λ λ

− − − ∈
Ψ = − − − ∈
 − − − − − ∈

         (A12) 

where we suppress dependence of xLF on h and xSL on h and d. Note that Ψ(λ)>0 for λ∈(0,λ1) 

and Ψ(λ)<0 for λ∈(λ1,λ0) and λ∈(λ0,1); see Figure 1. Moreover, 
1 ,

0
( ) ( ) .MQS SLdFλ λΨ = ∆∫  Now 

assume that the statements (a) and (b) in part 2(ii) of Proposition 3 hold. Then 

0 0

( ) ( ) ( ) ( )B B A AF f d f d F
λ λ

λ λ λ λ λ λ= ≥ =∫ ∫                                            (A13) 

for all λ∈(0,λ1) and 
1 1

1 ( ) ( ) ( ) 1 ( ).B B A AF f d f d F
λ λ

λ λ λ λ λ λ− = ≤ = −∫ ∫                                     (A14) 

or, equivalently, FB(λ)≥FA(λ) for all λ∈(λ1,1). Thus, FB(λ)≥FA(λ) for all λ∈(0,1]: the distribution 

A first-order stochastically dominates distribution B. To prove part 2(ii) of the result, we need to 

show that ∆MQS,SL under FB(λ) is greater than ∆MQS,SL under FA(λ), that is, that  
1 1

0 0

( ) ( ) ( ) ( )B Af d f dλ λ λ λ λ λΨ > Ψ∫ ∫                                            (A15) 
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or, equivalently, that  
1 1

0 0

( ) ( ) ( ) ( )B Af d f d
λ λ

λ λ λ λ λ λΨ > Ψ∫ ∫                                           (A16) 

and  

1 1

1 1

( ) ( ) ( ) ( )B Af d f d
λ λ

λ λ λ λ λ λΨ > Ψ∫ ∫ .                                         (A17) 

To show that (A16) is true, write  
1

1 1 10 (0, ]\

( )[ ( ) ( )] ( )[ ( ) ( )] ( )[ ( ) ( )] .B A B A B A
O O

f f d f f d f f d
λ

λ

λ λ λ λ λ λ λ λ λ λ λ λΨ − = Ψ − + Ψ −∫ ∫ ∫     (A18) 

Recall that Ψ(λ)>0 for λ∈(0,λ1). Moreover, by condition (a) in part 2(ii) of Proposition 3, 

fB(λ)>fA(λ) for λ∈O1 and fB(λ)≥fA(λ) for λ∈(0,λ1]\O1. Thus, the right-hand side of (A18) is 

positive and (A16) holds. To show that (A17) is true, write 

 
1 2 1 2

1

[ ,1]\

( )[ ( ) ( )] ( )[ ( ) ( )] ( )[ ( ) ( )] .
λ λ

λ λ λ λ λ λ λ λ λ λ λ λΨ − = Ψ − + Ψ −∫ ∫ ∫B A B A B A
O O

f f d f f d f f d    (A19) 

Recall that Ψ(λ)<0 for λ∈(λ1,λ0) and λ∈(λ0,1). Moreover, by condition (b) in part 2(ii) of 

Proposition 3, fB(λ)<fA(λ) for λ∈O2 and fB(λ)≤fA(λ) for λ∈[λ1,1]\O2. Thus, the right-hand side of 

(A19) is positive and (A17) holds. Hence, (A15) holds. This proves part 2(ii) of Proposition 3.  

To ascertain the effect of h on ∆MQS,SL, differentiate the right-hand side of (A9) with 

respect to h: 

0

,

0 0 0 0

1

( )

( ( ), ) ( ( ( ), )) ( ( )) ( )

( , )                 1 ( ( , )) ( ( , )) ( )

( , , )                 1 ( ( , , )) (
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λ π λ π

∂∆ ′ = − − − ∂
 ∂ ′ + − − −  ∂ 
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LF LF
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h
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u x h h x h h h f h h
h

x h x h h x h f d
h

x h d x h d h x
h

1

0

( , , )) ( ) .λ λ λ
 
 
 
∫ h d f d

      (A20) 

Because u−xLF(λ0(h),h)−π(xLF(λ0(h),h))h=0, the first term on the right-hand side of (A20) equals 

zero. The sign of the second and third term, however, is ambiguous. For a given regime 

r∈{LF,SL}, we have [∂xr/∂h][−1−π'(xr)h]>0 and, at the same time, π(xr)>0. Thus, the sign of the 

expression [∂xr/∂h][−1−π'(xr)h]−π(xr) is ambiguous and, hence, so is the sum of the second and 

third term in (A20). To further illustrate this point, rewrite the right-hand side of (A20) as: 
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∫

LF SL
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h h
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h

         (A21) 

In the first term of (A21), we have [∂xLF/∂h][−1−π'(xLF)h]>0, but also [∂xLF/∂h][−1−π'(xLF)h]>0 

and π(xLF)−π(xSL)>0 because xLF>xSL. Thus, the first term in (A21) is ambiguous in sign. In the 

second term, [∂xSL/∂h][−1−π'(xSL)h]−π(xSL) is ambiguous in sign for reasons noted above. 

Therefore, the difference between the first and the second term is ambiguous in sign. This 

illustrates part 2(iii) of Proposition 3.  □ 

Proof of Proposition 4: 

When u−xSL(λ,h,d)−π(xSL(λ,h,d))h>0 for all λ∈(0,1], proof of points (i)-(iii) in part 1 of 

Proposition 4 is straightforward and thus omitted; see the discussion in Section 5. When 

u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 as λ→0, points (i) and (ii) in part 2 of the result can likewise be 

readily established. To prove part 2(iii) of Proposition 4, note that when 

u−xSL(λ,h,d)−π(xSL(λ,h,d))h<0 as λ→0, WMQS+SL−WMQS equals  

1 0

1 1

[ ( ) ( ( )) ] ( ) [ ( ) ( ( )) ] ( ) ,SL SL NL NLu x x h f d u x x h f d
λ λ

λ π λ λ λ λ π λ λ λ− − − − −∫ ∫        (A22)                                

where we again suppress dependence on h and d. (A22) can in turn be expressed as 

{ }

0

1
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1
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                 [ ( ) ( ( )) ] [ ( ) ( ( )) ] ( )

SL SL

SL SL NL NL

u x x h f d

u x x h u x x h f d

λ

λ

λ

λ π λ λ λ

λ π λ λ π λ λ λ

− −

+ − − − − −

∫

∫
    (A23) 

or, equivalently, as    

     
1

1

( ) ( ) ,f d
λ

λ λ λ−Ψ∫                                                           (A24) 

where Ψ(λ) is defined in (A12). Recall that Ψ(λ)<0 for λ∈(λ1,1]. Thus, expression (A24) is 

positive and WMQS+SL>WMQS. 

Similarly, WMQS+SL−WSL equals 
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1

1 1

0

[ ( ) ( ( )) ] ( ) [ ( ) ( ( )) ] ( ) .SL SL SL SLu x x h f d u x x h f d
λ

λ π λ λ λ λ π λ λ λ− − − − −∫ ∫         (A25) 

Expression (A25) can in turn be written as 
1

0

[ ( ) ( ( )) ] ( )SL SLu x x h f d
λ

λ π λ λ λ− − −∫                                           (A26) 

or, equivalently, as  
1

0

( ) ( ) .f d
λ

λ λ λΨ∫                                                         (A27) 

Recall that Ψ(λ)>0 for all λ∈(0,λ1]. Thus, expression (A27) is positive and WMQS+SL>WSL.   □ 
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