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Abstract 
In many circumstances, the total harm caused by everyone is verifiable, and the harm 
caused by each individual is unverifiable.  For example, the environmental agency can 
measure the total harm caused by pollution much easier than it can measure the harm 
caused by each individual polluter. In these circumstances, the usual liability rules or 
externality taxes cannot be implemented.  We propose a novel solution:  Hold each 
participant in the activity responsible for all of the excessive harm that everyone caused.  
By “excessive harm” we mean the difference between the total harm caused by all 
injurers and the optimal total harm.  We call this rule “total liability for excessive harm.” 
We show that total liability for excessive harm creates incentives for efficient precaution 
and activity level.  Consequently, actual harm is not excessive and actual liability is nil. 
For example, the environmental agency can set a target for clean air and announce that 
each factory is liable for pollution by all factories that exceeds the target.  Since the 
liability rule causes the factories to hit the target, they pay no damages.  Thus the 
environmental agency gains control over emissions without having to monitor individual 
polluters, and the polluters do not have to pay damages or conform to bureaucratic 
regulations.      
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Total Liability for Excessive Harm 

  

Robert Cooter and Ariel Porat* 
 

Introduction 
Negligence and strict liability are the two most prominent liability rules. 

Implementing a negligence rule requires verifying the injurer’s negligence and the harm 

that it caused.  By “verifying” we mean “proving to a tribunal.”  If injurer’s precaution is 

unverifiable, implementing a negligence rule is impossible. In these circumstances, the 

usual prescription is to adopt a rule of strict liability.  Implementing a rule of strict 

liability only requires verifying the harm caused by the injurer. In many circumstances, 

however, the harm caused by individual injurers is unverifiable. In these circumstances, 

the two most prominent liability rules cannot be implemented. For example, the 

environmental agency may be unable to prove how much each factory contributed to total 

pollution.   

Turning from the private law of torts and nuisances to public law, unverifiable 

individual causation causes the same problem for environmental regulations and 

externality taxes.  As with a negligence rule, many environmental regulations cannot be 

implemented without verifying the individual’s polluter’s abatement efforts.  Similarly, 

externality taxes (“Pigouvian taxes”) and transferable pollution rights cannot be 

implemented when the harm caused by individual injurers is unverifiable. 

We propose a novel solution to the problem of unverifiable individual causation:  

Hold each participant in the activity responsible for all of the excessive harm that 

everyone caused. By “excessive harm” we mean the difference between the total harm 

                                                 

* Robert Cooter is Herman Selvin Professor of Law, University of California at Berkeley. 
Ariel Porat is Dean and Professor of Law, Tel Aviv University Faculty of Law.  The 
authors when presenting this paper  to the law faculty at Haifa University,…,.  We also 
wish to thank Daniel Farber, Steve Sugarman, ... 
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caused by all injurers and the optimal total harm. We call this rule total liability for 

excess harm. 

To illustrate, the environmental agency can set a target for purity in a body of 

water that factories pollute.  Implementing a negligence rule (or many regulations) 

requires monitoring the efforts of each factory to abate its pollution, which is usually 

impossible.  Implementing a rule of strict liability (or externality tax or transferable 

emission right) requires monitoring the pollution from each factory, which is usually 

impractical and always costly. Instead of negligence or strict liability, we propose a 

liability rule that does not require the environmental agency to monitor individual 

factories. Without knowing any factory’s actual emissions, the environmental agency 

measures the extent to which total pollution exceeds the target.  The environmental 

agency then holds each factory responsible for total pollution that exceeds the target.   

To illustrate with numbers, assume that 5 factories pollute a river.  2 factories 

each emit pollution of 150 into a river, and 3 factories each emit pollution of 100, so total 

pollution equals 600.  If the environmental agency’s target pollution is 500, then excess 

pollution equals 100.  Our rule requires each of the 5 factories to pay damages of 100.  

As explained, implementing the rule of total liability for excessive harm has the 

advantage of not requiring verification of individual behavior.  In addition, we will show 

that total liability for excessive harm creates incentives for efficient precaution and 

activity level by individual injurers.  Against this advantage, the rule may seem unfair 

because individual injurers are threatened with liability for harm caused by others. When 

individual injurers are rational, however, the incentives created by the rule causes actors 

to behave optimally, so actual total harm is not excessive and the threat of liability is not 

carried out. To illustrate by the preceding numbers, when the environmental agency 

announces the target of 500 in total pollution, the rule of total liability for excessive harm 

causes the factories to emit 500 in total pollution, so damages are zero.  

The rule of total liability for excessive harm actually combines two novel forms 

of liability: the rule of liability for excessive harm and the rule of total liability. 

“Excessive harm” refers to the fact that the injurer is liable for harm that exceeds a legal 

target.  “Total liability” refers to the fact that each injurer is liable for the harm caused by 
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all injurers.  We will separate these two novel forms of liability and examine them 

separately. 

Besides analyzing these two novel forms of liability, this paper confronts a 

neglected problem in the economic analysis of tort law:  the distinction between 

participation and activity level.  To illustrate, an individual decides whether to buy a car, 

how much to drive it, and how carefully to drive it.  We call these decisions 

“participation,” “activity level,” and “precaution”, respectively.  All three variables affect 

the risk of accidents.  Similarly, an industrialist decides whether to build a factory, how 

much to produce in it, and how carefully to produce.   All three decisions affect the 

amount of pollution.   

The existing literature usually treats “participation” as an aspect of “activity 

level.”  We must distinguish between them, however, because the rule of liability for 

excessive harm results in excessive participation and optimal activity level.  To illustrate, 

the rule of liability for excessive harm by polluting factories leads to too many factories 

(excessive participation) and the optimal amount of production by each factory (optimal 

activity level).  Reducing participation to the socially optimal levels requires a flat-rate 

participation tax.  We will explain this fact without emphasizing it, because we think that 

implementing a rule of total liability for excessive harm can increase welfare a lot, 

whereas correcting excessive participation with a participation tax will increase welfare a 

little. 

In Part I we assume verifiability of harm caused by individuals and we show that 

liability for excessive harm results in efficient precaution and activity level. In Part II we 

assume unverifiability of harm caused by individuals and we show the superiority of the 

rule of total liability for excessive harm over its alternatives.  Part III discusses 

applications through some additional examples.  A mathematical appendix proves the 

propositions formulated in the paper. 
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I. Liability for Excessive Harm 
Analyzing the efficiency of alternative liability rules is a significant achievement 

of the economic analysis of law.1  We build on this analysis by repeating the familiar 

results and extending them to the novel rule of liability for excessive harm.  We begin 

with this example.   

Example 1. An industrialist must decide whether or not to build a factory 
that will cost k.  If the industrialist builds the factory, its smoke will cause 
harm h to the neighbors.  Without abatement, harm h equals150.  By 
taking precautions costing 15, the factory can reduce the actual harm by 
30.  Further, by reducing production at a cost of 10 in foregone profits, the 
factory can reduce the actual harm by 20. Socially optimal behavior 
requires the factory to take precaution and reduce activity level, thus 
abating by 50 at a cost of 25.  Socially optimal abatement thus results in 
optimal harm h* equal  to 100.  Actual harm, optimal harm, precaution, 
and activity level are verifiable.  The neighbors can do nothing to reduce 
harm.  Transaction costs prevent the industrialist and the neighbors from 
solving the pollution problem by private bargaining.  

 

Assume for now that the industrialist in Example 1 builds the factory.  Consider the 

consequences of a rule of strict liability for the industrialist’s behavior in Example 1.  A 

rule of strict liability for actual harm causes him to choose between not abating and 

paying damages of 150, or abating at a cost of 25 and paying damages of 100.  Since the 

later is cheaper, industrialist will abate and total pollution will equal 100.   These facts 

corresponds to this familiar generalization: 

Proposition 1. Strict liability. Assume that m actors participate in an 
activity with unverifiable activity levels and unverifiable precautions that 
cause external harm H.  Assume that H is the sum of individual harms hi 
for all m participants and hi is verifiable.  Strict liability of injurer i for the  
harm hi creates socially optimal incentives with respect to i’s precaution 
and activity level.   
 

                                                 
1 Inspired by Guido Calabresi’s The Cost of Accidents (1970), John Brown created the 
basic model. See J. Brown (1973),"Toward an Economic Theory of Liability," J.  Legal 
Studies 2: 323-349. Shavell added an important element by analyzing activity level. See 
S. Shavell (1980)., "Strict Liability vs. Negligence." J.Legal Studies 9: 1.  For a summary 
of conclusions, see R. Cooter and T. Ulen, Law and Economics (4th edition, 2003), 
chapter 8.   
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 Instead of strict liability, now consider the consequences of a negligence rule in 

Example 1.  An ideal negligence rule holds the polluter liable for harm caused by not 

taking precaution at the socially optimal level.  In Example 1, a negligence rule causes 

polluter to choose between not taking precaution and paying damages of 25, or spending 

15 on precaution and not paying damages. Since the later is cheaper, polluter will take 

precaution.  Under a negligence rule, however, polluter gains nothing by reducing 

activity level and foregoing profits.  Thus industrial’s pollution in Example 1 will take 

precaution and not restrain production, so his pollution will equal 125, whereas socially 

optimal pollution equals 100.  These facts corresponds to this familiar generalization:  

Proposition 2. Negligence.  Assume that m actors participate in an activity 
with unverifiable activity levels and verifiable precautions that cause 
external harm H.  Assume that H is the sum of individual harms hi for all 
m participants and hi is verifiable. Assume that law imposes a legal 
standard of care at the social optimum and injurer i is liable for the harm hi 
that occurs when his care falls below the legal standard.  His precaution 
will be efficient and his activity level will be inefficient. 
   
Propositions 1 and 2 indicate two major advantages of a rule of strict liability over 

a negligence rule.  First, unlike a negligence rule, a rule of strict liability does not require 

verifying the injurer’s actual precaution level.  Second, strict liability induces efficient 

activity level, whereas a negligence rule does not.2 Given these disadvantages, why are 

negligence rules so common?  A negligence rule has two main advantages that may 

explain its adoption. First, moralists argue that a negligence rule is fairer because 

faultless actors are not held liable.  Second, economists argue that a negligence rule 

provides better incentives than strict liability for victims.  Specifically, a negligence rule 

can create incentives for efficient precaution and activity level by victims.3 

We will show that the new rule of liability for excessive harm has the two 

advantages of a rule of strict liability and also the two advantages of a negligence rule.  

First, like a rule of strict liability, a rule of liability for excessive harm does not require 

                                                 
2 Solving the problem of excessive activity level under a negligence rule requires a tax on 
the activity level, which a court cannot levy.   
3 The economic analysis of law stresses that a negligence rule provides better incentives 
than strict liability for victims to take precaution and restrain activity level.  See R. 
Cooter and T. Ulen, Law and Economics (4th edition, 2003), chapter 8.  Moralists argue 
that a negligence rule is fairer because faultless actors are not held liable. 
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verifying the injurer’s actual precaution.  In addition to verifying the harm caused by the 

injurer, our novel rule requires identifying the social optimal level of harm. Later we 

discuss examples where verifying ideal harm is easier than verifying negligence. 

Second, like a rule of strict liability, a rule of liability for excessive harm creates 

incentives for efficient activity level, not merely incentives for efficient precaution. To 

illustrate by Example 1, “excessive harm” equals the difference between actual harm and 

optimal harm of 100.  Liability for excessive harm causes polluter to choose between 

causing actual harm of 150 and paying liability of 50, or paying abatement costs of 25 

and paying liability of 0.  Since the later is cheaper, polluter will abate at the socially 

optimal level.  Efficient abatement encompasses efficient precaution and efficient activity 

level.  This conclusion generalizes as follows: 

Proposition 3. Excessive harm. Assume that m actors participate in an 
activity with unverifiable activity levels and unverifiable precautions that 
cause verifiable external harm H.  Assume that H is the sum of individual 
harms hi for all m participants, where actual harm hi and socially optimal 
individual harm hi* are verifiable.  Liability for excessive harm (hi-hi*) 
gives the injurer socially optimal incentives with respect to his precaution 
and activity level. 

 

To understand why Proposition 3 is true, compare the difference in incentives 

between a rule of strict liability and a rule of liability for excessive harm. A rule of strict 

liability creates efficient incentives by making the injurer internalize the total benefits 

and costs of precaution and activity level.  Total benefits and costs encompass marginal 

benefits and costs.  In contrast, a rule of liability for excess harm creates efficient 

incentives by making the injurer internalize the marginal benefits and costs of precaution 

and activity level, but not the total benefits and costs.   

The two rules differ in the allocation of infra-marginal costs.  Specifically, when 

harm is optimal, the injurer bears its costs under a rule of strict liability, but not under a 

rule of liability for excessive harm.  To illustrate by Example 1, a rule of strict liability 

causes polluter to abate and pay 100 for actual harm, whereas a rule of liability for excess 

harm causes polluter to abate and not pay for actual harm of 100.  Under both rules, the 

injurer saves 25 by abating (same marginal incentives), but the first rule allocates optimal 

harm of 100 (infra-marginal harm) to the injurer and the second rule does not.  
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The different way the two rules allocate infra-marginal costs explains why a rule 

of liability for excess harm has the first advantage of a negligence rule:  faultless actors 

are not held liable.  The different way the two rules allocate infra-marginal costs also 

explains why a rule of liability for excess harm has the second advantage of a negligence 

rule, which is better incentives for victims.  Under a rule of negligence or a rule of 

liability for excess harm, rational injurers conform to the rule, so the cost of excess harm 

remains where it falls.  When harm remains with the victim on whom it falls, victims 

have an incentive to reduce the harm that they suffer, as required for efficiency.    

II. Total Liability 
Part I assumes that the actual harm caused by the individual injurer is verifiable, 

as required to implement a rule of strict liability, negligence, or liability for excessive 

harm.  In practice, however, victims often suffer from harm caused by many injurers 

whose individual contributions are unverifiable.   We will explain how to circumvent this 

problem by applying the principle of total liability, which holds each injurer liable for all 

or part of the harm that all of them caused.  The principle of total liability can combine 

with strict liability, proportional liability, or liability for excessive harm.4  Comparing 

these three rules, we will conclude that total liability for excessive harm is best.  

To begin, we modify the preceding example. 

Example 2. Each one of a large number of n identical industrialists must 
decide whether or not to build a factory that will cost k. Let m denote the 
number of factories that get built. Without abating, the smoke from each 
factory will cause social harm h equal to 150 and all m factories will cause 
total social harm H equal to 150m. With abating at a cost of 25 per 
factory, the smoke from each factory will cause social harm h equal to 100 
and all m factories will cause total social harm H equal to 100m.  Socially 
optimal behavior requires each factory to abate, so the optimal individual 
harm h* equals 100 and the optimal total harm H* equals100m.  
    Each industrialist has to submit the factory’s design to officials.  By 
examining the designs, officials can verify the total harm H* that all m 
factories ideally cause. Officials can also verify the total harm H that all m 
factories actually cause. However, officials cannot verify the actual h 
caused by any individual factory. 

                                                 
4 It is not hard to think of many other liability rules of liability for total harm, but these 
three seem to be the most important. 
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   As in Example 1, the neighbors can do nothing to reduce harm, and 
transaction costs prevent the industrialist and the neighbors from solving 
the problem by private bargaining. 
 
 
Given the restrictions of verifiability in Example 2, officials must resort to a 

liability rule based on total harm.  We will compare the incentive effects of the following 

three rules: 

strict total liability. Each of the m factories is liable for actual total 
pollution  H.  
total liability for excessive harm.  Each of the m factories is liable for the 
amount that actual total pollution exceeds optimal total pollution: H-H*.  
proportional liability:  Each of the m factories is liable for an equal 
proportion of total pollution:  H/m. 

  

Under a rule of strict total liability, each factory that abates at a cost of 25 reduces 

its liability by 50. Consequently, each factory chooses to abate, as required for efficiency. 

This conclusion generalizes as follows: 

Proposition 4. Strict total liability. Assume that m actors participate in an 
activity with unverifiable activity levels and unverifiable precautions that 
cause verifiable external harm H. Assume that transaction costs prevent 
collusion among participants.  Liability for total harm H gives each 
participant socially optimal incentives with respect to precautions and 
activity level.  
 
The truth of Proposition 4 is easily explained in terms of marginal and infra-

marginal costs.  Individual i causes harm hi that is part of total harm H.  Thus liability for 

H makes each factory i internalize the benefit from reducing harm hi. In addition, injurer i 

also bears the infra-marginal costs H-hi, which, by assumption, he cannot change by his 

own behavior.  Thus the familiar rule of strict liability for individual harm differs from 

the novel rule of strict total liability with respect to the allocation of infra-marginal costs.  

Marginal costs control incentives for precaution and activity level, not infra-marginal 

costs.  So the two rules are equally efficient with respect to precaution and activity level.  

Since strict liability for individual harm provides incentives for efficient precaution and 

activity level, so does the rule of strict total liability.         

Having discussed incentives under strict total liability, we next consider 

incentives under the rule of total liability for excess harm.  When this rule is applied to 
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Example 2, each factory that abates at a cost of 25 reduces its liability by 50.  

Consequently, each factory abates at the efficient level, as expressed in this 

generalization. 

Proposition 5. Total liability for excessive harm. Assume that m actors 
participate in an activity with unverifiable activity levels and unverifiable 
precautions.  Assume that actual total harm H and ideal total harm H* are 
verifiable.  Liability for excess harm H-H* gives each injurer efficient 
incentives with respect to precautions and activity level. 
 

As with Proposition 4, Proposition 5 is true because injurer’s marginal costs of precaution 

and activity level are the same under the rule of total liability for excessive harm as under 

the rule of strict liability for individual harm, and the latter has already been shown to 

create incentive for efficient precaution and activity level.  

A rule of proportional liability, however, does not have this characteristic.  When 

a rule of proportional liability is applied to Example 2, each factory that abates at a cost 

of 25 reduces its liability by 50/m.  If m is larger than 2, then abating costs the factory 

more than it saves in liability costs, so the factory will not abate.  This conclusion 

generalizes as follows: 

Proposition 6.  Proportional liability. Assume that m actors participate in 
an activity with unverifiable activity levels and unverifiable precautions 
that cause verifiable external harm H. Assume that transaction costs 
prevent collusion among participants.   Liability for proportionate harm 
H/m gives each injurer deficient incentives with respect to precautions and 
activity level. 

 

Comparing Propositions 4, 5, and 6, we see that a rule of proportional liability 

provides inefficient incentives for precaution and activity level, whereas these incentives 

under the other two rules of total liability are efficient.  Between the two efficient rules, 

why prefer total liability for excessive harm rather than strict total liability? There is a 

decisive objection against the rule of strict total liability.  Although the rule induces 

efficient precaution and activity level by participants, it over-burdening participation in 

the industry and reduces the number of participants below the efficient level. Specifically, 

strict total liability causes each of the m participants in the industry to pay damages of H, 

whereas the harm that each one causes is only h.  To illustrate numerically by Example 2, 
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if m equals 5, then strict total liability causes each of the 5 participants in the industry to 

pay damage of 500, whereas the harm that each one causes is only 100.  

In contrast, a rule of total liability for excess harm does not over-burden 

participants.  Total liability for excess harm gives incentives for each participant in an 

industry to abate optimally, so total harm H equals H* and liability is zero.  In Example 

2, if n equals 5, then total liability for excessive harm causes each of the n participants in 

the industry to pay damage of 0, whereas the harm that each one causes is 100.   

We have explained that a rule of strict total liability allocates much more infra-

marginal costs to each injurer than he actually causes, which results in far too little 

participation. This fact makes a rule of strict total liability impractical.  In contrast, a rule 

of total liability for excessive harm allocates somewhat less infra-marginal costs to each 

injurer than he actually causes, which results in somewhat too much participation.  As we 

will explain, modest over-participation is tolerable or correctable.  First, however, we 

need to develop the general analysis of participation levels.   

When participating in an industry requires a fixed investment, such as buying a 

car or building a factory, participants are easily distinguished from non-participants: 

Participants are all the decision makers who make the fixed investment.  Participation can 

be increased or decreased by a participation tax or subsidy, which is assessed as a lump 

sum against participants, regardless of their activity level or precaution.  Thus a pure 

participation tax on factories in an industry is assessed against each factory, regardless of 

its production or abatement. Optimal incentives for participation require the injurer to 

internalize the cost that his participation imposes on others.  Consequently, the 

participation tax should equal any of the cost of participation that liability does not 

impose on the participant, as formalized in this generalization: 

Proposition 7:  Optimal participation.   Assume that n actors potentially 
participate in an activity.  Assume that actual participants face liability that 
induces socially optimal precaution and activity level.  Assume that 
external harm H increases with more participation. Incentives for an 
optimal number of the n actors to participate are achieved if each actor i 
who participates pays a lump sum tax equal to the difference between i’s 
liability and the amount by which external harm H would fall if i stopped 
participating. 
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By applying Proposition 7, we can see that a rule of strict liability for individual 

harm causes each injurer to internalize the harm caused by his participation, so no 

participation tax is necessary.  In contrast, a rule of strict total liability causes each injurer 

to internalize H-hi more harm than he actually causes.  Consequently, inducing optimal 

participation under a rule of strict total liability requires a participation subsidy equal to 

H-hi, which can be a very large number.  In contrast, a rule of total liability for excessive 

harm causes each injurer to externalize the actual harm hi that he causes.  Consequently, 

inducing optimal participation under a rule of total liability for excessive harm requires a 

participation tax equal to hi.  Since abatement is optimal under this liability rule, the 

participation tax hi  equals the ideal individual pollution h*i.   

We have shown that optimal participation can be achieved by a rule of total 

liability for excess harm and by a participation tax equal to the harm that the injurer 

causes when his behavior is optimal.  To illustrate by Example 2, assume that the 

environmental agency imposes a rule of total liability for excess harm.  In addition, the 

environmental agency examines the designs for factory i and determines that its pollution 

will cause harm of 100 when it abates optimally.  The industrialist has efficient incentives 

to build or not build factory i if the environmental agency assesses a participation tax of 

100 for building the factory.  

We will summarize the main conclusions of our paper in two tables.  Table 1 

shows the variables that must be verifiable in order to implement each of the liability 

rules, and Table 2 compares the efficiency of the most important liability rules.   

Table 1:  Verifiability and Liability 
rule Total 

Harm 
H 

Ideal 
Harm 
H* 

actual 
individual 
harm h 

ideal 
individual 
harm h* 

actual 
individual 
precaution 
x 

ideal 
individual 
precautionx* 

total strict 
liabililty 

√      

total excessive 
harm 

√ √     

individual strict 
liability 

  √    

individual 
excessive harm 

  √ √   

negligence   √  √ √ 
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Table 2:  Efficiency of Injurer’s Behavior  
 
Legal Rule 
(total or 
individual) 

Precaution? Activity 
Level? 

Participation?  

total strict 
liability 

√ √ far too low 

total excessive 
harm 

√ √ too high 

individual 
strict liability 

√ √ √ 

individual 
excessive harm 

√ √ too high 

negligence √ too high too high 
 

III. Additional Examples and Applications 
Having explained the theory of total liability for excess harm, we discuss some 

applications.   

Example 3: Provision of services -- hospitals. When Hospital A diagnoses 
melanoma, it refers the patient to Hospital B for treatment. The rate of 
failure by patients diagnosed in hospital A and treated in hospital B is 
20%.  Experts using statistics determine that when diagnosis and treatment 
for melanoma follow the best medical practices, the rate of failure to cure 
the disease in the relevant population is 15%. The divergence between the 
optimal and actual failure rate could result from tardy diagnosis by 
hospital A or deficient treatment by hospital B.  
 
In Example 3, the hospital authority can impose a rule of total liability for excess 

harm on hospital A and hospital B.  Under such a rule, if the two hospitals continue to 

have a failure rate of 20% and the optimal rate remains 15%, then each will pay for the 

excess harm of 5%.  Consequently, each hospital will have a strong incentive to adopt the 

best practices and lower the failure rate to 15%.  The incentive applies collectively as 

well as individually: hospitals A and B will have a strong incentive to cooperate and help 
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each other to lower their failure rate. (We will not discuss here the appropriate damages 

for excessive deaths.5)  

A potential problem with this liability rule is that the two hospitals might attempt 

to improve their performance by refusing to take patients whose survival prospects are 

below average.  For example, hospital A might not admit patients who delay too long and 

come to the hospital with an advanced stage of melanoma.  This is the same problem of 

adverse selection that occurs currently in private medical insurance markets.  This 

problem diminishes or disappears in so far as hospitals must accept all patients in need of 

care. 

In our earlier analysis of pollution, we explained that the rule of total liability for 

excess harm causes too much participation by factories, which a participation tax can 

correct.  This problem of participation, however, does not arise in the case of hospitals A 

and B. When factories abate optimally, their participation in the market causes pollution 

that they should internalize when deciding whether or not to participate.  In contrast, 

when hospitals diagnose and cure melanoma at the optimal rate, their participation in the 

medical market does not cause the remaining melanoma deaths. Unlike polluting 

factories, participation of hospitals using optimal practices does not cause harm, so there 

is no need for a participation tax.  

Example 4 applies the rule of liability for excessive harm to accidents.  

 Example 4: Product defects—exploding bottles. Company A supplies 
bottles to Company B who fills them with soda. Defective bottles supplied 
by A or defective filling of bottles performed by B can cause explosions 
that injure consumers.     
  

In Example 4, the consumer protection agency could apply the rule of total liability for 

excess harm.  Under such a rule, the agency would collect statistics on the frequency of 

injuries to consumer in the soda industry and determine the expected rate of injury for 

companies following the best practices.  If the actual rate for company A and B exceeded 

the ideal rate, then the consumer protection agency could collect a fine from both 

                                                 
5 In general, the hospital authority should use the value of a life as revealed by risk-taking 
behavior and measured through hedonic indexes.  These values are used in cost benefit 
analysis by the US Environmental Protection Agency and sometimes by highway 
authorities.  See Robert Cooter, “Hand Rule Damages for Incompensable Losses,”  San 
Diego Law Review (forthcoming 2004). 
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companies.  Thus the two firms would have a strong incentive to work together to reduce 

defects to the ideal level.   

 Now we turn from fines in Example 4 to liability in tort.  First we discuss liability 

for exposure to the risk of harm.  If harm is excessive in Example 4, then each consumer 

of a bottle of soda produced by firms A and B is exposed to excessive risk.  If tort law 

allowed recovery for exposure to excessive risk, then consumers as a class could sue and 

recover twice – once from firm A and once from firm B.   

Recovery in tort, however, ordinarily requires realization of the risk, not just exposure to 

it.  The consequences of recovery for realized risk under a rule of total liability for 

excessive harm is the same as recovery for exposure to risk:  If everyone who suffers 

harm recovers fully from both firms in Example 4, then double recovery creates a strong 

incentive for consumers to sue.  

In addition, double recovery creates a strong incentive for the two firms to avoid 

suits by eliminating excessive risk.  Problems especially arise when the standard of 

“excessive harm” is vague, so the two firms cannot avoid suits by taking optimal care.   

In addition to this problem, harm to a single victim does not ordinarily provide a basis for 

determining whether or not harm is excessive.  A tort rule of total liability for excessive 

harm would require individual consumers to supply the courts with statistics to prove that 

harm was excessive.6  

 

 
Example 5: Pollution by moving sources -- buses.  A city has three large 
bus companies.  The fleet of buses varies in age, design, and state of 
repair.  City officials can determine with reasonable accuracy the amount 
of total pollution caused by buses, but not the amount of pollution caused 
by each of the three companies.  Before remedial action, the buses emit 
100 units of pollution.  The City sets a target of reducing total pollution 
from buses to 90 units.   
 

 To achieve the City’s goal in Example 5, the City could impose a rule of total 

liability for excessive pollution, which would hold each of the three bus companies liable 

                                                 
6 To avoid this problem of proof, the tort rule might be total strict liability, which means 
that the injured consumer can recover from hospital A and hospital B.  Double recovery 
for the consumer, however, creates a strong incentive for the two hospitals to merge, thus 
distorting the structure of the industry. 
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for actual pollution exceeding the target of 90 units.  This rule would give the three 

companies a strong incentive to reduce its own pollution and to collaborate with the other 

companies to help them reduce their pollution.  The great advantage of the rule is that it 

creates efficient incentives for the three companies without inspection of buses or rules 

on their operation.  

Conclusion 
 

The negligence rule for consumer product injuries was eventually replaced by a 

rule of strict liability.  Problems of proof compelled the change.  In our view, the same 

consideration must eventually lead to replacing individual liability for certain kinds of 

harm with a rule of total liability.  The information problem with individual liability is 

often insurmountable, regardless of whether liability takes the form of damages or 

externality taxes or trespass on pollution rights.   

If the problem of verifiability compels adopting a rule of total liability, the best 

rule is total liability for excessive harm.  The fact that a rule of total liability for excessive 

harm induces socially optimal precaution and activity levels should make the rule 

attractive to potential victims of harm.  The fact that each injurer’s liability equals zero in 

equilibrium should make the rule attractive to injurers.  The fact that, in equilibrium, no 

one actually pays for the harm caused by another should redress the rule’s alleged 

unfairness. (The argument for the rule’s fairness resembles the utilitarian justification of 

an effective deterrent: An “effective” deterrent is fair because it does not have to be 

applied.7)  The main obstacle to winning endorsement of the rule from people is making 

them understand it.   

 

 

 

                                                 
7 Utilitarian and deontic traditions disagree about whether a very harsh penalty that 
perfectly deters and never require use should be praised for its good consequences or 
condemned for its excessive threat.   For a recent contribution to this debate that favors 
the utilitarian tradition, see Kaplow, L. and S. Shavell (2001). "Fairness versus Welfare." 
Harvard Law Rev 114: 961-1388. 
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Mathematical Appendix 

Definitions 
n=number of potential participants 
m=number of actual participants, where m<n. 
ki=actor i’s initial cost of participating 
Km= total initial cost of participating by actors 1,2,…,m. 
xi

j = input j by actor i  
xi = vector of inputs by actor i, one of which is precaution xi

p  
x= = vector of inputs by all actors 1, 2,…n  
pj= price of input j 
p= vector of prices of inputs 
yi= output by actor i (also called “activity level”) 
y= vector  of outputs by all actors 
qi= price of i’s output 
q= vector of market prices of outputs 
* indicates a socially optimal value 
H=total social harm 
∆Hi=increase in total social harm from one more participant, specifically actor i 
∆H*i=increase in total social harm from one more participant, specifically actor i, 
with optimal inputs and outputs by all participants 
li=i’s liability 
ti=i’s lump sum participation tax  
V=social welfare 
 

 

Functions          
Km= k1+ k2+…+km=total cost of participating by m actors 
yi= yi(xi)  production function of actor i 
0= yi=xi for i>m+1 no activity or precaution by non-participants 
H=H(y;x) total harm 
∆Hm= H(y1,y2,…,ym+1; x1, x2,…, xm) - H(y1,y2,…,ym; x1, x2,…, xm-1) 
V=qy - px – H(y, x) – Km  social welfare function. 

 
Assume that potential participants 1,2,…,n are uniquely arranged in order from 
highest to lowest contributors to social welfare.  Consequently, when all actors who 
participate do so at the socially optimal inputs, social welfare falls more when actor i 
stops participating than when actor i+1 stops participating, for all i.  

 

Social optimum 
Maximize social welfare: 
max      qy - px – H(y;x) – Km     
xym 
subject to 



 18 

yi= yi(xi) all i 
0= yi=xi for i>m+1 all i. 

 
 

First order conditions for optimal activity level and precaution by all m participants:  
qi – Hyi + λ      < 0           optimal activity level yi* for i=1,2,..,m. 
-pj - Hxij - λ yi

xij  < 0         optimal precaution xi
j* for i=1,2,..,m and j=1,2,..,m. 

Combining the preceding conditions yields 
qiyxij -pj – Hyiyi

xij - Hxij < 0    for all i,j                                                              (1)                   
 
Conditions for number of participants m to be optimal: 
qiyi* - pxi* – ∆H*i – ki > 0  for i=1,2,..,m                                                  (2) 
                                    < 0   for i=m+1, m+2,…,n. 

 

Individual Rationality 
Assume participation by ith actor and maximize his profits: 
max qiyi - pxi – li + ti 
xiyi 
subject to 
yi= yi(xi). 
First order conditions: 
qi – li

yi + λi     < 0               optimal activity level yi+ 
-pxij - li

xijj  - λiyxij  < 0           optimal precaution xi
j
+ for all j 

Combining conditions yields 
qiyxij -pxij – li

yiyxij - li
xij  < 0.                   (1’) 

 
Assume that transaction costs preclude collusion among actors. 
Condition for participation (non-negative average net revenues): 
qiyi+ - pxi+ – li - ti – ki > 0.                   (2’). 

 

Propositions – proofs are interpretations of the conditions for social 
and individual optima 
 
 

Proposition 1. Strict liability. Assume that m actors participate in an activity with 
unverifiable activity levels and unverifiable precautions that cause external harm H.  
Assume that H is the sum of individual harms hi for all m participants and hi is verifiable.  
Strict liability of injurer i for the  harm hi creates socially optimal incentives with respect 
to i’s precaution and activity level.   
Proof:  

1. The assumption that H=Σhi  implies that condition (1) for social optimal activity 
level  and precaution reduces to  qiyxij -pj – hi

yiyxij - hi
xij < 0. 
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2. The assumption that liability equals actual harm, li=hi, implies that equation (1`) 
for individual rationality reduces to  qiyxij -pxij – hi

yiyxij - hi
xij < 0. 

3. Thus individual rationality results in the socially optimal precaution and activity 
level. 

 
Proposition 2. Negligence. Assume that m actors participate in an activity with 
unverifiable activity levels and verifiable precautions xi

p that cause external harm H.  
Assume that H is the sum of individual harms hi for all m participants and hi is verifiable. 
Assume that law imposes a legal standard of care at the social optimum, xi*

p, and injurer i 
is liable for the harm hi that occurs when his care falls below the legal standard.  His 
precaution will be efficient and his activity level will be inefficient.      
 Proof: 

1. The assumption that H=Σhi  implies that condition (1) for social optimal activity 
level  and precaution reduces to  qiyxij -pj – hi

yiyxij - hi
xij < 0. 

2. Assume that actual precaution is epsilon below the social optimum, which is the 
legal standard by assumption.  Consequently, the individual is liable for the actual 
harm that he causes.  His costs are the same as under strict liability, so, by 
Proposition 1, costs are minimized by setting precaution and activity level at the 
social optimum.  So he increases his precaution by epsilon and it equals the social 
optimum  

3. When precaution equals the social optimum, liability falls to zero.  Now equation 
(1`) for individual rationality reduces to the following for all variables except 
precaution: 
qiyxij -pj  < 0 for all j not equal to p. 
This condition does not coincide with the social optimum except by chance.  
 
Proposition 3. Excessive harm. Assume that m actors participate in an 
activity with unverifiable activity levels and unverifiable precautions that 
cause verifiable external harm H.  Assume that H is the sum of individual 
harms hi for all m participants, where actual harm hi and socially optimal 
individual harm hi* are verifiable.  Liability for excessive harm (hi-hi*) 
gives the injurer socially optimal incentives with respect to his precaution 
and activity level. 

Proof:  Liability for excess harm (hi-hi*) is identical to liability under strict liability 
except for the constant hi*.  First order conditions are invariant with respect to 
changing the maximand by a constant.  Consequently, the proof for Proposition 1 also 
proves Proposition 3. 
 

Proposition 4. Strict total liability.   Assume that m actors participate in 
an activity with unverifiable activity levels and unverifiable precautions 
that cause verifiable external harm H. Assume that transaction costs 
prevent collusion among participants.  Liability for total harm H gives 
each participant socially optimal incentives with respect to precautions 
and activity level.  
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Proof:  By assumption, liability li equals total harm H.  Consequently, 
condition (1) for socially optimal activity level and precaution is the same 
as condition (1`) for individual rationality. 
  
Proposition 5. Total liability for excessive harm. Assume that m actors 
participate in an activity with unverifiable activity levels and unverifiable 
precautions.  Assume that actual total harm H and ideal total harm H* are 
verifiable.  Liability for excess harm H-H* gives each injurer efficient 
incentives with respect to precautions and activity level. 

. 
Proof:  Total liability for excess harm (H-H*) is identical to strict total liability 
except for the constant H*.  First order conditions are invariant with respect to 
changing the maximand by a constant.  Consequently, the proof for Proposition 4 
also applies to Proposition 5. 

  

 Proposition 6.  Proportional liability. Assume that m actors participate in 
an activity with unverifiable activity levels and unverifiable precautions 
that cause verifiable external harm H. Assume that transaction costs 
prevent collusion among participants.   Liability for proportional harm 
(H/m) gives each injurer deficient incentives with respect to precautions 
and activity level. 
Proof: 

1. The condition (1) for social optimal activity level  and precaution reduces is  qiyxij 
-pj – Hi

yiyxij - Hi
xij < 0. 

2. The assumption that liability li equals H/m implies that equation (1`) for 
individual rationality reduces to  qiyxij -pxij – (Hi

yiyxij - Hi
xij )/m  <   0. 

3. Thus individual rationality results in sub-optimal precaution and activity level 
except by chance. 

Proposition 7:  Optimal participation. Assume that n actors potentially participate in an 
activity.  Assume that participants face liability that induces socially optimal precaution 
and activity level.  Assume that external harm H increases with more participation. 
Incentives for an optimal number of the n actors to participate are achieved if each actor i 
who participates pays a lump sum tax equal to the difference between i’s liability and the 
amount by which external harm H would fall if i stopped participating.  

Proof:  
1. Incentives for participation are socially optimal when equal (2`) is identical to 

equation (2).   
2. By assumptions, incentives for precaution and activity level are socially 

optimal, so xi*= xi+.   
3. Thus a sufficient condition for socially efficient incentives for i to participate 

is ti =∆H*i-li.  
 

 




