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1. Introduction

The safety of trucks is a very emotive issue.  Their physical size is very intimidating to other road users.  The news media is fond of running stories detailing allegations of insufficient maintenance, irregularities in issuing licenses to commercial drivers, and drivers operating when fatigued due to working excessive hours and/or skimping on rest.  In general, the public concern is justified.  Each year there are about 5,000 fatalities in crashes involving large trucks in the United States.  The occupants of the trucks only comprise 15% of the fatalities.  Trucking clearly poses an externality on other road users.  Even in situations where negligence on the part of another road user “causes” the crash, the relative mass of the vehicles means that automobile drivers suffer worse outcomes.   The potential externalities are even larger if the truck is carrying hazardous materials, and a release of the cargo harms those living or working near the crash site.

There is a huge governmental, professional and academic literature on truck safety (see for example, Saccomanno and Shortreed, 1996, and the references cited within).  In general this literature can be thought of as describing or estimating reduced form equations.  Papers have looked at questions such as whether specific characteristics of trucking firms (size, private versus for hire ownership, the commodity carried) correlate with safety performance, whether firm quality is related to costs, and whether specific safety regulations have been effective in reducing the rate of crashes.  Ten years ago, I was the coauthor of a paper that looked at the costs and benefits of new federal safety regulations and enhanced regulatory enforcement (Moses and Savage, 1997).  Part of that analysis dealt with the effects on the welfare of consumers of truck services who were faced with higher trucking rates because some truck firms had to spend more money to improve their safety performance.  The calculations in that paper were simplistic, and did not involve the use of a structural model explaining how truck firms and their customers decide on the level of safety to be provided, and how the imposition of a (higher) minimum safety standard effects market equilibrium.

This paper develops such a structural model. The model provides a methodology for determining the socially optimal setting of a minimum safety standard.  It can also be used to consider alternative public policy responses such as the use of post-crash fines, pre-crash taxes, and liability reform.  The model also provides insights into who gains and who loses from any policy.  Consequently, the model can be used to predict the likelihood of public acceptability of specific policies in a political economy.

2. Prior Theoretical Literature
The economics literature on product safety developed in the early 1970s due to the public concern that led to the formation of the United States Consumer Product Safety Commission.  Early papers, such as those by Oi (1973) and Leland (1979), indicated that market failures were common because of imperfect information, imperfect competition and externalities.  The subsequent literature developed models that predicted market outcomes based on various combinations of market structure and the nature of the market failure.  In most of this literature a “vertically differentiated” market develops whereby high quality goods coexist with lower quality goods (Rosen, 1974; Shaked & Sutton, 1982; Shapiro, 1983).  There can be little doubt that the trucking industry is vertically differentiated.  Shippers have no difficulty finding both high quality and low quality trucking firms, and both types of firms seem to be able to profitability exist in the marketplace.

Trucking has some subtle differences from the models of the traditional literature.  The ultimate consumer is purchasing the commodity carried by trucks, and is not directly purchasing the trucking service.  Consequently, the safety of trucking is not a product characteristic that is directly traded with the ultimate consumer.  The market interaction is between trucking firms and the manufacturer (“shipper”) of commodities.  Because the law, at least in the United States, makes trucking firms strictly liable to compensate shippers for any damage to their product in transit, shippers are to some extent indifferent with respect to safety.  Consequently, unlike the case in passenger transportation or in many consumer goods industries, the direct losers in crashes are not the patrons of trucking services, but rather other highway users.

A related literature deals with the institutional and public policy responses to the market failures.  These responses include producer liability, issuance of warranties by producers, holding of insurance by producers and/or consumers, and imposition of minimum safety standards (see Shavell, 2004, for an extensive review).  Importantly, many of these responses are optimally deployed in conjunction with each other rather than as alternatives to each other (Kolstad et al., 1990).  Most of the literature deals with market failures in the trade between producers and consumers.  In contrast, this paper deals with responses to a failure caused by externalities.  There is a large literature dealing with internalization of externalities starting with the seminal paper by Coase (1960).  This paper discusses the response to externalities generated by a vertically-differentiated industry.

The paper proceeds by developing a structural model in Section 3.  The model in this section is a benchmark, first-best model.  Two common market failures are introduced in Section 4.  They are the myopic underestimation of crash costs by some trucking firms, and the general problem that some external costs of truck crashes (such as congestion at the crash site) cannot be legally recovered from trucking firms.  The effects of three public policy responses are modeled in Sections 5, 6 and 7.  The policies considered are the imposition of post-crash fines and liability reforms, the imposition of a tax on the industry, and the setting of a minimum safety standard.  Section 8 discusses the social welfare ranking of these policies.  Sections 9 and 10 discuss the political ranking of the policies, and how the political process may distort the level of taxes or the setting of a minimum standard away from that which would be socially optimal.

3.  A First-Best Structural Model
3.1 The Demand for Transportation
A set of heterogeneous independent commodities, denoted by subscript j, is produced competitively at location A.  Each commodity is produced at a constant marginal cost denoted by Mj.  There is a demand for these commodities by numerous heterogeneous consumers at both location A and location B.  For commodities consumed at location B, the producer, who we will refer to as the “shipper,” contracts with a trucking firm, who we will refer to as a “carrier,” to move the commodity from A to B.  The trucking industry is competitive, does not have any fixed costs, and charges a constant price consistent with the marginal cost for the move.  The nature of this price will be discussed in the next section.  In keeping with the standard competitive model of trade, consumers at A will pay prices of Mj, and consumers at B will pay prices given by Mj plus the transportation price.  As we are solely concerned with trucking safety, the remainder of the analysis will only deal with commodities produced at A and consumed at B.  In this market structure, the welfare of consumers at A is independent of the equilibrium in the market at B.

3.2 Cost to the Trucking Firm
 The safety of a carrier, denoted by the variable S, is measured as unity minus the probability that a crash might occur.  Consequently, 0S1.  When S equals zero, no safety is provided, and a crash is certain to occur on every trip from A to B.  When S equals one, no crashes will ever occur.  For intermediate values of S, safety is a probabilistic attribute.  If, for example, a carrier has an S equal to 0.999, this means that 99.9% of trips are completed without a crash occurring, but the other 0.1% of trips involve a crash.

 The model assumes that the production of safety is solely in the hands of the carrier.  The level of care undertaken by the shipper in, for example, selecting appropriate packaging does not effect the probability of a crash.  Of course, many truck-involved crashes are “caused” by the negligent actions of automobile drivers.  This model assumes that risky behaviors by automobile drivers are, like the weather, environmental factors common to all carriers.  All other things being equal, the superior quality of the drivers and the equipment employed by safer carriers should be more effective in mitigating these environmental risks and lead to a lower crash rate.

The safety cost to the carrier will be separated into two parts: those incurred prior to crashes occurring, and those incurred as a result of a crash.  The first of these encompasses the cost of basic transportation and the “preventive effort” undertaken to ensure a given level of safety.  Carriers can reduce their crash rate by hiring higher-quality drivers, ensuring that these drivers do not become fatigued, purchasing more safety features for their trucks, and making sure that the trucks are properly maintained.  These costs, which we will call prevention costs, are denoted as Cj(S), and will be an increasing convex function of S.  This can be thought of as an upward sloping marginal cost for obtaining safety.  The cost function may vary across commodities because of the increased cost of the special handling for some commodities, and because it may be more expensive to provide safety to some commodities than to others.  For example, tanker trucks may require more preventive expenditures to obtain a given safety level than do box trailers.

If a crash occurs, the carrier suffers private harms denoted by Hj.  These harms may include damage to its vehicle, time off of work for its driver, compensation paid to the driver, compensation for delayed or damaged commodities paid to the shipper, and administrative time and expense.  The magnitude of the harm will vary by commodity depending on the physical nature of the cargo.  In the United States the 1906 Carmack Amendment to the Interstate Commerce Act of 1887 makes common carriers strictly liable to compensate shippers for the “full actual loss and injury” caused by reasons of loss, damage or delay.

Truck crashes will also affect bystanders such as other road users and those living along the highway.  In any crash, a subset of the total population of potential bystanders will be randomly victimized because crashes occur at random times and locations.  The harm can take the form of injuries, property damage, and travel delays caused to vehicles caught up in the congestion at a crash site.  The total harm, or externality, that bystanders suffer in each crash is denoted as Ej.  The externality will vary by commodity because, for example, a release of hazardous cargoes may affect more bystanders and lead to longer delays as the crash site is cleaned up than is the case for a more benign commodity.

In a first-best world, we will assume that bystanders can file legal suits against the carrier to recover all of their losses (Coase, 1960).  A fully-informed carrier will recognize that it will need to collect a premium over prevention costs on each trip and place it into a fund that can be used to cover the private harms and the externality that occur as a result of a crash.  Carriers can either manage this fund themselves (“self insurance”) or purchase insurance policies.  We will assume that fair insurance policies can be purchased that have zero administration costs and have premiums tailored to the risks posed by the individual carrier.  The carrier will collect a premium of (1-S) Hj + (1-S) Ej on each trip to cover the insurance premium or to provide for expenses incurred after a crash.

In a competitive trucking industry, all carriers that move commodity j will have identical cost functions with respect to S for commodity j, which we will denote as Tj(S), of:

(1)
Tj(S) = Cj(S) + (1-S) HJ + (1-S) Ej
3.3 Safety Choice by Trucking Firms
The Tj(S) function and its three components are  illustrated in Figure 1, with the level of safety shown on the horizontal axis.  This figure depicts the costs of providing one trip from A to B for commodity j.  Low levels of safety are at the left-hand end of this axis and high levels of safety at the right-hand end.  At the extreme left-hand end of this axis, no safety is provided.  At the extreme right-hand end, transportation is totally safe.  As a consequence of the linear nature of the harm and compensated externality functions and the convex nature of the prevention cost function, the Tj(S) function takes on a “U” shape.  For the purposes of illustration, the carrier’s costs are minimized in Figure 1 at an intermediate level of safety rather than at exceptionally low or high levels.

Shippers do not have any inherent preferences on the level of safety offered by the carrier as they are fully compensated for any loss or damage to their product.  However, they do care about how the safety choice affects the price of transportation.  In a competitive market, the price quoted by carriers will be driven down to the minimum possible trip cost.  The level of safety provided in first-best equilibrium, which we will denoted as Sj*, is given by:

(2)
Tj /S = Cj(S) - Hj - Ej = 0
At the cost-minimizing level of safety, the slope of the prevention cost curve is equal to the sum of the harms suffered by the carrier and the compensated harm to bystanders in a crash (the later two are the slopes of the harm and externality functions in Figure 1).

3.4 Variation in Safety Across Commodities
The implication of the previous section is that in a properly functioning market, all carriers transporting a given commodity will provide the same level of safety.  However, safety will vary by commodity because Cj(S), Hj and Ej will be different for different commodities.  Expensive and delicate commodities are more likely to sustain damage in a crash and the compensation paid by the carrier to the shipper will be greater than would be the case for more robust and low-value commodities.  Hazardous goods will impose great potential externalities on bystanders.  

  
Modifying Figure 1 to represent a commodity with higher levels of Hj and/or Ej will require moving the intercept of the private harm and/or compensated externality functions upwards, and pivoting the functions around their right-hand (S=1) end.  If there was perfect safety, it would be immaterial how much harm could theoretically occur.  Consequently the Tj(S) function will also pivot upward around its right-hand end.  If Hj and/or Ej increase in equation (2), at the optimum there must be a larger Cj(S).  With a convex prevention cost function, this will only occur at a higher level of safety. 

Conversely, if a commodity incurs a steeper prevention cost function than that illustrated in Figure 1, the optimal level of safety will occur at a lower level of safety.  However, the issue is not entirely clear cut in that the types of commodities that incur the steepest prevention cost curves tend to be particularly delicate or hazardous commodities that also are associated with particularly high values of Hj and Ej.

These findings seem to accord with casual empiricism.  The segment of the trucking industry with the worst reputation for safety is haulers of gravel, a commodity that sustains little damage in a crash and poses little environmental hazard.  Conversely, tanker truck operators and movers of household goods have the best reputations.

3.5  Consumption Decisions by Consumers
Among the persons at location B, there is a subgroup of heterogeneous consumers who desire to purchase at most one unit of commodity j.  We will denote the quantity consumed by each member of this subgroup, denoted by the subscript i, as J  {0,1}.  Consumers have a utility function that depends on their consumption of commodity j, and the composite of the other goods they consume.  Individual consumers have a budget constraint based on an income of Ki.  If the consumer does not purchase commodity j, which we will refer to as purchasing the “outside good,” they have a utility given by:

(3)
Ui0 = Ui(0, Ki )
If the consumer does purchase commodity j, utility will be:

(4)
UiJ = Ui(1, Ki  - Mj - Tj(Sj*))
The consumer will only purchase if the utility from purchase exceeds the utility from not consuming.  Note that trucking safety does not directly enter the consumer’s utility function as it does not affect the quality of the commodity that is purchased.  It does, of course, affect the price that the consumer pays.

We will make the customary assumption of quasi-linearity in the utility function.  Let us define a variable Vj  [Vjmin, Vjmax]  that measures a consumer’s intensity of preference for a unit of commodity j.  We will assume that this variable is distributed across the consumers at location B according to the function gj(Vj ).  Equations (3) and (4) can now be expressed as:

(5)
No purchase: Ui0 = Ki
(6)
Purchase: UiJ = Vij + Ki - Mj - Tj(Sj*)
The net benefit from purchasing is equation (6) less equation (5):

(7)
NBij(Sj*) = Vij - Mj - Tj(Sj*)
The critical value for the inherent valuation of the commodity that would leave a consumer indifferent between consuming and not consuming, which we will denote by Vj*(Sj*), is given by:

(8)
Vj*(Sj*) = Mj + Tj(Sj*)
and the total demand for commodity j at location B will be given by:

(9)
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For simplicity, we will assume that each unit purchased is physically large enough that it has to be transported in a separate truck, meaning that Xj(Sj*) will also be the quantity of truck transportation of commodity j.  It would be a straightforward modification to the model to have truck travel be a fixed ratio to demand so as to reflect the number of units typically transported in each truck.

3.6  Effects on Bystanders
Bystanders suffer a total externality given by j (1-Sj*).Xj(Sj*).Ej, for which they are fully compensated in the first-best model.

4.  Market Failures
The previous section described a structural model of the first-best determination of safety, commodity prices, and the quantity of transportation.  However, transportation markets are subject to many market failures.  The failures can be classified into four types: carrier myopia, asymmetric information, customer irrationality, and externalities (see Savage, 1999, for a full discussion).  The first and last of these are the most relevant to the trucking market.  The second and third failures are less important in freight transportation in comparison to passenger transportation.  Shippers tend to be large repeat customers who quickly learn the amount of preventive effort expended by the carriers they use, and can weigh the costs and benefits of the level of safety offered in a detached and analytical fashion.  This contrasts with passenger transportation where there are many atomistic consumers who purchase infrequently, and may adopt an “it will not happen to me” attitude in downplaying the consequences of patronizing a carrier offering low prices but a higher risk of a crash.

4.1  Uncompensated Externalities
The first of the market failures that will be analyzed occurs because some of the externalities from a crash are not internalized by carriers, and hence do not figure into the market interaction with shippers.  Some proportion of the harm suffered by bystanders may not be legally recoverable.  Examples include travel delays caused to vehicles caught up in the congestion at a crash site, and costs incurred by public agencies such as the police and fire departments.  Let us denote by a variable α the proportion of the externalities that are legally recoverable, where 0α1.  When α=1, all externalities are recoverable, and there is no market failure.  When 0α<1, which is the situation we are interested in, we will refer to (1-α)Ej as the “uncompensated externality” from a crash.  For simplicity, we will assume that the proportion α is common to all crashes irrespective of the commodity and the identity of the carrier, and is exogenously determined by the prevailing legal system.

Equation (1) will now be written as:

(10)
Tj(S,α) = Cj(S) + (1-S) HJ + (1-S) αEj
and equation (2) becomes:

(11)
Tj /S = Cj(S) - Hj - αEj = 0
We will denote the resulting cost-minimizing level of safety when 0α<1 as Sj#, so as to distinguish it from the first-best determination of safety.  The nature of the function in equation (11) tells us that Sj#/α > 0.  As the proportion of the externality that is internalized falls, the cost-minimizing level of safety declines.  Moreover, the equilibrium price of transportation will also decline.  In Figure 1, the effect of reducing α is visually the same as the effect of reducing Ej.  The Tj(S) function will pivot downward around its right-hand end resulting in a lower equilibrium level of safety and a lower price.

The net benefit from purchasing when 0α<1 is now larger than at first best due to the reduced equilibrium price of transportation:

(12)
NBij(Sj#,α) = Vij - Mj - Tj(Sj#,α)  NBij(Sj*,α=1)
and the critical inherent value of the commodity necessary for a consumer to purchase will be less than at first best:

(13)
Vj*(Sj#,α) = Mj + Tj(Sj#)  Vj*(Sj*,α=1)

Consequently, the equilibrium quantity of transportation will be greater than that at first best: 

(14)
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While consumers are better off, bystanders suffer uncompensated externalities.  The total expected uncompensated externality (TEUE) is given by j (1-Sj#).Xj(Sj#,α).(1-α)Ej.  Compared with first best, bystanders are worse off due to a combination of three things: the legal system has decreed that some externalities are not legally recoverable; the risk per unit transported has increased; and the exposure to the risk has increased.

4.2  Myopia by Some Trucking Firms
The provision of safety is particularly vulnerable to myopic behavior.  The costs of preventive effort are borne in the present, whereas crashes, and their resulting costs, occur at randomly defined points in the future.  Some carriers’ managers may underestimate the future crash costs because they are either inexperienced or suffering from cognitive dissonance.  The more trips they complete without a crash, the more it reinforces their belief that an adverse outcome will not occur.  Other managers are more avaricious believing that by not making an allowance for future crash costs they can undercut other firms to secure business.  When and if crashes occur, these firms cannot meet legal claims against them from shippers, employees or bystanders and will need to declare bankruptcy.

The current model structure is not appropriate for fully investigating this problem.  We have no endogenous mechanism for explaining why some carriers are (intentionally or unintentionally) myopic and others are not.  Moreover, in a rational expectations model the price charged in equilibrium would reflect the fact that there will be a mix of myopic and non-myopic carriers.  These issues are dealt with using a far more complex model in Panzar and Savage (2007).  For the purposes of this paper, a simpler structure is assumed.

Carriers, indicated by subscript k, can underestimate the private harms and the compensated externalities that have to be paid in the event of a crash.  The degree of this underestimation is measured by a variable 0βk1.  When βk=1, the carrier accurately anticipates the private harms and compensated externalities resulting from a crash, and when βk=0 the carrier completely ignores these costs.  A carrier’s β is exogenously predetermined, and the distribution of carrier types is described by a probability distribution b(βk ).  For the purposes of this model, carrier types are randomly distributed across commodities.  One could think of this as depicting an industry in which a proportion of the entrepreneurs are inherently naive, and that there is sufficient turnover of carriers that this proportion remains constant.

The carrier will now decide on safety by minimizing a cost function of the form:

(15)
Tj(S) = Cj(S) + βk  [(1-S) HJ + (1-S) αEj ]
which will occur when:

(16)
Tj /S = Cj(S) - βk  [ Hj + αEj ] = 0
Let us denote the cost-minimizing safety of carrier k transporting commodity j as Sjk.  Using a similar reasoning to that used in the analysis of uncompensated externalities, carriers with a βk<1, will be less safe and will be able to charge a lower price than non-myopic carriers transporting the same commodity.

The model in this paper is predicated on the assumption that the vast majority of carriers have a βk of 1, and shippers have a rational expectation that this is the type of carrier that they will do business with.  However, they will very occasionally encounter a myopic carrier.  Shippers can recognize myopic carriers by the lower than expected transportation price quoted.  Shippers will then earn a rent by engaging the myopic carrier to transport their commodities to location B, yet sell the commodity to consumers at a price consistent with the good having been transported by a non-myopic carrier.  While there is some transfer of risk to shippers in that myopic carriers are not making full allowance for the compensation for damaged cargo, shippers are more than willing to accept lower safety levels.  This is because they are earning a rent at the expense of parties who may lose out if the carrier declares bankruptcy after a crash.  These parties include carrier creditors such as providers of capital, truck drivers who may not get fully compensated for any injuries, and bystanders who may not get fully compensated.  The shippers can retain these rents because, in the current legal structure, they are invulnerable to residual or secondary liability claims.

As the price charged to consumers is not affected by the myopia, the total demand for transportation determined by equations (13) and (14) does not change, and safety per se does not enter the consumers’ utility functions.  In this model, consumers are not victimized by the myopia.  It is naive and/or desperate carriers, and by implication their suppliers, employees and bystanders, that are victimized by avaricious shippers.  The total expected rent (TER) earned by shippers will be given by the price collected for trucking services from consumers, which will be based on non-myopic carriers producing at SJ#, less the actual cost of obtaining trucking services

(17)
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where 
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is the average safety observed in the market by the carriers transporting commodity j, 
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b

 is the average underestimation of crash cost (note that because β is distributed randomly, the average underestimation is the same for all commodities), and CL is the share of the risk of cargo loss now borne by the shippers.

The total expected uncompensated externality faced by bystanders from the transportation of all commodities is given by: 

(18)
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The first term inside the square parentheses is the loss incurred in crashes that cannot be recovered due to the legal system.  Compared with the situation when there was only a market failure due to uncompensated externalities, the myopic behavior has increased the size of these losses due to a higher crash rate.  The second term inside the square parentheses is the additional loss because some legally-valid claims will not be fully settled because some carriers will file for bankruptcy protection.

5.  Fines and Secondary Liability
The remainder of the paper will consider three different public policy responses to the market failures.  The first response gets directly to the heart of the problem.  It consists of both a fine to cover uncompensated externalities, and a change in liability laws to make shippers responsible for any residual claims that are unsettled due to truck company bankruptcies.

The problem of uncompensated externalities cannot be remedied solely by changing liability laws.  Some externalities, such as delays to road users at crash sites, cannot be practically litigated due to the large number of plaintiffs and the relative small size of each individual’s losses.  However, it would be possible for the government to assess a fine of (1-α)Ej when a crash occurs.  The size of the fine will vary by commodity, depending on the typical size of the uncompensated externality that the commodity causes.  The practical advantage of this policy is its ex-ante nature, whereby the nature of the commodity carried is revealed as a result of the crash, and the fine can be tailored accordingly.

The myopia problem can be overcome by ensuring that shippers share in the risks.  For example, a shipper could be made liable for any proportion of the fine, private harms, and compensated externality that the carrier is unable to cover.  We will refer to this as secondary liability.  Shippers would then have no incentive to engage a carrier offering less safety than Sj*.  In theory, the mere threat of imposing secondary liability is sufficient to remove the market for myopic carriers.  A standard result in the law and economics literature is that optimal safety is assured regardless of the split of the liability between the carrier and the shipper (Shavell, 2004).

The combination of the fine and the threat of secondary liability alters equation (15), which is the implicit transportation cost for the carrier and shipper, such that α=1 and βk=1.  Consequently, equations (15) and (16) simplify to the first-best equations (1) and (2).  While the market is moved to first best, there will be some people who gain, some who lose, and others who are not directly affected.  The latter are those consumers at B with a Vij<Vj*(Sj#,α). These consumers, who we will refer to as belonging to Group B1, always purchase the outside good.  All of the other consumers at B will lose because the price of the commodity will increase from Mj+Tj(Sj#,α) to Mj+Tj(Sj*,α=1). The critical value necessary for a consumer to purchase increases:

(19)
Vj*(Sj*,α,Fine) = Mj + Tj(Sj*,α=1) > Mj + Tj(Sj#,α)
and total demand for commodity j falls to the first best quantity: 

(20)
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For each commodity, the Xj(SJ*,α=1) consumers who remain in the market, who will be referred to as belonging to Group B3, will see their net benefit reduced by Tj(Sj*,α=1)-Tj(Sj#,α).  The Xj(SJ#,α)-Xj(SJ*,α=1) consumers, who we will refer to as Group B2, have a negative net benefit at Sj* and will consume the outside good rather than commodity j.  These consumers each lose the welfare that they used to obtain from their consumption, which is to say NBij(Sj#,α).

Bystanders clearly gain by the elimination of the total uncompensated externality related to the myopic behavior, although they still cannot legally obtain compensation for some of their losses.  The change in the total expected uncompensated externality will be given by: 

(21)

[image: image8.wmf](

)

(

)

(

)

(

)

(

)

(

)

å

å

-

-

-

-

=

-

=

D

j

j

j

j

j

j

j

j

j

j

E

S

X

S

E

S

X

S

TEUE

b

a

a

a

a

1

.

,

.

1

1

.

1

,

.

1

#

*

*


The benefit to bystanders comes from a reduced exposure to truck traffic, a higher safety rate, and the removal of myopic carriers.  The bystanders’ remaining TEUE of j (1-Sj*).Xj(Sj*,α=1).(1-α)Ej, is identical to the gain in revenue to the Treasury from levying the fine.

Shippers lose as they will no longer earn the rents, described by equation (17), that they formerly obtained from myopic carriers.

6.  Uniform Tax
In a world where the legal system does not allow for shippers to be assigned secondary liability, the attractiveness of a policy of assessing fines after a crash diminishes.  Myopic carriers will not make full provision for the possibility of a fine, and bankruptcy laws will prevent the government from collecting the full penalty.  An alternative would be to collect a uniform tax, L, on each truck trip consumed.  This could take the form of a mileage-based license fee or a fuel duty.  Given the difficulty of knowing ex-ante the cargo carried, the same tax would have to be applied to all trips and commodities.  Clearly, this will not be ideal in that the tax will insufficiently discourage commodities generating considerable externalities, and excessively penalize commodities that generate modest externalities.

Both myopic and non-myopic carriers would have to pay the tax at the time transportation occurs.  The uniform tax does not affect the distribution of carriers who are myopic, and as it is a fixed fee it will not affect the choice of safety by carriers.  Consequently, the tax works to reduce the market failure by pricing some consumers out of the market and hence reducing the total number of crashes and the uncompensated externality.  The imposition of the tax will lower consumers’ net benefit:

(22)
NBij(Sj#,α,L) = Vij - Mj - L - Tj(Sj#,α) < NBij(Sj#,α)
and increase the critical inherent value of the commodity necessary for a consumer to purchase:

(23)
Vj*(Sj#,α,L) = Mj + Tj(Sj#,α) + L > Vj*(Sj#,α)
Consequently, total demand for commodity j falls to:

(24)
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Each of the Xj(Sj#,α,L) consumers who remain in the market, denoted as belonging to Group B5, suffers a welfare loss of L.  The consumers who are priced out of the market, denoted as belonging to Group B4, each lose their original level of net benefit NBij(Sj#,α).  The Treasury has a gain in revenue identical to the total loss by Group B5 consumers, which is to say L.Xj(Sj#,α,L).  The Group B1 consumers, who originally purchased the outside goods, are unaffected by the tax.

Bystanders gain because there is less demand for truck travel.  The change in the total expected uncompensated externality is given by: 

(25)
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The multiplication of the term in the first square parentheses with the second term inside the second square parentheses represents the reduction in the uncompensated externality due to fewer crashes where bystanders are thwarted by bankruptcy from collecting legally valid settlements.  This amount is a transfer from the rent of the shippers to bystanders.  This transfer will be part of a reduction in the rent of shippers, which according to equation (17) will be reduced proportionally with the reduction in truck travel.  The balance of the rent reduction is transferred to truck drivers and other carrier creditors.

Determining the optimal level of L is simplified because many of the gains and losses directly offset each other.  The losses by Group B5 consumers are equal to the gain by the Treasury, and the rent lost by shippers is fully transferred to bystanders and other parties.  The optimally-set uniform tax, denoted as L*, is given when the loss of net benefit for the marginal consumer priced out of the market equals the marginal gain in expected uncompensated externality to bystanders that the consequent reduction in truck travel causes.  For the marginal consumer the loss in expected net benefit must be equal to the uniform tax.  The net expected gain accruing to bystanders from removing one truck trip is given by the first term in the second square parentheses of equation (25).  Of course, we do not know the identity of the commodity in this marginal truck.  The expectation of the externality averted will be based on the average safety rate and externality across the entire trucking industry (which is the same as saying the weighted average by commodity).  Therefore the optimal uniform tax will be set such that:

(26)
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To set the tax optimally requires knowledge of which consumers will be priced out of the market first.  That is to say the government needs to know the distribution of NBij(Sj#,α) for each commodity.  In practice, this is unlikely.  If we assume that NBij(Sj#,α) is distributed in a similar fashion across commodities, then equation (26) can be simplified to:

(27) 
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where 
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 are the weighted averages (at Sj#, α) across all commodities of the industry safety level and externalities, respectively.  This calculation is relatively straightforward and manageable.

7.  Minimum Safety Standard
The final policy alternative we will consider is the most common.  This is the imposition of a minimum safety standard, which will be denoted as S.  We will assume that omnipresent inspection removes all carriers offering less than S from the market.
 The total cost of inspections is an increasing function of S.  These costs are paid by the Treasury and funded by general taxation.

The effect of the standard will vary between consumers and commodities.  For some commodities, S will have no practical effects if it is set below the minimum observed Sjk of any carrier moving the commodity.  The consumers in these circumstances, which we will refer to as belonging to Group B9, are totally unaffected, and there are no benefits to bystanders.

However, as soon as S is binding on the minimum observed Sjk then there will be gainers and losers.  We will divide our analysis into two parts.  The first concerns commodities for which S is greater than the minimum observed Sjk but less than or equal to Sj#.  The second concerns commodities for which S exceeds Sj#.

In the former case, the effect of the minimum standard will be to remove a proportion of the myopic carriers from the market.  In our model, myopia leads to a transfer of welfare from bystanders and other truck company creditors to avaricious shippers.  The price paid by consumers and hence the level of consumer demand is not affected by myopia.  Consequently, consumers of these commodities, which will be defined as Group B8, are consequently unaffected by the safety standards.  (There is a formal assumption, consistent with Rosen, 1974, that the carriers removed from the market are replaced by additional less-myopic or non-myopic carriers.)  Shippers’ rents will be affected consistent with equation (17).  The minimum standard will increase both 
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.  In the limit when S=Sj#, these variable will tend to 1 and Sj#, respectively.  Despite the fact that the effects of increases in 
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 work in opposite directions in equation (17), we know that rents must fall as the minimum standard is forcing some carriers to move away from their cost minimizing level of safety.  The effect on the total expected uncompensated externality can be determined from equation (18), where increases in both 
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 unambiguously reduce the rate and number of crashes.  As soon as S=Sj#, all myopic carriers transporting commodity i are removed from the market, and no shipper rents are earned.

As soon as S exceeds Sj#, the consumers of that commodity will start to be affected.  Some additional notation is necessary to permit an analysis of these effects.  Figure 2 shows a representative consumer of commodity j who originally purchases because NBij(Sj,α)>0 for some values of S.  This figure plots utility on the vertical axis and the level of safety on the horizontal axis. The consumer’s inherent valuation, Vij, which is invariant with the safety of truck transportation is shown as a horizontal line at a positive level of utility.  The price that the consumer pays to obtain the good appears as a negative utility.  This price is composed of the manufacturing cost, Mj, which is invariant with truck safety, and the Tj(S,α) function which has an inverted U shape.  The net benefit curve is the sum of these three functions, and is maximized at Sj#, the safety choice by non-myopic carriers.

Assuming that the net benefit from purchase is positive for some values of S, we can define the levels of safety for which the consumer is indifferent between consuming commodity j and the outside good:

(28)
Vij - Mj - Tj(S,α) = 0
Assuming an interior preferred level of safety by the carrier (0<S<1), there will typically be two points where this equality is satisfied.  The lowest acceptable level of truck safety that generates a price for the commodity at which the consumer will be willing to purchase, denoted by SijL, will occur when NBij /S > 0.  Conversely, the maximum acceptable level of safety, denoted by SijU, will occur when NBij /S < 0.  Outside this acceptable range, truck transportation is so expensive that the consumer does not to purchase the commodity.  Of course, in some instances the net benefit of consuming commodity j compared with the outside goods is positive at S=0 and/or S=1, and SijL = 0 and SijU = 1, respectively. 


Consumers vary in their inherent valuation of the commodity (Vij) and this affects the width of the acceptable range of safety.  Consider the effect in Figure 2 of a higher Vij.  The net benefit function will move vertically upwards, parallel to itself.  Sj# will be unchanged, but SijL will move to the left and SijU will move to the right.

The effect of a higher minimum standard than Sj# will vary depending on the situation of individual consumers.  Consumers for whom SijU<S, who we will refer to as Group B6, will no longer purchase with a loss of their original net benefit.  The remaining consumers, referred to as Group B7, for whom Sj# <SSijU, will be willing to trade up to S but will suffer a reduced level of consumer surplus due to the higher purchase price.  Defining the critical inherent valuation of the commodity which divides consumers between Groups B6 and B7 as:

(29)
Vj*(S,α) = Mj + Tj(S,α)
we know that there will be

(30)
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consumers in Group B6, each of whom will lose NBij(Sj#,α), and 

(31)
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consumers in Group B7, each of whom will lose Tj(Sj#,α) - Tj(S,α).

The need for costly inspection to enforce the minimum standard is predicated on the fact that a minimum standard of greater than Sj# will create a market for illegal trucking service.  Consumers in Groups B6 and B7 would welcome the lower commodity prices if substandard carriers are used by shippers, and there will be willing carriers who could lower their total costs by providing less safe service.  As S is increased, more consumers fall into Groups B6 and B7 and the potential for illegal carriage increases. Hence, one should expect that the total cost of inspections will be an increasing function of S.

The change in the uncompensated externality will be given by: 

(32)
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The first term applies to those commodities for which S is greater than the minimum observed Sjk, but less than or equal to Sj#.  For these commodities, the amount of truck traffic does not change, but some or all of the myopic carriers are removed from the market.  In this term, 
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 indicate the mean actual safety performance and level of myopia of carriers given S.  Note that when S=Sj#, 
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.  The second and third terms refer to commodities for which S is greater than Sj#.  The second term represents those truck trips that are no longer made, and the third term represents the improved safety of trips serving customers who are willing to trade-up.

An optimal minimum safety standard will occur when the marginal loss to consumers and shippers plus the marginal resource costs of conducting compliance inspections is equal to the marginal gain to bystanders and carrier employees and creditors.

8. Social Ranking of Policies
Standard economic theory tells us that the social planner will always choose an optimally set fine and secondary liability over the uniform tax or the minimum standard.  The former makes shippers and carriers aware of the full marginal cost of their actions.  But which policy ranks second?  While we cannot be certain, it seems likely that an optimally set minimum standard would rank second.  This policy targets those carriers that pose the greatest threat to bystanders.  This policy also predominantly attacks the most myopic carriers.  There is an unambiguous social gain from tackling these carriers as bystanders gain, the rents earned by shippers are transferred to other parties, and consumers are unaffected.

The optimally set uniform tax would most likely rank third, because it tackles the safety problem by merely reducing the amount of truck traffic.  It does so by forcing out of the market those consumers with the lowest valuation of each commodity.  This is irrespective of the threat that carriers of that commodity pose to bystanders, and also irrespective of whether their unit of the commodity was delivered to location B by a myopic or a non-myopic carrier.

9.  Political Ranking of Optimal Policies
The emotive nature of truck safety often means that politicians and the electorate rather than social planners decide the balancing of the interests of gainers and losers.  Insights into the popularity of different policies can be found by looking at the motivations of different segments of the voting population.  One might assume, for example, that individual voters will be motivated by the direction and magnitude of the change in their personal welfare that results from a particular policy.  Given a specific voting rule, knowledge of the number of voters who gain, lose, or are indifferent would allow insights into political decisions.  A popular decision rule is based on proponents of a policy obtaining a simple majority, which is known as the “median voter rule.”

The welfare effects on different subsets of the community for all three policies are shown in Table 1.  In interpreting the table, one should remember that the fine/secondary liability and the uniform tax policies generate revenue to the Treasury.  This revenue will be a benefit to all members of the community either because of the additional public services it can fund, or else because it can replace other forms of distorting taxation.  Conversely, the minimum standard will require expenditures by the Treasury on inspections that will require new general taxation.  There is a subset of the community, comprising consumers at location A (which will we will refer to as Group A) and those consumers at location B that never purchase (Group B1), who are not directly affected by any of the policies.  This subset of the community would favor the fine/secondary liability or the uniform tax over the minimum standard because of the effect on Treasury revenues and expenditures.

The other major subsets of the community whose welfare varies significantly between different policies are consumers at location B who fall into groups B8 and B9.  These are consumers of commodities for which SSj#, and are not directly affected by the minimum standard, but would have to pay higher prices or purchase the outside good under the policies of the fine/secondary liability or the uniform tax.  At a very simplistic level the political popularity of adopting the minimum standard will be determined by the relative number of Group B8 and B9 consumers compared with the number of Group A and Group B1 consumers.

In contrast there is not such a clearly defined rule in comparing the fine/secondary liability with the optimally-set uniform tax.  The preferences of the various subgroups of the community between the two policies will depend on magnitude of the Treasury revenues generated, the size of the uncompensated externality removed, and the identities of the consumers who are affected and the magnitude of their individual losses. 

In practice, the situation is more complex.  Everybody purchases goods that are shipped by truck at some point of the supply chain, and everybody is a pedestrian or highway user and exposed to truck crashes.  Consequently, bystanders will also be consumers at either location A or B.  So the same voter could lose welfare as a consumer and gain welfare as a bystander.  Depending on the person’s individual situation they may be made better or worse off by a specific policy.  In addition, while it not modeled explicitly in this paper, most consumers at location B purchase multiple commodities, and therefore do not fall neatly into subcategories.  For example, taking the case of the minimum standard, a consumer may fall into Group B9 for some commodities purchased, and into Group B6 for other commodities.  Finally, the existence of Treasury effects complicates the situation of some consumers.  Consider the most marginal consumer, who is the first person under the system of the fine/secondary liability to fall into Group B2 and consume the outside good.  This consumer loses no welfare when he or she is priced out of the market yet gains a share of the tax revenue. Albeit that the tax benefits maybe small as the revenue has to be shared with numerous other members of the community.  It is possible that some infra-marginal consumers may gain in a similar fashion.

10.  Political Decisions on the Level of Taxes and Standards
In some circumstances the role of voters may extend beyond simply expressing preference for one policy versus another.  Sometimes voters are presented with referenda specifying the actual proposed tax rate or the details of a proposed minimum standard.  In other circumstances, the setting of specific tax rates or standards may be in the hands of the government, but voter pressure or lobbying can influence the decision.  The fine has, by definition, a unique structure.  The uniform tax and minimum standard, however, are open to political interpretation of the level at which they are set.

10.1  Variable Uniform Tax
When the electorate decides the level of the uniform tax, the preferences of some of the parties are very clear.  In general, bystanders prefer the tax to be as high as possible, and consumers prefer as lower a tax as possible.
   Consumers in Groups A and B1 will prefer that the tax generates as much revenue as possible.  In general, the Group A and B1 consumers will stop supporting higher taxes and defect from their coalition with the bystanders when a higher rate of tax would reduce total tax revenues.  If the defection of the Group A and B1 consumers alters the political balance between the Groups B4 and B5 consumers on one hand and the bystanders on the other, then the uniform tax will be set at a level that maximizes tax revenues.  We cannot conclude whether this rate is greater than or less than the rate selected by the social planner using equation (26).

10.2  Variable Minimum Standard
When given a choice, bystanders will always prefer a higher minimum standard to a lower minimum standard.  In contrast, Group A and B1 consumers will generally prefer a lower minimum standard as a higher standard will require additional enforcement expenses and hence higher general taxation.  We know from the previous section that the minimum standard is most likely to be adopted when the consumers in Groups B8 and B9 when allied with the bystanders outnumber the consumers in Groups A, B1, B6 and B7.  As the level of the minimum standard is increased, the number of consumers in Groups B8 and B9 will fall, and those in Groups B6 and B7 will increase.  The political setting of the standard will be determined when the bystanders and the remaining consumers in Groups B8 and B9 retain a slim majority.  We cannot be certain how this politically set minimum standard will compare with the socially optimal standard. 

11.  Conclusions
This paper considers the processes that society might go through to select policies to deal with the externalities that truck crashes impose on other highway users and those who live or work along the highway.  A structural model is developed where the safety of trucking firms transporting different commodities varies because of differences between commodities in the costs of preventing crashes and the financial consequences of crashes.  Market failures occur because of institutional constraints that prevent bystanders from legally recovering all of their losses, and because a random subset of trucking firms are myopic in comparing current expenditures on safety with the costs that result from future crashes.  The model is used to compare three alternative public policies that can be used to tackle these market failures: imposition of a minimum safety standard, levying of post-crash fines and making shippers liable for any crash costs that bankrupt carriers cannot pay, and charging a uniform tax on all carriers.  These policies are ranked according to the improvement that they may bring in social welfare, as well as the popularity they may enjoy among voters in a political economy.

The post-crash fine combined with secondary liability on the shipper would be the preferred policy from the point of view of a social planner.  However, if the policy choice occurs in a political economy, the minimum standard may be preferred to the fine.  This non-optimal outcome is most likely to occur when consumers of commodities transported at safety levels that exceed the proposed minimum safety standard outnumber those taxpayers who do not consume commodities transported by truck.  The former are unaffected by the proposed standard, whereas they would suffer from the imposition of taxes or fines.  The latter inherently prefer policies such as taxes and fines that generate revenue to the Treasury as opposed to the minimum standard which requires public expenditures to pay for costly inspections.

In the event that the political economy prefers the minimum standard, the model can be used to determine the socially optimal level for the standard.  However, the standard is unlikely to be set at its socially optimal level by voters or the political process.  The bystanders who suffer the negative externalities of truck crashes have incentives to push for as high a standard as possible consistent with retaining a slim majority over the affected consumers and those taxpayers who prefer to minimize the need for costly inspections.

If the political economy prefers a uniform tax on the industry, the model provides a straightforward formula for setting the optimal tax rate.  However, in a political economy, where the tax rate is determined by the median voter, there will be situations where the non-consuming taxpayers hold the deciding vote in the balance between the consumers who prefer low taxes and the bystanders who generally prefer high taxes.  The non-consuming taxpayers will prefer a tax rate that maximizes the tax yield.  This rate may be greater than or less than the socially optimal uniform tax rate.
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Figure 1: Optimal Safety Choice by an Individual Carrier
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Figure 2: Consumption Decision by a Consumer at Location B

Table 1:  Subsets of the Community and the Effect of Different Policies on Welfare

Fines and Secondary Liability $
Optimal Uniform Tax $
Optimal Minimum Standard @

Consumers at A (Group A)
No direct effects
No direct effects
No direct effects

Consumers at B who never consume (Group B1)
No direct effects
No direct effects
No direct effects

Consumers at B who initially consume
Group B2: Loss from now consuming outside good
Group B4: Loss from now consuming outside good
Group B6: Loss from now consuming outside good




Group B7: Loss from paying higher price


Group B3: Loss from paying higher price
Group B5: Loss from paying higher price
Group B8: No direct effects




Group B9: No direct effects

Potential bystanders
Gain from reduced uncompensated externality
Gain from reduced uncompensated externality
Gain from reduced uncompensated externality

Shippers
Lose all rents extorted from myopic carriers
Lose some rents extorted from myopic carriers
Lose some rents extorted from myopic carriers

Truck carrier owners
Lose as some carriers will exit the industry
Lose as some carriers will exit the industry
Lose as some carriers will exit the industry

Truck carrier employees and creditors
Gain from transfer of rents from shippers
Gain from transfer of rents from shippers
Gain from transfer of rents from shippers

$ - all parties gain a share of the revenues received by the Treasury from fines or uniform taxes

@ - all parties lose a share of the cost of inspections that are funded by the Treasury from general tax revenue







� 	An alternative form of myopia that is not modeled in this paper is “cheating” whereby some carriers masquerade as higher quality than they really are.  Panzar and Savage (2007) investigate this issue by specifying asymmetric information between carriers and shippers, and the introduction of a cost-shock mechanism so that the cheating by some carriers does not encourage all carriers to cheat.





�	A minimum standard expressed in these terms is referred to as a “performance standard.” This is useful in a world where the regulator can observe the safety performance of each carrier.  Because this is difficult to do in the trucking industry where many carriers are small and crashes are infrequent, the minimum performance is translated into “specification standards” for a subset of inputs that affect safety, such as equipment specifications and employee qualifications, which can be observed and monitored for compliance.





� 	An exception to this benefit-cost rule would occur when society believes that no bystander should be exposed to more than a certain level of risk (see Royal Society, 1983).  The British Health and Safety Executive guidelines indicate that these “intolerable” risks be reduced regardless of their costs, and the United States Food and Drug Administration and the Environmental Protection Agency (with regard to the Clean Air Act) are directed to not consider costs when setting standards.  While discussions of this type do occur with regard to truck safety, particularly for some hazardous materials, it seems likely that the regular benefit-cost standard is usually sufficient to appease bystanders.





�	The situation is somewhat complicated because both bystanders and consumers do value the revenues generated by the tax.  For example, bystanders may not want to entirely tax the trucking industry out is existence as they weigh the reduced externality against their share of the revenue that is obtained from taxing those consumers remaining in the market.  
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