Chapter 5 Additional Material
Saturday effects in tanker oil spills

In a 1992 paper in the Journal of Environmental Economics and Management, Eban Goodstein examines what he calls ‘Saturday effects’ in tanker oil spills. He writes that

... certain types of spills happen much more frequently on this day than one would expect if the spills were uniformly distributed. The phenomenon is restricted to Europe and North America, and is associated with 'vessel guidance' accidents - groundings, collisions, and rammings. Eliminating the Saturday effect would reduce tanker oil spills by around 163,000 gallons per year. (Goodstein, 1992, page 276)

  The paper is an interesting use of marginal cost and marginal benefit functions to derive an efficient policy response to an environmental 'problem'.  Goodstein’s main objective is to calculate the level of per-gallon tax on Saturday harbour operations that would bring about an efficient reduction of this Saturday effect. Goodstein uses a mixture of empirical data and logical reasoning - the two principal information sources employed by economists - to obtain his answer.

  Goodstein begins with two conjectures about the cause of the Saturday effect:

· spills are more frequent on Saturdays because there is more harbour traffic on those days

· spills are associated with alcohol abuse by seamen at weekends

His assessment of the evidence leads Goodstein to reject these explanations. There is more traffic in harbours at weekends, but not enough to generate the observed effect. Alcohol abuse is also rejected as a plausible explanation; heavy drinking, if it occurs, is likely on both Friday and Saturday nights, so we would expect a Sunday effect too if this were the cause. But that effect is not present. Indeed, Goodstein is unable to come up with any convincing explanation of the phenomenon.

  Fortunately, Goodstein’s task does not require that he be able to explain the Saturday effect. He proceeds in the following way. First, Goodstein’s assessment of the problem and the feasible policy options leads him to conclude that a charge imposed on each gallon of oil landed on Saturdays is the best instrument. Next, he sets out to calculate the efficient level of such a charge. To do this, Goodstein reasons that that the marginal benefits and marginal costs of reducing Saturday shipments are as shown in the Figure below. Note that the marginal cost of reducing Saturday shipments increases as the reduction becomes larger (going from right to left in the diagram). The rising marginal cost schedule reflects the fact that scheduling flexibility is lost at an increasing rate as firms concentrate ship movements onto the rest of the week. In contrast, Goodstein assumes that the marginal benefit of reduction is constant, because of what he calls the ‘lumpy nature of oil spills from vessel accidents’. By assumption, each gallon of oil spilled causes the same damage as any other gallon spilled.
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  The efficient tax rate will be at the intersection of the marginal cost and marginal benefit functions. In general, this intersection can only be identified with knowledge of the position of both functions. But the constancy of the marginal benefit curve greatly simplifies Goodstein’s task. Because marginal benefits are assumed to be constant, all that is necessary is to estimate that (constant) value. Goodstein avoids the tricky problem of estimating the position of the marginal cost curve because, whatever it is, the marginal benefit (and so the efficient tax) will be the same. 

  Goodstein obtains a measure of the marginal benefit of reducing a gallon of oil shipped in or out of a US harbour on a Saturday in the following way. First, we introduce some notation he uses:

d = the marginal benefit of reducing the amount spilled by one gallon

b = the marginal benefit of reducing Saturday shipments by one gallon

ps = the enhanced probability of a spill due to the Saturday effect

  The marginal benefit of reducing Saturday shipments by one gallon, b, is the damage caused by that gallon actually being spilled multiplied by the probability that it will be spilled because of the Saturday effect. That is

b  =  ps d

Goodstein calculates the probability ps by dividing the total excess spillage due to the Saturday effect (163,000 gallons per year) by the total volume of oil shipments on Saturdays (22.4 billion gallons per year). This gives the value ps =  0.000 007. His estimate of d, the marginal benefit of reducing each gallon spilled, is based on previous research by Cohen (1986). Cohen obtained a ‘conservative’ estimate of the average value of damages as $4.05 per gallon. (All money values are in 1990 US dollars.) But the marginal benefit of not spilling one gallon of oil consists of three components: the averted damage, the value of the oil itself that would have been lost, and the avoided clean-up costs that would have had to be paid. So to the marginal damage figure must be added the value of the oil itself ($0.48 per gallon) and the cost of clean-up that the tanker operator must pay in the event of a spill (on average, $1.07 per gallon). Combining these three figures gives a value for d of $5.60. Goodstein interprets this number as a very conservative, lower bound estimate of the true value of d. Some support for this view is evident from the fact that the damages paid by Shell for a spill in San Francisco Bay were over $27 per gallon, and by Exxon for the Valdez spill over $100 per gallon. 

  Multiplying the estimates of ps and d (that is, $5.60 times 0.000 007) we obtain a value of $0.000 039 for the marginal benefit of reducing Saturday shipments by one gallon. For a fully laden average-sized tanker of 20 million gallons, the tax amounts to about $780 for each harbour entry. This is Goodstein’s estimate of the efficient tax rate. 

  It is important to note that the efficient tax will not completely eliminate the Saturday effect. There are costs as well as benefits of reducing ship operations on Saturday. Only if there were no costs would it be efficient to completely eliminate the Saturday effect (by having no tanker traffic on that day).

  The charge of $0.000 039 per gallon taken into or out of port on a Saturday will reduce Saturday shipments, but to a level which Goodstein’s analysis cannot calculate. If the position of the marginal cost curve were known, the reduction in Saturday shipments would be calculable, but what Goodstein actually 'knows' is only the marginal benefit curve.  

  However, with an additional assumption (which Goodstein does not make) the size of the efficiency gain that the charge would bring about can be estimated. What we are trying to do is to measure the area of the triangle ((( in the Figure above. We know the vertical height of this triangle: it is $0.000 039, the efficient charge per gallon. What is the base-width of the triangle? Goodstein estimated that 22.4 billion gallons of oil per year were shipped on Saturdays. Let us assume that the tax reduces this by 50%, or 11.2 billion gallons. So the point ( corresponds to 22.4 and ( to 22.4 minus 11.2, so the distance we are looking for is 11.2 billion. 

  The efficiency gain is half the area of the rectangle ((((, or equivalently the area of the triangle (((; that is (11.2 billion ( $0.000 039)/2 = $218 400. Looked at another way, society gains from avoided spills a total benefit equal to the area of the rectangle ((((; however, the costs to society are only half of this, the triangle (((. 

  Can we describe this gain as a consumer or producer surplus? Given the context being considered here, it is quite difficult to do so. However, suppose that oil firms would be successfully sued for the full value of all the damages they caused. Then, as they would also incur any oil losses and clean-up costs, we can interpret the area of the rectangle (((( as the net cash flows gained by reducing spills. But as they only have to incur costs of ((( to achieve those cash flows, the difference between the two is producers’ surplus. All the efficiency gain in this case is producers’ surplus; the absence of consumers’ surplus comes from the fact that the ‘demand curve’ (the marginal benefits curve) is in this case horizontal.
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