APPENDIX HPRIVATE 

CALCULATING POSTAL PRODUCT COSTS: MARGINAL COSTS

INTRODUCTION

In this appendix, the conceptual basis is described for the product costs measured in the development of the annual Cost and Revenue Analysis report (CRA); the consistency between the cost calculations and that conceptual basis is demonstrated.  The cost calculations in the CRA are shown to be firmly based on the appropriate economic cost concepts.

In the economic approach to product costs, two pieces of costing information are required, the marginal cost and the incremental cost.  The Postal Service has advanced these cost concepts as the basis for setting postal rates.

The marginal cost of a product is the cost of producing another unit of output.  If a product's price exceeds its marginal cost at current levels of production, a positive contribution is made toward paying the common costs of production.  On the other hand, if the product's price is less than its marginal cost, the firm is incurring losses on that product at its current output level.  To avoid incurring losses on a product, a firm's price for the product must at least equal the product's marginal cost.  Marginal cost, consequently, is the natural starting point for price or rate setting.

As described above, marginal cost includes only costs that vary with the level of output and does not account for any fixed cost or infra-marginal cost.
 (This latter cost is the amount of variable cost that has been incurred in producing all the previous units of output up to the current level of production.)  If marginal cost is not constant, the current marginal cost may be greatly different from that experienced at lower levels of production.

Another costing concept, average incremental cost, is required to incorporate all fixed and variable costs specific to a particular product.  The total cost incurred as a result of the provision of all units of a given product is called the incremental cost of that product.  The average incremental cost is simply the ratio of a product's incremental cost divided by the number of units produced.
  Because incremental costs refer to all costs associated with a single product, the amount of that product can be used to find the average or per-unit incremental cost.  The importance of this costing concept lies in the fact that if all products cover their incremental cost then no single product is being cross-subsidized.  The procedures for calculating incremental costs are described in Appendix I.

CALCULATING POSTAL COSTS

A key issue in understanding the development of costs in the CRA is the relationship between the economic cost concepts listed above and the costs actually calculated in the CRA.  To facilitate that understanding, the key cost concepts will be defined and their calculation will be illustrated.  The links between these calculated costs and marginal and incremental cost will be explained along the way.

The first important CRA cost is unit volume variable cost and it is a measure of the costs caused by a product at the margin.  That is, it measures the additional cost associated with the provision of additional output. Specifically, the formula for unit volume variable cost for class i (UVVCi) is:                                                                    
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Clearly, unit volume variable cost for class i critically depends upon the calculation of that class's volume variable cost.  A class's volume variable cost is found by multiplying the elasticity of cost with respect to the volume of that class times total cost:
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2
Another important cost calculation in the CRA is institutional cost.  Institutional cost is simply the difference between total cost and volume variable cost.  Institutional cost may arise because of general fixed cost and/or from the existence of overall economies of scale.

Both unit volume variable cost and incremental cost have close relationships to the economic cost concepts presented above.  Conceptually, unit volume variable costs are a method of calculating marginal cost.  This relationship can be seen by re-examining the formula for calculating volume variable costs:
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This means that unit volume variable costs equal marginal costs:
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In similar fashion, there is a relationship between marginal costs and incremental costs.  Incremental costs are calculated by a formula very similar to marginal costs, with one exception.  Rather than multiplying each unit of volume by the marginal cost of the last unit, incremental cost (IC) multiplies each unit by its own marginal cost. To this number is added product specific costs (PSCi), which are non volume variable cost specific to a given subclass of mail.
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Note, if there are no product specific costs and the marginal cost of each unit is the same, then the marginal cost and incremental cost are the same. 

CALCULATING MARGINAL COSTS

In the previous section, the theoretical consistency was demonstrated between well-established economic cost concepts and the postal cost concepts employed in the development of the CRA.  Whether the costs actually calculated in the CRA are consistent with that theory is another matter, however.  This second type of consistency is investigated in this section.

The Postal Service has many different products that are provided through the application of many different technologies: collection, sorting, delivery, and transportation are some examples.  As a result, the estimation of a single, top down cost equation for the entire Postal Service at the level of accuracy required for rate proceedings is simply not feasible.  Instead, the estimation of the cost of postal products is conducted on a disaggregated basis.  This "bottom-up" approach proceeds by estimating the volume variable cost of each product in the various postal activities (like processing, delivery, or transportation) required to provide it.
  These "component volume variable" costs are summed across activities for each product to get the overall volume variable cost per product.  Consistent with the theory described above, this can be shown to equal marginal cost.

This multi-step approach to calculating marginal cost requires identification of the cost driver for each postal activity and the determination of the addition to cost in each of these activities that arises from additional provision of each product.  Once these activity marginal costs, by product, are determined for each activity, the product-specific marginal cost is simply the sum of each product's activity marginal costs.

The Postal Service analyzes the costs a product incurs in each of many activities or "cost elements."  The cost elasticity of output is estimated within each of these cost elements.  In most cases, however, there are insufficient data to estimate the output cost elasticity directly and an effort is made to determine the cost driver for each cost element.  This means that element cost is a composite function of volume, where the cost effects of additional volumes are captured through the action of the driver.  

For example, the purchased transportation cost segment contains cost elements for the costs incurred by the Postal Service for various purchased highway transportation accounts.  Because the Postal Service pays contractors on a cubic-foot-mile basis, purchased highway contract costs are "driven" or caused by cubic-foot-miles of transported mail.  An econometric analysis is used to estimate the cost elasticity of the cost driver, cubic-foot-miles, and the link between cubic-foot-miles of transportation and volume by class is estimated in a separate system.  As other examples, carrier access costs are driven by the number of stops made by the letter carrier to deliver mail, and carrier "load" costs are driven by pieces of each mail shape that a letter carrier loads into a mail receptacle.
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Given this background, we now provide a description of the main analytical approaches used to determine volume variable costs in the CRA.  The CRA methodology for determining volume variable costs per piece can be summarized briefly in the following four steps:  


1. 
Divide Costs Among Segments and Components  



Costs are divided up into components for analysis.  Accounting costs are first divided among 19 cost segments.  The segments are then further divided into identifiable cost components and then into subcomponents (or elements), each representing a discrete activity; there are approximately 65 components and over 100 elements.  


2.  
Identify a Cost Driver and Find Volume Variable Costs


For each cost element, a cost driver is identified that reflects the essential activity of that element.  For example, the cost driver for Inter-BMC highway transportation is cubic-foot-miles.  The volume variable cost pool is then found by using the relationship between the element's cost and its cost driver.  The relationship is first used to create volume variable costs according to methods described below.  


3.
Distribute Costs to Products



After the pool of volume variable costs is determined, it is distributed to the various products.  These methods of distribution are also discussed below.


4.  
Calculate Unit Volume Variable Cost


Total volume variable cost for each product is determined by summing the volume variable costs for that product across components.  Unit volume variable costs are then found by dividing a product's total volume variable costs by its originating volume.

Steps 1 and 4 are universal across all components, but methods for applying steps 2 and 3 differ.  There are three primary methods for applying steps 2 and 3, which determine the relationship between the cost driver and cost, and the assignment of volume variable costs to products.  The three measurement methods are entitled: 


a.  the volume variability/distribution key method, 


b.  the constructed marginal cost method, and


c.   the piggyback method.

These methods are described below.

A. The Volume Variability/Distribution Key Method

In this method, the relationship between the component cost and the cost driver is estimated in one of three ways: econometric modeling, functional analysis, or operational assumption.  Essentially, these methods require the estimation of a cost elasticity between the driver and cost.  This elasticity measures the percentage response in cost from a given percentage increase (or decrease) in the driver and is the key parameter in determining the volume variable cost pool.  Once this elasticity is estimated, it is multiplied by total component cost with the resulting product being volume variable costs.  The formula for volume variable cost is thus:
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The distribution of volume variable costs to the products is done with a "distribution key."  The distribution key is typically the cost driver used to calculate cost elasticity, and classes are assigned cost in the same proportions that they have of the cost driver.  For example, if First Class mail accounts for 80 percent of the cubic-foot-miles of Inter-BMC highway transportation, it would receive 80 percent of Inter-BMC transportation volume variable cost.

This second step, distribution, may seem reminiscent of the fully distributed costing approach in which costs are assigned to products on the basis of an arbitrary factor like volume of output or labor hours.  However, because of the relationship of the distribution key (the cost driver) to total component cost, the distribution step is not arbitrary.  In fact, under the assumption that the cost driver responds proportionately to volume increases, it can be demonstrated that this method produces marginal cost.
  That is, if the component's volume variable cost, by class, were divided by a measure of class volume, the resulting volume variable cost per piece would equal the marginal cost of that class as long as the relationship between the cost driver and class volume is linearly homogenous.  

The volume variability/distribution key approach thus provides the desired measure of product cost and marginal cost, but contains a calculation method that depends upon measuring the cost driver rather than mail volume.  This is of great value in a service firm like the Postal Service because obtaining a good measure of intermediate product or intermediate volume is often difficult.  For example, measuring "volume" in functions like transportation and processing is difficult.  Does the number of handlings determine volume?  Is distance traveled part of volume?  These types of issues make volume measurement difficult but do not preclude easy measurement of the cost driver.  

If, however, there is reason to believe that the relationship between mail volume and the cost driver is not linearly homogenous, then that relationship can be specifically investigated.  This type of investigation leads to our second method of measuring volume variable cost.

B. The Constructed Marginal Cost Method 

This method was specifically designed to produce marginal costs because it does not require an assumption about the relationship between the cost driver and mail volume.  It proceeds, initially, like the volume variability/distribution key method by estimating the elasticity between the cost driver and component cost. The distribution step does not depend upon assigning proportions of the cost driver to individual classes but rather depends upon estimation of the elasticity of the cost driver with respect to mail volume.  In this method, volume variable cost is given by the product of total cost and both cost elasticities:
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It can be demonstrated mathematically that this method provides the marginal cost by class.

C. The Piggyback Method 

In this final method, a support cost component, like facility costs, is assumed to be as volume variable as another primary cost component, such as carrier labor costs, and is distributed to the classes of mail in the same proportions as the primary cost component.  For example, the calculation of the volume variable cost for supervisors' labor and, to some degree, facility costs follows this method.  Supervisors' costs piggyback those of the supervised personnel.  

Piggybacking, in effect, increases the cost pool for each of the primary components on which piggybacking takes place.  Because each support cost component links to and uses the volume variability of a specific primary component, the primary component's accrued cost is, in essence, increased by the amount of the support component's cost.  The sum is then multiplied by the primary component's volume variability to find the total volume variable cost.

The distribution of piggybacked costs to each class of mail in the same percentages as the primary component implies that all classes of mail are assigned the cost of the support components in the same proportion.  In the case of delivery costs, piggybacking means that each class of mail requires the same mix of carrier labor, supervisor input, and facility space.  The same factor intensity is thus required for each product and there is an assumed symmetry in work done for each class.  Consequently, piggybacking implies a constant mix of factor expenses both as output grows and across products.  The reasonableness of these implicit assumptions is an empirical question, and the scope of activities included in the piggybacking approach must be limited in order to make this treatment appropriate. 

�  See William J. Baumol, Testimony before the Postal Rate Commission, Docket No R87-1, 1987; and Testimony before the Postal Rate Commission, Docket No.  R90-1 on Remand, 1994; and John Panzar, Testimony before the Postal Rate Commission, Docket No.  R90-1 on Remand, 1994.


�  See Michael D. Bradley, Jeff Colvin, and Marc Smith, “Measuring Product Costs for Ratemaking: The United States Postal Service,” in Regulation and the Evolving Nature of Postal and Delivery Services, ed. M. A. Crew and P. R. Kleindorfer (Boston: Kluwer Academic Publishers, 1993).


�  The exclusion of fixed costs does not imply that attribution should be based on short-run marginal costs.  Fixed costs will exist even in the long run.  See William J. Baumol, Testimony before the Postal Rate Commission, Docket No.  R87-1, 1987.


�  For a discussion of incremental costs see William J. Baumol, Testimony before the Postal Rate Commission, Docket No.  R87-1, 1987 and Testimony before the Postal Rate Commission, Docket No.  R90-1 on Remand, 1994.


�  This elasticity is often known as the "volume variability" of the class.


�  Activity marginal costs can be measured in several ways.  Examples of methods of measuring marginal costs include econometric estimation, engineering studies, studies of time/motion relationships, and simulations.


�  Bradley, op.cit. 


� Ibid.
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