APPENDIX I

CALCULATING POSTAL PRODUCT COSTS: INCREMENTAL COSTS

INTRODUCTION

This appendix describes the methods used to calculate incremental cost for Fiscal Year 1999.
  To understand the methods and their application, is should be recognized that calculating Fiscal Year incremental costs is akin to calculating “base-year” incremental costs in a postal rate case.  In such a rate case, “test-year” incremental costs must be calculated to apply the incremental cost test and calculation of base-year incremental costs is a preliminary step to that final calculation.  The methods described in this appendix were derived to permit accurate calculation of both base-year and test-year incremental cost in way that is consistent with existing Postal Service and Postal Rate Commission costing methodologies.  

BASIC METHODOLOGY

To be consistent with the postal cost structure, the calculation of incremental cost is embedded in that structure.  Consequently, the methods of incremental cost calculation will be more accessible if a brief review of the structure of the CRA is presented first.  The current method of volume variable cost calculation depends upon a “calibrated” cost model as opposed to an “estimated” cost model.
  An estimated model has its parameters estimated econometrically from a single set of data.  A calibrated model has its parameters determined from a variety of sources, with some estimated econometrically, some determined from engineering studies, and some established by judgment.  

In the calibration approach, the structure of the model is first determined and then the model is “calibrated;” that is, the structure of the model is populated with chosen values for the parameters.  After calibration, the model can than be solved (or simulated) for the desired variables.  In the case of the volume variable cost model, the model is populated with variabilities and distribution keys from a variety of sources and is then “solved” to calculate both base-year and test-year volume variable costs.

The calibration methodology can be illustrated through a simple example.  Suppose that the postal costing structure had three products: Class A, Class B and Class C and four cost pools: Pool 1(Retail), Pool 2 (Transportation), Pool 3 (Mail Processing), and Pool 4 (Delivery).  The structure of the product cost model in this simple case can be envisioned as a 4 X 3 matrix with the rows representing the cost pools and the columns representing the classes.  Such a matrix can be represented as:


Product A
Product B
Product C

Retail 

Cost 
VVCRA
VVCRB
VVCRC

Transportation Cost
VVCTA
VVCTB
VVCTC

Mail Processing Cost
VVCMA
VVCMB
VVCMC

Delivery

 Cost
VVCDA
VVCDB
VVCDC

For each cell, the volume variable cost for the individual class is given by the product of the cells accrued cost, (C), its variability () and the class’ share of the distribution key ().  For example, Class A’s volume variable retail cost is given by the product of accrued cost for retail, (CR), the variability for retail (R) and Class A’s share of the retail distribution key (RA).  Mathematically, the volume variable retail cost for class A is given by:
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The product cost model, in this case, can be represented by four equations, one for each of the cost pools.  The first equation represents the retail cost pool, the second the transportation cost pool, the third the mail processing cost pool and the fourth represents the delivery cost pool.
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The structure of the model is determined by the cost pool breakout and product definitions.  The Postal Service accounting system typically provides the cost pools but the model must be calibrated by selecting the values for the variabilities (the j) and the distribution keys (the ij).

Incremental costs are calculated from the same base-year model as volume variable costs.  There is an essential difference in the method of calculation, however.  Volume variable costs incorporate only the cost of the last unit produced, whereas incremental costs incorporate the costs of all of the units produced. 

To see how this works, consider the purchased highway transportation cost pool.  There are no specific fixed costs in this cost pool and the cost driver is cubic foot-miles (CFM) of transportation.  Volume variable cost if found by multiplying the variability of the cost driver (CFM) times accrued cost.  Mathematically, this is the same as multiplying the marginal cost of the last CFM provided times the total number of CFMs.  The total volume variable cost is then distributed to products with the TRACS distribution key.

Incremental cost, on the other hand, recognizes the fact that not all CFM cost the same amount to produce.  Incremental cost is found by multiplying each CFM times its own marginal cost, not the marginal cost of the last CFM.
  Incremental costs thus allows for the fact that the marginal cost changes over the range of the product’s output. 

In any cost component for which the variability is less than one hundred percent, like in purchased highway transportation, the marginal cost of the driver (CFM) declines with increases in the driver (CFM).   In other words, the cost of obtaining an additional CFM falls as the number of purchased CFMs increases.   This means the cost to the Postal Service of providing the last CFM of transportation is below the cost of providing previous CFMs of transportation. It also means that a product’s incremental purchased highway transportation cost will exceed its volume variable purchased highway transportation cost.

More generally, this means that for any cost component with a variability less than one hundred percent the incremental cost of a product in that cost component must exceed its volume variable cost in the component.   If the variability in a cost component equals one hundred percent then the product’s incremental cost equals its volume variable cost, as the driver’s marginal cost is constant. 

To understand the calculation of incremental cost, we must consider the structure of the product cost model.  Formally speaking, the calibrated model has a “constant elasticity” structure.  That is, when the product cost model is used to calculate volume variable cost, in either the base year or the test year, the elasticity parameters are held constant.  For example, the same elasticity parameters are used to calculate both base- year and test-year volume variable costs.
  As was explained above, when the elasticity parameter is less than one, then the model implies that the marginal cost of producing another unit declines as the number of units produced increases.  This characteristic is exactly what is required to calculate incremental cost and the incremental cost calculation takes advantage of this aspect of the constant elasticity form of the model, an aspect that the volume variable cost calculation ignores.  It is at this point in the calculations that incremental cost begins to exceed volume variable cost.

THE RELATIONSHIP BETWEEN VOLUME VARIABLE COST AND INCREMENTAL COST.

To understand the relationship among these cost measurements in the CRA structure,  note that there are eight different types of cost pools in the CRA.  The eight cost pool types are defined by the nature of the cost generating process causing costs to arise.  A cost pool can be assigned to one of the eight types by answering a series of questions about the nature of the costs in the pool.

The first question to be asked is whether or not the costs are fixed or variable.  A fixed cost is one that does not vary with the level of output:

A good example of a fixed cost is the fee a government charges for a firm to incorporate and conduct business.  Whether the firm produces a lot or a little, it must pay the fee.  Another example is the monthly rent that a lawyer must pay for an office after signing a one-year lease.  The monthly rent must be paid regardless of how much business the lawyer does.

In contrast, a variable cost is one that does vary with the level of output. If the costs in the cost pool are fixed, then they are clearly not volume related and the volume related causality link can not be applied to calculate incremental cost.  Instead, the nature of the costs must be examined to find out if there are any specific-fixed costs.  Specific-fixed costs do not vary with the level of volume but are associated with only one product.  They are caused by the provision of that product and that product alone; they are thus included in that product’s incremental cost.  Fixed and common costs neither vary with the level of volume nor are they caused by the provision of single product.  They are not included in the incremental cost of any product.

When a cost pool contains variable costs, the choices, in terms of tracing cost causality, are more extensive.  Consequently, a series of questions are required to determine the correct cost allocation method.  The first question in the series asks whether on not only one product is handled in the cost pool.  If so, then the entire cost in the cost pool is incremental to the product being handled.  In fact, incremental cost equals the accrued cost for the cost pool. The only remaining issue is whether or not incremental cost equals volume variable cost.  If the variability in the cost pool is equal to one, the two are equal.  If the variability is less than one, incremental costs exceeds volume variable cost in the cost pool. 

For many cost pools, there is more than one product handled, so cost attribution is not so straightforward.  In these cost pools, two questions must be answered to determine proper cost attribution.  The first question is whether or not there are any intrinsic costs.  An intrinsic cost is a variable cost, in the sense that it varies with the level of output, but it does not vary at the margin.
  These costs are not increased by additional volume of the product.  Nevertheless, they are caused by the provision of the entire volume of the product and are thus incremental to that product.  When there are intrinsic costs in a cost pool, then both the volume-related costs and the intrinsic costs are attributed to the product that caused them to arise.  Other products in the cost pool will cause volume-related incremental costs but will not generate intrinsic costs.  

An example of this type of cost pool is given by the manual Priority Mail cost pool.  All costs are labor costs and are variable costs. However, the cost pool arises because of the intrinsic characteristics of Priority Mail and would not exist but for that product.  If there were no Priority Mail, this cost pool would disappear.  The volume variable costs for non-Priority Mail products would not disappear, but both the Priority Mail’s volume variable cost and all of the institutional cost would disappear.  This latter set of costs are intrinsic to Priority Mail so the incremental cost for Priority Mail in this cost pool is the sum of Priority Mail’s volume variable cost and all of the institutional cost.  In this instance, the institutional costs are intrinsic costs.

The final set of cost pools include variable costs, include more than one product, but have no intrinsic costs.   In these cost pools incremental costs are all volume related.    If the variability is equal to one, incremental cost will be equal to volume variable cost as the marginal cost is constant.  On the other hand, incremental costs in these cost pools will exceed volume variable cost when the variability is less than one as incremental cost accounts for the fact that some volume is produced at a higher marginal cost. 

In sum, in any cost pool in the incremental cost of a product will come from its volume-related incremental cost and its product-specific cost which is the sum of any specific fixed and intrinsic costs in the cost pool.
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Cost Pools and The Relationship Between Cost Measurements

Cost Pool 
Cost Types
Cost Relationship

Type 1
Fixed and Common


IC = VVC = 0

Type 2
Fixed and Specific


IC > VVC

Type 3
Variable, One Product, Variability = 1
IC = VVC

Type 4
Variable, One Product, Variability < 1
IC > VVC

Type 5 
Variable, More than 1 Product, Intrinsic Costs, Variability  = 1
IC > VVC

Type 6
Variable, More than 1 Product, Intrinsic Costs, Variability < 1
IC > VVC

Type 7
Variable, More than 1 Product, No Intrinsic Costs, Variability = 1
IC = VVC

Type 8
Variable, More than 1 Product, No Intrinsic Costs, Variability < 1
IC > VVC

THE ANALYTICAL STRUCTURE OF THE INCREMENTAL COST CALCULATION

The total cost in a component is the sum of the variable cost, which is related to the total amount of the driver and any fixed costs that occur in the component.
  These fixed costs might be associated with individual products or they might be common to all products in the component.  We can express total component accrued cost, Cj as:
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In this equation, Fij represent fixed costs (Fjj  for “i > 0” is the specific fixed cost in the component for product i, F0j  is the fixed and common cost in the component), (j measures the cost of the inputs, (j is the elasticity of the component, and Dj represents the cost driver. With this notation, we can define the volume variable cost for product “i” in component “j” as:
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where the Dij represents product “i” portion of the cost driver. This function can also be used to define the incremental cost of product i.  It is the cost that is caused by the inclusion of product i in the output vector:
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A little algebra leads to a simpler expression:
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where (ij is the share of the driver devoted to product “i.”
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� 	A more thorough discussion of the methods of calculating incremental cost can be found in Michael D. Bradley, Jeff Colvin and John Panzar, “Issues in Measuring Incremental Cost in a Multi-function Enterprise, Managing Change in the Postal and Delivery Industries, Kluwer Academic Publishers, 1997 and Michael D. Bradley, Jeff Colvin and John Panzar “On Setting Prices and Testing Cross-Subsidy with Accounting Data,” Journal of Regulatory Economics, July 1999.





�	For some introductory discussions of calibration, see, Adrian Pagan, “Calibration and Econometric Research: An Overview,” Journal of Applied Econometrics, Dec. 1994 or Danny T. Quah, Business Cycle Empirics: Calibration and Estimation: An Introduction, Economic Journal, November 1995, p 1594-1596.
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�	There are instances in which the cost pool definition depends upon systems other than the pure accounting system.  For example, in mail processing, cost pools may in part be defined by MODS data or IOCS data.
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�	The mathematics of incremental cost calculation are given in the next section.


�	A bit of care in terminology is essential to avoid confusion here.  Typically the terms ‘elasticity” and “variability” are used interchangeably but in this instance they should not be treated so.  Although the model has a “constant elasticity” structure as described above, it does not have a constant variability structure.  A component’s overall variability is sometimes calculated as the ratio of volume variable costs to accrued costs.  A divergence between the two concepts occurs in the roll-forward process, where the variability ratio will change with volume changes, even within the model’s constant elasticity framework.


�	See, Jeffery M. Perloff and Dennis W. Carlton, Modern Industrial Organization, HarperCollins, 1994, at 51.
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�	Intrinsic costs would include thing like the premium costs associated with an expedited air transportation network.		


� 	When there are intrinsic costs included in the cost component, the analytic structure is a bit more complicated.  Because this is a rare occurrence in the CRA, this detail is not presented here.  For a complete discussion of the analytical structure of intrinsic costs see, “Direct Testimony of Michael D. Bradley on Behalf of the United States Postal Service,” USPS-T-22, Docket No. R2000-1.
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