USPS-T-26

Appendix I

Parcel Post Cube-Weight Relationship

Pages 1-4:
Description of Cube-Weight Relationship Estimation

I.
INTRODUCTION

The purpose of Appendix I of this testimony is to show how the estimated cubic feet per piece by weight increment (cube-weight relationships) are calculated for each rate category of Parcel Post.  Using data from USPS LR-I-105, the cubic feet per piece by weight increment for each rate category were estimated using the weighted least squares method of estimation.  The econometric methods used to estimate the cube-weight relationships in this docket are identical to those employed by Witness Hatfield in Docket No. R97-1 (USPS-T-16).

II.
INPUTS


The only input data necessary to estimate the cube-weight relationship for each rate category are the total cubic feet and total volume by each weight increment for each rate category of Parcel Post.  Again, the input data was obtained from USPS LR-I-105.  A complete listing of the input data can be found in USPS LR-I-104 on pages 8-13.  Using these data, several calculations are made to develop the variables that are used in the estimation.  Table 1 describes each of the variables in the input data set and its source:

TABLE 1

CUBE-WEIGHT RELATIONSHIP INPUT VARIABLES

Variable Name
Description
Source

RATECAG
Rate category within Parcel Post.
N/A.

LBS
Weight increment.
N/A.

CF
Total cubic feet in the given weight increment.
All data are from USPS LR-I-105.

PCS
Total volume in the given weight increment.
All data are from USPS LR-I-105

CFPERPC
Cubic feet per piece in the given weight increment.
CF / PCS.

LNLBS
The natural log of the weight increment.
LN(LBS).

LNLBS2
The natural log of the weight increment, squared.
LN(LBS)2.

LNCFPPC
The natural log of cubic feet per piece.
LN(CFPERPC).

All of the above data serve as inputs into the estimation of the cube-weight relationships and are shown on pages 15 and 16 (inter-BMC), pages 21 and 22 (intra-BMC), and pages 27 and 28 (DBMC) of USPS LR-104.

III.
ESTIMATION


As discussed by Witness Hatfield in Docket No. R97-1 (USPS-T-16), three separate cube-weight relationships are estimated, one for each rate category of Parcel Post.
  The model used to estimate each relationship is the same as the model recommended by the Commission in Docket No. R94-1.
  The model is a translog model with the dependent variable being LNCFPPC and the independent variables being LNLBS and LNLBS2.  Thus the model has the form:
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Where the “i” subscript represents the weight increment (2 through 70).  Because the dependent variable represents the average cubic feet per piece for a given weight increment, “cf/pci” can be written as:
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Where “pcsi” is the total number of pieces in weight increment “i”, “cfj” is the number of cubic feet for the “jth” parcel in weight increment “i”.  Therefore, the average cubic feet per piece in weight increment “i” is the sum of the cubic feet of all the parcels in weight increment “i” divided by the number of pieces in weight increment “i”. 

When estimating a relationship where each observation of the dependent variable represents an average of data (in this case pieces in each weight increment), the proper estimation technique is a form of weighted least squares using volume (pcsi) as the weighting variable.
  For example, the average cubic feet per piece for a parcel in the two-pound weight increment is determined by taking the average of millions of parcels.  The average cubic feet per piece for a parcel in the 70-pound weight increment is the average of only thousands of parcels; the relative number of pieces from which each average is calculated needs to be accounted for in the model.

Using weighted least squares is relatively straightforward.  First, the regression equation must be weighted using the appropriate variable.  Then, ordinary least squares (OLS) can be used to estimate the weighted model.  In estimating the cube-weight relationship in Parcel Post using weighted least squares, Equation 1 is transformed to the following:
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The parameter estimates and analysis of variance for the inter-BMC, intra-BMC, and DBMC are shown on pages 17, 23, and 29 of LR-I-104, respectively.  The parameter estimates are used in the Parcel Post analysis on pages 1 and 2 of Exhibit K.  The statistics associated with the results are summarized in the following table:


Inter-BMC
Intra-BMC
DBMC

Intercept t-stat
-99.106
-75.395
-44.725

LNLBS t-stat
45.349
32.369
20.775

LNLBS2 t-stat
-14.078
-11.868
-5.474






R-square
.9963
.9913
.9846

Adjusted R-square
.9962
.9910
.9841

In all three relationships, all of the dependent variables, including the intercepts, were significant at the 99 percent level.  In addition, in all three relationships, the equation itself is significant at the 99 percent level.  


Pages 18-19, 24-25, and 30-31 of USPS LR-I-104 show the results of the inter-BMC, intra-BMC, and DBMC regressions for all observations respectively.  Pages 20, 26, and 32 of USPS LR-I-104 show a plot of the actual values of cubic feet per piece by weight increment and the predicted values of cubic feet per piece by weight increment for inter-BMC, intra-BMC and DBMC respectively.


Finally, pages 33-34 of USPS LR-I-104 show a summary of the estimated cubic feet per piece for all three rate categories.  The SAS program code and log file that were used to produce the estimates of the cube-weight relationships for each rate category are included in pages 35-41 of USPS LR-I-104.  All input data, programs, and output are available on diskette in USPS LR-I-104.

� For a discussion of why three separate relationships were estimated, see USPS-T-16 at 12-14.


� PRC Op., Docket No. R94-1, page V-116.


� For a discussion of why weighted least squares is appropriate when dealing with pooled data, please see J. Johnston, Econometric Methods 293-296 (McGraw-Hill 1984).








