
REVISED: 1/21/2022  GRAY 

  

Docket No. RM2022-3 

   

          
 

         
 
 

On the Estimation of a Top-Down Model for City Carrier Street Time* 
 
 
 
 
 
 
 

Prof. Michael D. Bradley 
Department of Economics 

George Washington University 
Washington, D.C. 20052 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
* This study was supported by a research grant from the United States Postal 
Service to the George Washington University. 
 
 

Postal Regulatory Commission
Submitted 1/21/2022 1:59:30 PM
Filing ID: 120740
Accepted 1/21/2022



REVISED: 1/21/2022  GRAY 

  

TABLE OF CONTENTS 
 

 
I.  INTRODUCTION  1 
 
II. IDENTIFY DATA SOURCES AND CONSTRUCT THE ANALYSIS DATA 

SET  5  
 

A.  The Delivery Data Set  5 
B. The Collection Volume Data Set 24 
C. Integrating the Collection and Delivery Data Sets 34 
D.  Constructing the Non-Postal Data Set 39 
E  Combining the Non-Postal Data with the Postal Service  
 Data Sets 41 

 
III.  ECONOMETRIC PRELIMINARIES 42 
 
 A.  Describing the Behavior Being Modeled 42 
 B.  Choosing the Variables to Include in the Model 44 
 C.  Selecting a Functional Form 46 
 D. Potential Estimation Issues 49 
 
IV. ESTIMATION OF A POOLED MODEL 60 
 
 A. The Initial Pooled Model 62 
 B. Combining Accountables with Deviation Parcels 66 
 C. A Restricted Quadratic Pooled Model 69 
 D. Expanding the Set of Characteristic Variables 74 
 E. Estimating Separate Equations for FSS  
  and non-FSS ZIP Codes 82 
  
V. ESTIMATION OF A CORRELATED RANDOM EFFECTS MODEL 85 
 
 A. Dealing with Unobserved Heterogeneity 85 
 B. Specifying Cluster Corrected Standard Errors 89 
 C. Controlling for Seasonality and Other 
  Time Effects 93 
 D. Interpreting the Results 95 
 E. Investigating Alternative Approaches to Seasonality 100 
 F. Investigating the Presence of Overly  
  Influential Observations 103 
 
VI. REFINING THE POOLED MODEL 109 
 
VII. IMPACT ANALYSIS 114  
 



REVISED: 1/21/2022  GRAY 
 

1 

 

I.  INTRODUCTION 
 
 In Docket No. RM2015-7, the Postal Service proposed, and the Commission 

accepted, an approach to estimating variabilities for city carrier street time that relied 

upon three separate econometric equations, one for letters and flats, one for in-

receptacle parcels, and one for deviation parcels and accountables.1  During that case, 

the expert for United Parcel Service, Dr. Kevin Neels, suggested estimating a single 

equation for city carrier street time that would include letters, flats, and parcels.2  In 

response to that suggestion, I noted that there were potential theoretical advantages to 

a unified approach, but explained that, at that time, there were not sufficient data to 

support such an approach.3 

 The Commission agreed with this point, but indicated that the Postal Service 

should undertake an effort to investigate what data would be needed to estimate a 

unified or “top-down” model:4 

The Commission concludes that the UPS approach holds the 
potential to remedy many of the measurement problems that 
arise from the use of separate models for parcel delivery. 
However, available data are not sufficient to develop reliable 
estimates of variability using this approach. To improve the 
quality, accuracy, and completeness of the data used to 
attribute city carrier street time costs, the Commission directs 

 
1 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic Reporting 
(Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at 66. 
 
2 Id. at 36. 
 
3 See, Analysis of the Supplemental Report of Dr. Kevin Neels on Behalf of United 
Parcel Service, Docket No. RM2015-7, July 8, 2015, at 23. 
 
4 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic Reporting 
(Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at 65. 
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the Postal Service to collect the information needed to 
determine whether a single model could produce improved 
estimates of variability.   

 
 Subsequent to Docket RM2015-7, the Commission opened a public inquiry case, 

PI2017-1 to follow the Postal Service’s progress in updating its data capabilities and 

modeling efforts for city carrier street time.  As part of that docket, the Commission 

specified the type and structure of the data set that would be appropriate to estimate a 

top-down model:5 

[T]he Commission directs the Postal Service to provide an 
expanded dataset of city carrier delivery data.  The dataset 
shall include data for each of the 12 consecutive calendar 
months, for 1 randomly drawn regular workweek from the 
expanded set of ZIP-Code-days served by regular city 
carriers. 

 
 During this period, the Postal Service was investigating the accuracy and 

coverage of its Product Tracking and Reporting (PTR) data system for the 

measurement of the volume of delivered parcels and accountables:6 

Product Tracking and Reporting (PTR) is the database that 
stores tracking scan data for all barcoded packages and 
extra services products. The scan events take place from 
acceptance all the way to delivery. The tracking information 
comes from business mailer's files, handheld scanners, retail 
equipment, mail processing equipment, and several other 
Postal systems 

 
 The Postal Service also researched the process required for combining the PTR 

volume data with street hour data from TACS.  It successfully developed an algorithm 

 
5 See, Order No. 4869, Interim Order, Docket No. PI2017-1 November 2, 2018 at 16. 
 
6 See, https://postalpro.usps.com/product-tracking-and-reporting. 
   

https://postalpro.usps.com/product-tracking-and-reporting
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for matching the data from the different systems and the Commission approved the 

algorithm in Docket No. RM2019-6:7 

The Commission finds that the Postal Service thoroughly 
examines data from multiple databases during the 
complicated matching and linking process. Id. at 17-26. 
Based on the review of the methodology that the Postal 
Service applies to match and link data from TACS and PTR, 
the Commission concludes that this methodology satisfies 
the best practices in data analysis and the resulting dataset 
is reliable. 

 

 Using this algorithm, the Postal Service was able to produce a data set for city 

carrier street time that included street hours, letter and flat volumes and parcel and 

accountable volumes in response to Commission Order 4869.8  The Postal Service’s 

city carrier operational data systems do not measure the mail collected by carriers from 

customers’ receptacles.  Because carriers collect mail from customers’ receptacles 

during the regular delivery process, the volumes of this type of collected mail have been 

included in previous analyses of city carrier street time, and a measure of this type of 

volume is required for estimating a unified, top-down, model.  To obtain the required 

data, the Postal Service investigated alternative data collection methods that would 

 
7 See, Order No. 5405, Order on Analytical Principles Used in Periodic Reporting 
Proposal One), Docket No. RM2019-6, January 14, 2020, at 16. 
 
8 See, First Status Report of The United States Postal Service in Response to Order No. 
4869, April 19, 2019, Second Status Report of The United States Postal Service in 
Response to Order No. 4869, July 31, 2019, Third Status Report of The United States 
Postal Service in Response to Order No. 4869, October 24, 2019, Fourth Status Report 
of The United States Postal Service in Response to Order No. 4869, January 22, 2020, 
and Fifth Status Report of The United States Postal Service in Response to Order No. 
4869, February 27, 2020. 
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produce the required data at an acceptable resource cost.  In January 2021, the Postal 

Service launched a collection volume study making use of the carriers’ handheld 

scanners to produce a measure of the last type of volume required for estimating a top-

down model.  With this effort, the Postal Service produced a set of data that could 

support a reliable estimation of street time variabilities using a top-down model. 

 The production of the initial delivery and collection data sets was just the 

beginning of the required efforts for producing a top-down model that can be used to 

estimate city carrier street time variabilities.  The collected data must be carefully 

reviewed and evaluated, the delivery and collection data sets must be combined, data 

must be collected on possible characteristic variables that can control for non-volume 

related variations in street hours across ZIP Codes, a model for estimation must be 

specified, an econometric technique or techniques must be chosen and applied, the 

results must be evaluated, the appropriate model must be chosen so that the results 

comport with actual operational practice and reflect acceptable econometric practice, 

and the impact of the new variabilities on attributable costs must be calculated.  The 

balance of this report presents and discusses each of these steps. 
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II. IDENTIFY DATA SOURCES AND CONSTRUCT THE ANALYSIS DATA SET 

 The top-down model, by its nature, covers all street time activity.  Thus, the 

dependent variable in a top-down equation should include all street time.  The right-

hand-side variables should include the volumes that are collected and delivered, and 

any available variables that help describe non-volume related variations in hours across 

ZIP Codes. 

 Most of the data required for estimating a top-down street time model are 

available from the Postal Service’s city-carrier-related operational data sources.  Other 

required data are obtained from the collection volume study and non-postal 

governmental sources.  The raw data used to produce the analysis data set are 

organized into three data sets, a “delivery” data set, a “collection” data set, and “non-

Postal” data set.  Each of these data sets is presented, discussed, and evaluated in this 

section of the report.  In addition, the method for, and results of, combining the three 

data sets are presented and discussed. 

A. The Delivery Data Set  

 The delivery data were obtained from Postal Service carrier operations data 

sources.  A sample of 1,100 ZIP Codes was selected and data were extracted for one 

week for each month of 2019.9  In order to construct the sample, both the specific ZIP 

 
9 Because of the COVID-19 pandemic, the monthly 2020 volume and street hour data 
are distorted and do not reflect ongoing operational practice. During much of the year, 
the Postal Service was not able to follow normal street time procedures. Consequently, 
data from 2019 remain the most relevant to estimate the variabilities of street time. 
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Codes and specific weeks had to be identified.  The individual weeks were randomly 

selected from among those weeks that did not include a delivery holiday:10 

Two samples must be selected to provide the directed 
dataset – first, the weeks of the month, and second, the ZIP 
codes. To choose the weeks of each month, each regular 
week is assigned an index and a random number generator 
selects the index of the week for that month. A week, 
beginning on a Saturday, is considered to belong to a month 
when four or more days fall in that month. However, per 
Order No. 4869, weeks containing holidays are not eligible 
for selection, and those dates are removed from 
consideration prior to indexing. Following these restrictions, 
there are anywhere from two (November) to five (April) 
available weeks each month of the 12 consecutive months of 
calendar year 2019. 
 

 The ZIP Codes were selected from a sampling frame of all ZIP Codes reporting 

in DOIS during fiscal year 2018.11  The sample of ZIP Codes was stratified to account 

for differences between FSS and non-FSS ZIP Codes:12 

Upon investigation the Postal Service determined that the 
main differentiating factor of City Carrier Street time costs is 
indeed ZIP codes that receive FSS Processing, which was 
one of the two stratification criteria identified in the First 
Status Report. The second potential stratification criteria 
identified in that Report, the Accountable time per ZIP code, 
appears to merely conflate the strata definitions and to result 
in an unreliable dataset for analysis. FSS ZIP codes overall 
have a higher number of routes, hours, mail volumes, and 
therefore likely have higher Accountable mail volume. As 
such, the Postal Service reduced the number of strata from 

 
10 See, First Status Report of The United States Postal Service In Response To Order 
No. 4869, Docket No. PI2017-1, April 19, 2019, at 1. 
 
11 Id. at 2. 
 
12 See, Second Status Report of The United States Postal Service In Response To 
Order No. 4869, Docket No. PI2017-1, July 31, 2019, at 3. 
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four to two, zones that receive FSS processing and those 
that do not, and selected a new sample accordingly. 
 

 The data in the delivery data set comes from four different sources.13  Total street 

hours and the letter and flat volumes delivered for each day for each ZIP Code were 

obtained from the Delivery Operations Information System (DOIS).  Volumes for in-

receptacle parcels, deviation parcels, and accountables for each delivery day, for each 

ZIP Code, were obtained from the Product Tracking and Reporting (PTR) system.14  

Data on the number and types of routes and delivery points included in each ZIP Code 

were obtained from the Address Management System (AMS) and data on the number 

of non-customer collection points, like street letter boxes were obtained from the 

Collection Point Management System (CPMS).  

 The AMS data report network-defining variables that change little, if at all, across 

the months of the year for each ZIP Code.  Variables like the number of delivery points 

or routes, by type, are essentially cross-sectional variables and there are no reporting 

problems for this type of variable.  The number of general collection points in a ZIP 

Code, obtained from CPMS is also a cross-sectional variable as the number does not 

vary across the year.  Review of the CPMS counts revealed that just 40 of the 1,100 ZIP 

 
13 A complete data dictionary describing the sources for each variable in the data set 
was provided in Docket No. PI2017-1. It is also included in the Preface to USPS-
RM2022-3-NP1. 
 
14 In-receptacle parcels are defined as those parcels characterized by delivery to “In/At 
Mailbox”.  All other pieces are deviation parcels. Note that the parcel and accountable 
volumes are appropriately restricted to just those parcels and accountables delivered on 
letter routes, excluding those delivered on Special Purpose Routes. 
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Codes in the sample did not have a recorded number of collection points.  The value for 

collection points in these ZIP Codes was set to zero. 

 Any data reporting issues or data errors that might occur over the year of the 

sample will be contained in the variables from DOIS and PTR that measure either 

volumes or street hours.  These variables can vary considerably through time, and need 

to be carefully examined to see if the sample ZIP Codes consistently report their data.   

The raw delivery data set includes 79,183 ZIP Day observations on 1,100 ZIP 

Codes.  A first consideration is the frequency of reporting data for each of the ZIP 

Codes included in the sample.  The months of January through September each have a 

total of 6,600 observations, meaning all ZIP Codes are reporting data for each day of 

the sample.  However, October has only 6,595 observations, and November and 

December each have only 6,594 observations.  Fortunately, only one ZIP Code is 

responsible for the drop off in observations.15  It reports a single October observation 

and no observations in November and December.  Because it did not report a complete 

set of data for all months, and because of the large number of ZIP Codes in the data 

set, this ZIP Code was dropped from the delivery data set.   

Further investigation of reporting patterns revealed that another ZIP Code 

reported positive street hours, but no DOIS volumes for three consecutive days.16  DOIS 

volumes include DPS letters, cased mail, sequenced mail and FSS mail.  Because the 

 
15 The specific ZIP Code is identified in the non-public folder entitled USPS-RM2022-3-
NP1 
16 This specific ZIP Code is also identified in the non-public folder entitled USPS-
RM2022-3-NP1. 
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ZIP Code in question is a large ZIP Code with many routes, it is not feasible that it 

would actually have no DOIS volumes for multiple consecutive days and such a 

reporting omission is a sign of data quality issues for the ZIP Code.  Accordingly, this 

ZIP Code was also dropped from the analysis data set. 

The raw data were also reviewed for ZIP Code days for which volumes were 

reported, but zero street hours were recorded.  There are 312 such ZIP Code days, 

which occurred in 57 different ZIP Codes.  The fact that there are more ZIP Code days, 

than ZIP Codes, with this data reporting pattern means that some ZIP Codes have 

multiple days of this rare occurrence.  Figure 1 demonstrates that most ZIP Codes with 

positive volumes and zero reported street hours experienced only a small number of 

such days, but there are a few ZIP Codes where missing street hours was a more 

regular occurrence.  While there may be valid reasons, such as a weather-related 

delivery cessation, for why a ZIP Code may have a small number of days without 

reported street hours, when this pattern occurs with more regularity, it indicates a data 

reporting problem regarding the affected ZIP Code.   
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      Source: Frequency of Days with Zero Hours and Positive Volume.xlsx 

 

Review of the patterns of occurrence by individual ZIP Codes, and discussions 

with Postal Service operations experts, led to a determination that any ZIP Code that 

had more than eight days with positive volumes and zero street hours should be 

eliminated from the data set.  Applying this standard eliminated 13 ZIP Codes which 

averaged just over 16 days with positive volume and zero street hours.  As Table 1 

indicates, the eliminated ZIP Codes are very small as they were all just one-route ZIP 

Codes. 
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Table 1: Average Characteristics of ZIP Code Dropped 
for Many Days With Zero Recorded Street Hours 

Variable Mean 

No. of Routes 1.0 

Street Hours 3.9 

No. of Delivery Points 655.9 

DPS Pieces 849.4 

Parcels 57.6 
            Source: Create Full Panel Data Set.sas 

 

With these eliminations, the delivery dataset now has 78,120 observations 

covering 1,085 ZIP Codes.  But, identification and elimination of the ZIP Codes with 

many days of positive volumes and zero street hours does not end the careful analysis 

of potential data problems associated with ZIP Codes with zero street hours.  In what 

follows, all such observations will be reviewed for determination of eligibility in the final 

analysis data set. 

As with any operational data set over the course of a year, there are likely to be a 

small number of daily observations that reflect actual disruptions and/or potential data 

failures.  The delivery data set has three types of data that vary through time: street 

hours, DOIS volumes, and PTR volumes.  Potential data issues can arise from any of 

these three sources. A review of the remaining 78,120 observations in the delivery data 

set revealed that there were only 9 ZIP Code days reporting zero DOIS volumes.  A 

report of zero DOIS volume requires a ZIP Code to simultaneously report zero volumes 

for DPS letters, cased letters, cased flats, sequenced, and FSS mail, which seems quite 
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unusual.  In addition, the review identified 294 ZIP Code days with missing PTR 

volumes.  This includes missing volumes for both in receptacle parcels and deviation 

parcels.  Finally, the review indicated that there were just 112 ZIP Code days with zero 

street hours reported.  However, it is incorrect to simply add up these identified 

observations to produce a full list of potential data problems because such a list could 

include double counting.  Double counting could arise because there is the possibility 

that more than one of these conditions could occur on a given ZIP Code day. 

Any individual ZIP Code, on a given day, could fail to report data for one, two or 

three of these categories.  To ensure accurate representation of potential data issues, I 

thus investigated all possible combinations of data reporting across street hours, DOIS 

volumes, and PTR volumes.  Table 2 presents the eight possible combinations of 

reporting patterns across the three categories, along with the number of ZIP Code day 

observations that fell into each category.  First, and most importantly, 99.6 percent of 

the observations reported valid data from all three sources, reflecting the high degree of 

reporting accuracy in the underlying operational data systems.  Next, three of the 

possible combinations of reporting patterns did not have any observations incurring in 

that pattern.17  As a result, only a very small proportion of ZIP Code days had possible 

reporting problems (334 out of 78,048), and each of the affected ZIP Code days was 

individual reviewed to assess the validity of the reporting. 

 

 
17 For example, there were no ZIP Code days with zero street hours reported, zero 
DOIS volume reported but positive PTR volumes reported. 
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Source: Identify Delivery ZIPs with Data Issues.sas 

 

Care must be taken in interpreting the potentially anomalous observations. 

Simply because an observation does not report all three types of data on a specific day 

does not necessarily mean it is an erroneous data point.  For example, if a one-route 

ZIP Code delivered no parcels on a given day, then its PTR count would be missing, 

because there is not a mechanism in that data system to report zero PTR volumes.  A 

PTR scan occurs only when a package is delivered, so if no parcels are delivered on a 

given day, there will be no scans and there will be no PTR scan volumes for that day.  

So, a missing value for PTR volumes is not necessarily erroneous, it could just indicate 

that a small ZIP Code did not deliver any parcels or accountables on that day.   

Alternatively, there could be a weather event that keeps a particular delivery unit 

from receiving or delivering any mail on a given day.  Zero recorded DOIS volumes 

could actually be correct for that day.  Because of these possibilities, each one of the 

348 observations with potential reporting issues was individually reviewed and 

Table 2 The Distribution of Data Reporting Across Observations  
 

 

Non-Zero 
Street 

Hours? 

Non-Zero 
DOIS 

Volume? 

Reported 
PTR 

Volume? # of Obs. 
Proportion 

of Obs. 

  Yes Yes Yes 77,714 99.6% 

Case 1 No No No 9 0.01% 

  No No Yes 0 0.00% 

Case 2 No Yes No 44 0.06% 

  Yes No No 0 0.00% 

Case 3 No Yes Yes 51 0.07% 

  Yes No Yes 0 0.00% 

Case 4 Yes Yes No 230 0.30% 
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evaluated.  As Table 2 indicates, there were four different cases of possible reporting 

problems.  Each of these cases is discussed below. 

Case 1: Zero Street Hours, Zero DOIS Volume, No PTR Volume Reported 

There are nine observations with zero street hours, DOIS volumes equal to zero, 

and no reported PTR volumes.  All nine occurred on one day, July 13, 2019, and all are 

for 5-digit ZIP Codes with the first three digits that range between 700 and 708.  All of 

these ZIP Codes are in the New Orleans area.  Review of the weather history for July 

13, 2019 for New Orleans demonstrated that all these observations are legitimate “zero” 

ZIP Code days, as they were caused by a severe weather event.  On that day, 

Hurricane Barry affected the ZIP Codes in the New Orleans area, so no delivery took 

place and zero values for volumes and street hours are legitimate.18  These 

observations were included in the data set. 

Case 2: Zero Street Hours, Non-Zero DOIS Volume, No PTR Volume Reported 

There are 44 ZIP Code Days with no PTR volumes reported and zero street 

hours reported, but non-zero reported DOIS volumes.  These ZIP Code days come from 

21 different ZIP Codes.  Five of them occurred during severe weather events (Hurricane 

Barry – New Orleans or Tropical Storm Imelda – Houston), and, as a result, the 

impacted ZIP Codes reported almost no DOIS data.  The small amounts of reported 

DOIS volumes do not affect the fact that these are legitimate zero volume and hours 

days and they were included in the data set.19 

 
18 Recall that that the PTR system does not permit the entry of zero volumes. Thus, for 
these observations, the PTR volumes were set equal to zero. 
 
19 As before, PTR volumes are equal to zero instead of being missing observations. 
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Table 3:  ZIP Codes Impacted by A Severe Weather Event 

Location DATE 
Street 
Hours 

PTR 
Volume 

DOIS 
Volume 

# of 
Routes 

Delivery 
Points 

Volume 
Per 

Delivery 
Point 

New 
Orleans 

7/13/2019 0 . 301 16 10189 0.0295 

New 
Orleans 

7/13/2019 0 . 33 9 5233 0.0063 

New 
Orleans 

7/13/2019 0 . 3 3 2162 0.0014 

Houston 9/21/2019 0 . 28 3 1778 0.0157 

Houston 9/21/2019 0 . 108 19 13858 0.0078 

Source: Identify Delivery ZIPs with Data Issues.sas 

  

The other 39 ZIP Code day observations in Case 2 have no obvious explanations 

and they appear to be the result of data reporting problems.  Because these ZIP Code 

days have reporting problems with both street hours and PTR volumes there is a valid 

concern about their legitimacy.  Problems with reporting from more than one data 

source suggests material data reporting concerns, and the affected ZIP Codes were 

deleted from the dataset. 

Case 3: Zero Street Hours, Non-Zero DOIS Volume, Non-Zero PTR Volume 

There are 51 ZIP Code days for which both DOIS and PTR volumes are positive 

but reported street hours are equal to zero.  These days occur in 27 different ZIP 

Codes.  This pattern of reporting occurs mostly in small ZIP Codes, as 76.5 percent of 

the ZIP Codes where this occurs are ZIP Codes with only one route.  Only 4 of the 51 

ZIPs have more than two routes. 
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Two of the 51 ZIP Code days (one in each of two affected ZIP Codes) appear to 

be legitimate observations for zero hours.  They occurred on Sept. 21, 2019 in Houston, 

TX and were impacted by Tropical Storm Imelda.  The affected ZIP Codes report no 

DPS volumes and very limited cased volumes.  These appear to be legitimate 

observations and will be retained.  Five of ZIP Codes included in Case 3 were already 

eliminated in Case 2, for having days with simultaneous zero street hours and missing 

PTR volumes.  Their appearance also as Case 3 ZIPs reinforces the previous 

determination that they be dropped for data reporting issues.  

This leaves 20 ZIP Codes to be further evaluated in Case 3.  Of those 20 ZIP 

Codes, 13 have missing street hours for just one day and 3 have missing street hours 

for just 2 of the 72 days.  The remaining 4 ZIP Codes have missing street hours for 3 or 

more days.  Review of those 4 ZIPs with many days with missing street hours 

suggested that they suffer from ongoing data reporting problems and they should be 

dropped.  In contrast, the other 16 ZIP Code days appear to be one-offs and the 

associated ZIP Codes almost always report valid data.  This makes these ZIP Codes 

potential candidates for imputation of the missing street hours in order to preserve a 

complete set of 72 reporting days for the ZIP.  Such an effort would require imputation 

of street hours for just 19 days, but would preserve complete representation for 1,152 

ZIP Code days.  Consequently, I investigated the possibility of imputing street hours for 

the remaining 19 ZIP Code days with missing street hours. 

In considering imputation, it is useful to be aware that there are alternative 

imputation methods available, and to investigate which method is the best way to use 

the information from the remaining 1,133 days from the target ZIP Codes to impute 
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values for street hours for the missing 19 days.  Ideally, the imputation process would 

best represent the amount of street hours expected to occur on the missing ZIP Code 

day.  To that end, I considered several options.  First, one could use the overall average 

of street hours from the valid 1,133 days.  This approach would be appropriate if there is 

little variation in street hours across ZIP Codes, or through time, as it would provide 

many observations to form the imputed values.  However, homogeneity across ZIP 

Codes and time does not hold.  ZIP Codes vary considerably in size, ranging from 

having just one route to having over thirty routes.  Because of this variation, it is not 

appropriate to use the overall average across all ZIP Codes to form imputed values, and 

instead one should use a ZIP Code’s own street hours from its own, non-missing days 

to impute the values for missing days.   

Because of the panel nature of the data, another set of alternatives can be 

considered, which accounts for potential street hour variations through time.  First, one 

could use the average of the other 5 days from the week in the month in which the 

missing street hours day occurred.  This would be appropriate if there are large 

variations in street hours from month to month, because it would only use observations 

from the relevant month.  Second, one could use the average of the same day of the 

week on which the missing day occurred, across the other eleven months of the year.  

This would be appropriate if there are material day of week variations (e.g., Mondays 

are heavy days and Saturdays are light days) because it would only use observations 

from the appropriate day of week. 

In order to make this choice, I examined the variations in street hours across 

both the days of the week and across the months of the year.  If one of these two 
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sources of time variation is larger, then it would be more accurate to use a method of 

imputation that accounts for that variation.  In other words, if there are large variations in 

street hours across days of the week, then it would be inappropriate to use the average 

of the other five days from the week in which the missing ZIP Code day occurs, 

because one would be relying on data from days that do not reflect what happens on 

that day of the week.  In this instance, it would be appropriate to use the average from 

the eleven other days of the week from the other months.   

To assess the day-of-week variation, I calculated the average values for street 

hours for each day of the week, and compared those daily averages with the overall 

average for all days.  This comparison produces the percentage deviations of each day 

of the week’s hours from the overall mean hours.  Figure 2 provides the results for the 

six different delivery days and it exhibits substantial variation across those days.  

Monday’s street hours are about 5 percent higher than the average daily street hours, 

and Saturday’s street hours, as expected, are about 5 percent lower. 
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This day-to-day variation can be compared with a similar calculation of the 

variation in street hours across the months of the year.  Figure 3 presents the results of 

that comparison and illustrates that there is much smaller month-to-month variation than 

there is day-to-day variation.  While December has higher street hours, the other 

months of the year exhibit modest variation.  This difference in the pattern of variation 

suggests that accounting for day of week variation is more important in constructing 

accurate imputed values.  But, the 8.3 percent deviation for December days is too large 

to ignore in the imputation.  Thus, a combination of the two variations will be applied in 

the forming imputed values.  
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the week, for the other eleven months.  For December, the same average will be found 

but it will be multiplied by December’s positive deviation in street hours of 8.3 percent to 

account for the seasonal peak in street hours. More formally, the formulas for computing 

the imputed street hour values (𝑆�̂�𝑖𝑘)  are given by: 

 

𝐼𝑓 𝑀𝑜𝑛𝑡ℎ  =      

{
 
 

 
 𝐽𝑎𝑛.−𝑁𝑜𝑣. 𝑡ℎ𝑒𝑛 𝑆�̂�𝑖𝑘 = 

∑ 𝑆𝐻𝑖𝑗𝑗≠𝑘

11

𝐷𝑒𝑐. 𝑡ℎ𝑒𝑛 𝑆�̂�𝑖𝑘 = 1.083 ∗ (
∑ 𝑆𝐻𝑖𝑗𝑗≠𝑘

11
)

 

 

  where:   𝑖 = 𝑀, 𝑇 .  .  . 𝑆,   𝑗 = 𝐽, 𝐹,𝑀, …𝐷,   𝑘 = 𝐽, 𝐹,𝑀,…𝐷. 

 

In sum, there were 27 ZIP Codes in Case 3 with at least one day reporting zero 

street hours, while having positive DOIS and PTR volumes.  Five of those ZIPs were 

previously eliminated in Case 2, so their presence in Case 3 simply reinforces that 

determination.  Two of the ZIP Codes were identified as suffering under a severe 

weather condition that precluded delivery, leading to a legitimate value of zero street 

hours.  Four ZIP Codes were eliminated for having multiple days with zero street hours, 

and imputations were done for the remaining 16 ZIP Codes (for a total of 19 ZIP Code 

days) to preserve their full set of observations. 

Case 4:  Non-Zero Street Hours, Non-Zero DOIS Volume, Missing PTR Volumes 

There are 230 ZIP Code days for which PTR volumes are missing, but DOIS 

volumes are reported and street hours are greater than zero.  These days occur in 55 

different ZIP Codes.  However, 119 of the 236 ZIP Code days and 21 of the ZIP Codes 

are already eliminated in previous cases, so there are only 111 ZIP Code days and 34 
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ZIPs to analyze in Case 4. For most ZIP Codes with missing PTR occurrences, it is a 

rare event.  Only a small number of ZIP Codes have many days with missing PTR 

volumes.  In fact, there is a clear demarcation between the several ZIP Codes that have 

just a few days of missing PTR volume (3 or less days) and the small number of ZIP 

Codes that have many days of missing PTR volume (4 or greater.)  This is illustrated in 

Figure 4.  

 

 

 

 

 

 

 

 

 

  Source: Days with No PTR Volume Across ZIPs.xlsx 

 

This demarcation implies that imputing PTR volumes for a relatively small 

number of ZIP Code days would preserve a full year’s worth of data for a number of ZIP 

Codes.  Imputing PTR volumes for those ZIP Codes with 3 or less days of missing data 

would involve just 42 ZIP Code days with imputed volume, at 26 different ZIP Codes 

and this effort would be appropriate.  On the flip side, dropping those ZIP Codes with 4 

or more days of missing PTR volume mean eliminating only 8 ZIP Codes in Case 4.   
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Imputation of missing PTR volume ZIP Code days should follow the same 

guidelines as the imputation of street hours discussed above.  The method of imputation 

should reflect the variation in PTR volumes across days of the week and months of the 

year. 

Figure 5 shows that PTR volumes show even more day-of-week variations than 

do street hours.  Mondays are particularly high-volume days for both in-receptacle and 

deviation parcels while Tuesdays are very low volume days for both types of parcels.  

Saturday also shows a decline for deviation parcels.  These data demonstrate that there 

are important day-of-week variations in parcel volumes that should be incorporated in 

the imputation method. 

 

         

Source: Investigating Time Variation.xls 
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volume spike in December.  Accordingly, the imputation method should also account for 

the December volume surge.  Any December imputations for in-receptacle parcels will 

be increased by the 46 percent increase that December in-receptacle parcels have over 

the average volume.  Similarly, any December imputations for deviation parcels will be 

increased by the 60 percent volume increase over average.  Accountable volumes do 

not have a December peak and no December adjustment should be made for this 

volume type. 

 

  Source: Investigating Time Variation.xls 
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The imputation method for PTR volumes will thus be primarily based upon the 

day of the week for which the volume is missing.  For accountables, the imputed value 

will be the average of the other eleven days of the year for that day of the week.  For in-

receptacle and deviation parcels, the accountable imputation method will be modified to 

include the above-mentioned deviations in parcel volumes in December as was done for 

street hours.  For example, the following formula presents the imputation method for in-

receptacle parcels: 

 

 

𝐼𝑓 𝑀𝑜𝑛𝑡ℎ  =      

{
 
 

 
 𝐽𝑎𝑛. −𝑁𝑜𝑣. 𝑡ℎ𝑒𝑛 𝐼𝑅�̂�𝑖𝑘 =  

∑ 𝐼𝑅𝑃𝑖𝑗𝑗≠𝑘

11

𝐷𝑒𝑐. 𝑡ℎ𝑒𝑛 𝐼𝑅�̂�𝑖𝑘 = 1.46 ∗ (
∑ 𝐼𝑅𝑃𝑖𝑗𝑗≠𝑘

11
)

  

 

 

In sum, 111 ZIP Code days and 34 ZIPs were analyzed in Case 4.  Ten of those 

ZIP Codes had missing PTR volumes for many days and they were eliminated from the 

data set.  In contrast in-receptacle parcel, deviation parcel and accountable volumes 

were imputed for 42 remaining ZIP Code days that occurred in 26 different ZIP Codes. 

B. The Collection Volume Data Set 

In the course of their delivery activities, letter carriers also collect mail from 

customers’ receptacles.  The amount of volume collected is material, so it is important 
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to include some measure of this collected volume to avoid omitted variables bias.20  In 

order to have a complete set of volume variables for the top-down model, the Postal 

Service undertook a special study to measure the volume collected by letter carriers 

from customers’ receptacles on regular letter routes.  Collection points with barcodes 

from the Collection Point Management System (CPMS) like blue boxes, wall units, 

firms, or mail chutes were not included in the study.21  Carriers from over one thousand 

ZIP Codes participated in the collection volume study in a two-week period in January 

and February 2021.  During that period, carriers recorded the amount of volume they 

collected from customers’ receptacles using their Mobile Delivery Devices (MDDs),  

The initial set of ZIP Codes for the collection study matched the 1,100 ZIP Codes 

included in the data set submitted in Docket No. PI2017-1.  But MDDs are deployed by 

facility, not by ZIP Code (it is possible for an individual delivery facility to cover more 

than one ZIP), so the list of ZIP Codes had to be matched to a list of delivery facilities.  

Because the data collection effort was based upon the use of the MDDs, the study was 

carried out by facility.  In addition, not all the facilities associated with the study ZIP 

 
20 See, Report on Research into the Ability of a Top-Down Model to Accurately Estimate 
City Carrier Street Time Variabilities, Docket No. PI2017-1, August 18, 2017 at 7. 
 
21 The variability of collection from street letter boxes by SPR carriers was studied and 
approved by the Commission in Docket No RM2019-6.  Regular letter carriers collect at 
tiny amount of mail at CPMS collection points.  In the FY 2021 Annual Compliance 
Report, the proportion of time regular letter carriers spent collecting mail from regular 
street letter boxes was less than one percent at 0.003511. The proportion of time 
regular carriers spend collecting mail from Priority Mail Express street letter boxes was 
0.000005. 
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Codes had the correct MDD equipment to incorporate the software update required for 

the study, so a few potential sites had to be removed from the study. 

During the study period, over the course of their daily street time, carriers 

collected, and kept separate, the outgoing mail from customers’ receptacles.  Upon 

return to the office the carriers would use their MDDs to record the total volume of mail 

collected from customer’s receptacles.  An actual piece count was required if there was 

less than one inch of mail.  When there was more than one inch of mail, carriers had the 

option using one of two methods.22   

In the first method, called the flat tub method, outgoing mail from customers’ mail 

receptacles was placed in a flat tub and the carrier estimated the volume in the tub 

using the CPMS official flat tub conversion standards.  Those standards convert the 

number of inches of mail in the tub to letters and/or flats, depending upon the mix of 

mail.  For example, each inch of letters converts to 25 pieces.23 

In the second method, called the pincher method, the MDD scanner was used as 

an aid in measuring the amount of mail.  On the MDD there is a 1-inch separation from 

the left edge of the “5” key through the edge of the device and 2 inches from the left 

edge of the “BKSP” key through the edge of the device.  Using these distances, the 

amount of mail could be measured.  Once the mail was measured, it was converted 

using official CPMS pincher conversion standards.  Under this standard, for example, 

 
22 The complete set of instruction for the collection volume study are provided in USPS-
RM2022-3-NP1. 
 
23 The complete flat tub standards are presented in USPS-RM2022-3-NP1. 
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an inch of pinched mail coverts to 19 letters or 10 flats.24  Small parcels were manually 

counted and added to the total.  

As explained above, the data collection effort was based upon facilities, not ZIP 

Codes, and thus the raw data included volume counts from some non-city carriers.  For 

example, a specific delivery facility might include both city carriers and rural carriers. 

Because of this potential mixing, steps had to be taken to ensure that the recorded rural 

routes were excluded from the data set, leading to elimination of 2,364 irrelevant route 

days.  Similarly, the recorded Postal Service User Role Codes, from the MDDs, were 

reviewed to ensure that the recorded volumes were collected by City Carriers and not 

by Postal employees in other designations, such as supervisors or Postmasters.  

Because the dependent variable in a top-down street time model includes only city 

carrier hours, it is important the collection volumes used in estimating the model include 

only volumes collected by city carriers.  Eliminating volume collected by non-city carriers 

removed 827 irrelevant route days. 

A number of steps were taken to ensure that the resulting data set included all 

reliably collected volumes.  First, because the collection volume study relied upon 

carriers to record their own volumes there is the possibility that, on occasion, an input 

volume could be mis-recorded.  To preclude such mistakes from potentially influencing 

and distorting the collection volume data, the recorded volumes were carefully 

examined to eliminate observations that did not include appropriately recorded volumes. 

 
24 The complete CPMS pincher conversion standards are presented in USPS-RM2022-
3-NP1. 
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In the first check, the individual recorded volumes were examined to identify and 

remove recorded volumes that did not reflect actual counts.  Routes days with volume 

numbers such as 999, 9999, 5555, 1234, 2222, 7777, 1111, 3333, 4444, 6666, or 8888 

recorded on any day were investigated.  There were 166 routes identified with this type 

of reported volume number. 

Each of those routes were examined to identify the frequency with which the 

apparently illegitimate numbers were reported.  When there were more than two such 

numbers occurring over the 12 days for which data were recorded then at least 25 

percent of reported volumes were illegitimate.  Such a high rate of unreliable reporting 

called into the question the accuracy of the reporting for all days, and the route was 

dropped from the study.  This led to the elimination of 63 routes.  However, when 

illegitimate volumes were recorded for just one or two days on a route, then the data 

recorded on that route for the other 10 or 11 days were examined.  If there were less 

than 5 of those other days with non-zero volume, then the remaining data were not 

sufficient to form the basis for calculating a replacement for the illegitimate days, and 

the route was removed from the data set.  This process eliminated another 41 routes. 

On the other hand, when there were 5 or more days with non-zero volumes, the 

average value for the legitimate days was calculated and used in place of the 

illegitimately reported volumes.  This replacement occurred for 62 routes and 82 

different route days. 

Next, Postal Service city carrier operations experts were consulted to determine 

the realistic upper bound on the amount of collection mail a city carrier would obtain on 
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a given day.  An upper limit of 400 pieces was determined and any route-day recording 

more than 400 collection pieces was considered invalid and eliminated.  

The process of validating the recorded volumes produced an initial data set of 

13,000 ZIP Code days.  This validation process ensured that the reported collection 

volumes were valid but did not investigate the patterns of reporting or investigate 

potential data anomalies.  To investigate those issues, a careful review of the raw 

13,000 ZIP Code days was performed.  First, the data from each participating ZIP Code 

were reviewed to determine if the ZIP Code participated on all 12 days of the study.  

Nearly all did, as 99 percent of the ZIP Codes reported on all 12 days of the study.  Only 

13 did not report on all days.  Because those ZIP Codes were not full participators in the 

study, they are eliminated from the analysis dataset.  All thirteen of those ZIP Codes are 

one-route ZIP Codes. 

Table 4: Participation by ZIP Codes in the 
Collection Volume Study 

# of Days 
Reporting Data 

# of ZIP Codes 
Reporting That 

Many Days Proportion 

4 1 0.1% 

7 1 0.1% 

9 2 0.2% 

10 4 0.4% 

11 5 0.5% 

12 1,073 98.8% 

                 Source: Identify CV ZIPS with Data Issues.sas 
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Another possibility that bears investigation is that a ZIP Code will participate in 

the study but will fail to submit data for the collected volumes for one or more days. 

Review of this possibility identified zero ZIP Codes that never reported any collection 

volumes.   

Additional review of the patterns of missing volumes across ZIP Code days 

revealed that many of them occurred on February 1 and February 2.  Moreover, the 

potentially problematic ZIP Code days were clustered in the northeast region of the 

country.  Review of weather records revealed that there was a large winter storm called 

a nor’easter that occurred in early February of 2021.  Known as the “Ground Hog Day 

Nor’easter,” this storm created severe blizzard conditions in the northeast U.S. and 

caused cessation of mail collection and delivery.  In some cases, no collection volume 

was reported, in some cases zero collection volume was reported and, in some cases, 

very low collection volumes were reported.  All of these outcomes are potentially 

problematic and consultation with Postal Service city carrier operations experts led to a 

standard for determining troublesome collection volume counts.  Any ZIP Code day for 

which the collection volume for the ZIP Code is less than the number of routes in the 

ZIP is considered to be a problematic observation that needs evaluation. 
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Source: Dist of ZIP Days with Missing Volume.xlsx 

The Ground Hog Day Nor’easter thus had an impact on the ability of the study to 

collect data in the northeast on the affected days.  If the collection volume study 

included both zero hours and zero volume for the affected days, then no adjustment 

would be necessary, because the zero volumes would be associated with zero street 

hours and the combined zeros for volume and hours would represent a valid data point.  

But the collection volumes from the special study will be associated with delivery 

volumes for a different year, and thus will not be associated with zero street hours.  This 

difference makes it appropriate to impute values for the affected ZIP Code days.  

Specifically, imputation was performed for all ZIP Codes in the northeast part of the 

county on February 1st and February 2nd for which the ZIP Code’s recorded collection 

volume was less than its number of routes. 

Two alternative imputation methods were considered.  First, one could use the 

average of the other non-missing days for each ZIP Code to impute the values for the 

missing days.  This would be appropriate if there were no day-of-week variations in 
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collection volume, so all other days are appropriately included in forming the average for 

the imputation.  The amount of day-of-week variation can be checked by calculating the 

total day-of-week volumes for each day of the week (for the non-affected ZIP Code 

days) and comparing those daily values to the average for all daily values.   

Figure 8 presents the result of that calculation, revealing that there are material 

differences in collection volume by day of week.  Saturday’s collection volume is 22.6 

percent below the average volume while Monday’s collection volume is 7 percent above 

the average. This suggests that it is not appropriate to use all the non-missing days to 

impute volumes for the missing days. 

 

  

  

 

 

 

 

              Source: Day of Week Collection Volume Averages.xlsx 

In addition, Figure 8 suggests that Monday collection volumes are different than 

Tuesday collection volumes.  This can be tested more formally by constructing a 

variable (x) that is the difference between Monday and Tuesday volumes for the non-
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𝑥 =  𝑉𝑀 − 𝑉𝑇. 

The null hypothesis to be tested is that there is no difference between the two 

daily volumes: 

𝐻𝑜:  𝜇0 = 0;   𝐻1:  𝜇0 ≠ 0. 

The hypothesis is tested by constructing the relevant t-statistic for the difference: 

𝑡 =   
�̅�−0

𝜎�̅�
. 

The mean difference between Monday and Tuesday collection volumes is 38.8 pieces 

per ZIP Code with a t-statistic of 6.52.  The associated probability value of less than 

0.001 indicates the collection volumes for the two days are statistically different.  This 

also invalidates the use of all other days to impute missing volumes for Mondays and 

Tuesdays.  

A second method of imputation focuses solely on using the volumes by day of 

week for other non-nor’easter weeks in the study.  Specifically, each affected ZIP 

Code’s missing volume will be replaced with the volume for the same day of the week 

from the previous week of the study.  This method accounts for the material day-of-

week differences and does a better job in replacing the missing collection volumes.  

Application of this method to the northeast ZIP Codes affected by the nor’easter 

preserved 103 ZIP Code day observations. 

There are other ZIP Code days, besides February 1st and 2nd, in ZIP Codes from 

other regions of the country, that also have missing collection volumes.  There are no 
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ready explanations for why these collection volumes are inadequate and they are likely 

to be erroneous.  This makes these ZIP Code days also candidates for imputation. 

However, because the collection study covered only two weeks, care must be taken to 

ensure that there is sufficient information to provide an accurate imputation.  To that 

end, the imputation process was limited to those ZIP Codes which have only one or two 

inadequate or missing collection volume days.   

Because imputation was done by day of week, as it was for the northeastern 

weather affected days, performing multiple imputations raises the probability that there 

will not be a reliable value for collection volume for the same day, in the other week of 

the study.  This likelihood argues for limiting the number of imputations performed to 

just one or two per ZIP Code.  In addition, the existence of multiple missing collection 

volume days raises concerns about the validity of other reported days.  For these 

reasons the imputations were limited, as described above.  Despite limiting imputation 

to those ZIP Codes with just one or two inadequate volume days, the imputation 

process provides full data for over half of the ZIP Codes that reported data issues.  This 

reflects the fact that relatively few participating ZIP Codes have multiple days with 

missing collection volume.  After the described eliminations and imputations, the 

collection volume data set is ready for integration with the delivery data and contains 

5,982 ZIP day observations at 997 ZIP Codes. 

C. Integrating the Collection and Delivery Data Sets 

 The top-down model takes a single equation approach to measuring the volume 

variable portion of city carrier street time.  This means that the equation includes, as 

right-hand-side variables, both volumes delivered and volumes collected.  As explained 
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above, delivery volumes were obtained from the Postal Service’s delivery operations 

data systems, but volumes collected directly from customers were not available and a 

special study was required to obtain those volumes.   

Launching of such a special study in a cost-effective way depended upon 

development of handheld scanner capabilities and the cooperation of Postal Service 

field employees.  Development and testing of the software used in the special study 

also took time, so the collection study was not launched until January 25, 2021 and ran 

for two weeks, concluding on February 6, 2021.  In accordance with Order No. 4869 in 

Docket No. PI2017-1, the delivery volume (and street hour) data were collected for one 

week from each month in 2019.25   

 Because the frequency of the two data sets are different, integration of delivery 

and collection data is not straightforward.   The delivery data are from one week per 

month for each month in the year, whereas the collection data set is from a two-week 

study from a single two-month period.  Fortunately, the collection volume study was 

designed to cover the same ZIP Codes for which delivery volumes were obtained, which 

makes matching by ZIP Code possible.  Given that the collection data does not come 

from the full year, it is not possible to incorporate seasonal variation in this type of 

volume. 

That being the case, the most important sources of variation in the data are 

across ZIP Codes and across days of the week.  There are small and large ZIP Codes 

 
25 See, Order No. 4869, Interim Order, Docket No. PI2017-1 November 2, 2018 at 16. 
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included in the sample, suggesting a material variation in the amount of mail collected 

by ZIP.  In addition, as demonstrated above, there is substantial variation in the mail 

collected by day of week.  The method of integration thus incorporates these two 

sources of variation. 

 That method has four steps.  In the first step, a day of week value was assigned 

to each ZIP Day observation in the collection data set.  For example, January 25, 2021 

was a Monday and all collection volume observations for that day, across all ZIP Codes, 

would get a Monday designation.  Next, for each ZIP Code, the average value for 

collection volume for each of the six delivery days of the week, across the two weeks, 

was calculated separately.  In the third step, a day-of-week designation was assigned to 

each ZIP Code day in the delivery data set.  In the last step, the delivery and collection 

data sets were integrated by combining them by individual ZIP Code and individual day 

of the week.  This means that collection volumes vary across ZIP Codes and days of 

the week, but for each day of the week, for each ZIP Code, the collection volume 

amount will be the same across all months.  

 Figure 9 illustrates the elimination and imputation steps for both the delivery and 

collection data sets, as well as the results of combining them.  The final delivery data 

set has 75,888 ZIP Day observations from 1,054 ZIPs.  The collection data set, since it 

is only from one month, has fewer observations, 5,982 observations from 997 different 

ZIP Codes. 
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Source: Author’s Calculations from Various Programs 

 

In the process of matching the two data sets, there were 79 ZIP Codes that were 

in the final delivery data set, but not in the final collection data set and 22 observations 

that were in the final collection data set but not in the final delivery data set.  As a result, 

92.5 percent of delivery data ZIP Codes were matched, and 97.8 percent of the 

collection data ZIP Codes were matched.  Table 5 enumerates the reasons that ZIP 

Codes in the delivery data set were not matched in the collection data set.  The vast 

majority of cases arose because the ZIP Code in question did not report collection 

volumes for a sufficient number of days. 

3

(Impute Volumes for ZIPS with 1 or 2 
Days of Missing Volume)

Delivery Data
1,082 ZIPS

77,904 ZIP Days

Collection Data
1,086 ZIPS

13,000 ZIP Days

Drop ZIPs Reporting < 12 Days

Drop ZIPs Reporting More than 2 
Days of Missing Volumes
997 ZIPs ,11,964 ZIP Day

Find Avg. Volumes by Day of Week
997 ZIPs & 5,982 ZIP Days

70.200
975

132
22

5,688
79

Delete ZIPs with Both Missing PTR 
Volumes and Zero Hours

(Impute Hours for ZIPS with 1 - 2 days 
of Zero Street Hours)

(Impute Volumes for ZIPS with 1 - 3  
Days of Missing PTR)

Delete ZIPs with > 3 Days of Missing 
PTR Volumes 

1,054 ZIPs 75,888 ZIP Days

Figure 9 
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Table 5: Reasons Why ZIP Codes Are in the Delivery Data Set 
but Not in the Collection Data Set 

Reason 
# of ZIP 
Codes 

Not in Collection Study 5 

More than 2 Days Without Collection Volume 65 

Did Not Fully Participate in Collection Study 8 

Missing Volume on Imputation Day 1 

Total 79 
                   Source: Analysis of Non Matched ZIP Codes.xlsx 

  

Table 6 lists the reasons that ZIP Codes were in the collection data set and not in the 

delivery data set.  The primary reason was that the corresponding delivery ZIP Code 

had reporting problems for PTR data and street hours. 

 

Table 6: Reasons Why ZIP Codes Are in the Collection Data 
Set but Not in the Delivery Data Set 

Reason # of ZIP Codes 

No PTR Data 6 

No PTR Data and Zero Street Hours 12 

Not In the Delivery Data Set 4 

Total 22 
                       Source: Analysis of Non Matched ZIP Codes.xlsx 

The combined collection and delivery set has 70,200 observations covering 975 

ZIP Codes. 
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D. Constructing the Non-Postal Data Set 

Two variables were obtained from non-Postal Service sources that are useful for 

describing conditions in individual ZIP Codes and potentially controlling for non-volume 

related variations in street hours across ZIP Codes.  The first variable has been used in 

previous studies of city carrier street time and is the land square miles for each ZIP 

Code.26  This variable is intended to control for the geographic area the carriers in a ZIP 

Code must cover.  Data on the square miles for 33,144 5-digit ZIP Codes in 2019, were 

obtained from the Census Bureau.  

The second variable has not been used before.  A possible source of 

heterogeneity in street hours across ZIP Codes is population density and its associated 

congestion.  More congestion in a ZIP Code could require additional time to deliver the 

mail than in another ZIP Code, with the same amount of mail, and the same number of 

delivery points.  A variable that measures that congestion provides a possible control for 

non-volume variations in street hours across ZIP Codes.  

The Economic Research Service of the Department of Agriculture classifies ZIP 

Codes according to the Rural-Urban Commuting Area (RUCA) standard.27  

The rural-urban commuting area (RUCA) codes classify U.S. 
census tracts using measures of population density, 
urbanization, and daily commuting. A second dataset applies 
2010 RUCA classifications to ZIP code areas by transferring 
RUCA values from the census tracts that comprise them. 

 
26 See, Report on The City Carrier Street Time Study, USPS-RM2015-7/1, Docket No. 
RM2015-7, December 11, 2014, at 25 or Testimony of Michael D. Bradley on Behalf of 
United States Postal Service, USPS-T-14, Docket No. R2005-1 at 31. 
 
27 See, https://www.ers.usda.gov/data-products/rural-urban-commuting-area-
codes.aspx. 
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The most recent RUCA codes are based on data from the 
2010 decennial census and the 2006-10 American 
Community Survey. The classification contains two levels. 
Whole numbers (1-10) delineate metropolitan, micropolitan, 
small town, and rural commuting areas based on the size 
and direction of the primary (largest) commuting flows. 

  

This standard classifies ZIP Codes into 10 different groups ranging from an urban core 

to a rural area.28  Those groups are defined in the following way: 

Table 7: Primary RUCA Codes 

Code Classification Description 

1 Metropolitan area core: primary flow within an urbanized area (UA) 

2 Metropolitan area high commuting: primary flow 30% or more to a UA 

3 Metropolitan area low commuting: primary flow 10% to 30% to a UA 

4 
Micropolitan area core: primary flow within an urban cluster of 10,000 to 
49,999 (large UC) 

5 Micropolitan high commuting: primary flow 30% or more to a large UC 

6 Micropolitan low commuting: primary flow 10% to 30% to a large UC 

7 
Small town core: primary flow within an urban cluster of 2,500 to 9,999 (small 
UC) 

8 Small town high commuting: primary flow 30% or more to a small UC 

9 Small town low commuting: primary flow 10% to 30% to a small UC 

10 Rural areas: primary flow to a tract outside a UA or UC 

Source: https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/documentation/ 

 
28 Id.  
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RUCA Classifications were obtained for over 41,000 5-digit ZIP Codes.  The 

square miles variable and the RUCA variable were combined into a single data set   

E. Combining the Non-Postal Data with the Postal Service Data Sets 

The last step in constructing the analysis data set was to combine the data from 

non-Postal sources with the combined delivery and collection data set.  Merging the two 

data sets provided a final analysis data set with 70,056 ZIP Day observations covering 

973 ZIP Codes.  Two ZIP Codes in the Postal Service data set are not included in the 

Census Bureau file of square miles by ZIP Code. 
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III. ECONOMETRIC PRELIMINARIES 
 
 Prior to estimation of a top-down street time model, a set of preliminary 

econometric issues should be addressed.  Good econometric practice requires 

investigation of these issues prior to producing econometric results.  The issues to be 

investigated are describing the actions or behaviors being modeled, choosing the 

variables to be included in the model, selecting a functional form, and anticipating any 

estimation issues that are known from previous research or arising from the nature of 

the data being used.  Each one of these issues is discussed in the following sub-

sections. 

A. Describing the Behavior Being Modeled 
 
 The top-down approach to estimating street time variabilities examines street 

time, in its entirety, in a single equation.  Previous studies of street time variabilities first 

segregated street time into different components and separately analyzed each one.29   

During much of the PRA era, the street time costing 
methodology was based on a series of special studies. 
These studies relied on a fragmented collection of 
cross-sectional data sets, which were collected at different 
times, with different sample designs and analytic methods.   
 

Initially, the econometric analysis of street time was highly fragmented, with 

street time broken into specific activities like accessing delivery points from the primary 

line of travel, or inserting mail into a receptacle at the point of delivery, or traveling along 

 

29 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic 
Reporting (Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at Appendix 
C, 1 of 4.  
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the primary route.  The fragmented approach was found to have serious drawbacks and 

as research on city carrier street time progressed, the subsequent analyses were more 

aggregated, employing a smaller number of econometric equations to look at relatively 

large blocks of time.30 

 In Docket No. RM2015-,7 and then again in Docket No. PI2017-1, the 

Commission expressed interest in investigation of the feasibility of using a single 

equation to model all street time.  Among other things, this approach implicitly allows for 

all interactions among the different streams of mail that are collected and delivered by 

city carriers, ensuring no resulting economies or diseconomies are left out:31 

[The top-down] approach holds the potential to remedy many 
of the measurement problems that arise from the use of 
separate models for parcel delivery. However, available data 
are not sufficient to develop reliable estimates of variability 
using this approach. To improve the quality, accuracy, and 
completeness of the data used to attribute city carrier street 
time costs, the Commission directs the Postal Service to 
collect the information needed to determine whether a single 
model could produce improved estimates of variability. 

   

Because the top-down model incorporates all activities, the estimated variabilities 

must be interpreted in this light.  For example, to the extent the top-down model 

includes non-volume related activities such as fixed route time, the estimated 

variabilities should be lower than those which were estimated more directly on smaller 

time pools, that capture primarily volume-related time. (e.g., parcel delivery equations).  

The size of the cost pool (in terms of the total time being analyzed) in the top-down 

 
30 Id., at 8. 
 
31 Id., at 65. 
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model can be much larger than previous activity-specific cost pools.  For example, 

suppose that an equation is estimated separately on just parcel delivery time, and 

suppose that equation produces a variability of 30 percent.  If parcel delivery time is 

only 10 percent of total time, its corresponding variability in a top-down model would 

only be about 3 percent. 

To understand why this occurs, consider a simple numerical example.  Suppose 

that total accrued street time was 100 hours and 10 percent of that time -- 10 hours -- 

was devoted to parcel delivery.  A 30 percent variability, derived from a parcel delivery-

time-only equation, measures how quickly parcel time responds to parcel volume 

changes.  With a 30 percent variability, a 10 percent change in parcel volume would 

result in a 3 percent response in parcel time.32  Given that parcel time is 10 hours, the 

change in parcel time would cause a 3-hour change in parcel delivery time.  But that 3- 

hour change in delivery time is only a 3 percent change in total street time (3 hours 

divided by 100 hours).  So, if the parcel variability were to be estimated in a model that 

examines total street time, like a top-down model, its estimate would be only 3 percent. 

B. Choosing the Variables to Include in the Model 

 The goal of the top-down model is to estimate the variability of city carrier street 

time with respect to the various volume types collected and delivered by those carriers.  

To that end, the dependent variable in the top-down equation will be the amount of 

street time incurred by all carriers in an individual ZIP Code on a given day.  This 

 
32 To keep the arithmetic straightforward, I am assuming a constant marginal time in this 
simple example. The assumption does not affect the conclusion of the exercise. 
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structure mimics the way that city carrier street time is managed by the Postal Service 

and allows for operational realities such as pivoting and substitute carriers.   

The primary explanatory variables included in the top-down equation are the 

volumes handled by city carriers.  Previous research has demonstrated that carriers 

handle their mail in certain “bundles,” or homogenous types of mail on walking routes 

and similar trays or containers of mail on driving routes.33  These container or bundle 

types define how mail is handled on the street and include DPS mail, cased mail (letters 

and flats combined), sequenced mail, FSS mail, parcels that fit in the customers’ mail 

receptacles, parcels that require a deviation in delivery, accountables, and mail 

collected from customers’ receptacles.  The exact variables to be included are the ZIP 

Code day volume values for each of these volume types.  The operational 

appropriateness of this volume breakout is reflected by the fact that the Postal Service’s 

delivery operational data systems, DOIS and PTR collect volumes separately for each 

of these groups. 

The last group of variables included in the model attempt to account for non-

volume related differences in street hours across ZIP Codes.  These variables are 

intended to control for the fact that two ZIP Codes with similar volumes may have very 

different daily street hours.  In other words, street hours vary across ZIP Codes for 

reasons other than volume variations, depending upon the individual characteristics of 

the ZIP Codes.  These characteristic variables describe the nature or characteristics of 

delivery in each ZIP Code that can affect the time it takes a carrier to deliver and collect 

 
33 See, Report on The City Carrier Street Time Study, USPS-RM2015-7/1, Docket No. 
RM2015-7, December 11, 2014, at 26 
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a given amount of mail.  The variables that have been included in the top-down model 

are the number of delivery points in a ZIP Code, a ZIP Code’s square miles of land 

area, the proportion of business deliveries in the ZIP Code, an indicator of whether the 

ZIP Code is primarily a walking or driving ZIP Code, and the proportions of delivery 

points by type (such as door, curb, cluster box, or central deliveries).  

C.  Selecting a Functional Form 

One important aspect of specifying an econometric equation is choosing the 

functional form to be estimated.  Fortunately, in the case of city carrier delivery activities 

there is a rich history of specification analysis to rely upon.  The quadratic functional 

form has been successfully used to model carrier street time behavior in previous 

research and has been repeatedly approved by the Commission.  For example, the 

quadratic functional form was proposed by the Postal Service, and accepted by the 

Commission, for modeling carrier delivery time in Docket No. R2005-1.34  Then, in 

Docket No. RM2015-7 the Postal Service again proposed use of the quadratic form for 

estimating the variability equations for regular delivery street time, in-receptacle delivery 

street time and parcel and accountable delivery street time:35 

In the area of city carrier delivery, previous work has shown 
the quadratic functional form to be useful.12 It has been used 
by both the Postal Service and the Postal Regulatory 
Commission (Commission) to specify a number of different 
models of delivery time. The quadratic functional form also 
has the advantage of being a flexible functional form in the 
sense that it places no restrictions on the first and second 

 
34 Id., at Appendix C, Page 3 of 4. 
 
35 See, Report on The City Carrier Street Time Study, USPS-RM2015-7/1, Docket No. 
RM2015-7, December 11, 2014, at 25. 
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order derivatives. Thus it is agnostic, a priori, about the 
absence or presence of scale or network economies that 
cause the variabilities to be less than one hundred percent. 

 

While the Postal Service and United Parcel Service disagreed upon a number of issues 

in that case, they agreed on the specification of the functional form:36 

[T]he flexible quadratic form provides a significantly better 
description of the relationship between gross street time and 
the available measures of mail volume and the mail delivery 
environment than the nonlinear model presented in my initial 
report. The substantially larger estimation dataset provided 
by the Form 3999 data permits me to estimate the many 
coefficients of this model with a high degree of precision. In 
order, therefore, to provide the most accurate possible 
estimates of the relationships between mail volume and 
street time, and to eliminate a source of disagreement and 
controversy between myself and the Postal Service, I will 
use the flexible quadratic form for the remainder of my 
analysis. 

 

After due consideration, the Commission accepted the quadratic functional form 

for the street time variability equations in that docket.37  In its exploratory study of the 

top-down model, the Postal Service again employed a quadratic specification for the 

street time variability equation.38  Most recently, the Postal Service proposed the use of 

the quadratic functional form in its study of carrier time on Special Purpose Routes 

 
36 See, Supplemental Report of Kevin Neels on Behalf of United Parcel Service, Docket 
No. RM2015-7, June 8, 2015 at 26-27. 
 
37 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic 
Reporting (Proposal Thirteen), Docket No. RM2015-7, October 29, 2015, at 66. 
 
38 See, Report on Research into the Ability of a Top-Down Model to Accurately Estimate 
City Carrier Street Time Variabilities, Docket No. PI2017-1, August 18,2017 at 11. 
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(SPR).  Moreover, the Postal Service estimated two alternative functional forms, the 

translog and the cubic, and compared the results with those for the quadratic form.  In 

both instances, the quadratic was found to be superior:39 

Given the number of insignificant cubic terms and given the 
closeness of the quadratic and cubic variabilities, there is no 
persuasive evidence that the cubic specification is preferred. 
Rather, these results suggest that the cubic specification 
acts like the quadratic in the range of actual operating 
volumes. 

and:40 

Given the number of observations omitted, the need to 
reduce the number of included variables and the possibility 
of bias, the translog specification is inferior to the full 
quadratic. 
 

Again, in that case, the quadratic functional form was approved by the 

Commission for estimating the variabilities of SPR carrier time.41  Based upon its 

advantages and its track record, a quadratic functional form is appropriate for the top-

down city carrier street time variability model..  For the top-down model, the quadratic 

specification has the following form: 

𝑆𝑇𝑖𝑡 =  𝛼 +∑𝛽𝑗𝑉𝑗,𝑖𝑡 

𝑚

𝑗=1

+∑𝛽𝑗𝑗𝑉𝑗,𝑖𝑡
2

𝑚

𝑗=1

+ ∑ ∑ 𝛽𝑗𝑘𝑉𝑗,𝑖𝑡𝑉𝑘,𝑖𝑡

𝑚

𝑘=𝑗+1

𝑚−1

𝑗=1

 

+∑𝛿𝑝𝑍p,𝑖𝑡 

𝑛

𝑝=1

+ +∑𝛿𝑝𝑝𝑍𝑝,𝑖𝑡
2

𝑛

𝑝=1

+  𝜐𝑖𝑡  

 
39 See A New Study of Special Purpose Route Carrier Costs, Docket No. RM2019-6, 
June 21, 2019 at 49. 
 
40 Id. at 53 
 
41 See, Order No. 5405, Order on Analytical Principles Used in Periodic Reporting 
Proposal One), Docket No. RM2019-6, January 14, 2020, at 2. 
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In this equation,  𝑆𝑇𝑖𝑡 is the street time in the ith ZIP Code on the jth day, the 

𝑉𝑗,𝑖𝑡 are the values for volume type j in the ith ZIP Code on the jth day, the 𝑍p,𝑖𝑡 are the 

values for the characteristic variables of type p in the ith ZIP Code on the jth day and 𝜐𝑖𝑡 

is the stochastic term for ith ZIP Code on the jth day.  Note that the model is a full 

quadratic among the volume variables and delivery points, but does not include cross 

products for the characteristic variables or between the volume and characteristic 

variables.  This follows the approach to specifying a quadratic model for carrier delivery 

time in Docket No. RM2015-7, which was accepted by the Commission.42   

The motivation for this specification comes from the fact that there are so many 

distinct volume types for which variabilities are required.  The full quadratic specification 

for the eight volume variables and delivery points yields 36 different cross product terms 

along with the 18 first and second order terms in those variables for a total of 54 

different coefficients to be estimated.  Adding six characteristic variables in first and 

second order terms, produces a total of 66 different coefficients to be estimated.  The 

challenge of accurately estimating all of these coefficients is magnified by the fact that 

the volume variables are themselves highly correlated, creating a multicollinearity 

problem.  If the model was specified with all possible cross-products, the number of 

coefficients would expand to 135, exacerbating the multicollinearity problem. 

D. Potential Estimation Issues 
 
 The choice of an estimator to be applied to the specified model, in part, depends 

upon the structure of the data available to estimate the model.  In the case of the top-

 
42 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic 
Reporting (Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at 42. 
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down model of city carrier street time, the data set assembled by the Postal Service is in 

the form of panel data.  That is, it contains variations both across individual ZIP Codes 

and across months.  It thus has both cross-sectional and time series dimensions.43 

Because of this data structure, it is appropriate to apply panel data estimators to the 

estimation of the model.  

 Previous studies of carrier delivery time, and previous attempts to estimate a top-

down model, relied upon a pooled model, so that is the logical place to start the current 

research.  Although the pooled model has been applied and established in the past, it 

has not been without its drawbacks.  In previous applications, concerns have been 

expressed about its ability to produce acceptable variabilities and marginal times.44 

These concerns have arisen due to three different problems.  First, some volume types 

 
43 More specifically, the assembled data set is a longitudinal panel data set, meaning it 
contains repeated observations on the same cross-sectional units (ZIP Codes) through 
time (Wooldridge, Jeffrey M., Introductory Econometrics: A Modern Approach, 6th ed., 
Cengage Learning, Boston, 2015 at 493): 
 

A panel data set, while having both a cross-sectional and a 
time series dimension, differs in some important respects 
from an independently pooled cross section. To collect panel 
data—sometimes called longitudinal data—we follow (or 
attempt to follow) the same individuals, families, firms, cities, 
states, or whatever, across time. For example, a panel data 
set on individual wages, hours, education, and other factors 
is collected by randomly selecting people from a population 
at a given point in time. Then, these same people are 
reinterviewed at several subsequent points in time. This 
gives us data on wages, hours, education, and so on, for the 
same group of people in different years. 
 

44 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic 
Reporting (Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at Appendix B 
and Appendix C at 3 of 4. 
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have exceedingly small volumes; second, the estimation suffers from multicollinearity; 

and third, there is a relatively high degree of unobserved heterogeneity across ZIP 

Codes.  Before the estimation process begins, it is essential to assess each of these 

issues and bear them in mind both in choosing econometric methods and interpreting 

econometric results.  

1. The Small Relative Size of Accountables Volume 

The volume of accountables delivered by city carriers on letter routes is 

extremely small relative to the other types of volume.  The median number of 

accountables delivered per ZIP Code day is just 20 pieces.  This is compared to the 

median value for all volumes delivered per ZIP Code day, which is over 20,000 pieces.  

As such, accountables typically make up less than one-tenth of one percent of daily 

volume.  The differences in relative volume between the largest volume type, DPS mail 

and the smallest volume type, accountables, is illustrated in Table 8 which presents key 

measures of the distributions of both variables.  An extremely large accountable volume 

ZIP Code day (in the 99th percentile) would be just 169 accountables, as compared to a 

large DPS volume ZIP Code day (in the 99th percentile) would be over 74,000 DPS 

letters.  A small accountable volume ZIP day would have zero or one accountable, but a 

small DPS volume ZIP Code day would have over 1,000 DPS letters. 

Given this extremely small volume, accountables add a very small portion of time 

to a ZIP Code’s total street hours.  The percentage response in total street time for a 

percentage change in the number of accountables is quite small, with the implication 

that it is very difficult for a multi-product top-down model to accurately estimate the 

impact on street time arising from a change in volume. 
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Table 8: Comparison of Small and Large Volumes 
Types 

Rank DPS Volume 
Accountable 

Volume 

99% 74,453 169 

95% 50,292 100 

90% 40,262 74 

75% 26,329 43 

50% 13,793 20 

25% 5,129 7 

10% 2,111 2 

5% 1,420 1 

1% 809 0 

                             Source: Pooled Model Separate Acct Full Quad.sas 

 

To understand why this is the case, consider the fact that ZIP Codes average 

5,629.5 minutes of street time per day.  If a ZIP Code has 20 accountables to deliver 

and each accountable takes a minute and a half to deliver, the accountables are 

responsible for just 30 of those 5,629.5 minutes, or just one-half of one percent of street 

time.  Now suppose on the following day, the number of accountables falls in half to just 

10.  That 50 percent decline in the number of accountables causes just a fall in just 15 

minutes in the ZIP Code’s daily street time.45  The decline in street time is just one-

quarter of one percent of total street time.  This very small time variation time could 

easily be masked by non-volume variations such as longer stop a traffic signals or 

 
45 To simplify the arithmetic in this example, I am assuming the marginal time for the 
delivery of an accountable is constant when volume changes.  Allowing the marginal 
time to vary would not affect the point being made -- that variation in the number of 
accountables has a very small impact on total daily street time. 
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slower traffic due to inclement weather.46  In sum the extremely small volume for 

accountables will likely make it difficult to accurately estimate a separate variability for 

this type of volume.  

The challenge created by trying to estimate a separate variability in a top-down 

style model has been previously recognized:47 

Although I developed some specifications that appeared 
plausible upon first examination, in using them to impute 
accountables volumes across the entire Form 3999 dataset I 
found that they tended to produce extreme outliers, and 
never yielded reasonable looking results when used in the 
street time model. In retrospect, this outcome is perhaps not 
surprising. Accountables volumes are small, and likely to be 
heavily influenced by idiosyncratic factors.    
 

  

 
46 For those who are unfamiliar with ZIP Code size, it might be useful to reinterpret this 
outcome in terms of the 6.5 hours of street time that occurs on an individual route.  
There are approximately 14 routes in the average ZIP Code in the analysis data set. 
The 20 accountables per ZIP Code, translate into 1.43 accountable per route.  Suppose 
a route goes from delivering one accountable to delivering two, a 100 percent increase 
in accountable volume.  In this scenario, the accountable would create an additional 1.5 
minutes to the 6.5 hours of street time, an amount that is easily confounded by avoiding 
a long red light. 
 
47 See, Supplemental Report of Kevin Neels on Behalf of United Parcel Service Docket 
No. RM2015-7, June 8,2015 at 37.     
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2. Multicollinearity 
 

 Multicollinearity has been an ongoing issue in estimating variability equations for 

city carrier street time.48  It arises when the right-hand-side variables in an equation are 

highly correlated:49 

Multicollinearity (which is sometimes just called collinearity) 
is a problem that arises when the right-hand-side variables in 
a regression are correlated with one another. When this 
occurs, it may be difficult to accurately identify the separate 
effects of each of the individual variables in the model. 

 

Calculating the correlations among the top-down equation volume variables 

reveals them to be highly correlated.  With seven separate volume types there will be 28 

correlations among the volume variables.  All of the correlations are significant with 

probability value less than 0.001.  In addition, as Figure 10 illustrates, many of the 

correlations are quite high.  The correlation between DPS volumes and in-receptacle 

parcels is, for example, 0.83 and the correlation between the two types of parcel 

volumes is 0.81.  This means that nearly all ZIP Codes that get large volumes of DPS 

mail also get large volumes of parcels, making it difficult to estimate separate 

variabilities among those different volume types. 

 
48 For discussions of multicollinearity in city carrier street time equations see, Testimony 
of Michael D. Bradley on Behalf of United States Postal Service, USPS-T-14, Docket 
No. R2005-1 at 34-39 or Report on The City Carrier Street Time Study, USPS-RM2015-
7/1, Docket No. RM2015-7, December 11, 2014, 58-71 or Report on Research into the 
Ability of a Top-Down Model to Accurately Estimate City Carrier Street Time 
Variabilities, Docket No. PI2017-1, August 18, 2017 at 13. 
 
49 See, Report on The City Carrier Street Time Study, USPS-RM2015-7/1, Docket No. 
RM2015-7, December 11, 2014, at 68. 
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Figure 10: Pearson Correlation Coefficients, N = 70,056 
 

CM SEQ FSS IRP DEVP ACCT CV 

DPS 0.73 0.29 0.43 0.83 0.71 0.68 0.57 

CM   0.23 0.18 0.68 0.62 0.58 0.48 

SEQ     0.20 0.25 0.23 0.14 0.24 

FSS       0.35 0.29 0.26 0.23 

IRP         0.81 0.61 0.59 

DEVP           0.65 0.57 

ACCT             0.38 
                Source: Pooled Model Separate Acct Full Quad.sas 

 

3. Unobserved Heterogeneity  

Across individual ZIP Codes there are large variations in the amount of street 

hours associated with handling similar levels of volumes.  These variations arise 

because there is a material amount of non-volume-caused variation in hours across ZIP 

Codes.  To investigate non-volume induced variations in volume, one can look at how 

much street hours vary for ZIP Codes with similar amounts of volume.  To identify ZIP 

Codes with similar amounts of volume, I start with the median volume per ZIP Code day 

and identify those ZIPs that have an average daily volume that lies in the range from 10 

percent below the median volume to 10 percent above.50  I next order the ZIP Codes 

from lowest average daily volume to highest average daily volume and examine their 

corresponding pattern in street hours.  That pattern is illustrated in Figure 11. 

 

 

 
50 The median total volume handled per ZIP Code day 22,192.5 pieces 
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Source: Examine Heterogeneity for Similar Volumes.xlsx 

Figure 11 shows that for very similar volumes, the average daily hours have a 

wide range.  That range runs from a low of 46 street hours per day to a high of 128 

street hours per day.  Consequently, the approximate 20 percent range in volume is 

associated with a near 100 percent range in hours.51  The dotted line in Figure 11 

displays the variation in street hours predicted by the change in hours across the ZIP 

Codes.  As expected, street hours increase with larger volumes, but there are large 

deviations from the line.  These deviations suggest that there is a large amount of 

variation in hours across ZIP Codes that is not caused by the associated variation in 

volume.   

 
51 The percentage range in a variable is calculated by subtracting the minimum value 
from the maximum variable and then dividing that difference by the mean. The actual 
percentage range in average daily volume is 18.8 percent. The percentage range in 
street hours is 96 percent. 
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This variation is due to ZIP Code heterogeneity.  The existence of such 

heterogeneity does not imply that volume is not one of the primary determinants of 

street time; it is.  Over larger ranges of volume, particularly broken down by shape, 

there will be substantial variations in hours.  As volume changes, the volume-induced 

variations in volume will explain a material part of the overall variation in street time. 

Figure 11 indicates, however, that there are also important variations across ZIP Codes 

that are not caused by volume variations, and the existence of these potentially 

unobserved differences could cause bias in the estimated volume coefficients. 

While some of this ZIP Code street hours variation could be caused by changes 

in mail mix, it is not the main determining feature.  For example, the spikes and troughs 

in street hours in Figure 11 are not caused by variations in the proportion of parcels.  

Figure 12 compares the average daily street hours for each ZIP Code with the 

proportion of volume which is made up of parcels.  It shows that there no relationship 

between the two. Increasing parcel volume proportions are not driving higher amounts 

of street hours. 
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Source: Examine Heterogeneity for Similar Volumes.xlsx 

 

To the extent that there is material variation in hours across ZIP Codes not 

caused by volume, then a pooled model may suffer from what is known as unobserved 

heterogeneity.  This condition exists when there is unexplained variation in the 

dependent variable across the cross-sectional units and typically leads to biased 

coefficient estimates.52 

Panel data can be used to deal with the heterogeneity in the 
micro units.  In any cross-section there is a myriad of 
unmeasured explanatory variables that affect the behavior of 
the people (firms, countries, etc.,) being analyzed. 
(Heterogeneity means that these micro units are all different 
from one another in fundamental unmeasured ways.) 
Omitting these variables causes bias in estimation. The 
same holds true for omitted time series variables that 
influence the behavior of the micro units uniformly but 
differently in each time period.  Panel data enable correction 
of this problem. Indeed, some would claim that the ability to 

 
52 See, Kennedy, Peter, A Guide to Econometrics, 6th ed., Blackwell Publishing, Malden, 
MA, 2008, at 282. 
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deal with this omitted variable problem is the main attribute 
of panel data. 
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IV. ESTIMATION OF A POOLED MODEL 

 Pooled model estimation starts with the application of ordinary least squares to 

the street time variability equation, described above, using the 70,056 observations in 

the analysis data set, without explicit recognition of the panel structure of the data.53  

The top-down pooled equation has 15 different explanatory variables:  DPS letters, 

cased mail, sequenced mail, FSS flats, in-receptacle parcels, deviation parcels, 

accountables, collected mail, the number of delivery points, the proportion of business 

deliveries, an indicator of whether the ZIP Code is primarily walking or driving, the 

proportion of curbline deliveries, the proportion of central deliveries, the proportion of 

cluster box deliveries, and each ZIP Code’s land square miles.54.  The mean values for 

the explanatory variables, along with total street hours, which is the dependent variable 

are presented in Table 9. 

 

 

 

 

 

 
53 The analysis data set has 973 ZIP Codes. In panel data analysis, the number of 
cross-sectional units are typically measured by the letter “N,” so N = 973. The number of 
time periods is typically measured by the letter “T.” Here there is one set of observations 
for one delivery week, for each month of the year, so T = 72.  Thus, NT for the pooled 
model equals 70,056. 
 
54 The proportion of door deliveries must be omitted to avoid creating a singular 
explanatory variable matrix. 
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Table 9: Mean Values for the Variables Used 
in the Pooled Model 

Variable Mean 

Street Hours 93.8 

DPS 18,203.2 

Cased 5,347.9 

FSS 712.3 

Sequenced 2,119.3 

In-Receptacle Parcels 514.4 

Deviation Parcels 350.5 

Accountables 31.6 

Collection Mail 576.3 

Delivery Points 8,879.4 

% Business Deliveries 9.4% 

Delivery Mode 58.6% 

% Curb Deliveries 25.4% 

% CBU Deliveries 13.1% 

% Central Deliveries 16.2% 

Land Square Miles 75.0 
                                      Source: Pooled Model Separate Acct Full Quad.sas 

The largest volume category, by far, is DPS letters, which represents 65 percent 

of daily volume.  Though declining, cased mail still represents a material proportion of 

mail delivered by city carriers, at 19 percent of the total.  Although they have grown 

rapidly, parcels still represent a relatively small portion of delivered volume with in-

receptacle parcels representing just 1.8 percent of daily volume and deviation parcels 

capturing just 1.3 percent.  The overwhelming number of delivery points do not receive 

a parcel on a given day.  Even without clustering (assuming only one parcel is delivered 
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per delivery point), less than 10 percent of delivery points receive a parcel, on 

average.55  City carrier delivery time is still primarily driven by letter and flat mail. 

 Door deliveries are the most numerous, representing 45 percent of delivery 

points and delivery points are primarily residential.56  This is consistent with fact that, on 

average, 58.6 percent of routes in ZIP Code are primarily “walking” routes, meaning 

they are either foot routes or, more likely, park and loop routes. 

A. The Initial Pooled Model 

Application of the quadratic structure for the top-down model discussed above 

leads to the estimation of 66 coefficients and the intercept.  It is initially estimated with 

the pooled model estimator.  The complete set of econometric results for this pooled 

model are presented in USPS-RM2022-3-1, but a summary of key statistics is 

presented in Table 10.  Forty-eight of the estimated coefficients are statistically 

significant at the 5 percent level, meaning 18 of the coefficients are not.57  

To assess the presence of multicollinearity, I follow the Commission’s prescribed 

approach and examine both the Condition Index for the equation and the variance 

inflation factors for the individual coefficients: 

To assess multicollinearity, researchers and statisticians 
usually use two formal and well-accepted measures: 

 
55 ZIP Codes average 864.9 parcels per day. They also average 8,879.4 delivery points. 
The ratio of those two values is 0.097. 
 
56 The proportion of door deliveries can be calculated by subtracting the proportions of 
curb, cluster box, and central deliveries from 1.0 
 
57 Significance at the 5 percent level can be interpreted as meaning that, given a 
coefficient’s estimated value and heteroscedastic consistent standard error, there is less 
than a 5 percent chance that the coefficient is actually zero. 
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variance inflation factor (VIF) and Belsley, Ku, and Welsch’s 
Condition Index (CI).58 (Footnote in original.) 

 

According to these indicators there is evidence of strong or severe 

multicollinearity, as the condition index is 99.3 and 46 of the 66 estimated coefficients 

have a variance inflation factor over 10. 

 
 

Table 10: Pooled Model Summary 

Statistic Value 

# of Observations 70,056 

R2 0.9404 

RMSE 18.45 

# Of Coefficients Estimated 66 

# Of Significant Coefficients 48 

                                            Source: Pooled Model Separate Acct Full Quad.sas 

 

The primary purpose of a top-down variability equation is to support the 

calculation of variabilities and marginal times.  These important measures are 

calculated using the estimated equation evaluated at the mean values for the right-

hand-side variables.  The marginal time for a type of volume is the partial derivative of 

 
58 Belsey, Kuh and Welsch’s Condition Index directly assesses the level of 
multicollinearity for the entire dataset of the predictor variables.  The higher the 
Condition Index, the more severe multicollinearity is observed in an econometric model.  
Variance Inflator Factor (VIF) measures the degree to which each predictor variable is 
affected by multicollinearity.  The higher the VIF, the more serious the effect of 
multicollinearity is on the variable.  For more details see, e.g., John Fox, Applied 
Regression Analysis and Generalized Linear Models, Second Edition:  Sage, 2008 at 
320-321.   
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the estimated equation with respect to that volume. The marginal time for product type 

“j” is given by: 

𝑀𝑇𝑗 = 𝛽𝑗  + 2 ∗ 𝛽𝑗𝑗�̅�𝑗 + ∑ 𝛽𝑗𝑘 �̅�𝑘

𝑚

𝑘=𝑗+1

 

 
In this equation, a bar over a variable indicates a mean value.  A volume type’s 

variability measures the percentage response in street time for a given percentage 

change in that type’s volume.  For the quadratic specification, the variability is given by: 

 

휀𝑗 =
𝛽𝑗�̅�𝑗  + 2 ∗ 𝛽𝑗𝑗�̅�𝑗

2 +∑ 𝛽𝑗𝑘 �̅�𝑘
𝑚
𝑘=𝑗+1 �̅�𝑗

𝑆�̂�
, 

 
where: 

ST̂ =  α +∑𝛽𝑗�̅�𝑗 

𝑚

𝑗=1

+∑𝛽𝑗𝑗�̅�𝑗
2

𝑚

𝑗=1

+ ∑ ∑ 𝛽𝑗𝑘�̅�𝑗�̅�𝑘.

𝑚

𝑘=𝑗+1

𝑚−1

𝑗=1

 

∑𝛿𝑝�̅�p,𝑖𝑡 

𝑛

𝑝=1

+ +∑𝛿𝑝𝑝�̅�𝑝,𝑖𝑡
2

𝑛

𝑝=1

 

 
 

Table 11 presents the marginal times and variabilities produced by a pooled 

estimator on the quadratic specification of the top-down model.  The results are 

disappointing.  While the negative variability for accountables stands out as a 

disqualifying result, other issues also exist.  For example, the marginal times for FSS 

volumes and collection volumes are unreasonably large. 
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Table 11: Results from a Full Quadratic Pooled Model 

Volume  
Marginal 

Time Variability 

DPS 2.95 15.1% 

Cased 4.17 6.3% 

Sequenced 3.42 2.0% 

FSS 19.09 3.8% 

In-Receptacle Parcels 23.40 3.4% 

Deviation Parcels 116.25 11.5% 

Accountables -229.03 -2.0% 

Collection 18.47 3.0% 
                               Source: Pooled Model Separate Acct Full Quad.sas 

 

 The negative variability for accountables may be in part due to the presence of 

multicollinearity, but the real culprit is the exceeding small volumes for accountables 

relative to the other volumes in the equation.  As discussed above, this condition makes 

it extremely difficult to estimate a separate variability for accountable mail in a broad 

top-down style model.  In fact, this difficulty has been previous recognized in earlier 

attempts at estimating a top-down style model:59 

While the national Form 3999 dataset also lacks volume 
measures for accountables, I decided for several reasons to 
drop these volumes (or an imputed estimate of these 
volumes) from the model. First, they make up a very small 
share of total mail volumes (representing just 0.12% of 
pieces delivered over the package study period, where 
pieces is defined as DOIS DPS, FSS, Sequenced, and 
Cased Mail plus Deviation Study Deviation Parcels and 

 
59 See, Supplemental Report of Kevin Neels on Behalf of United Parcel Service Docket 
No. RM2015-7, June 8,2015 at 28. 
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Accountables, plus In-Receptacle Study In-Receptacle 
Parcels). Secondly, those volumes are small and highly 
variable and thus difficult to predict with precision; and third, 
the time spent delivering accountables is separately 
measured in the national Form 3999 data. 

 

B. Combining Accountables with Deviation Parcels 

Given the difficulty associated with estimating a separate variability for 

accountables, the next best solution is to take in to account the similar delivery 

requirements for deviation parcels and accountables.  This similarity suggests that it 

would be acceptable to estimate a single variability that covers both types of volume. 

The commonality in the nature of delivery for deviation parcels and accountables has 

been long recognized in studies of city carrier delivery.  Their variabilities were jointly 

estimated in both Docket No. R2005-1 and Docket No. RM2015-7:60 

Both deviation package and accountable deliveries require 
the carrier to deviate from the regular delivery procedures 
and either make customer contact or make the delivery in a 
place other than the customer’s regular receptacle. This 
means that deviation packages and accountables can be 
and are delivered together. In addition, on driving routes, a 
deviation delivery for a deviation package, an accountable, 
or both, may require a “move vehicle” delivery. When there 
are both deviation packages and accountables being 
delivered in this type of delivery, the move vehicle time is 
jointly caused by the two products. For these reasons, it is 
appropriate to estimate a joint equation for deviation 
packages and accountables. 

 

 
60 See, Report on The City Carrier Street Time Study, USPS-RM2015-7/1, Docket No. 
RM2015-7, December 11, 2014, at 89.  
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The Commission has recognized that deviation parcels and accountables share a 

common requirement for delivery:61 

Deviation parcels and accountables both require special 
activities from city carriers. As previously explained, 
deviation parcels do not fit into a customer’s receptacle. 
Accountable mail requires the carrier to obtain the signature 
of the addressee or addressee’s agent upon receipt. Both of 
these involve activities that are distinct from regular delivery 
activities, as they “require a carrier deviation” for delivery. 
(Internal footnote suppressed.) 

 

Given this commonality, the next specification of the pooled model will combine 

accountable volumes with deviation parcel volumes into a single variable called 

deviation parcels/accountables.  This approach not only resolves the difficulties 

associated with attempting to estimate a separate accountable variability in a top-down 

model, but also has the salutary effect of mitigating multicollinearity, by reducing the 

number of right-hand-side variables.62  As Table 12 shows, combining the two similar 

types of deliveries reduces the number of estimated coefficients by ten. 

  

 
61 See, Order No. 2792, Order Approving Analytical Principles Used in Periodic 
Reporting (Proposal Thirteen), Docket No. RM2015-7 October 29, 2015 at 46. 
 
62 Reducing the number of right-hand-side variables is a well-known approach for 
dealing with multicollinearity.  See, Kennedy, Peter, A Guide to Econometrics, 6th ed., 
Blackwell Publishing, Malden, MA, 2008, at 197. 
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Table 12: Pooled Model with Combined 
Deviation Parcels and Accountables 

Summary 

Statistic Value 

# of Observations 70,056 

R2 0.9394 

RMSE 18.60 

# Of Coefficients Estimated 56 

# Of Significant Coefficients 44 
                             Source: Pooled Model Combined Acct Full Quad.sas 

 

Using the combination of the two variables reduces the degree of, but does not 

eliminate, multicollinearity.  The Condition Index falls from 99.3 to a still high 87.5 and 

the number of estimated coefficients with a variance inflation factor falls by 8 from 46 to 

38.  These changes indicate improvement, but suggest that multicollinearity is still an 

issue.  Table 13 presents the marginal times and variabilities produce by a full quadratic 

pooled model with combined deviation parcels and accountables.  The negative 

marginal time and variability for accountables has been eliminated and the combined 

variability is virtually the same as the variability for just deviation parcels.  Combing the 

two variables appears to present an effective way to deal with accountables while 

permitting estimation of a top-down, overall, model of city carrier street time. 
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Table 13: Results for a Pooled Model with Combined 
Deviation Parcels and Accountables 

Volume  
Marginal 

Time Variability 

DPS 2.73 14.0% 

Cased 4.03 6.1% 

Sequenced 3.65 2.2% 

FSS 19.31 3.9% 

In-Receptacle Parcels 24.99 3.6% 

Deviation Parcels/ Accts. 103.08 11.1% 

Collection 22.27 3.6% 
                 Source: Pooled Model Combined Acct Full Quad.sas 

 
 

C. A Restricted Quadratic Pooled Model 

Despite the improvement in multicollinearity from combining accountables with 

deviation packages, the results show that the pooled model continues to have some 

serious problems.  First, the estimated marginal time for an FSS piece does not 

particularly make operational sense.  The estimate of an additional 20 seconds to 

deliver such piece does not comport with the way the FSS mail is handled on the street.  

In addition, the marginal time of 22 seconds to collect a piece of mail from a customer’s 

receptacle seems excessively high.  Finally, a Condition Index of 87.5 indicates the 

presence of severe multicollinearity, as does the fact that two-thirds (38/56) of the 

estimated coefficients have a variance inflation factor over 10.  Faced with a similar 

situation in a recent carrier street time rulemaking, the Commission recommended 
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dropping the cross-product terms from the full quadratic and estimating a restricted 

quadratic:63  

For regular delivery, the Commission approves variabilities 
estimated from the eight separate monthly econometric 
equations for four months and two types of SPR locations as 
proposed by the Postal Service, but in the restricted 
quadratic functional form (instead of the full quadratic 
functional form). 

 
 

The Commission provided three reasons why it preferred the restricted quadratic.  

First, the restricted quadratic materially reduced the condition indexes across the 

various equations, signifying a reduction in multicollinearity:64 

First, econometric models in the restricted quadratic 
functional form exhibit less multicollinearity than econometric 
models in the full quadratic model.  As shown above and in 
the attached Appendix, the computed Condition Indexes 
support this conclusion.  Lower multicollinearity should 
ensure that the models can be used in the future to compute 
reliable variability estimates 

 
 

Next, the Commission argued that the restricted model provided a higher proportion of 

significant coefficients:65 

Second, econometric equations estimated in the restricted 
quadratic functional form have a consistently higher share of 
statistically significant individual coefficients.   

 
63 See, Order No. 5405, Order On Analytical Principles Used in Periodic Reporting 
(Proposal One), Docket No. RM2019-6, January 14, 2020 at 27. 
 
64 Id. at 34 
 
65 Id. 
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Finally, the Commission indicated that the restricted quadratic retained the key 

advantages of the quadratic functional form:66 

Third, restricted delivery models have the advantages of the 
full delivery models, including the same quadratic functional 
form, cost drivers, and characteristic variables. 

 

The condition index of 87.5 for the full quadratic pooled model is in the range of 

the condition indexes that the Commission cited in its order in Docket No. RM2019-6.67 

So, it seems appropriate to follow the Commission’s recommendation and estimate a 

restricted quadratic pooled model.  The full results for the restricted quadratic model are 

included in USPS-RM2022-3-1, but Table 14 presents some key metrics from that 

equation.  Most notable is the size of the reduction in the number of coefficients to be 

estimated.  Eliminating the 28 cross-product terms cuts the number of coefficients to be 

estimated in half, lowering the total to 28.  The table also shows that the second of the 

Commission’s criteria for preferring the restricted quadratic was met as 25 of the 28 

estimated coefficients are statistically significant, with just 3 being insignificant.  This is a 

substantial reduction from the 12 insignificant coefficients in the full quadratic model and 

raises the proportion of significant coefficients to 89.3 percent. 

 

 

 
66 Id.  
 
67 See, Order No. 5405, Order on Analytical Principles Used in Periodic Reporting 

Proposal One), Docket No. RM2019-6, January 14, 2020, at Appendix, 3 of 6. 
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Table 14: Restricted Quadratic Pooled 
Model Summary 

Statistic Value 

# of Observations 70,056 

R2 0.9358 

RMSE 19.14 

# Of Coefficients Estimated 28 

# Of Significant Coefficients 25 
                               Source: Pooled Model Combined Acct Restricted Quad.sas 

The first of the Commission’s criteria is also met by the restricted quadratic top-

down model.  Eliminating the many cross-products materially reduces the 

multicollinearity in the estimated equation, with the condition index falling to 43.4 from 

89.7.  In addition, the proportion of estimated coefficients with variance inflation factors 

greater than 10 falls from just over two-thirds to 42.9 percent.  Thus, the degree of 

collinearity falls from strong dependency to just moderate dependency.68  The 

combination of the large data set prescribed by the Commission and the use of the 

restricted quadratic specification has generated substantial progress in mitigating 

multicollinearity in the top-down model.69 70 

 
68 See, Belsley, David, Kuh, Edwin, and Welsch, Roy, Regression Diagnostics: 
Identifying Influential Data and Sources of Collinearity, John Wiley and Sons, 2004. 
 
69 Previous attempts to estimate a top-down model generated Condition Indexes over 
100. See, Report on Research into the Ability of a Top-Down Model to Accurately 
Estimate City Carrier Street Time Variabilities, Docket No. PI2017-1, August 18, 2017 at 
37.  
 
70 In rendering its determination to use the Postal Service’s restricted quadratic model in 
Docket No. RM2019-6, the Commission recognized that choice required the elimination 
of cross-product coefficients that were either singly or jointly significant, but notes that 
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Table 15: Results from a Restricted Quadratic Pooled 
Model 

Volume  
Marginal 

Time Variability 

DPS 2.75 14.1% 

Cased 3.46 5.2% 

Sequenced 3.35 2.0% 

FSS 17.88 3.6% 

In-Receptacle Parcels 48.73 7.1% 

Deviation Parcels/ Accts. 61.61 6.6% 

Collection 27.06 4.4% 
                 Source: Pooled Model Combined Acct Restricted Quad.sas 

 
But, as Table 15 shows, problems still remain with the pooled model.  The FSS 

marginal time remains unacceptably high, the collection marginal time also remains very 

high and the in-receptacle marginal time now approaches the deviation 

parcel/accountable marginal time.  This latter condition defies the operational reality that 

the time for placing a “small” parcel in a receptacle is necessarily less than a deviation 

parcel that requires the carrier to move from the receptacle.71  Multicollinearity has been 

substantially mitigated in this version of the pooled model, so these estimation 

difficulties are coming from a different source.  As explained above, there is a 

substantial amount of variation in street time for reasons other than the variations in 

volume.  Unless these variations are controlled, the estimation will suffer from 

 
the restricted model has a higher proportion of coefficients that are significant.  Both of 
these conditions are also true for the top-down model. 
 
71 The change in the in-receptacle marginal time and variability across the models is 
likely a result of the fact that neither model estimated a significant 1st or 2nd order 
coefficient for that variable. 
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unobserved heterogeneity, and the estimated coefficients, and thus variabilities and 

marginal times will be biased. 

The initial attempt to control for such heterogeneity in a pooled model was to 

include variables that can explain, and thus control for, the cross-sectional variation.  

That is the role of the characteristic variables, but the above results make clear that the 

variables included thus far have proven inadequate for providing the necessary 

explanation and control.  To improve that explanation, I added two additional 

characteristic variables to the top-down-specification. 

D. Expanding the Set of Characteristic Variables 

One aspect of delivery time that has not been captured in previous analyses is 

the potential impact of congestion.  As congestion increases in a ZIP Code, the time 

required to deliver a given amount of mail can increase.  This is because traffic 

backups, time spent at traffic signals, difficulty in finding parking spots, and slower 

driving speeds can all add to the amount of street time carriers incur.  While it is true 

that having delivery points closer together should reduce street time, other things being 

equal, congestion can offset the reduced distance between deliveries.  Moreover, the 

street time model already includes both the number of delivery points in each ZIP Code 

as well as each ZIP Code’s square mileage, so this aspect of delivery density is already 

captured.  Adding a congestion variable would permit separating out the congesting 

effect from the density effect. 

The Economic Research Service of the Department of Agriculture classifies ZIP 

Codes according to the Rural-Urban Commuting Area (RUCA) standard.  The RUCA 

standard uses measures of population density, urbanization, and daily commuting flows 
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to classify ZIP Codes along a spectrum of congestion from the least congested rural 

areas to the most congested urban cores.  The index is inverse, in the sense that higher 

number code values are associated with less congested areas.  Metropolitan urban 

cores with a value of 1 are the most congested and rural areas with a value of 10 are 

the least congested.  Metropolitan areas have populations greater than 50,000 people, 

micropolitan areas are urban clusters with populations between 10,000 and 50,000 

people.  Small towns have populations of less than 10,000 people and rural areas have 

populations that are less than 2,500 people.  Figure 13 displays the RUCA 

classifications with congesting falling as one goes from left to right. 

 

 

Source: https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/documentation/ 

 

Within the four broad classifications, the Department of Agriculture further 

classifies ZIP Codes according to the degree of commuting to the relevant population 

core:72 

High commuting (codes 2, 5, and 8) means that the largest 
commuting share was at least 30 percent to a metropolitan, 
micropolitan, or small town core. Many micropolitan and 
small town cores themselves (and even a few metropolitan 
cores) have high enough out-commuting to other cores to be 

 
72 See, https://www.ers.usda.gov/data-products/rural-urban-commuting-area-
codes/documentation/ 
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coded 2, 5, or 8; typically these areas are not job centers 
themselves but serve as bedroom communities for a nearby, 
larger city. Low commuting (codes 3, 6, and 9) refers to 
cases where the single largest flow is to a core, but is less 
than 30 percent. These codes identify "influence areas" of 
metro, micropolitan, and small town cores, respectively, and 
are similar in concept to the "nonmetropolitan adjacent" 
codes found in other ERS classification schemes 

 

Given the empirical analysis is focused on city carriers, one would not expect 

many of the ZIP Codes included in the analysis data set to be in small towns or rural 

areas.  As Table 16 shows, this is exactly the case. In the analysis data set, there is a 

concentration of ZIP Codes in metropolitan areas. 

Table 16: Distribution of Study ZIP Codes Across RUCA Codes 

RUCA Observations ZIP Codes Percent 

1 49,608 689 70.8% 

2 3,600 50 5.1% 

3 144 2 0.2% 

4 6,336 88 9.0% 

5 864 12 1.2% 

6 72 1 0.1% 

7 6,696 93 9.6% 

8 432 6 0.6% 

9 144 2 0.2% 

10 2,160 30 3.1% 
            Source: Pooled Model Combined Acct Restricted Quad.RUCA Variable.Boxes.sas 

 One way of attempting to mitigate unobserved heterogeneity is to group ZIP 

Codes that share like characteristics and then estimate separate top-down equations for 

each group.  It is clear from Table 16 that there are not enough observations in each of 

the RUCA groupings to estimate 10 separate top-down equations.  However, there is a 
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clear pattern to the ten categories, with groups of three sub-categories associated with 

each of the metropolitan, micropolitan, and small-town groups.  This reduced grouping 

presents an alternative approach of compressing the ten categories into just four 

categories, investigating if material differences in characteristics occur across 

categories and then investigating whether or not four different top-down models can be 

estimated, one for each of the broader categories.  Table 17 provides the values for key 

variables included in the top-down model for each of the four broad RUCA categories. 
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Table 17: Average Daily Values by RUCA Broad Categories 

Variable Metropolitan Micropolitan Small Town Rural 

Street Hours 112.4 53.8 22.3 10.0 

DPS 22,159 8,968 3,396 1,437 

Cased 6,423 2,906 1,323 572 

Sequenced 2,631 726 338 162 

IR Parcels 615 300 130 53 

FSS 931 28 0 0 

DEV. Parcels 416 222 91 33 

Accountables 39 15 6 2 

Collections 654 504 213 114 

FSS % 25.64% 1.98% 0.00% 0.00% 

# of Routes 16.6 8.0 3.6 1.9 

Door % 41.7% 52.0% 59.9% 64.3% 

Curb % 25.3% 27.1% 26.8% 18.9% 

CBU % 13.9% 13.8% 7.4% 9.8% 

Cent % 19.1% 7.2% 6.0% 7.0% 

Bus % 8.6% 11.0% 13.2% 13.1% 

% Foot/P&L 54.8% 63.8% 75.7% 77.6% 

Square Miles 29.7 178.8 281.6 149.9 

Source: Pooled Model Combined Acct Restricted Quad.RUCA Variable.Boxes.sas 

 The table shows some material differences across the groups.  For example, the 

number of routes per ZIP Code falls as one moves from more congested to less 

congested areas.  On the other hand, the proportion of door deliveries rises, as does 

the proportion of foot and primarily, park and loop routes.  At first blush, this may seem 

counter intuitive as one typically associates curbline delivery with more rural areas.  But 

it is important to keep in mind that these data cover city carriers, not rural carriers, and 

would thus be representing the relatively city-type routes in the more rural areas, like 
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the downtown area of a small town.  This downtown area may well be covered by a 

walking route.  The increase in the door delivery proportion in small towns and rural 

areas comes at a decrease in the proportion of central and clusterbox deliveries which 

tend to be located in more congested areas.  Finally, the square mileage of urban ZIP 

Codes tend to be much smaller than the square mileage of the other ZIP Codes, 

suggesting they are associated with congestion.73 

 These differences suggest it may be productive to estimate separate top-down 

equations for the each of the RUCA groupings.  Unfortunately, the data remain too 

concentrated in the metropolitan group to support such an approach.  The micropolitan 

and small-town data sets both have just 7,272 observations and the rural data set has 

only 2,160 observations.  Data sets of these sizes are too small to support estimation of 

the top-down model, and such attempts provided unreliable estimates.74  But the 

differences identified in Table 17 suggest that the RUCA groupings could be an 

important variable for explaining cross-ZIP Code variations in street time and thus 

reducing the amount of unobserved heterogeneity.  So, an alternative method of using 

the congestion information will be employed, in which each ZIP Code’s original RUCA 

code is included in the top-down variable as an additional characteristic variable. 

 In addition to delivering mail to customers’ addresses and collecting mail from 

customers’ receptacles, some letter route city carriers also spend a very small part of 

 
73 The square mileage for rural ZIP Codes is smaller than the square milage for either 
micropolitan ZIP Codes or small-town ZIP Codes, reflecting the fact that these are the 
city carrier ZIP Codes in more remote areas. 
 
74 The SAS program that estimates the pooled model by RUCA groups is provided in 

USPS-RM2022-3-1. 
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street time collecting mail from fixed collection points.75  To account for possible 

differences, across ZIP Codes in the amount of time incurred collecting mail from CPMS 

collection points, I will include a count of those collection points in the top-down 

equation as an additional characteristic variable.  Adding this RUCA grouping and the 

CPMS collection point variables will add four additional coefficients to be estimated, as 

the square of each variable is also included. 

 Table 18 provides the summary statistics for the augmented pooled model.76 

Adding the additional variables causes the root mean squared error to fall from 19.14 to 

18.89 and the adjusted R2 statistic increases to 0.9375.  These results suggest that the 

additional variables improve the fit of the estimated equation.  Moreover, 30 of the 32 

estimated coefficients are statistically significant, including all the coefficients for the 

new variables.  The first-order term on the congestion variable is negative, indicating 

that the street time to deliver and collect a given volume of mail across a given number 

of delivery points decreases as congesting eases.  The second order term is negative, 

indicating that the effect slows as one moves to less densely populated areas. 

 The coefficients on the number of boxes have the opposite pattern, with a 

positive first order term and a negative second order term.  This pattern indicates that 

 
75 In the FY 2021 ACR, the proportion of city carrier street time devoted to this activity 
was just 0.003511. Collecting mail from these collection points is primarily done by 
Special Purpose Route Carriers. See, A New Study of Special Purpose Route Carrier 
Costs, Docket No. RM2019, June 21, 2019 at 4. These fixed collection points are 
included in the CPMS system and can be referred to as CPMS collection points in order 
to distinguish them from customers’ receptacles. 
 
76 The complete results from estimating the augmented pooled model are presented in 
folder USPS-RM2022-3-1. 
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additional boxes cause street time to rise, but at a decreasing rate. In sum, the 

additional variables add to the equation’s explanatory power and have operationally 

plausible coefficients. 

Table 18: Restricted Quadratic Pooled 
Model with Additional Characteristic 

Variables Summary 

Statistic Value 

# of Observations 70,056 

R2 0.9375 

RMSE 18.89 

# Of Coefficients Estimated 32 

# Of Significant Coefficients 30 
                  Source: Pooled Model Combined Acct Restricted 

Quad.RUCA Variable.Boxes.sas 
  

 

However, as Table 19 shows, adding these two variables does not solve the 

unobserved heterogeneity problem.  The marginal time for FSS mail is still 

unrealistically high, as is the marginal time for collecting a piece of mail from a 

customer’s receptacle.  Finally, the in-receptacle parcel time remains much closer to the 

deviation parcel time than is operationally justified. 
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Table 19: Results from a Restricted Quadratic Pooled 
Model with Additional Characteristic Variables 

Volume  
Marginal 

Time Variability 

DPS 2.59 13.5% 

Cased 2.91 4.5% 

Sequenced 3.38 2.0% 

FSS 16.83 3.4% 

In-Receptacle Parcels 40.35 5.9% 

Deviation Parcels/ Accts. 68.72 7.5% 

Collection 25.68 4.2% 
Source: Pooled Model Combined Acct Restricted Quad.RUCA 
Variable.Boxes.sas 

 

E. Estimating Separate Equations for FSS and non-FSS ZIP Codes 

One other grouping that holds promise for controlling for unobserved 

heterogeneity is splitting ZIP Codes between those which deliver FSS mail and those 

which do not.  The presence of FSS mail can change operational practice on the street, 

as it adds an additional bundle or container for the carrier to handle.  In addition, FSS 

zones are not selected at random.  FSS zones are much larger, in terms of volume, 

than non-FSS zones, and have higher proportions of cluster box and central deliveries.  

These differences suggest it is worthwhile to investigate estimating separate top-down 

equations for FSS and non-FSS ZIP Codes.  One concern, however, is that only about 

20 percent of ZIP Codes in the analysis data set are FSS ZIP Codes, suggesting there 
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may an insufficient number of observations to accurately estimate an FSS-only top-

down equation.77 

That concern ends up being valid, as the limited number of observations for the 

FSS top-down equation (13,824) are insufficient to mitigate multicollinearity.  The 

condition index for the FSS top-down equation is 135 and over two-thirds of the 

estimated coefficients have a variance inflation factor over 10.  The impacts of severe 

multicollinearity are easily observed in Table 20.  While the separation of FSS from non-

FSS zones has reduced the marginal time for a piece of FSS mail, it is still very high at 

over seven seconds.  Moreover, the marginal time for cased mail is now dramatically 

increased from its value in the full equation, rising from 2.9 seconds to 6.2 seconds. The 

collection mail marginal time also increased, reaching a value of nearly 30 seconds a 

piece.  Finally, the FSS-only top-down street time equation is unable to estimate reliable 

parcel variabilities and marginal times as it estimates a marginal time for in-receptacle 

parcels that is over twice as large as the estimated marginal time for deviation parcels.  

This is a nonsensical result. 

 

 

 

 

 

 
77 The complete econometric results for the FSS pooled top-down equations are 
contained in folder USPS-RM2022-3-1. 
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Table 20: Results from a Restricted Quadratic Pooled 
Model with Additional Characteristic Variables in FSS 

ZIPS 

Volume  
Marginal 

Time Variability  

DPS 1.48 8.0% 

Cased 6.25 7.3% 

Sequenced 2.35 1.8% 

FSS 6.98 4.8% 

In-Receptacle Parcels 83.98 12.3% 

Deviation Parcels/ Accts. 29.16 3.1% 

Collection 28.46 4.1% 
Source: Pooled Model Combined Acct Restricted Quad.RUCA 
Variable.Boxes.Fss.sas 

 

Neither the initial pooled model nor several refined pooled models were able to 

provide an acceptable set of marginal times and variabilities.  While the problems of 

extremely small relative volumes and multicollinearity were mitigated, the problem of 

unobserved heterogeneity, despite several efforts, remained important and 

consequential. 
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V. ESTIMATION OF A CORRELATED RANDOM EFFECTS MODEL 

The previous analysis of pooled model alternatives demonstrated that the 

approach did not solve the problem of unobserved heterogeneity in the top-down 

approach.  This is not an unexpected outcome given the differences in the nature of 

delivery in the many ZIP Codes across the Postal Service’s city carrier network and the 

high degree of variation in street times for ZIP Codes with similar volumes. 

A. Dealing with Unobserved Heterogeneity 

In the economics literature, the overwhelming approach to dealing with 

unobserved heterogeneity has been to apply a panel data estimator that takes 

advantage of the longitudinal nature or the data.  The primary panel data method 

employed is fixed effects.  For example, a recent search of the economics literature 

revealed that over the period from 2010 to 2021, there were 4,129 articles published in 

academic economics journals that either employed or analyzed a fixed effects model.  

Over that time period, there were an additional 1,092 working papers that did the same.  

Moreover, the application of fixed effects is wide ranging, covering many different 

subfields in economics.  Table 21 present the journals that published the most fixed-

effects articles over the 2010 to 2021 period and a perusal of their titles indicates how 

widespread the use of this econometric approach has become. 
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Table 21 

Economics Journals Publishing Articles About or Using Fixed Effects Since 2010 

Journal 
# of 

Articles Journal 
# of 

Articles 

Journal of Econometrics  78 Journal of Development Studies  24 

Health Economics  77 
Journal of Economic Behavior and 
Organization  

24 

Applied Economics  74 American Economic Review  23 

Economics of Education Review  66 International Journal of Manpower  23 

World Development  65 Journal of Economic Studies  23 

Economics Letters  62 Annals of Regional Science  22 

Applied Economics Letters  55 World Economy  22 

Demography  53 
International Journal of Social 
Economics  

21 

Economics and Human Biology  47 Econometrics Journal  20 

Empirical Economics  41 Journal of Banking and Finance  20 

Journal of Development Economics  37 Southern Economic Journal  20 

Journal of Health Economics  37 Economic Inquiry  19 
Regional Science and Urban 
Economics  

33 Journal of Population Economics  19 

European Journal of Health Economics  32 Review of Economics and Statistics  19 

Social Science Quarterly  32 Agricultural Economics  18 

Review of Economics of The Household  31 Ecological Economics  18 

Economic Modelling  30 Econometric Theory  18 

Energy Policy  30 
Economic Development and Cultural 
Change  

18 

China Economic Review  28 Education Finance and Policy  18 

Labour Economics  28 Emerging Markets Finance and Trade  18 

Social Indicators Research  28 
International Journal of Managerial 
Finance  

18 

Journal of Developing Areas  27 Journal of Public Economics  18 

Journal of Corporate Finance  26 Journal of Urban Economics  18 

Economics Bulletin  25 Regional Studies  18 

Econometric Reviews  24 Education Economics  17 
Source: Results of EconLit Search.xlsx 

However, in previous cases, the Commission has expressed concern about the 

application of fixed effects to the estimation of attributable postal costs.78  The 

 
78 See, Opinion And Recommended Decision, Docket No. R2000-1, November 13, 2000 
or Opinion And Recommended Decision, Docket No. R2005-1, November 1, 2005. 
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Commission has expressed two concerns.  First the Commission argued that the fixed 

effects are not fixed, but actually “endogenous,” meaning they are related to volume.79 

In addition, the Commission expressed a concern that the fixed effects could change 

over time.80  It is thus appropriate to employ set of panel data techniques that both 

address the Commission’s concerns and also provide unbiased estimates of the 

coefficients used to calculate the variabilities of street time.  A correlated random effects 

(CRE) model is a panel data estimator that can do both.81 

To understand how the correlated random effects estimator addresses the 

Commission’s concerns, one can consider the estimation problem associated with 

estimating city carrier street time variabilities.  In general terms, street time is a function 

of the volumes handled, which vary both across ZIP Codes and through time, observed 

non-time related differences across ZIP Codes like congestion or the types of delivery 

points, unobserved non-time related difference across ZIP Codes, and unobserved 

differences that occur through time. (For clarity, I will temporarily ignore the time-related 

differences to initially focus on the cross-ZIP Code differences, but will address them in 

 
79 See, Opinion And Recommended Decision, Docket No. R2000-1, November 13, 
2000, Appendix F at 47,49, or 71. 
 
80 Id. at 71. 
 
81 For explanation of the structure of the correlated random effects model see, 
Wooldridge, Jeffrey M. Introductory Econometrics: A Modern Approach, 6th ed. 
Cengage Learning, Boston MA, 2015, at 445, or Wooldridge, Jeffrey M. Econometric 
Analysis of Cross Section and Panel Data, 2nd Edition, MIT Press, Cambridge MA., 
2010 at 286, or BaltagI, Badi, H., The Oxford Handbook of Panel Data, Oxford 
University Press, New York, NY, 2015 at 191.  For an example of the application of the 
correlated random effects model, see Roy, Suryadipta,” Does Time Difference Between 
Countries Reduce Bilateral Trade? An Application Of The Correlated Random Effects 
Method Using Panel Data,” Applied Economics Letters, 2017 Vol. 24, No. 10, 695–698. 



REVISED: 1/21/2022  GRAY 
 

88 

 

the next section.)  In mathematical terms, the top-down equation to be estimated would 

have a form such as: 

𝑦𝑖𝑡 = 𝑥𝑖𝑡
′ 𝛽 +  𝑧𝑖

′𝜓 + 𝑐𝑖 + 휀𝑖𝑡 

In this top-down equation, 𝑦𝑖𝑡 would be street hours for the ith ZIP Code in period 

t. The 𝑥𝑖𝑡
′  are the volumes and their squares which vary both across ZIP Codes and 

through time, the 𝑧𝑖
′
 are the observed heterogenous variables, like the number of boxes 

or the indicator of congestion, the  𝑐𝑖 are the unobserved heterogeneity terms, and 

the 휀𝑖𝑡 are the stochastic error terms.  In the fixed effects model, the 𝑐𝑖 are treated like 

they are fixed with respect to time and, as such, capture all possible non-volume cross-

sectional variation, precluding the inclusion of any other of this type of characteristic 

variable. But in the random effects model, the 𝑐𝑖 are random variables and the model 

thus permits inclusion of cross-sectional explanatory variables.  The random effects 

model is thus more general in the sense that additional explanations of variations in 

street time, like congestion, can be included. 

However, because the 𝑐𝑖 are random variables, there is a possibility that they are 

correlated with the various volume variables and, if so, the estimated coefficients on the 

volume variables will be biased.  To avoid the possibility, the correlated random effects 

model explicitly incorporates, and thus controls for, any correlation between the various 

volume types and the unobserved heterogeneity.  In fact, the CRE model explicitly 

specifies that the unobserved effects are directly determined by volume: 

𝑐𝑖 =  𝛼 + �̅�𝑖
′𝛾 + 휁𝑖. 
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This specification acknowledges the unobserved effects are specific to each ZIP 

Code, so it is the volume from that individual ZIP that would potentially influence them.  

The correlated random effects model captures that potential influence by relating each 

ZIP Code’s effects to its mean volumes.  If 𝛾 ≠ 0, in the above, then unobserved effects 

are correlated with volume. By construction, Cov(�̅�𝑖
′, 휁𝑖.) = 0, so any remaining 

unobserved effects are not correlated with volume and cannot bias the estimated 

volume coefficients.  The 𝛾 coefficients are estimated by substituting the unobserved 

effects equation in the random effects model: 

𝑦𝑖𝑡 = 𝛼 + 𝑥𝑖𝑡
′ 𝛽 +  𝑧𝑖

′𝜓 + �̅�𝑖
′𝛾 + 휂𝑖𝑡. 

This specification demonstrates how the correlated random effects model 

addresses the Commission’s concern that ZIP Code specific effects may be correlated 

with volume.  The stochastic term in the correlated random effects model is the sum of 

the two individual stochastic terms from the two supporting equations: 

휂𝑖𝑡 =  휁𝑖 + 휀𝑖𝑡. 

The estimated 𝛾 coefficients also provide a direct test of bias in the pooled 

model, discussed above.  If 𝛾 ≠ 0, then unobserved effects are indeed correlated with 

volume and omitting them from the pooled model would cause the estimated volume 

coefficients to be biased. 

B. Specifying Cluster Corrected Standard Errors 

As in the pooled model, the error structure for the correlated random effects 

model is likely to be heteroscedastic.  If so, the ordinary least squares (OLS) estimate of 

the variance will be biased, which could lead to an overestimate of the significance of 
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certain coefficient estimates.  To correct for that potential bias, a generalized least 

squares type of variance estimate is employed.  This estimate controls for the non-

constant variance by applying a “sandwich-type” estimator.  In addition, it is possible 

that the errors within an individual ZIP Code are correlated with one another.  Not 

correcting for this pattern of error correlation can also lead to an understatement of the 

true standard errors and an overstatement of significance.  To control for this second 

type of error pattern, cluster-robust standard errors will be estimated. 

 When the errors are heteroscedastic, then 𝐸[휀𝑖𝑡] = 0, but 𝐸[휀𝑖𝑡휀𝑖𝑡
′ ] =  Ω.  In this 

equation, Ω is a diagonal matrix with the heteroscedastic variance elements on the 

diagonal.  Under heteroscedasticity, the standard OLS covariance matrix is no longer 

appropriate and generalized least squares (GLS) should be applied: 

𝑉(𝛽 − �̂�) =  (𝑋′𝑋)−1𝑋′Ω 𝑋(𝑋′𝑋)−1 

However, Ω is unknown, making GLS estimation infeasible. Fortunately, this 

problem was solved by Halbert White:82 

But an extremely influential paper by White (1980) showed 
that it is in fact possible to obtain an estimator of the 
covariance matrix of least squares estimates that is 
asymptoticly valid when there is heteroskedasticity of 
unknown form.  Such an estimator is called a 
heteroskedasticity-consistent covariance matrix estimator or 
HCCME. 
  

 

 
82 See, Davidson, Russell and Mackinnon, James, Estimation and Inference in 
Econometrics, Oxford University Press, New York, 1993 at 552. 
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A HCCME estimator proceeds by replacing the unknown 𝑋′Ω 𝑋 part of the 

variance formula with an alternative matrix, Λ =  𝑋′Ω 𝑋.  There are several alternative 

HCCME estimators but the one known as HCCME3 generally performs best.83  It has 

the following formula and is applied to the correlated random effects model: 

Λ = ∑∑
휀�̂�𝑡
2

1 − ℎ̂𝑖𝑡

𝑇𝑖

𝑡=1

𝑥𝑖𝑡𝑥𝑖𝑡
′

𝑁

𝑖=1

 

Finally, the fact that errors may be correlated within ZIP Codes requires application of a 

cluster robust standard error, so the HCCME3 formula is modified as: 

 

Λ = ∑∑
휀�̂�𝑡
2

1 − ℎ̂𝑖𝑡

𝑇𝑖

𝑡=1

𝑥𝑖𝑡𝑥𝑖𝑡
′

𝑁

𝑖=1

+ 2∑∑∑
휀�̂�𝑡

1 − ℎ̂𝑖𝑡

휀�̂�𝑠

1 − ℎ̂𝑖𝑠

𝑡−1

𝑠=1

𝑇𝑖

𝑡=1

𝑁

𝑖=1

(𝑥𝑖𝑡𝑥𝑖𝑠
′ + 𝑥𝑖𝑠𝑥𝑖𝑡

′ ). 

 

As explained above, the correlated random effects model uses the cross-

sectional means for the non-time-varying characteristic variables to control for the 

presence of unobserved heterogeneity and to eliminate bias.  For square miles, the 

number of boxes, and the RUCA index, this is straightforward because they have no 

time series variation.  In contrast, the other characteristic variables, the number of 

delivery points, the percentage of walking routes and the proportions of curb, cluster 

box and central deliveries have a de minimis amount of time series variation.  For 

example, Figure 14 presents the mean number of delivery points over the course of the 

year and shows that is effectively fixed.   

 
83 Id. at 554. 
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Source: Evidence on Time Variation for Characteristic Variables.xlsx 

Similarly, Table 22 presents the time series and cross section standard 

deviations of the other characteristic variables and they also show de minimis time 

variation.  Consequently, all characteristic variables will be treated as cross-sectional 

variables. 

Table 22: Time Series and Cross Section Standard 
Deviations for Characteristic Variables 

Variable Time Series Cross Section 

% Business Deliveries 0.0001 0.0570 

% Walking Routes 0.0001 0.3844 

% Curb Deliveries 0.0001 0.2340 

% CBU Deliveries 0.0003 0.1464 

% Central Deliveries 0.0001 0.1712 
           Source: Evidence on Time Variation for Characteristic Variables.xlsx 
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C. Controlling for Seasonality and Other Time Effects 

The correlated random effects model provides a way of estimating unbiased 

variabilities while addressing the Commission’s stated concern about possible 

correlations between the unidentified effects and volumes.  It can also be used to 

address the Commission’s second concern that unidentified effects may change 

through time.  This concern is more of an issue for the top-down model than previous 

city carrier street time studies because, unlike the previous studies, the current analysis 

data set covers the entire year.  Thus, it becomes important to address possible 

seasonal variations in street hours and volumes.  Analysis of the volume and hours data 

also revealed a material weekly pattern as both types of variables vary by day of 

week.84 

 An effective way to deal with both potential seasonal and other variations through 

time is to incorporate time-specific dummy variables which can capture non-volume 

related movements in street hours across the seventy-two time periods in the data.  

This approach can capture day-of-week effects, the seasonal spike in December, and 

any other unobserved effects that change through time.  The correlated random effects 

model is thus expanded to also account for time effects, 𝑤𝑡
′: 

𝑦𝑖𝑡 = 𝛼 + 𝑥𝑖𝑡
′ 𝛽 +  𝑧𝑖

′𝜓 + �̅�𝑖
′𝛾 +𝑤𝑡

′𝛿 +  휂𝑖𝑡. 

Evidence that the time effects accurately reflect the time variation in street hours 

is demonstrated by Figure 15, which presents the 71 estimated time effects in 

 
84 See, Figure 2, Figure 3, and Figure 5, supra. 
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chronological order from January through December.85  62 of the 71 estimated 

coefficients are statistically significant and all of the insignificant terms are for 

Saturdays.  The pattern of results is striking.  The weekly pattern is distinct and 

repeated throughout each month of the year.  In addition, the seasonal peak is captured 

by the higher values at the end of the year.  Controlling for time period effects is 

important in estimating variabilities in a top-down street time model, as omitting them 

can lead to biased estimates. 

 

 

 

 

 

 

 

   

 

Source: Estimated Time Period Effects.xlsx 

 

The correlated random effects model also produces evidence on whether the 

pooled model suffers from unobserved heterogeneity which is correlated with volume.  If 

so, the variabilities estimated by the pooled model are biased.  The test for correlated 

 
85 Because the top-down equation contains an intercept, it is not possible to include a 
time effect for all 72 observations.  Doing so would create a singular matrix of right-
hand-side variables. 
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unobserved heterogeneity in the pooled model is the presence of statistically significant 

coefficients on any of the cross-sectional mean terms in the model.  The results of 

estimating the correlated random effects top-down model produce that evidence as 

there are five coefficients which are significant at the 0.05 level or higher, another 

coefficient that is significant at the 0.055 level and yet another coefficient that is 

significant at the 0.08 level.86 

D. Interpreting the Results 

A sense of the degree of bias in the pooled model from omitting controls for 

unobserved heterogeneity and time period effects can be gained by comparing the 

marginal times and variabilities from the pooled model with those from the correlated 

random effects model.  That comparison is performed in Table 23. 

  

 
86 The full results for the correlated random effects top-down model with time effects are 
presented in USPS-RM2022-3-1 
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Table 23: Comparison of Results from CRE and Pooled Models 

Marginal Times 

Volume  CRE Model Pooled Model 

DPS 1.43 2.59 

Cased 0.86 2.91 

Sequenced 1.93 3.38 

FSS 2.98 16.83 

In-Receptacle Parcels 19.51 40.35 

Deviation Parcels/ Accts. 64.26 68.72 

Collection 7.12 25.68 

Variabilities 

Volume  CRE Model Pooled Model 

DPS 7.7% 13.5% 

Cased 1.4% 4.5% 

Sequenced 1.2% 2.0% 

FSS 0.6% 3.4% 

In-Receptacle Parcels 3.0% 5.9% 

Deviation Parcels/ Accts. 7.3% 7.5% 

Collection 1.2% 4.2% 
Sources: Pooled Model Combined Acct Restricted Quad.RUCA Variable.Boxes.sas 
and CRE Model Combined Restricted Quad With Time Effects.sas 

 

 Table 23 demonstrates that heterogeneity bias in the pooled model was the 

cause of its overstatement for the marginal times for both FSS mail and collection mail.  

In the correlated random effects model, the marginal time for an FSS piece is nearly 

three seconds, which is far more reasonable than the nearly 17 seconds estimated in 

the pooled model.  Similarly, the marginal time of 7.12 seconds for collecting a piece of 
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mail from a customer’s receptacle in the correlated random effects model is much more 

appropriate then the nearly 26 seconds from the pooled model.  

 To see this, consider a curbline box at which the carrier is collecting 2 pieces of 

collection mail and delivering 3 DPS letters.  The carrier slows, opens the mailbox, 

takes out the two collection pieces, drops them in the collection container, then takes 

the group of 3 letters from the DPS tray, inserts them in the box, closes the door, and 

drives away.  Using the pooled model marginal time, the collection of mail from the box 

would cause the carrier to incur an additional 51.4 seconds (nearly a minute) as 

compared to the same delivery point receiving just 3 DPS letters with no mail collected.  

The additional actions caused by the collection mail are simply removing the mail from 

the customer’s box and putting it into the collection container.  All other actions 

described above remain the same.  It is difficult to see how the few additional actions of 

removing the 2 pieces of mail from the customer’s box and putting it into the collection 

container could take nearly a minute.  A far more reasonable time is the 14.2 seconds 

predicted by the correlated random effects model. 

 Now consider the same delivery point but instead of collecting 2 pieces of mail 

from the box, the city carrier delivers 3 FSS flats, in addition to the 3 DPS letters.  This 

additional type of delivery would require the carrier to take the 3 flats out of the FSS 

container and insert them in the box.87  According to the pooled model, this additional 

delivery time would take 50.4 seconds, which is also close to an additional minute of 

 
87 In many cases, the carrier will pull both the DPS letters and FSS flats from their 
container, combine them, and the insert the combined “football” into the box. In this 
method the additional time for the FSS flats would be even less then under separate 
insertions. 
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street time.  This is highly unlikely.  Nearly a minute of additional time is unrealistic for 

the carrier take the 3 flats out of the FSS container and insert them in the box.  More 

reasonable is the additional nine seconds predicted by the correlated random effects 

model. 

   Moreover, the marginal times include situations in which a carrier was already 

delivering, say, two pieces of FSS mail at the delivery point and is now delivering a third 

piece.  In this case, the only change in action is the carrier is selection of three pieces of 

mail from the FSS container, instead of two.  The additional time required for selecting 

the third piece is likely to be a lot closer to the three seconds from the correlated 

random effects model than the seventeen seconds from the pooled model.   

In the same manner, the correlated random effects model produces the more 

reasonable 19.5 seconds for the additional time for delivering an in-receptable parcel 

than the 40.4 seconds produced by the pooled model.  Consider, once again, the 

delivery of 3 DPS letters to a curbline box but now add the delivery of an in-receptacle 

parcel.  The additional actions required of the carrier are to select the small parcel from 

the parcel container and place it in the mailbox, in addition to the 3 DPS letters.  It would 

likely take a bit more time for the carrier to locate and insert a parcel than a letter or a 

flat, so the expected marginal time for an in-receptacle parcel should be higher, but it is 

unlikely that the additional actions to deliver that parcel will take two-thirds of a minute.  

The same outcome would be true on a park and loop route.  The carrier stops at the 

house or business to deliver the three DPS pieces.  The additional time for delivering 

the in-receptacle parcel is just the time it takes the carrier to obtain the small parcel from 

the satchel and insert it into the box.  That action is not likely to take 40 seconds. 
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An essential characteristic of variabilities is that they depend upon both a volume 

type’s marginal time and its relative volume.  Two volume types with similar marginal 

times will have very different variabilities if they have very different relative volumes.  

The product type with the larger volume will have a higher variability.  In fact, it is 

possible for a product type with a lower marginal time to have a higher variability than 

another product type with a higher marginal time.  It just takes a sufficiently larger 

volume to cause the reversal. In fact, this type of reversal occurred in the top-down 

model.  

Table 23 shows that the marginal time for an FSS flat is greater than the 

marginal time for a sequenced piece which, in turn, has a greater marginal time than a 

DPS letter.  But the pattern for the variabilities for the three types of mail is exactly 

reversed, with the DPS variability exceeding the sequenced variability, which exceeds 

the FSS variability.  The reversed pattern occurs because DPS volume is larger than 

the sequenced volume, which is larger than the FSS volume.  A variability measures the 

percentage response in street time to a given percentage change in volume.  But the 

absolute change in volume associated with a given percentage change is much larger 

for high-volume volume types.  At mean volumes for the three types of mail, a 5 percent 

change in volume would mean a change of 910 DPS letters per ZIP per day, whereas a 

5 percent change in FSS volume would mean a change of just 35.6 flats per ZIP per 

day. 

The marginal times and variabilities from the correlated random effects model are 

unbiased and comport with operational practice during street activities.  The model 

allows for explanation of cross ZIP Code variations in street hours by explicit 
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characteristic variables and for the correlation of unobserved effects with volume.  The 

correlated random effects model is thus the preferred model for estimating street time 

variabilities in the top-down approach. 

E. Investigating Alternative Approaches to Seasonality 

In the correlated random effects model estimated above, both seasonal and day-

of-week time variations are incorporated through the individual time effects.  And as 

Figure 15 shows, they do a good job capturing both types of time variations.  However, 

given the potential importance of seasonal effects for carrier street time, it is worthwhile 

to check if the estimation results continue to hold with different seasonal methods.  One 

alternative approach is to estimate what is known as a two-way correlated random 

effects model.  In this approach, the individual time effects are not explicitly entered into 

the equation. Rather they are treated as a second set of random variables that only vary 

through time.  The two-way CRE model has the following specification: 

𝑦𝑖𝑡 = 𝛼 + 𝑥𝑖𝑡
′ 𝛽 +  𝑧𝑖

′𝜓 + �̅�𝑖
′𝛾 +𝜆𝑡 +  휂𝑖𝑡. 

In this specification, seasonal and other time effects are captured by the 𝜆𝑡. 

Results of estimating the two-way correlated random effects model corroborate the 

results of the original correlated random effects model with explicit time effects.88  As 

Table 24 shows, the resulting variabilities are nearly identical.  These results confirm the 

usefulness of incorporating time effects in the model to control for seasonality and day-

of-week effects. 

  

 
88 The complete results for the two-way CRE model are provided in USPS-RM2022-3-1. 
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Table 24: Variabilities from Two Restricted Quadratic 
CRE Models 

Volume  

Explicit 
Time 

Effects 
Two-Way 

Model  

DPS 7.7% 7.7% 

Cased 1.4% 1.4% 

Sequenced 1.2% 1.2% 

FSS 0.6% 0.6% 

In-Receptacle Parcels 3.0% 2.9% 

Deviation Parcels/ Accts. 7.3% 7.3% 

Collection 1.2% 1.3% 
Sources: CRE Model Combined Restricted Quad With Time 
Effects.sas and CRE Model Combined Restricted Quad Rand2.sas 

 

 One other approach to estimating seasonal effects was investigated.  In the 

recent Special Purpose Route Report, I estimated a separate equation for December 

SPR time.89  This was feasible because there was just one volume term, so the 

reduction in the number of observations from using just one month’s data did not cause 

multicollinearity problems for the estimated equation.  Because of the success of the 

separate-December method employed in that case, I also investigated estimating a 

separate top-down street time model for just December hours and volumes.  This is an 

alternative approach to controlling for seasonal variation, instead of using time-specific 

effects.  

 
89 See, A New Study of Special Purpose Route Carrier Costs, Docket No. RM2019-6, 
June 21, 2019 at 32. 
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In the case of the top-down model, this approach reduces the available data for the 

December estimation to just one-twelfth of what was available for the full model.90 The 

impact of the reduction in size of the estimation data set on the results is revealed by 

Table 25, which shows that the December-only approach is not feasible for the top-

down model.  There are not enough data to separately estimate accurate marginal 

times and variabilities for the different volume groupings. For example, the model 

produces a negative marginal time and variability for in-receptacle parcels and a near 

zero marginal variability for cased mail. 

Table 25: Results from a Restricted Quadratic CRE Model 
for December 

Volume  
Marginal 

Time Variability 

DPS 1.19 6.5% 

Cased 0.07 0.1% 

Sequenced 2.33 1.2% 

FSS 0.79 0.1% 

In-Receptacle Parcels -2.37 -0.5% 

Deviation Parcels/ Accts. 78.61 12.8% 

Collection 26.02 4.1% 
Source: CRE Model Combined Restricted Quad Dec.sas 

  

The use of time-specific effects controls for seasonal and day-of-week variations, 

and does so in a way which reveals the nature of those effects.  It is corroborated by a 

two-way correlated random effects model and does not require a reduction in the size of 

the data set to estimate the top-down model. 

 

 
90 The full results for the just-December model are provided in USPS-RM2022-3-1. 
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F. Investigating the Presence of Overly Influential Observations 

 One of the advantages of having a large data set is that it reduces the likelihood 

that individual observations could have an unduly large influence on the estimated 

coefficients.  Even if an observation was erroneous, or truly unusual, the large size of 

the data set suggests that it would be unlikely to have sufficient influence to overcome 

the impact of the other 70,056 observations.  Thus, the existence of “outliers” or overly 

influential observations is much less a concern in large data sets than it is in small data 

sets.  Nevertheless, such undue influence is possible, and the possibility of overly 

influential outliers should be checked. 

 To investigate potential outliers, I follow the procedure that has been successfully 

employed in previous city carrier and transportation cases (see, Docket Nos. RM2014-

6, RM2015-7, RM2019-6, and RM2021-1) and has been approved by the 

Commission:91 

The Commission agrees with the Postal Service that 
application of Cook’s D statistic with a 0.1 percent threshold 
is reasonable. Cook’s D statistic calculates “how much the 
potentially influential observation affects” the value predicted 
by the regression line because it combines two statistics: 
Studentized Residual (to determine whether the particular 
observation is an outlier) and leverage (to assess a potential 
effect of the observation on the regression results). 
 

 
91 See, Order No. 5999, Order on Analytical Principles Used in Periodic Reporting 
(Proposal Seven), Docket No. RM2021-1, October 6, 2021, at 18. 
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As the Commission explained, an advantage of the Cook’s D statistic is that it 

examines both an observation’s distance from the regression relationship and its 

potential to unduly influence that relationship:92 

That an observation appears atypical is not enough 
justification, by itself, for removing it from the regression data 
set. Instead, one needs to identify observations that are not 
only far away from the regression line but also have the 
potential for influencing the estimated regression 
coefficients.93  This can be done in two steps. First, one can 
calculate the Studentized Residual for each observation in 
the dataset to find any observations which are far from the 
regression line. Second, one can calculate a measure of 
leverage for each observation, to determine its potential to 
influence the regression line.  To ensure that a particular 
observation meets both of these criteria, it is useful to have 
statistic that combines both the Studentized residual and 
leverage. The Cook’s Distance (or “D”) statistic does just 
that: 

𝐷𝑖  =   
∑ (�̂�𝑗(𝑖) − �̂�𝑗)

2𝑛
𝑗=1

𝑝�̂�2
 

 
The numerator of Cook’s D is the squared difference in 
predicted values from omitting the observation and the 
denominator is the scaled variance of the residuals.  

 

 
  Of the 70,056 observations in the analysis at set, only 4 have a Cook’s D statistic 

which exceeds 0.10.  This small number reflects the fact that Cook’s D measures the 

 
92 See, Research on Updating Purchased Highway Transportation Variabilities to 
Account for Structural Changes, Docket No. RM2021-1, November 9, 2020, at 18. 
 
93 For a more complete explanation of how to identify unduly influential observations 
through the use of Cook’s D statistic, see Report on Updating the Cost-to-Capacity 
Variabilities for Purchased Highway Transportation, USPS-RM2014-6/1, June 20, 2014 
at 18-24. 
 



REVISED: 1/21/2022  GRAY 
 

105 

 

influence of a single observation on the estimation of a top-down model using tens of 

thousands of other observations.  For each observation �̂�𝑗 is the calculated street hours 

using all observations when estimating the top-down equation and �̂�𝑗(𝑖)  is the 

calculated street hours with the ith observation omitted before estimating the equation.  

Given the large number of observations, it is rare that a single observation’s removal 

would create a material difference in the predicted values.  In fact, two of the four 

identified observations have Cook’s D values which are quite close to the cutoff of 0.10, 

at 0.1086 and 0.1029. 

 To determine if any of these four observations should be removed from the 

analysis data set, it is appropriate to examine each one and identify the source of its 

variation.  This can help determine if the observation is erroneous, or so atypical, that it 

cannot be justified as being part of the data set. Table 26 presents the hours and 

volume values for the for unusual observations along with the mean values from their 

respective ZIP Codes.94 

  

 
94 The unusual observations come from four different ZIP Codes. The actual values for 
the ZIP Codes, along with the program that identifies them are included in USPS-
RM2022-3-1. 
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Table 26: Compare Unusual Observations to ZIP Code Means 

First Unusual ZIP Code Day 

Date 
Street 
Hours DPS Cased FSS Seq. 

IR 
Parcels 

Dev. 
Parcels Accts. Collection 

2/2/2019 372 71,671 165,705 0 0 2,536 1,845 96 2,629 

Annual Avg. 393 92,829 42,761 0 20 2,660 2,121 159 3,277 

Second Unusual ZIP Code Day 

Date 
Street 
Hours DPS Cased FSS Seq. 

IR 
Parcels 

Dev. 
Parcels Accts. Collection 

11/4/2019 356 293,863 16,955 18,221 0 1,937 1,030 124 3,053 

Annual Avg. 304 71,506 11,404 9,368 8,699 1,993 1,162 104 2,871 

Third Unusual ZIP Code Day 

Date 
Street 
Hours DPS Cased FSS Seq. 

IR 
Parcels 

Dev. 
Parcels Accts. Collection 

1/12/2019 8 28,102 1,251 0 0 1 64 0 344 

Annual Avg. 316 55,119 35,677 0 836 1,614 615 38 774 

Fourth Unusual ZIP Code Day 

Date 
Street 
Hours DPS Cased FSS Seq. 

IR 
Parcels 

Dev. 
Parcels Accts. Collection 

12/14/2019 439 52,856 25,439 0 22,886 3,073 6,109 229 1,515 

Annual Avg. 348 60,052 23,608 0 6,988 2,015 2,652 80 2,135 

Source: Investigate IOTEST Dataset CooksD.sas 

 

The first observation is unusual because it has an extremely high value for cased 

mail on that ZIP Code day, a value which is nearly four times the ZIP Code’s average 

daily cased mail.  In addition, the ZIP Code’s DPS volume was about 23 percent higher 

than the average.  These volume shifts caused the actual hours for the day in question, 

(February 2, 2019), to be higher than the model would predict.  This is what causes it to 

be a potential outlier.  While the cased mail volume is unusual, the overall observation 

does not appear to be extreme or erroneous, as the daily street hours are near the 
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average value and the volumes per delivery point remain feasible.  This observation is 

not a candidate for removal from the data set.   

The second observation with a Cook’s D over 0.10 is also a high-volume day 

(November 4, 2019) for its ZIP Code.  The observation includes a DPS value that is four 

times the ZIP Code average and higher-than-average-volumes for both cased mail and 

FSS mail.  These high volumes cause the ZIP Code to incur hours that are higher than 

average, but that should be expected given the high volumes for the day.  While this is 

an unusual day for the ZIP Code, for both hours and volume, it does not appear to 

impossible or erroneous. 

 The third ZIP day observation stands out because it has very few street hours 

compared to its average.  Its DPS volume is low, at about half of its average, but the 

other volumes are extremely low.  Research into the weather for the ZIP Code’s area for 

relevant day, January 12, revealed that the ZIP Code suffered a severe winter storm on 

that day, explaining both the low volumes and the low hours.  Most routes in the ZIP 

Code likely did not deliver on that day, so while the day is unusual, it is a data point that 

reflects what actually occurred and should be retained.   

Finally, the fourth observation is another heavy volume day (December 14, 

2019), with very large values for sequenced mail and the two types of parcels.  This 

higher volume caused it to have higher than average hours, but that should be expected 

for a delivery day in mid-December. 

 In sum, while the four observations are atypical for the respective ZIPs, review of 

the hours and volumes indicates that none of the ZIP days appears to erroneous or to 

be so extreme so that it does not reflect underlying city carrier street time observations.  
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Based upon that fact, and the large number of observations in the analyses data set, 

there is no basis for removing these observations from the regression data set. 
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VI.  REFINING THE POOLED MODEL 

 The previous sections demonstrated that the correlated random effects model 

with time-specific effects is the preferred econometric model for estimating top-down 

street time variabilities because it controls for unobserved heterogeneity and seasonal 

effects while allowing for characteristic explanatory variables.  It also produced results 

consistent with city carrier operational practice.  Along all of these dimensions the 

correlated random effects model provides better outcomes than the traditional pooled 

model.  However, because the pooled model has been used in previous city carrier 

street time studies, it bears some additional investigation to determine if it can provide 

improved results. 

 The primary drawback of the traditional pooled model is that it does not control 

for unobserved heterogeneity and thus produces biased estimates.  However, recent 

advances in estimating pooled models have produced a refinement to the pooled model 

that overcomes this drawback.  The new approach is called the common correlated 

effects pooled (CCE pooled or CCEP) model.95 

 
95 For articles explaining the econometric theory behind the common correlated effects 
pooled model, see, Pesaran, M. Hashem, Estimation and Inference in Large 
Heterogeneous Panels with a Multifactor Error Structure, Econometrica, Jul., 2006, Vol. 
74, No. 4 (Jul., 2006), pp. 967-1012 and De Vos , Ignace and Westerlund, Joakim,  “On 
CCE Estimation of Factor-Augmented Models when Regressors are not Linear in the 
Factors, Economics Letters, Vol 178,  May 2019 at 5-7. For examples of applying the 
common correlated effects pooled model, see, Stevens, Jason and Childs, Jason, “Re-
Examining the Economic Determinants of Alcohol Consumption In Canada: Controlling 
For The Presence Of Common Correlated Effects, Applied Economics Letters, 2017, 
Vol. 24, No. 16, 1177–1180 and Fuleky Peter, Ventura Luigi, and Zhao Qianxue, 
“Common Correlated Effects and International Risk Sharing,” International Finance, 
2018, Vol 21:55–70. 
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The CCE pooled model starts by positing the existence of unobserved factors. In 

the case of the top-down street time model, the inclusion of these factors would imply 

the following specification: 

𝑦𝑖𝑡 =  𝛼 + 𝛽𝑗𝑣𝑗,𝑖𝑡 + 𝛿𝑘𝑧k,𝑖 +  𝜆𝑟 𝑓𝑟 +  𝜐𝑖𝑡 

 In this equation, the 𝑦𝑖𝑡 are the street hours for each ZIP Code day, the  𝑣𝑗,𝑖𝑡 are 

the daily ZIP Code volumes by type, the  𝑧k,𝑖 are the characteristic variables, the 𝑓𝑟 are 

the unknown factors and the 𝜆𝑟  are the factor loadings.  If the unknown factors are 

correlated with volume, then the beta coefficients are biased.  This is exactly the case 

for the top-down pooled model for street time. 

While theoretically clear, this version of the model cannot be implemented 

because the factors are unknown.  To solve this problem, Pesaran (2006) demonstrated 

that a consistent estimator of the unobserved effects is provided by including the cross-

sectional averages for the dependent and independent variables.  Including the cross-

sectional averages, as a result, produces unbiased estimates of the  𝛽𝑗 coefficients 

used in calculating the variabilities.  This means that the pooled top-down model can be 

re-estimated as a CCE pooled model, including the cross-sectional averages, to 

produce unbiased estimates of the variabilities. The CCE pooled model has the 

following form: 

𝑦𝑖𝑡 =  𝛼 + 𝛽𝑗𝑣𝑗,𝑖𝑡 + 𝛿𝑘𝑧k,𝑖 +  𝛾𝑦 𝑦𝑖𝑡 +  𝛾𝑣 �̅�𝑗,𝑖𝑡 +  𝜐𝑖𝑡. 
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The CCE pooled model provides a direct test for the presence of unobserved 

heterogeneous factors.  The test is straightforward.  It is simply the standard 

significance test for the 𝛾𝑣 , which are the coefficients on the cross-sectional means for 

the volume variables.  Statistically significant coefficients are a demonstration of bias in 

the original pooled model.  Table 27 provides the results of those tests, and there is 

strong evidence that the unobserved heterogeneity is correlated with volumes as each 

of the volume types has a least one significant coefficient.  Thus, the common 

correlated effects pooled model is the appropriate one to estimate. 

Table 27: Tests of Unobserved Cross-Sectional 
Effects 

Variable Coefficient H.C. t-statistic 

DPS -1.57 -15.27 

DPS2 0.000004 2.85 

Cased -0.96 -4.82 

Cased2 0.000008 1.54 

Sequenced -2.00 -9.72 

Sequenced2 0.000016 1.78 

FSS -3.05 -7.17 

FSS2 0.000044 0.95 

IR Parcels -17.32 -2.97 

IR Parcels2 -0.002203 -1.09 

Dev. Parcel/Acct. -57.64 -13.61 

Dev. Parcel/Acct.2 -0.008388 -4.77 

Collection -3.89 -2.02 

Collection2 -0.002949 -3.53 

 Source: Pooled CCE Model Combined Acct Restricted Quad.Time 
Effects.sas 
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One final modification of the original pooled model deals with time effects.  

Results from the correlated random effects model demonstrated that incorporating time-

period-specific effects was an effective method for controlling for both seasonal and day 

of week effects.  As those time-related effects are in the data used to estimate the CCE 

pooled model, so it is also appropriate to include time-specific effects in that model. 

Other than the inclusion of time effects and the cross-sectional means, the specification 

of the CCE pooled model is the same as the traditional pooled model.  Table 28 

presents the marginal times and variabilities associated with the CCE pooled model, 

and the results are quite different from the previous pooled model.  The FSS and 

collection marginal times are more realistic as is the time for the in-receptacle parcels.  

As it was designed to do, the CCE pooled model approach is controlling for the 

unobserved heterogeneity in the data. 

Table 28: Results from a Restricted CCE 
Pooled Model with Time Effects 

Volume  
Marginal 

Time Variability 

DPS 1.43 7.7% 

Cased 0.87 1.4% 

Sequenced 1.93 1.2% 

FSS 2.98 0.6% 

In-Receptacle Parcels 19.57 3.0% 

Deviation Parcels/ Accts. 64.05 7.3% 

Collection 7.13 1.2% 
Source: Pooled CCE Model Combined Acct Restricted Quad.Time 
Effects.sas 
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 In fact, the CCE pooled model strongly corroborates the results from the 

correlated random effects model.  Table 29 presents the variabilities and marginal times 

from the two models and a reasonable observer would conclude that the two sets of 

results are very close to one another.  This closeness indicates that a key requirement 

for an accurate top-down model of city carrier street time is to effectively control for 

unobserved heterogeneity whether a pooled model or a random effects model is 

employed. 

Table 29: Comparison of Variabilities from the Correlated 
Random Effects and the Common Correlated Effects Pooled 

Models 

Volume Type CRE Model 
CCE Pooled 

Model 

DPS 7.74% 7.73% 

Cased 1.37% 1.38% 

Sequenced 1.21% 1.21% 

FSS 0.63% 0.63% 

In-Receptacle Parcels 2.98% 2.99% 

Deviation Parcels/ Accts. 7.28% 7.26% 

Collection 1.22% 1.22% 
Sources: Pooled CCE Model Combined Acct Restricted Quad.Time Effects.sas 
and CRE Model Combined Restricted Quad With Time Effects.sas 

 

 On both econometric and operational grounds, the correlated random effects 

model produces the preferred marginal times and variabilities.  But the appropriateness 

of its results does not depend upon the particular assumptions underlying that 

econometric approach as a corrected pooled model provides very similar results.  The 

fact that two different econometric models produce nearly the same results is 

corroborative.  
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VII. IMPACT ANALYSIS 

 Estimation of a top-down model for total street time not only has a potential 

impact on estimated variabilities, but also has a potential for affecting the cost pools 

used to calculate volume variable costs. While the cost pool structure put forth by the 

Postal Service, and accepted by the Commission, in Docket No. RM2015-7 was more 

aggregated than previous cost pool structures, it still has a number of different activity 

related cost pools.  The FY 2021 proportions for those cost pools is provided in Table 

30, which shows how city carrier street time is divided among the various volume-

related and non-volume-related activities.  In the top-down equation approach, these 

separate costs pools are combined, and the estimated top-down variabilities would be 

applied to that broad cost pool.  The estimated top-down variabilities must be 

interpreted in that light. 

 

Table 30: FY 2021 Street Time Proportions 

Activity Proportion 

Regular Delivery 74.09% 

IR Parcel Delivery 6.18% 

Parcel/Accountable Delivery And Travel 7.58% 

General Collections 0.35% 

Express Collections 0.00% 

Travel To/From Route And Relay 8.64% 

Network Travel 3.16% 

Source: CS06&7-Public-FY21.xlsx, Tab 7.0.4.1  
 

 The RM2015-7 variabilities, by type of mail, and those estimated with the top-

down equation are, as result, not directly comparable.  For example, the current 
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deviation parcel / accountable variability of 51.9 percent would seemingly be larger than 

the top-down deviation parcel / accountable variability of 7.3 percent.  But such an 

inference would be erroneous because it does not account for the fact that the 51.9 

percent variability is multiplied by a FY 2021 cost pool of $979 million, whereas the 7.3 

percent variability is multiplied by a FY 2021 cost pool of $12.9 billion.  The former 

variability leads to volume variable letter route street time costs for deviation parcels / 

accountables of $508 million, but the latter variability leads to $943 million volume 

variable letter route street time cost for that cost pool.  So, the top-down variability is 

actually larger, in terms of producing volume variable costs, than the existing variability. 

 A second adjustment to the current variabilities is also required.  Because the 

top-down variabilities are directly applied to total street time, there no longer is a 

separate cost pool for street support.  In the current city carrier structure, street support 

“borrows” the overall variability from the non-street-support cost pools, like DPS delivery 

or parcel/accountable delivery.  In this structure, each of the estimated variabilities has 

an indirect impact on total volume variable costs through its impact on street support.  

The additional channel of influence causes the overall amount of volume variable cost 

caused by each direct variability to be larger than just its direct effect on its relevant cost 

pool.  To provide an accurate comparison with the top-down variabilities, each of the 

estimated city carrier street time variabilities must be increased to account for its 

creation of volume variable street support. 

 In sum, to put the current variabilities on the same footing as the top-down 

variabilities, one must adjust them for the cost pool size differences and their impact on 

street support. That is done with the following formula: 
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휀𝑗
𝑇𝐷 =  

휀𝑗
2015𝐴𝐶𝑗

2021 

∑ 𝐴𝐶𝑗
2021𝑁

𝑖=1

+
 휀𝑗
2015𝐴𝐶𝑗

2021 

∑ 𝐴𝐶𝑗
2021𝑁−1

𝑖=1

𝐴𝐶𝑆𝑆
2021

∑ 𝐴𝐶𝑗
2021𝑁

𝑖=1

 

 

In this equation, 휀𝑗
2015 is the product type variability estimated in RM2015-7,  𝐴𝐶𝑗

2021 is 

the accrued cost in FY 2021 for the associated cost pool, and ∑ 𝐴𝐶𝑗
2021𝑁

𝑖=1  is total 

accrued street time cost in FY 2021.  There are N cost pools in city carrier street time, 

and the total street time accrued cost is the sum of the accrued costs for the N cost 

pools. 𝐴𝐶𝑆𝑆
2021 is the accrued cost for street support, which is designated at the “Nth” 

cost pool.  As mentioned above, the variability of street support is based upon the 

overall variability for the other, N-1, city carrier street time cost pools.  That overall 

variability is found by weighting the N-1 direct cost pools variabilities by their proportions 

of non-street-support accrued cost. Note that the street support accrued cost is not part 

of that calculation, so the relevant total accrued costs is summed over the N-1 direct 

variability components,  ∑ 𝐴𝐶𝑗
2021𝑁−1

𝑖=1 . 

 The first term in the restated variability equation is the adjustment for the size of 

the top-down cost pool and the second term is the adjustment for the indirect impact of 

the variability on street support. 

The restatement process is perhaps easier to understand with a simple example.  

Suppose that accrued street time cost is $1,000 and there are four parts to street time, 

letter delivery, parcel delivery, route time (which has a zero variability) and support 

(which takes its variability from the other three parts).  Each cost pool’s hypothetical 
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proportion of accrued cost, along with its assumed variability and current volume 

variable cost, are given in Table 31. 

Table 31: Hypothetical Cost Pools and Variabilities 

Cost Pool 
% 

Accrued 
Accrued 

Cost 
Current 

Variability 
Current 

VVC 

LF Delivery 70% $700 37.50% $262.50 

Parcel Delivery 5% $50 40.00% $20.00 

Route Time 10% $100 0.00% $0.00 

Support 15% $150 33.24% $49.85 

Total 100% $1,000 33.24% $332.35 

Source: Author’s Calculations 

 

Application of the computational formula presented above to the example cost 

pool structure leads to computation of the restated variabilities for letter/flat and parcel 

delivery.  For example, the letter/flat variability of 0.375 is first multiplied by the letter/flat 

cost pool proportion of accrued cost of 0.70.  This step reduces the variability to 0.2625, 

accounting for the fact that the top-down model applies the variabilities to a larger cost 

pool.  Next, the letter/flat variability’s impact on support is calculated.  The letter/flat 

variability 0.375 is multiplied by the letter/flat proportion of non-support accrued cost of 

82.35 percent. That product is then multiplied by the support proportion of accrued cost, 

a value of 15 percent. This step adds 0.0463 to the current variability.  Combining the 

two parts produces the restated letter/flat variability of 30.88 percent.  A similar 

calculation for parcel delivery produces a restated variability of 2.35 percent. 
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The restated volume variable costs are found by multiplying the restated 

variabilities by total accrued street time cost, which is $1,000 in the example.  Table 32 

presents the restated variabilities and volume variable costs. Note that in the restated 

case, both the overall variability and the restated volume variable costs match the same 

values produced by current variabilities. 

 

Table 32: Example Restated Variabilities 

Cost Pool 
Restated 

Variability 
Restated 

VVC 

LF Delivery 30.88% $308.82 

Parcel Delivery 2.35% $23.53 

Total 33.24% $332.35 

            Source: Author’s Calculations 

 

 

 Table 33 presents the restated current variabilities, along with the corresponding 

variabilities from the top-down model.  A comparison of the two sets of variabilities 

shows three primary patterns.  First, the overall level of variability produced by the top-

down model is lower, reflecting the more recent lower volume levels.  Second, the 

overall variability decline is caused by a reduction in the variabilities for the volume 

types associated with market dominant letter and flat mail, and third, that volume 

variability decline is offset, in part, by a net increase in the parcel variabilities.  The 

overall changes in the variabilities result in lower costs for letters and flats and higher 

costs for parcels. 
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Table 33: Comparing Variabilities 

Volume Type 
Restated 
Current  

Top-
Down 

DPS 14.10% 7.74% 

Cased Mail  6.21% 1.37% 

Sequenced  1.82% 1.21% 

FSS 1.07% 0.63% 

Collections from Customer Receptacles  3.50% 1.22% 

In-Receptacle Parcels  3.30% 2.98% 

Deviation Parcels/Accountables 4.30% 7.28% 

Source Restated Current Variabilities .xlsx   
 

 Applying the top-down variabilities reduces the FY 2021 volume variable street 

time costs for letter and flat delivery, reduces the FY 2021 cost of collecting mail from 

customers’ receptacles, and increases the FY 2021 cost of delivering parcels.  These 

movements in volume variable cost are consistent with the overall decline in volume 

since 2015, as well as the relative shifts in volumes over that period. 

 When volume falls across the Postal Service’s city carrier delivery network and 

the size of the network increases (the number of city carrier delivery points increased by 

2.4 million between 2015 and 2020) there is necessarily a shift away from volume-

related costs toward network-related costs.  This shift leads to a lower proportion of 

volume variable costs. 

 Over the 2015 to 2020 period, the Postal Service lost 10.2 billion pieces of First-

Class Mail, 15.9 billion pieces of Marketing Mail, and a total of 28.1 billion pieces of 

market dominant mail.  Over the same period, it gained 3.2 billion pieces of competitive 

mail.  Market dominant mail is overwhelmingly letter and flat mail, and competitive mail 
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is overwhelmingly parcel mail, so the above measures of volume declines are 

reasonable order of magnitude indicators for declines in letter and flat mail volumes and 

the increase in parcel volume.  Those indicators demonstrate a large decline in letter 

and flat volumes, which is only partially offset by an increase in parcel volumes.  Such a 

volume pattern should be associated with an overall decline in volume variable cost with 

a larger percentage decline in market dominant volume variable cost offset, in part, by 

an increase in parcel volume variable costs.  This is exactly the pattern revealed by 

estimation of the top-down model. 

 Table 34 presents the impact of the top-down variabilities on unit city carrier 

costs, including indirect costs.  Reflecting the change in variabilities discussed above, 

the unit costs for market dominant products fall while the unit costs for competitive 

products rise.  This reflects the relative volume trends for the two types of products. 
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Table 34 

City Carrier Costs Including Indirect Costs 

Product 

Current 
Unit City 
Carrier 
Costs 

New Unit 
City 

Carrier 
Costs 

Change in 
City Carrier 

Cost 

% Change 
in City 
Carrier 
Cost 

Total First-Class Mail $0.063 $0.041 -$0.022 -34.98% 

Total USPS Marketing 
Mail 

$0.063 $0.043 -$0.020 -32.28% 

Total Periodicals $0.145 $0.113 -$0.033 -22.58% 

Bound Printed Matter 
Flats 

$0.216 $0.173 -$0.043 -19.90% 

Bound Printed Matter 
Parcels 

$0.365 $0.452 $0.088 24.02% 

Media/Library Mail $0.421 $0.506 $0.085 20.07% 

Total Package Services $0.324 $0.365 $0.041 12.74% 

Total Domestic Market 
Dominant Mail 

$0.067 $0.046 -$0.021 -31.63% 

Total Competitive Mail 
and Services 

$0.453 $0.528 $0.075 16.54% 

Source: FY21 Proposal One Cost Impact xlsx, Tab Unit Costs 

 


