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I. Introduction 

 The existing special purpose route (SPR) street time costing algorithm starts with 

accrued SPR street time and then, based upon a study of SPR actions, splits that time 

into three separate SPR activities: driving time, time at stop, and support time.  Each of 

those activities is further sub-divided into the individual actions that are performed in the 

activity, based upon an SPR activity study. For example. time at stop is split based upon 

the relative amount of time at different types of collection and delivery stops. The 

individual action times are then organized into activity pools that match the ones used 

for letter route costs in the Docket No. R97-1 letter route model: access time, load time, 

network travel time, and delivery support time. 

 The empirical basis for the existing SPR model was a special study conducted in 

1996.  The sample for the study was made up of 149 special purpose routes, and 

approximately 100 routes participated in the study.  The remaining routes canceled their 

participation or did not respond to the solicitation to participate. Each route was 

surveyed for one week, from March 30 to April 26, 1996. Forms listing activities and the 

arrival and leave times were filled out by carriers. Supervisors filled out forms indicating 

the pieces to be delivered, by class.  There were 459 office forms completed, which 

equates to 4.6 days reported per route.  

 The structure of the old SPR model appears to be based upon an effort to force 

fit the SPR structure into what was then the (Docket No. R97-1) letter route structure, 

thus splitting SPR time into access time, load time, and network travel.  It is not clear 

that this structure was appropriate for forming SPR cost pools and, as Figure 1 shows, it 

leads to a somewhat convoluted model structure. 
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Figure 1 

Structure of the Old SPR Street Time Model 

 

 

 

 In addition, there have been substantial changes in the activities performed by 

SPR carriers since 1996, leading to a rethinking of the structure of the SPR model.  

First, SPR carrier activities have been influenced by the growth in the Postal Service’s 

package volume. As package volume has grown, the focus on SPR activities has 

shifted toward delivery and away from collection.  The growth in overall SPR time is also 

associated with the growth in package delivery time.  Finally, the growth in package 
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volume has intensified the implications of the seasonal peak in package delivery, to the 

point it is essential that it be examined and accounted for in an SPR cost analysis. 

 The development of Sunday package delivery has also shifted SPR activities 

toward delivery and has created the need for a new cost pool, which did not exist when 

the old SPR cost model was constructed.   In addition, the creation of a new carrier craft 

with materially different wages, City Carrier Associates, means that it is not sufficient to 

just allocate SPR cost pool hours to individual products.  With differential wage rates, it 

is important to also identify which type of carrier hours are included in each cost pool, so 

the right amount of dollars are attributed to products.   

 Finally, the Postal Service has developed data capabilities that allow it to track its 

SPR carrier activities and delivered volumes in ways that were not previously available.  

Although it is still a challenge to effectively piece together disparate Postal Service 

operational databases, their existence raises the possibility of greatly expanding the 

amount of data that can be used to study SPR costs.  

 The cumulative impact of these changes is that it is not sufficient to simply 

update the old SPR model by collecting essentially the same data, in a more recent 

period, and plugging the new data into the old model structure.  A fresh look at SPR 

carriers is required that accounts for and directly addresses the changes described 

above.  The research described in this report and the resulting proposed new SPR cost 

model are the outcomes of taking such a fresh look and, as a result, have a number of 

advantages over the existing study.  First, the new study is based upon ongoing 

consultations with Postal Service carrier operations experts to ensure that its structure 

reflects current operational practice and management. Second, it makes use of ongoing 
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operational databases, greatly expanding the scope of the analysis.  Rather than being 

limited to a small sample of SPR routes as was used in the previous study, the new 

study includes data from all SPR locations in the country.  It is based upon a census of 

SPR locations.  Third, the study explicitly accounts for the December peak in package 

volumes in determining product costs and allows for other seasonal variation throughout 

the year.  Finally, for the first time, the new study explicitly models Sunday package 

delivery costs based upon the actual packages delivered. 

 

II. A Profile of SPR Activities and Operations  

To understand the incurrence of costs for SPR carriers, it is essential to have a 

basic understanding of the activities SPR carriers perform and the operations in which 

those activities take place. Fundamentally, SPR carriers deliver packages to addresses 

across a designated geographic area and collect mail from specified collection points. 

To accomplish these assignments, SPR carriers must perform a number of different 

activities: organize their mail in the office, load their vehicles, drive to the first delivery 

collection spot, drive between delivery and collection spots, effect delivery or collection 

while out of the office, return to the office from the last delivery or collection spot, and 

unload their vehicles. 

These activities take place in three operations, regular Monday through Saturday 

delivery, Sunday delivery, and collection, and the mix of activities performed depends 

upon the operation.1  In regular delivery, SPR carriers may deliver packages over a 

                                              
1 The term “Sunday delivery” actually refers to delivery of packages on Sundays and 
holidays.  For convenience, the term “Sunday delivery” will be used in this way 

throughout this report.  The term “regular delivery” describes delivery that takes place 
on Mondays through Saturdays. 
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somewhat regular geographic area on a daily basis.  This type of SPR activity typically 

takes place in urban areas, which have foot routes that make it difficult for letter-route 

carriers to deliver packages.  However, SPR hours are also incurred in suburban 

motorized areas where SPR carriers may support letter routes with particularly high 

volume.  This type of SPR activity may occur only one or two days a week and could be 

in support of more than one letter route.  In addition, SPR carriers involved in package 

delivery may occasionally stop at designated collection points, like street letter boxes, 

and collect mail. 

Sunday delivery is more closely related to the volumes being delivered than the 

geographic area being covered.  This type of delivery is not in support of letter routes 

but is generally governed by the dynamic routing system.  Dynamic routing provides a 

computer-generated order for the packages to be delivered and a set of turn-by-turn 

directions for delivering the packages.   

As the name suggests, collection involves the retrieval of mail from collection 

points like street letter boxes.  Collection is most often performed in the afternoon and 

will often involve collecting mail or “sweeping” the same set of collection boxes each 

day. However, collection activities also can include trips between postal facilities or trips 

to or from airports to retrieve or drop off collection mail.  It does not include collection of 

mail from customers’ receptacles, which is done by letter-route carriers. Collection has a 

relatively small amount of office time associated with it. 

Although the word “route” appears in the title for this type of carrier, it is a bit of 

misnomer in the current operating environment. SPR carriers do not generally have 

regular routes in the sense of letter-carriers.  That is, they do not cover the same 
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addresses each day, on an identical line of travel.  While some SPR carriers, 

particularly in large urban areas, may cover the roughly the same geographical area 

each day, other SPR carriers may go nearly anywhere in the finance number’s service 

area.  In many cases, an SPR carrier’s responsibility may vary from day-to-day with 

differing degrees of delivery and collection across days. Some SPR carriers may 

regularly work a full day on SPR activities; others may work just one or two hours on 

SPR activities and spend the rest of the day on letter-route activities.  Because of this 

heterogeneity, the SPR route designation, which may be used for administrative 

purposes, is not a reliable reflection of the activity composition of SPR hours. 

The appropriate way to capture the time spent on the various SPR activities -- 

and the way Postal Service operations mangers track SPR activities -- is by cumulating 

the hours by Labor Distribution Code (LDC).  The Postal Service has developed Labor 

Distribution Codes to reflect the three main SPR operations:  regular Monday through 

Saturday delivery is captured in LDC 23, Sunday delivery is captured in LDC 24 and 

collection is captured in LDC 27. 

Given this operational structure, it is also appropriate to form three cost pools for 

SPR carrier costs: one for regular delivery, one for Sunday delivery, and one for 

collection.  From a cost causation perspective, this set of cost pool definitions is 

appropriate because it reflects the actual operational structure in which costs are 

incurred.  Each of the three cost pools has its own underlying cost generating process, 

which is reflected in the set of activities required for the cost pool operation.  The three 

cost pools exhaust all of SPR costs and provide an accurate cost tracing by associating 

costs with the products that cause them to arise.  From a measurement perspective, 
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these set of cost pools is also appropriate, because each of the three operations -- 

regular delivery, Sunday delivery, and collections -- has its own variability and 

distribution key.  This segregation of costs will provide a reliable basis for accurately 

calculating product costs. 

The Postal Service also records SPR costs at a more detailed level, by MODS 

code, which raises the possibility that cost pools could be formed at that more detailed 

level. Although this level of detail may be useful for management purposes, it is not 

appropriate for cost estimation.  First, the heterogeneity of SPR activities does not lend 

itself to clear demarcations at the MODS code level.  For example, because SPR 

carriers often make multiple runs in a single day, it can be difficult to precisely identify 

separate street and office operations. In addition, there is a reasonable concern that the 

accuracy of MODS clock rings does not rise to the accuracy of LDC clock rings.  

 

III. Specifying the SPR Variability Models 

The structure of SPR activities dictates the use of three cost pools for calculating 

product costs, and a set of variabilities and distribution keys must be developed for each 

cost pool.  The variabilities should reflect each cost pool’s underlying cost generating 

process and embody the cost tracing from the volumes that cause them to the incurred 

costs.  The distribution keys should reflect the products actually handled in the cost 

pool.   

The next several sections of this report will present the econometric models and 

data that are used to estimate the cost-pool variabilities for regular delivery, Sunday 

delivery, and collection. This is followed by a discussion of cost pool formation and the 
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development of distribution keys.  The final section addresses the impact of the new 

study on product costs. 

 The first step in estimating econometric equations is specifying the models to be 

estimated.  There are four parts to the specification process:  choosing the unit of 

observation, determining the dependent variable, choosing the independent variables, 

and selecting a functional form. 

A. Choosing a Unit of Observation 

In econometric studies, the unit of observation is based upon two factors: where 

the key economic decisions are being made and the structure of available data.  For 

example, a study of consumption behavior may take an individual consumer as the unit 

observation.  Moreover, the frequency of observations may depend upon the frequency 

of economic decision making or economic actions.  Studies of financial markets may 

use very high-frequency data (hourly or daily) because financial market actions occur 

with great rapidity.  However, studies of residential construction may use monthly or 

quarterly data reflecting the slower pace of that activity.  The theoretical choices made 

for the unit of observation are often modified to account for the availability of data.  A 

consumption study may use data from a household, rather than an individual, because 

that is how the data were collected in a government survey.  Similarly, financial market 

studies may use weekly or monthly data because that is the highest frequency for which 

key variables are recorded. 

In the case of an SPR cost analysis, the unit of observation should be at the level 

at which SPR carriers are managed and deployed.  In the Postal Service’s operating 

structure, SPR locations are identified by finance number; the finance number is the 
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organizational unit in which volumes are assigned for delivery and SPR carrier 

assignments are determined.  As a result, the finance number will be the level at which 

SPR carrier costs will be studied.  Additionally, SPR volumes and responsibilities can 

change on a daily basis, so the finance number/day will be the unit of observation. 

B. Defining the Dependent Variable 

For all three models, the dependent variable will be the total time required to 

accomplish the work performed in the operation.  The dependent variable will include 

not only time at the mailbox but also the associated times like loading the vehicle, 

working in the office, or driving to the delivery points.  To the extent these associated 

times are caused by volume, they should be included in the variability calculation.  By 

including them in the dependent variable, any connection to volume will be incorporated 

into the estimated variability. 

C. Choosing the Explanatory Variables 

The explanatory variables in the econometric equation will include the cost 

drivers and characteristic variables.  Cost drivers, including delivered volume, are the 

primary drivers of SPR hours and have the primary responsibility for determining the 

number of hours required.  Characteristic variables capture the features that can cause 

the required time to vary for reasons other than variations in volume or other cost 

drivers. 

 For regular delivery, the primary cost driver is the amount of volume delivered.  

Because SPR carriers do not have fixed routes that determine their lines of travel, 

volume will impact not only time at a delivery point directly handing mail but also the 

time associated with approaching delivery points in a vehicle. It is likely, therefore, that 
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there is a closer relationship between volume and regular delivery time for SPR carriers 

than for letter-route carriers.  SPR carriers in the regular delivery operation will also 

sometimes sweep collection points (street letter boxes) within their general delivery 

area.   Sweeping collection boxes can add time to their LDC 23 total time that is not 

caused by delivered volume.  It is therefore important to add a variable that controls for 

variation in collection time across finance numbers. To that end, the regular delivery 

equation will contain a variable that measures the number of collection box sweeps 

performed daily in each finance number’s collection area.  This variable will control for 

the portion of LDC 23 time that is arising due to collection activities.  Note that the 

number of possible delivery points will not be included as a cost driver, as it is in the 

letter route variability equation.   That is because SPR carriers do not have the same 

delivery network responsibility, associated with universal service, as letter carriers have. 

There are variations in LDC 23 time across finance numbers that are not caused 

by either differential volumes or differential collection responsibilities.  These differences 

arise due to differences in the characteristics of delivery, which, in turn, are linked to the 

attributes of the delivery points and the nature of the delivery actions.  For example, a 

given package may have a different delivery time associated with it depending upon 

whether it is delivered in a mailbox at a curbline delivery point, rather than being 

delivered at a reception desk or a central delivery point.   

To account for these possible differences, the regular delivery model includes 

three separate sets of characteristic variables.  The first set is constituted of the 

proportions of the different type of addresses (e.g. Door, Curbline, or CBU) to which a 
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finance number’s packages are delivered on a given day.2  This is different from a static 

count of the proportions of addresses by type within a delivery area. It is dynamic and 

changes from day-to-day. The dynamic variable used here is appropriate because 

packages delivered by SPR carriers go to different addresses on different days.  The 

delivery-type variables thus capture the differences in physical delivery locations across 

finance numbers and days. 

The second set of characteristic variables captures differences in delivery 

methods across days and finance numbers.  This set of variables includes the 

proportions of packages delivered by the different SPR methods of delivery (e.g. In/At 

Mailbox, Front Door/Porch, or Front Desk/Reception).3  This set of variables accounts 

for time variations in how packages are handled at the point of delivery in each finance 

number, on each day, and controls for these differences which are not caused by 

volume differentials.  The third characteristic variable is the proportion of business 

addresses to which packages are delivered, by day, for each finance number, and 

accounts for differences in package delivery cost between residential and business 

delivery points. 

The explanatory variables for the Sunday delivery model are similar to the 

explanatory variables for the regular delivery model.  The volume of packages delivered 

on Sunday is the primary cost driver, and the equation includes the same set of 

characteristic variables that appear in the regular delivery equation.  However, because 

                                              
2 Identification of type of delivery point to which each package is delivered is included in 
the carriers scanning and is thus included in the PTR database. 
 
3 The type of delivery method is also includes in the carriers’ scanning and is included in 
the PTR database. 
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SPR carriers delivering on Sunday do not do any collection, the number of collection 

box sweeps performed daily in each finance number is not included as a second cost 

driver. 

The model for collection is somewhat different from the SPR delivery models in 

that it includes a network-related cost driver.  Generally, SPR carriers sweep (pick up 

mail at) the same set of collection points every day and typically travel to those 

collection boxes regardless of the volume to be collected that day.  This is not to say 

that volume has no impact on collection time, as the time at the collection point is 

influenced by volume and, over the very long run, it is possible that insufficient volume 

could lead to a collection point being removed.  Rather, SPR collection time is 

influenced by both the volumes of mail collected and the number of collection points 

visited.  Consequently, the explanatory variables in the collection time equations will 

include both a volume cost driver (the amount collected each day) and a network cost 

driver (the number of boxes to be swept.)  Unfortunately, the collection databases do 

not include information on potential characteristic variables for collection (like the linear 

miles between collection points) so they cannot be included in the equation.  This raises 

the concern that the estimated variability could be overstated because non-volume 

variations in volume could be ascribed to volume. 

D. Selecting a Functional Form 

The final step in specifying the model is selecting a functional form for the 

equation to be estimated.  Previous research estimating delivery cost models, both 

before the Postal Regulatory Commission and elsewhere, have successfully employed 
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a quadratic functional form.4  A quadratic functional form allows for but does not pre-

specify the existence of economies of density in delivery, which is the preeminent 

characteristic linking cost responses to volume changes.  In addition, a quadratic 

functional form is robust to the existence of zero values for cost drivers or characteristic 

variables.  For these reasons, a quadratic functional form will be specified for the SPR 

variability equations.  However, two other functional forms, the cubic and the translog 

will also be estimated and compared with the quadratic. 

 

IV. Identifying Data Sources 

 Unlike the previous SPR study, this study will rely upon data taken from ongoing 

Postal Service operational data sources.  This approach has several advantages.  First, 

because no headquarters resources, carrier time, or supervisor time is required to 

collect field-study data, the analysis is not limited to a sample of SPR locations.  This is 

particularly useful for an SPR study, because SPR units tend to be heterogeneous, so 

selecting a “representative” sample could be challenging.  By using operational data, all 

SPR locations can be included in the study, so there is no issue with the 

“representativeness” of the collected data. 

                                              
4 For examples of the use of the quadratic functional form in city carrier analyses before 

the Commission, see,  “Report on Research Into the Ability of a Top-Down Model To 
Accurately Estimate City Carrier Street Time Variabilities,” United States Postal Service, 
Docket No. PI 2017-1; “Supplemental Report of Kevin Neels on Behalf of United Parcel 
Service,” United Parcel Service, Docket No. RM2015-7; “Report on City Carrier Street 

Time,” United States Postal Service, Docket No. 2015-7; “Testimony of Michael D. 
Bradley, USPS-T-4,” United States Postal Service, Docket No. R2005-1. 
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 In addition, the use of operational data allows examination of the volume-cost 

relationship at different times of the year, supporting an investigation into the 

implications of the package volume peak for SPR costs.  Because of the intense 

resource use associated with launching and performing a field study, it is not feasible to 

undertake such a study at different times throughout the year.  This makes it difficult to 

collect the relevant data for both peak and non-peak periods.  This difficulty does not 

arise for ongoing operational data systems, as the data are collected on a continuous 

basis throughout the year.  Use of operational data thus allows the new SPR study to 

collect data throughout the year and explicitly investigate and account for the volume 

peak. 

 Three operational data systems contain the variables required for studying SPR 

costs: the Time and Attendance Collection System (TACS), the Product Tracking and 

Reporting (PTR) database and the Collection Point Management System (CPMS). 

TACS is the source of SPR hours used for forming the dependent variables in all three 

variability models and for forming cost pools.  TACS is the Postal Service’s electronic 

time card system:5 

The Time & Attendance Collection System (TACS) is an 

Oracle Data Base system designed to combine all of the 

time keeping systems used by the U.S. Postal Service. 

TACS combines the functionality of the following five 

previously used systems into one standard and automated 

time and attendance system for all Postal Service Offices. 

 

                                              
5  See, “ACS: Time and Attendance Collection System Supervisor Training,” United 
States Postal Service, April 2012, at 3.  
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In TACS, when a Postal Service employee starts a new operation they are required 

(through a swipe of their electronic time card) to clock out of their completed operation 

and clock into their new operation.  These swipes are called “clock rings,” and a 

beginning and ending clock ring pair measures the amount of time spent in a particular 

operation. 

 SPR delivered volumes are recorded in PTR: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 

 

In PTR, each delivered piece is scanned and the scan information includes the time the 

piece was delivered, the piece’s product classification, the type of address to which the 

piece was delivered and the mode of delivery. This information serves as the basis for 

the explanatory variables in the delivery time models. 7  

 Information about the number of collection points swept within each finance 

number area, used as an explanatory variable in the regular delivery equation comes 

from CPMS:8  

                                              
6 See, https://postalpro.usps.com/product-tracking-and-reporting. 

7 Nearly all packages have a readable barcode and are scanned. Recent data suggest 

that 98 to 99 percent of package are scanned.  Data from RPW in Q2 FY2019 show that 
99.1 percent of packages are scanned.  RPW omits two small package categories, 
Market Mail and Inbound ePackets.  Including those categories could, conceivably, 
decrease that percentage slightly. 
 
8  See, https://about.usps.com/strategic-planning/cs05/chp2-013.html 
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The Collection Box Management System was replaced by 

the Web-based Collection Point Management System 

(CPMS). This Web-based system provides a monitoring tool 

for delivery unit managers to ensure adherence to collection 

box schedules and policies. The system consists of a data 

collection device that scans a barcode located inside a 

collection box to collect time, location, and date information. 

The information is collected by the mobile data collection 

device and allows management to quickly ascertain the 

status of each collection point. 

 

CPMS provides the actual number of boxes scanned, by finance number and date. 

These data support creating a variable that matches the number of boxes scanned to 

LDC 23 hours incurred for each finance number/date combination. This variable 

controls for variations in LDC 23 time that are caused by variations in collection 

responsibility, not delivery volume. 

 CPMS does not provide collected volume on a regular basis, so the ongoing 

CPMS database cannot be used to extract the data necessary to estimate the LDC 27 

equation. The primary cost driver for that model is the volume of mail collected, a 

variable that is not recorded in the ongoing CPMS database.  Fortunately, CPMS does 

include a one-a-year study of collection volumes. For two weeks and four Saturdays in 

September 2017, the Postal Service had carriers record the amount of mail collected at 

each street letter box. This set of data supports the construction of the two right-hand-

side variables in the collection time equation, the total volume collected by a finance 

number on a given day and the number of boxes swept on that day. 
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V. Constructing the Analysis Data Sets 

 Once the models have been specified, the next step is to collect the required 

data and construct the analysis data sets.  As discussed above, the sources of data 

have been determined, so this step involves extracting the necessary variables, 

combining them appropriately and constructing the observations needed for estimation. 

 A. Constructing Delivery Data Sets. 

The regular and Sunday delivery equations require matching the volumes 

delivered and delivery characteristics from PTR with the associated hours from TACS. 

Although the final unit of observation is the finance number/day, a more detailed level of 

matching is required.  This is, in part, because of the nature of SPR carriers ’ days and, 

in part, because of the lack of matching identifiers in the PTR and TACS data systems.  

TACS is focused on recording hours for individual postal employees and its basic unit 

identifier is the finance number.  In contrast, PTR is focused on tracking individual 

pieces of mail and its basic identifier is the ZIP Code.  In fact, research showed that 

there are only three common variables in the two data sets, the employee’s id number 

(which are masked for privacy purposes), the date, and the time of day.  In the case of 

PTR the time of day records when the piece was scanned for delivery; in the case of 

TACS, the time of day records the time when the clock ring was made. 

PTR includes all pieces delivered in a given day, whether by the letter-route 

carrier or SPR carrier.  The overwhelming majority of packages are delivered by letter-

route carriers, so it is essential to identify just those pieces delivered by SPR carriers. 

There is nothing in a carrier’s identification number that identifies him or her as a letter-
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route carrier or an SPR carrier and, in fact, an individual carrier can switch between the 

two designations on a given day. 

In TACS, however, each employee’s clock rings are associated with an LDC and 

a time of day.  Thus, it is possible to map out a carrier’s day by examining the sets of 

clock rings made throughout the day.  SPR carriers’ days are typically broken into 

“runs,” which are captured by clock ring pairs.  For example, an SPR carrier may make 

a package delivery run, which is captured by clocking “in” and clocking “out” of LDC 23.  

The time for the run (the time spent in LDC 23) is the difference between the run’s 

ending time (clocking out) and beginning time (clocking in). Table 1 presents an 

example of an SPR carrier that spends the day delivering packages on two LDC 23 

runs, one before lunch and one after lunch.  This pattern of activity is typical of carriers 

in SPR units located in large urban areas, who deliver packages in support of foot letter 

routes. 

Table 1 

A Hypothetical  Example of a Carrier in a Full Day of SPR Activities 

Finance 

Number Date 

Employee Id 

Number 

Begin 

Time 

End 

Time LDC Hours 

388888 6/17/2017 1234567 10:00:00 14:00:00 23 4 

388888 6/17/2017 1234567 14:30:00 18:30:00 23 4 

 

 Not all carriers who engage in SPR activity do so for a whole day.  For example, 

a carrier may deliver packages in the morning to support high-volume-package letter 

routes and then pivot to regular delivery on other routes in the afternoon.  An example 

of this type of SPR activity is provided in Table 2, in which the carrier clocks into LDC 23 

in the morning, but clocks into regular letter route street time (LDC 22) in the afternoon. 
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This pattern of SPR activity might take place at a smaller SPR location, where there is 

not enough package volume to support all-day SPR activities, but there is sufficient 

volume on some letter routes to require some additional SPR package delivery support.  

This pattern of SPR activity may occur on only a couple of days of the week, when 

package volume is particularly large. 

 

Table  2 

A Hypothetical Example of a Carrier with Part Day of SPR Activities 

Finance 
Number Date 

Employee Id 
Number 

Begin 
Time 

End 
Time LDC Hours 

866442 6/19/2017 3334445 8:00:00 8:49:12 21 0.82 

866442 6/19/2017 3334445 8:49:12 11:00:00 23 2.17 

866442 6/19/2017 3334445 11:30:00 16:15:36 22 4.75 

866442 6/19/2017 3334445 16:15:36 16:21:36 21 0.10 

 

 

Carriers might also spend part of their day collecting mail from street letter boxes.  

For example, a carrier might perform regular delivery in the morning but spend a good 

part of the afternoon collecting mail.  In this example, the carrier would clock into LDC 

27 in the afternoon, but clock into regular letter route office (LDC 21) and street (LDC 

22) time the rest of the day.  An example of this pattern of SPR activity is given in Table 

3. 
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Table  3 

A Hypothetical  Example of a Carrier with Part Day of SPR Activities 

Finance 
Number Date 

Employee Id 
Number 

Begin 
Time 

End 
Time LDC Hours 

256777 6/20/2017 7654321 7:45:00 8:36:36 21 0.86 

256777 6/20/2017 7654321 8:36:36 14:00:00 22 5.39 

256777 6/20/2017 7654321 14:30:00 14:51:36 27 0.36 

256777 6/20/2017 7654321 14:51:36 15:40:48 22 0.83 

256777 6/20/2017 7654321 15:40:48 15:45:00 21 0.07 

 

It should now be apparent that simply identifying an employee’s id number is not 

sufficient to determine whether a package is delivered by an SPR carrier or a letter-

route carrier. While there are instances in which a carrier is involved solely in SPR 

package delivery for the full day, there are other instances in which the SPR activity 

requires only part of the day.  Consequently, to identify those packages delivered by 

SPR carriers, it is necessary to match each package’s delivery time with the clock ring 

pairs for the employee id number associated with the package. 

In the case of the first employee example, presented in Table 1, matching would 

be easy because all packages delivered by that employee on June 17 were SPR 

packages.  This outcome occurs because the employee performs only LDC 23 work on 

that day, so all that is needed is the employee’s id number and the date. Matching is 

more challenging in the case of the second employee example.  As shown in Table 2, 

this employee both delivers packages as an SPR carrier and as a regular letter-route 

carrier, so the employee id number and date are insufficient.  A more granular matching, 

by time of day, is required.  Of course, before the matching takes place, it is unknown 
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whether a particular piece of mail will be matched to a full-day or part-day SPR carrier, 

so all pieces must be matched using the more granular time-of-day method. 

To continue our example, consider the hypothetical PTR observations presented 

in Table 4.  They represent some of the pieces delivered by the carrier listed in Table 1.  

That correlation can be confirmed by the fact that both the employee id number and 

date match in the two tables.  Further examination of the delivery times show that the 

first two listed pieces were delivered during the carrier’s morning run, and the third piece 

was delivered after lunch. All are SPR pieces. 

 

Table  4 

Hypothetical  Examples of PTR Pieces Delivered by a Full-Day  SPR Carrier 

Mail Piece 
Id Number 

Employee 
Id 

Number Mail Class Date 
Delivery 

Time 
Delivery 

Type 
Delivery 

Mode 

39100346950 1234567 Parcel Select 6/17/2017 10:35:00 Curbline 
In/At 

Mailbox 

39567346884 1234567 Parcel Select 6/17/2017 10:41:00 Curbline 
In/At 

Mailbox 

39287354897 1234567 Priority 6/17/2017 16:50:00 Door 
Front 

Door/Porch 

   

 More interesting is to examine some of the pieces delivered by the second 

hypothetical carrier, as shown in Table 5. The employee id number and date match 

those of the carrier whose hours for that day are listed in Table 2.  The first piece listed 

in Table 5 was delivered at 9:33.  A check of the clock rings listed in Table 2, shows that 

this piece was delivered during the carrier’s LDC 23 run, so this is an SPR piece.  The 

same is true for the second piece listed, which was delivered at 10:26. 
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Table 5 

Hypothetical Examples of PTR Pieces Delivered a Part-Day  SPR Carrier 

Mail Piece 
Id Number 

Employee 
Id 

Number Mail Class Date 
Delivery 

Time 
Delivery 

Type 
Delivery 

Mode 

57232548541 3334445 Parcel Select 6/19/2017 9:33:33 Central Front Desk 

56867314867 3334445 Priority 6/19/2017 10:26:12 Door 
In/At 

Mailbox 

52986751786 3334445 Parcel Select 6/19/2017 13:15:36 Door 
In/At 

Mailbox 

5466814143 3334445 Parcel Select 6/19/2017 14:04:42 Curbline 
In/At 

Mailbox 

 

 The third listed piece was delivered at 1:15, which occurs when the carrier is 

clocked into LDC 22, doing letter-route delivery. This is not an SPR piece.  The same is 

true for the fourth listed piece, which is also delivered on a letter route.  In this example, 

two of the pieces are SPR pieces and two are not.  

A schematic diagram of the general matching process is provided in Figure 2, 

which shows the key variables involved in the linking process. The result of the linking is 

an SPR data set at the clock ring (or run) level, in which each observation is an SPR run 

including both the hours incurred and the volumes delivered. 
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Figure 2 

Variables Used to Link PTR Volumes to TACS Hours 

 

 

 

For each non-peak non-Sunday, there are about 9.5 million PTR observations 

per day.  On Sundays, there are about 2 million PTR observations, meaning that a 

normal week’s worth of data requires downloading, analyzing and matching about 50 

million observations.  And PTR observations roughly double during the seasonal peak.  

The sheer size of the data sets involved means that the extracting, checking, and 

processing of a week’s worth of data is an arduous and extremely time-consuming task, 
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PTR 

Delivery Time 
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Ending Run Time 

Run Date 
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requiring multiple person-days of effort.  Resource constraints thus limit the amount of 

data that can be obtained and processed.  Yet, it is important not to lose the opportunity 

that operational data provide to study possible seasonal effects, primarily the peak 

volume period.   

 After due consideration, a reasonable balance between data needs and resource 

consumption was achieved by extracting one week’s worth of data for four different 

months spread evenly throughout the year, being sure the December peak was 

included.  Thus, data were obtained and processed for the third week (for which there 

were no holidays in any of the months) of June, September, and December 2017 and 

March 2018. Constructing the analysis data sets required downloading and processing 

over 250 million records. 

 As with any Postal Service operational database, there are a small set of data 

issues that had to be dealt with in preparing the analysis data sets.  First, while one 

would expect that each mail piece would have a single observation in the PTR database 

that is not necessarily the case.  Some mail pieces have multiple observations.  This 

happens primarily because a mail piece may have more than one special service 

associated with it.  In PTR, a mail piece with two different special services would have 

two observations which were identical except for the differing special service codes.  To 

avoid erroneous volume duplication, the multiple observations for each mail piece were 

collapsed into a single observation.  No study information was lost in this consolidation, 

as the values for the variables used in the empirical analysis were simply repeated in 

each of the multiple observations.  No double counting was involved because only one 

set of the values for the required variables was retained. 
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There are also three minor issues associated with the matching process that 

needed to be addressed.  First, recall that the beginning and ending times for each set 

of clock rings are used to match PTR pieces to carriers and LDCs. Because of the 

nature of the clocking process, as one would expect, there are many instances in which, 

for a given carrier on a given day, the beginning time for a new LDC is exactly the same 

as the ending time for the previous LDC. This is not a problem, except when the time 

recorded for a PTR piece time just happens to match the common time. 

This is a very rare occurrence.  For example, on June 17, 2017, there were 

576,394 clock ring pairs.  Of those, only 16 SPR pairs had a PTR time matching a 

common clock ring time.  However, when it does occur, the matching process would 

generate two matches for one piece, one for each clock ring pair. To preclude this 

problem from occurring, one second is added to the subsequent beginning time 

whenever it matches the previous ending time. 

Second, there are a small number of instances in which the subsequent 

beginning time is recorded as occurring before the previous ending time.  Normally, this 

would not matter, but if the PTR scan time falls in the overlap period, an extra match 

would be made.  To preclude this extra match from occurring, whenever the subsequent 

beginning time is less than the previous ending time, the subsequent beginning time is 

set equal to the previous ending time plus one second.  

There was also a very small number of instances in which the PTR piece time 

falls just equal to the ending time for, say, a letter route LDC and the beginning time for 

an SPR route LDC. Because the matching process separately matches letter route and 

SPR route times, this occurrence would also create an additional match, one for SPRs 
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and one for letter routes.  Because the current study only analyzes SPR time, the SPR 

matches are included.  

Means for the key variables used in the regular delivery equation are presented 

in Table 6. 

Table 6 

Average Daily Finance Number Values for Regular Delivery 

Variable 

June 

2017 

Sept. 

2017 

Dec. 

2017 

March 

2018 

Hours 15.6 15.7 33.1 15.7 

Volume 121.5 136.2 452.6 131.6 

% Delivered In / At Mailbox 38.7% 38.4% 28.0% 39.5% 

# of Collection Boxes Swept 28.8 29.1 21.5 27.4 

Observations 11,448 11,843 28,240 11,704 

 

B. Constructing the Collection Data Set 

In addition to constructing the delivery data sets, an analysis data set for LDC 27 

also had to be developed. As described above, the Postal Service does not record 

volumes collected from street letter boxes on an ongoing basis so matching of the type 

performed for delivery volumes and hours is not possible.  Instead, the Postal Service 

CPMS system collects such data once a year for two weeks and two additional 

Saturdays.  These more limited data can be used for matching. 

The weekday CPMS volume collection effort occurred from Monday, September 

18, 2017, through Friday, September 22, 2017, and Monday, September 25, 2017, 
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through Friday, September 29, 2017. The Saturday CPMS volume collection effort took 

place on the four Saturdays in September 2017: September 9, September 16, 

September 23, and September 30. The September TACS data collected for the delivery 

models run for the six days from Saturday, September 16 through Friday, September 

22, meaning there is an overlap between the two data collection efforts.  The overlap 

supports constructing a full-week data set matching the CPMS data to TACS hours. 

The CPMS database includes volumes collected at all designated collection 

points, including those served by letter-route carriers as well as SPR carriers.  Thus a 

matching process is required to ensure that the correct collection volumes are related to 

their associated SPR hours. The first step in the process is to eliminate collection 

points, like post office lobby drops or mail chutes, which are not serviced by SPR 

carriers. The individual box level data are then cumulated into finance number/day 

observations to facilitate matching to the hours data.  The daily finance level volume 

and collection box counts are then merged with the TACS data for finance numbers that 

recorded LDC 27 hours during those days.  The resulting analysis data set consists of 

the 16,177 observations that have both LDC 27 hours and CPMS data (collection 

volumes and numbers of boxes swept.) 

Table 7 presents measures of central tendency for the collection analysis data 

set.  The mean values are materially above the median values, indicating a skewed 

distribution with a small number of very high volume, finance number/days distorting the 

distribution.  
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Table 7 

Finance Number Day Measures of Central Tendency For Collection 

Variable Mean Median 

Hours 5.1 2.3 

Boxes 26 17 

Collection Volume 6,944 1,646 

Volume Per Box 256.4 90.3 
 

 

VI.  Estimating the Variability Models 

 Once the models have been specified and the analysis data sets constructed, 

estimation of the variability models can begin.  Separate models must be estimated for 

regular delivery, Sunday delivery, and collection. 

 A. Regular Delivery Models 

 Traditionally, SPR units were located in large urban areas, delivered packages 

and expedited mail, and collected mail from street letter boxes.  The delivery work was 

done in support of foot routes, because there is no way for a walkout carrier to carry the 

packages destined for delivery on the route.  These SPR locations were dedicated 

units, in which carriers typically worked full days in SPR activities, often delivering mail 

in the mornings and collecting mail in the afternoons. 

 As the Postal Service’s package volumes have grown, the use of SPR hours has 

evolved.  One of the responses of the Postal Service’s city carrier delivery network to 

the package volume growth has been the expansion of SPR activities beyond their 

traditional locations.  In the past there were hundreds of locations across the country 
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that logged SPR hours, but now there are thousands.  In addition, the use of SPR hours 

has evolved and, in many locations, SPR activities do not make up a full day’s work. 

 An examination of the distribution of SPR locations shows that there continues to 

be a relatively small number of regular SPR locations that incur the majority of hours 

and deliver the majority of volumes, but there is also a very large number of locations 

that report a small number of SPR hours and deliver a small number of packages.  The 

pattern of activities and productivities at the small offices differs significantly from 

regular offices, but it important to include them in the SPR cost analysis. 

 Consultation with Postal Service delivery operation experts lead to a 

determination that to be considered a regular SPR location, a unit needs to have at 

least two full-time equivalents on a daily basis.  In other words, to be a regular SPR 

office, a location would need to incur at least 96 SPR hours across all LDCs over the six 

days from Monday through Saturday.  Locations with less than that amount of hours 

would be considered small locations.  Figures 3 and 4 show the disparity in numbers 

and size between the two groups of SPR locations.  In March 2018, 4,263 different 

finance numbers reported some amount of SPR hours.  85.5 percent of those (3,646) 

were small locations and just 14.5 percent (617) were regular-sized locations.  In 
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contrast, those small locations accounted for just 19.5 percent of March LDC 23 hours 

while regular locations accounted for 80.5 percent. 

 

 One would expect regular locations to be noticeably larger than small locations 

both in terms of hours incurred and volumes delivered, but the size gap is substantial.  

Table 8 provides the average daily hours and delivered volumes, by finance number, for 

the two locations sizes.  Regular locations deliver 12.5 times as much volume as small 

locations and incur 11.8 times as many hours. 

Table 8 

Average March 2018 LDC 23 Daily Values 

Variable Small Locations Regular Locations 

Hours 4.2 45.1 

Volume 31.2 389.9 

 

 

Moreover, the pattern of activities is quite different at small locations.  Regular 

SPR units focus primarily on delivery with only about 20 percent of incurred hours 

Small, 

85.5%

Regular, 

14.5%

Figure 3
Proportions of Locations

Small, 

19.5%
Regular, 

80.5%

Figure 4
Proportions of LDC 23 Hours
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dedicated to collection.  Small units, in contrast, have heavier collection responsibilities 

relative to their delivery responsibilities.  As Table 9 shows, small locations spend 44 

percent of their time in LDC 27.  Taken together, all of these differences suggest that 

productivities and variabilities may vary systematically between small and regular units, 

and indicate that separate variability equations for small and regular locations should be 

estimated. 

Table 9 

March Proportions of Hours By LDC 

Variable Small Locations Regular Locations 

LDC 23 51.8% 70.4% 

LDC 24 3.9% 9.9% 

LDC 27 44.3% 19.7% 

 

Another variation that bears investigation is the existence of a seasonal pattern in 

volume with a peak occurring late in the calendar year.  A sharp increase in volume not 

only causes an increase in hours (and thus cost) to handle the additional volume, but 

also an increase in productivity.  Table 10 presents the average daily volumes, hours, 

and pieces per hour for Monday through Saturday delivery at regularly sized locations.  

The December peak is evident, with December volumes well above those for other 

months. As expected, hours also grow in December, however, the growth in pieces 

delivered per hour reflects the fact that hours grow less than proportionately to volume.9 

                                              
9 For example, December’s average daily volume is 82 percent higher than March’s 
average daily volume but December’s average daily hours are just 16 percent higher 

than March’s average daily hours. 
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This is consistent with the existence of economies of density in SPR package delivery 

and suggests that it is appropriate to investigate estimating separate delivery variability 

equations by month. 

Table 10 

Average Daily Values for Regular Locations 

Variable March June Sept. Dec. 

Hours 45.9 46.7 47.4 53.4 

Volume 395.9 376.8 421.2 723.1 

Pieces Per Hour 8.6 8.1 8.9 13.5 

 

Estimation of the variability equations for regular delivery (that takes place on 

Monday through Saturday) thus requires estimation of 8 different equations, a small 

location and regular location equation each for March, June, September, and 

December.  In each case, the estimation is for all SPR locations that fit the criteria and 

is based on data from the third week (six days) of each month. For small locations, this 

provides about 8,500 observations for non-peak months and over 12,000 observations 

for December.  Because there are fewer regular locations, there are fewer observations 

for estimating the regular location equations, but the amount of available data is still 

substantial.  Non-peak months have about 3,200 observations and December has 

15,900 observations.10 

                                              
10 There are two interesting things to note about impact the volume peak has on the 
number of SPR locations.  First, the total number of finance numbers reporting SPR 
hours rises as locations that don’t use SPR hours during the rest of the year add them 
in December.  This causes the number of observations for both small and regular units 

to rise.  Second, unlike the rest of the year, in December the number of observations for 
regular locations exceeds that for small locations.  This switch arises because many 
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The dependent variables in the regressions are the daily delivery hours incurred 

on Monday through Saturday for each week.  Nearly all of the hours are recorded in 

LDC 23, but a small number of hours (2.5 percent) are recorded in LDC 24.11 The 

regular delivery equation includes two cost drivers (delivered volumes and numbers of 

street letter boxes swept) and eight characteristic variables, meaning with squared 

terms and cross products, there are a total of 65 coefficients to be estimated (along with 

an intercept) in the full quadratic model.  

The full regression results are presented in Folder 1 (USPS-RM2019-6/1), but a 

summary of the results are presented in Table 11.  Generally, the models fit the data 

well.  The R2 statistics are higher, for all months, for regular units than for small 

locations.  This reflects the relative homogeneity of regular units as compared to the 

more open-ended delivery support tasks that take place at small locations.  These tasks 

could range from delivering just a few packages to providing delivery support for 

multiple routes, to delivering packages for part of the day before pivoting for uncovered 

routes.  Because these activities are less regular across facilities, non-volume 

differences will be more important in explaining site-to-site variations in time.   

 

 

 

 

                                              
locations that incur less than 96 hours per week during the rest of the year exceed that 
value for December, and thus become regular locations for that month. 
 
11 LDC 24 hours that occur during the week reflect Postal Service customized delivery 
initiatives including pilot programs and delivery tests. 
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Table 11 

Regression Results For Regular Delivery  

Small Locations 

 March June Sept. Dec. 

Variability 36.9% 35.1% 39.2% 68.5% 

Marginal Time 3.87 4.09 3.98 3.01 

R 2̂ 0.54 0.49 0.56 0.70 

Chi Squared 99.36 61.29 84.78 127.99 

# of Obs. 8,485 8,302 8,623 12,336 

     

Regular Locations 

 March June Sept. Dec. 

Variability 66.1% 61.6% 71.4% 82.2% 

Marginal Time 4.71 4.80 4.86 3.66 

R 2̂ 0.89 0.88 0.90 0.90 

Chi Squared 91.10 132.54 112.23 209.42 

# of Obs. 3,219 3,146 3,220 15,904 

 

This heterogeneity also helps to explain the lower variabilities found at small 

locations.  At regular locations, the delivery variabilities are quite high, reflecting the 

volume-driven nature of delivery activities at these locations.  SPR carriers at regular 

units are already performing relatively complete delivery runs, so growth in package 

volumes generates substantial additional hours.  At small locations, SPR delivery 

activities are more service and support oriented, and there is more flexibility to add 

volume without incurring additional time. 
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Table 11 also reveals that there are substantially higher variabilities during the 

seasonal volume peak. The December variability at small locations is about 30 

percentage points higher than during non-peak periods and at regular locations, the 

December variability is 15 to 20 percentage points higher.  This increase reflects the 

volume surge and captures the fact that additional hours during this period are generally 

caused by higher volumes.12   

A full understanding of the impact of the higher volume requires recognizing that 

when package volume increase, there are two effects.  Most obvious is the necessity for 

additional hours to deliver the additional volumes, reflecting the fact that the marginal 

cost of delivery is positive.  This effect is captured in the estimated equations by a 

positive first-order volume term, which occurs in all eight regressions.  Less obvious is 

the fact that increases in volume tend to reduce unit delivery costs due to economies of 

density.  This is captured in the estimated regressions by a negative second order term 

which also occurs in all eight regressions. During a high-volume peak period, more 

addresses will be receiving multiple packages in a single delivery, reducing the delivery 

cost per package.  In addition, volume increases will cause the distance between 

delivery points to be reduced, lowering unit delivery time.  The impact of economies of 

                                              
12 Table 11 also shows a higher variability for September (both for small and regular 
locations) than for the other two non-peak months.  This higher variability may arise for 
two reasons.  First, September has modestly higher volumes than March and June and 
that could contribute to the higher variability.  Second, for an unknown data construction 

reason, the PTR operational database omitted response for one of the characteristic 
variables --- the type of address -- on a material number of observations.  This leads to 
a higher proportion for “other” addresses and lower proportions for curb and door 
addresses. Although the hours and volume variables are complete, an incomplete 

enumeration of this characteristic variable could put an upward bias on the estimated 
variability. 
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density in package delivery is reflected in the estimated marginal times in Table 11 in 

which the December marginal times are well below the marginal times for non-peak 

periods.  The existence of density economies means that one would expect a high, but 

less than proportional, response in hours to the additional volumes during the peak.  

This is exactly the pattern produced in the estimated variabilities. 

Table 11 also presents Chi-Squared statistics testing the joint significance of the 

cross-product terms among the characteristic variables.  Even with the thousands of 

observations in the monthly data sets, 65 individual coefficients can be difficult to 

estimate precisely and the Chi-Squared test investigates whether model reduction can 

be pursued.  In all eight equations, the test statistics are large enough to reject the null 

hypothesis of joint insignificance, indicating that the group of cross products contribute 

to explaining variations hours. 

The differences in results presented in Table 11 indicate that it is appropriate to 

estimate separate monthly equations rather than a single equation for the whole year.  

The latter approach, estimating only one regression including all months’ data, includes 

an implicit assumption that the estimated coefficients are the same for all months.  This 

is a restriction on the estimation, that the estimated coefficients are identical across the 

monthly equations, and it can be tested.   

The test statistics has an F distribution and is based upon the increase in error 

sum of squares caused by imposing the restrictions. If the increase is small, then the 

null hypothesis of equal coefficients cannot be rejected.  If the increase is large, then 

the null is rejected, indicating the restrictions are invalid. (Less formally, a large value for 

the calculated statistics means that the monthly coefficients are not the same so it is 
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inappropriate to estimate a single annual equation.) The test statistic has the following 

formula: 

𝐹𝑞 ,𝑁−𝑘 =  

(𝐸𝑆𝑆𝑅 − 𝐸𝑆𝑆𝑈)
𝑞⁄

𝐸𝑆𝑆𝑈
(𝑁 − 𝑘)⁄

. 

In this formula ESSR is the error sum of squares from the restricted (the annual) 

model, ESSU is the error sum of squares from the unrestricted model (the sum of the 

ESS from the four monthly models), q is the number of restrictions, N is the number of 

observations and k is the number of parameters to be estimated.  For small locations, 

the calculated test statistic is 33.6 and for regular locations, it is 23.1.  Both are well 

above the critical value of 1.46, indicating rejection of the restrictions and indicating that 

individual monthly equations should be estimated. 

The total annual TACS hours to which the variabilities will be applied to find 

volume variable costs are not separately identified, in the Postal Service’s operational 

database, as being from small locations or regular locations.  This means that to 

calculate volume variable costs, the small and regular variabilities from each month 

must be combined into a single monthly variability.  To derive the appropriate formula, 

one starts from the recognition that the total hours for a month (𝐻𝑖) are the sum of the 

hours for small locations (𝐻𝑖,𝑆) and regular locations (𝐻𝑖 ,𝑅), both of which depend upon 

their respective volumes, 𝑉𝑖 ,𝑆 and 𝑉𝑖 ,𝑅  : 

𝐻𝑖 =  𝐻𝑖,𝑆(𝑉𝑖,𝑆) + 𝐻𝑖 ,𝑅(𝑉𝑖,𝑅). 

 

Differentiating this expression with respect to the month’s delivered volume (𝑉𝑖) yields: 
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𝜕𝐻𝑖

𝜕𝑉𝑖
=

𝜕𝐻𝑖 ,𝑆

𝜕𝑉𝑖,𝑆

𝜕𝑉𝑖,𝑆

𝜕𝑉𝑖
+  

𝜕𝐻𝑖,𝑅

𝜕𝑉𝑖 ,𝑅
 
𝜕𝑉𝑖,𝑅

𝜕𝑉𝑖
. 

But an instantaneous change in a month’s volume will be split between small and large 

locations according to their existing volume proportions, so the above expression can 

be rewritten as:  

𝜕𝐻𝑖

𝜕𝑉𝑖
=

𝜕𝐻𝑖,𝑆

𝜕𝑉𝑖 ,𝑆

𝑉𝑖,𝑆

𝑉𝑖
+  

𝜕𝐻𝑖,𝑅

𝜕𝑉𝑖 ,𝑅
 
𝑉𝑖,𝑅

𝑉𝑖
. 

 

The overall elasticity for the month is given by: 

 

휀𝑖 =  
𝜕𝐻𝑖

𝜕𝑉𝑖

𝑉𝑖

𝐻𝑖
 

 

Substitution from the previous expression yields: 

휀𝑖 =  
𝜕𝐻𝑖 ,𝑆

𝜕𝑉𝑖,𝑆
𝑉𝑖,𝑆

1

𝐻𝑖
+  

𝜕𝐻𝑖 ,𝑅

𝜕𝑉𝑖,𝑅
𝑉𝑖 ,𝑅

1

𝐻𝑖
.  

 

It is well known that: 

 

𝜕𝐻𝑖,𝑆

𝜕𝑉𝑖,𝑆
𝑉𝑖 ,𝑆 =  휀𝑖,𝑆𝐻𝑖,𝑆. 

 

Substitution of this expression provides the final formula, which demonstrates that the 

overall monthly variability is the hours-weighted sum of the small and regular 

variabilities: 
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휀𝑖 = 휀𝑖,𝑆

𝐻𝑖,𝑆

𝐻𝑖
+  휀𝑖,𝑅

𝐻𝑖,𝑅

𝐻𝑖
.  

 

Table 12 presents the monthly variabilities calculated using this formula. Because of the 

high proportion of hours that are incurred at regular locations, the overall variabilities are 

close to the higher regular variabilities. 

Table 12 

Monthly Variabilities 

Category March June Sept. Dec. 

Small Sites 

Variability 36.9% 35.1% 39.2% 68.5% 

Hours Proportion 19.3% 17.6% 17.9% 9.1% 

Regular Sites 

Variability 66.1% 61.6% 71.4% 82.2% 

Hours Proportion 80.7% 82.4% 82.1% 90.9% 

     

Overall 60.5% 56.9% 65.7% 80.9% 

 

 One important econometric issue that has arisen in estimation of previous 

delivery time equations is the presence of multicollinearity.  Because delivery variables 

tend to be correlated across ZIP Codes or finance numbers, multicollinearity is a likely 

issue.  A well-known measure of multicollinearity is the Condition Index. The Condition 

Index reflects the ratio of the largest eigenvalue of the matrix of right-hand-side 

variables to the smallest eigenvalue of that matrix.  A small eigenvalue is suggestive of 

strong collinearity among the right-hand-side variables, so a large value for the 

Condition Index is evidence of multicollinearity because it reveals that there are some 
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very small eigenvalues.  Belsley, Kuh, and Welsch indicate that a Condition Index 

greater than 30 indicates moderate dependencies among the right-hand-side variables, 

and a value approaching 100 indicates strong dependencies.13  The Condition Indexes 

for the full quadratic equations are presented in Table 13, and they are sufficiently high 

to indicate that multicollinearity is a potential problem.14 

Table 13 

Condition Indexes for the Full Quadratic Model 

Category March June Sept Dec 

Small Sites 90.54 87.97 85.42 201.56 

Regular Sites 136.52 126.52 107.48 383.85 

 

 Although there is no explicit cure for multicollinearity, one widely applied 

approach is to reduce the number of coefficients that need to be estimated.  In the case 

of the regular delivery equation, it is the characteristic variables, not volume variables 

that create the additional coefficients to be estimated.  In the regular delivery equation, 

there is only the one volume variable, but eight different characteristic variables and the 

cross products among these variables are the sources of many of the additional 

coefficients.   A reasonable way to investigate multicollinearity is to restrict the model to 

include just the first and second order terms of the variables and only the cross products 

that involve volume.  The condition indexes for this restricted quadratic model are 

                                              
13 See, Belsley, David, Kuh, Edwin, and Welsch, Roy, Regression Diagnostics: 
Identifying Influential Data and Sources of Collinearity, John Wiley and Sons, 2004. 
 
14 The calculation of the conditions indexes for all eight models are contained in Folder 
1 (USPS-RM2019-6/1). 
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presented in Table 14.  This restricted quadratic model was estimated and the condition 

indexes for the restricted model are substantially smaller, suggesting the much of the 

multicollinearity is a result of the many cross products associated with the characteristic 

variables. 

Table 14 

Condition Indexes for the Restricted Quadratic Model 

Category March June Sept Dec 

Small Sites 33.00 31.75 30.91 97.12 

Regular Sites 77.95 63.85 59.36 129.38 

 

 To assess the impact of this multicollinearity on the estimated variabilities, the 

eight different variability equations were re-estimated using the restricted quadratic 

specification.  The impact of this re-estimation on the monthly variabilities is presented 

in Table 15, which shows that there is no appreciable impact from imposing the 

restriction.15  That is the variabilities from the full quadratic and the restricted quadratic 

are virtually the same. 

  This suggests that the multicollinearity in the full quadratic equation is not 

affecting the volume-related coefficients, and thus is not biasing the estimated 

variabilities.  While the multicollinearity may be affecting some of the individual 

coefficients for some of the characteristic variables, that result is not a sufficiently 

                                              
15 The full results for the restricted quadratic are contained in Folder 1. 
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material concern to justify dropping the cross product terms.16  This is particularly true in 

light of the Chi-Squared tests presented earlier, indicating that the set of cross products 

are significantly contributing to the explanatory power of the variability equations.  

Moreover, those coefficients may be of importance in subsequent econometric 

analyses. In sum, the full quadratic specification remains preferred. 

Table 15 

Impact of Estimating A Restricted Quadratic Specification 

     

Category March June Sept Dec 

Full     

Quadratic 60.5% 56.9% 65.7% 80.9% 

Restricted 
Quadratic 59.9% 57.5% 65.7% 81.1% 

 

 Another important econometric issue that bears investigation when estimating 

delivery time equations is heteroscedasticity. Heteroscedasticity is a condition in which 

the variance of the error terms in a regression is non-constant across observations. For 

example, the variance of regular delivery time could increase with the number of pieces 

delivered or the square miles of a delivery area covered. Heteroscedasticity does not 

affect the point estimates of the regression but does affect the standard errors, thus 

influencing inferences drawn from the regression. 

A widely used, but not universal, approach to dealing with heteroscedasticity is to 

estimate standard errors that account for the presence of heteroscedasticity. These are 

known as robust or White/Huber standard errors. This approach was successfully 

                                              
16 The characteristic variables, as a group are included to control for non-volume 

variations in regular delivery time.  As long as they do this, the individual coefficient on 
specific variables are of less importance. 
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applied in previous delivery time analyses and was applied to the initial estimation of the 

SPR regular delivery equation.  However, another widely used approach is to explicitly 

model the heteroscedasticity in an approach known as generalized least squares (GLS).     

The GLS approach can be demonstrated through the consideration of the following 

multiple regression model: 

𝑦 =  𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +  .  .  . +𝛽𝑘𝑥𝑘 +  휀. 

Under homoscedasticity, the variance of the error term is constant: 

𝑉(휀 | 𝑥1,𝑥2, .  .  . 𝑥𝑘) =   𝜎2. 

Under heteroscedasticity, the variance of the error term is non-constant and is specified 

as a function of the right-hand-side variables: 

𝑉(휀 | 𝑥1,𝑥2,.  .  . 𝑥𝑘) =   𝜎2ℎ(𝒙). 

The “h” function can take on many different forms.  For example, the variance 

could be proportional to one of the right-hand-side variables, say, 𝑥𝐴 , or its square: 

 

 

 

It can also be a function of multiple right-hand-side variables: 

ℎ(𝒙) = 𝑎𝑥𝑎 + 𝑏𝑥𝑏 ,  𝑠𝑜 𝜎𝑖
2 =  𝜎2(𝑎𝑥𝑎 + 𝑏𝑥𝑏). 

When h is known, the model can be estimated with a weighted variance/covariance 

matrix: 

𝛽𝐺𝐿𝑆 =  (𝑋′𝛺−1𝑋)−1𝑋′𝛺−1𝑦. 

Where Ω is the weighting matrix:  

ℎ(𝒙) = 𝑥𝐴,  𝑠𝑜 𝜎𝑖
2 =  𝜎2𝑥𝐴𝑖. 

ℎ(𝒙) =  𝑥𝐴
2 ,  𝑠𝑜 𝜎𝑖

2 =  𝜎2𝑥𝐴𝑖
2 . 
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𝛺−1  = [

1/ℎ1 0 0 ⋯ 0
0 1/ℎ2 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ ⋮
0 0 0 ⋯ 1/ℎ𝑛

] 

Note that the observations with the largest variance get the least weight. This is also 

known as “weighted” least squares, in which the model is estimated by applying a 

weight to all variables in each observation: 

𝛽𝑊𝐿𝑆 =  [∑ 𝑤𝑖𝑥𝑖𝑥𝑖
′

𝑖

]

−1

[∑ 𝑤𝑖𝑥𝑖

𝑖

𝑦𝑖], 

where: 𝑤𝑖 = 1/ℎ1. 

The major drawback of this approach is that the h function is almost never 

known.  Moreover, there is little or no guidance on how to specify it. Without additional 

information, there is no way to know which variables or functional form to pick and one 

runs the risk of mis-specifying the heteroscedasticity model. 

When there is no real guidance on how to specify the h function, another 

approach is to use the underlying model to estimate the variance function. This 

approach is called Feasible Generalized Least Squares (FGLS).  A recent, flexible, 

approach to FGLS has been suggested by Wooldridge (2016) and it specifies that the 

variance model is exponential on the original model’s right-hand-side variables.17 

 

𝑉(휀|𝒙) =  𝜎2𝑒𝛿0+𝛿1𝑥1+𝛿2𝑥2+⋯+𝛿𝑘𝑥𝑘 . 

                                              
17 See, Wooldridge, Jeffrey, Introductory Econometrics: A Modern Approach, Cengage 
Learning, 2016 at 259. 
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Unlike a linear model of heteroscedasticity, which can produce negative 

variances, this approach guarantees that the estimated variances are positive.  It can be 

easily estimated in log form: 

ln(휀2) = 𝛼0 + 𝛿1𝑥1 + 𝛿2𝑥2 + ⋯ + 𝛿𝑘𝑥𝑘 +  𝜐. 

The calculated values from this equation are estimates of the (logs of) the parts of the 

variance that are non-constant. The estimated parameters of the model are used to 

estimate the log variance for each observation: 

𝛾𝑖 = 𝛼0 + 𝛿1𝑥1𝑖 + 𝛿1𝑥2𝑖 + ⋯ + 𝛿𝑘𝑥𝑘𝑖. 

The weights for the FGLS estimation are just the anti-logs of the estimated values: 

ℎ̂𝑖 =  𝑒�̂�𝑖  

FGLS requires estimating the original hours model using weighted least squares with 

weights equal to1/ℎ̂.  The eight regular delivery equations were re-estimated using the 

FGLS approach.  The full results are contained in Folder 1 (USPS-RM2019-6/1), but the 

resulting variabilities are presented in Table 16 along with the variabilities estimated 

using the White/Huber estimator.  

 

 

Table 16 

Variabilities from Two Heteroscedasticity Correction Approaches 

Category March June Sept Dec 

White/Huber 60.45% 56.95% 65.68% 80.93% 

FGLS 61.80% 62.83% 66.98% 80.20% 
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  Two inferences can be drawn from this re-estimation.  First, the FGLS 

variabilities are quite close to the White/Huber variabilities, and application of either 

would produce essentially the same volume variable SPR regular delivery costs.  The 

higher March, June, and September FGLS variabilities are offset by the lower FGLS 

December variability.  Given the uncertainty associated with specifying the FGLS 

model, there is an insufficient difference to justify pursuing this approach.  If the 

estimated variance model is not the true model, then the FGLS estimates are not 

efficient and could be biased. 

Second, a comparison of the White/Huber and FGLS results also provides a test 

of the specification for the regular delivery equation.  If the model suffers from true 

heteroscedasticity, then the two sets of results should be similar.  In contrast, if the 

apparent heteroscedasticity is actually coming from a misspecified model, meaning that 

important variables are left out of the equation, then the two sets of results will differ 

substantially.  The closeness of the two sets of results indicates that the model is not 

misspecified in this way. 

The type of misspecification described above generally relates to including the 

appropriate variables in the regression equation, not the selection of functional form for 

the equation.  As mentioned above, the quadratic functional form has been successfully 

used to model delivery time in the past, but because this is approach has not been 

previously applied to SPR delivery, it seems appropriate to investigate alternative 

functional forms. 
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One reasonable alternative is a cubic function.  Textbook descriptions of cost 

functions often include cubic equations because the function allows for first decreasing 

and then increasing marginal cost.   Figure 5 presents a graph of the classic cubic 

function in which the first order (linear) and third order (cubic) terms are positive and the 

second order term (quadratic) is negative. As volume rises, economies of density cause 

the marginal cost to fall until it reaches the inflection point, at which diseconomies of 

density start and marginal cost starts to rise. 

  

 
Figure 5 

A Cubic Function 

 

 

 

 

 

 

 

 

 

 

 A cubic function does not necessarily have this shape; a different set of signs for 

the estimated coefficients could produce a different pattern of marginal cost growth.  For 

example, if the first and second order terms were positive and the third order term was 
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negative, then marginal cost would be increasing until the inflection point and 

decreasing thereafter. 

 Textbook versions of a cubic function typically have only a single output variable, 

like volume, and do not provide any guidance for specifying the functional form for other 

variables in the equation.  Consequently, two alternative cubic specifications were 

estimated.  In the first, a cubic specification was used for delivered volume but the 

generalized quadratic specification was maintained for all other variables, including all 

cross products.  In the second specification, both cost drivers, delivered volume and 

collection boxes swept were specified to have a cubic form, while the characteristic 

variables were specified to have a simple quadratic form without cross products. 

 Both specifications provide the same patterns for the estimated coefficients on 

the volume terms. For small locations, the first order term is always positive, the second 

order term is always negative, and the third order term is always positive, providing a 

pattern that matches the textbook cubic function. In contrast, for regular SPR units, both 

the first and second order terms are positive and the third order term is negative.  This 

difference in pattern serves to confirm that small SPR locations and regular SPR 

locations have different underlying cost generating processes and that separate 

variability equations should be estimated for the two groups of SPR locations. 

 Less sanguine is the fact that over a third of the estimated cubic terms are not 

significantly different from zero.  Two alternative cubic specifications were estimated for 

both the small and regular locations, for each of the four months.  That requires 

estimation of 16 different specifications and 16 different estimated coefficients for cubic 

terms.  Only 10 of the 16 coefficients are statistically different from zero, leaving 37.5 
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percent that are insignificant.  This high percentage of insignificant coefficients suggests 

the cubic function may not be appropriate. 

 The complete cubic specification results are presented in Folder 1 (USPS-

RM2019-6/1), but Table 17 presents the estimated variabilities from the two cubic 

specifications.  The variabilities based upon the cubic specification are close, but almost 

always below, the variabilities form the quadratic specification.  Given the number of 

insignificant cubic terms and give 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. 

 

Table 17 

Variabilities from Quadratic and Cubic Specifications 

Category March June Sept Dec 

Quadratic 60.45% 56.95% 65.68% 80.93% 

Cubic 1 57.40% 56.73% 64.78% 79.85% 

Cubic 2 58.06% 57.47% 63.97% 80.70% 

 

 Another reasonable specification for the regular delivery equation is the translog 

form.  Like the quadratic, it is a flexible functional form and does not impose restrictions 

on the shape of the cost generating surface.  The problem in applying the translog to 

the regular delivery equation is the fact that the translog cannot include zero values, as 

the log of zero is undefined.   



50 
 

For volume, this limitation does not raise a serious problem but for collection box 

sweeps and for the characteristic variables it can be.  Many small SPR locations deliver 

only 8 or 10 packages in a day, so it is quite possible that there may be no SPR 

deliveries of certain types.  For example, in March 2018, the median daily delivered 

pieces at small locations was 15, meaning that in half of all small location/days less than 

15 pieces were delivered.  With this small number, there will be many days in which 

certain types of delivery points, like central, or CBU, are not visited.   

During the third week of March 2018, there were 8,485 small location/days that 

reported SPR hours.  Of those, only 2,980 days include a stop at a CBU and only 2,991 

days include a stop at a central delivery point. But, recall that the translog equation 

includes cross products among the included variables.  This is important because there 

will be many days for which a CBU delivery is made but a central delivery is not, and 

vice versa.  Consequently, there will be far fewer days which contain positive values for 

both types of delivery points and, indeed, for small SPR locations in March 2018, there 

were only 1,446 such days for which the CBU/central cross product term was non zero. 

This severely limits the applicability of the translog specification, because any 

observation that contains zero values will be dropped from the estimation. In the case of 

small SPR locations for March 2018, only 17 percent of the 8,485 observations would 

be available, meaning 83 percent of the observations would be discarded. 

The focus of the regular delivery time equation is on estimating the volume 

variability, and not on finding the specific responses to individual characteristic 

variables.  A possible way of continuing to investigate the translog functional form would 

be to include just those characteristic variables that occur with high frequency.  This 
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approach may not be sufficiently accurate to provide final variabilities but should be 

sufficiently accurate to investigate whether the translog produces materially different 

variabilities than the quadratic. If it does, then there would be motivation to investigate 

possible alternative approximations to the translog, like a Box-Cox transformation. 

However, if the results from the modified translog are similar to the quadratic, then there 

is no justification for pursuing these approximations of uncertain value.  

The translog specification to be estimated thus has five variables, delivered 

volume, collection box sweeps, the proportion of door deliveries, the proportion of 

business deliveries, and the proportion of deliveries made in or at the mailbox. 

Estimation of the equation thus requires estimating 20 different coefficients plus the 

intercept.  Table 18 presents the numbers of observations that could be used to 

estimate each of the eight translog equations.  Even with the simplified translog 

specification, many observations could not be used. 

A comparison of small locations with regular locations reveals, as expected, a 

much higher attrition rate for small locations. The higher attrition rate is caused by the 

low average daily volumes at small locations and the heterogeneity of day-to-day 

activities at those locations.  Regular locations have sufficient volume so that the 

likelihood of having at least one package, for example, that is delivered in or at a 

mailbox is higher, reducing the attrition rate.  The overall attrition rate at small locations 

is 63 percent and at regular locations, it is 33 percent. 
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Table 18 

Observations Used in Estimating the Translog Specification 

Small Locations 

Category March June Sept Dec 

Number of Observations In 
Data Set 8,485 8,302 8,623 12,336 

Number of Observations In 
Translog 

2,927 2,708 2,590 5,757 

% of Available 
Observations Used by 
Translog 

34.5% 32.6% 30.0% 46.7% 

Regular Locations 

Category March June Sept Dec 

Number of Observations In 
Data Set 3,219 3,146 3,220 15,904 

Number of Observations In 
Translog 

1,856 1,799 1,856 11,505 

% of Available 
Observations Used by 
Translog 

57.7% 57.2% 57.6% 72.3% 

 

 The variabilities produced by the translog specification are presented in Table 19, 

which shows both the small location and regular location variabilities.18  Both sets of 

variabilities should be interpreted with caution because of the large number of 

observations which are omitted.  It also likely that omitted variables are not determined 

randomly, meaning the variabilities could be biased.   

  In general, the translog variabilities are quite close to the quadratic variabilities 

with the translog higher for March and June and lower for September and December.  

                                              
18 The full translog regressions results are presented in Folder 1 (USPS-RM2019-6/1). 
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While the overall monthly variabilities are close to the quadratic, as mentioned above, 

there are concerns about bias from non-random exclusion of observations. Such 

possible pattern has emerged, as all the translog small locations variabilities are above 

the quadratic and all of the translog regular location variabilities are below the quadratic.  

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. 

Table 19 

Variabilities from the Quadratic and Translog Specifications 

Category March June Sept Dec 

Quadratic 60.45% 56.95% 65.68% 80.93% 

Translog 61.74% 64.65% 63.61% 78.30% 

 

In addition to evaluating the specification of the econometric equation, it is also of 

value to evaluate the estimation method.  Because it includes data across all SPR 

locations and across time, the SPR regular delivery analysis data contain both a time 

series and a cross-sectional dimension.  Consistent with other carrier studies approved 

by the Commission, the SPR regular delivery equation is estimated with a pooled 

estimator which includes both time series and cross-sectional dimensions. 

A general concern with the pooled estimator is that there could be omitted site-

specific variables and the omission could bias the estimated coefficients and resulting 

variabilities. In the case of the regular delivery equation, this concern is addressed by 

including characteristic variables and by splitting the analysis into small and regular 

units. But if the list of characteristic variables is incomplete in a material way, or if the 
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size-related subsetting is ineffective, then these controls may be insufficient.  The 

appropriate way to investigate this concern is to employ a panel data estimator. 

Because these estimators control for site-specific variation, the results tend to reflect the 

“within” site variation within the data.  For the regular delivery equation, this means 

capturing the variability of delivery time across the days of the week. As a check on the 

pooled model results, panel data estimators are investigated. 

The basic structure of the pooled model, without characteristic variables, is as 

follows: 

𝑦𝑖𝑡 =  𝛼 +  ∑ 𝛽𝑗𝑥𝑗,𝑖𝑡 +  𝜇𝑖 +  𝜐𝑖𝑡

𝑗

𝑗=1

 

In this equation, the  𝜇𝑖 represent the potential unobserved site-specific variables of 

concern. If the 𝜇𝑖 are uncorrelated with the 𝑥𝑗,𝑖𝑡  then there is no major problem, but if 

they are, then the pooled estimator is biased and inconsistent. In the pooled model the 

𝜇𝑖 are modeled explicitly with the characteristic variables and by splitting the estimation 

for small and regular locations. A check on the effectiveness of this approach can be 

performed by using panel data methods to estimate the model.   

There are two methods of applying the panel data estimator:  the fixed effects 

estimator and the random effects estimator.  In the fixed effects estimator the  𝜇𝑖  are 

considered to be correlated with the 𝑥𝑗,𝑖𝑡  but are non-random. In the random effects 

estimator the 𝜇𝑖  are considered to be random variables. 
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 One way to estimate a fixed effects model is to insert a dummy variable for each 

cross-sectional unit to capture any unit-specific characteristics: 

𝑦𝑖𝑡 =  𝛼 +  ∑ 𝛽𝑗𝑥𝑗,𝑖𝑡 +  𝜇𝑖𝐷𝑖 +  𝜐𝑖𝑡.

𝑗

𝑗=1

 

The approach allows estimating the individual  𝜇𝑖  effects for each finance number. The 

problem with this approach, for the regular delivery equation, is that it requires a dummy 

variable for all (but one) cross sectional observations.  Given there are thousands of 

SPR locations for both the small and large models, this many coefficients would be 

difficult to estimate accurately. An alternative approach is to “sweep out” the means of 

the data and then estimate the equation: 

𝑦𝑖𝑡 −  �̅�𝑖 =  ∑ 𝛽𝑗(𝑥𝑗,𝑖𝑡 − �̅�𝑗,𝑖) +  𝜐𝑖𝑡 − �̅�𝑖

𝑗

𝑗=1

 

where, for example: 

�̅�𝑖 =  𝑇−1 ∑ 𝑦𝑖𝑡

𝑇

𝑡=1

. 

This method is used to estimate the fixed effects model. The complete results of 

applying the fixed effects estimator to the regular delivery equation are presented in 

Folder 1, but Table 12 presents the resulting monthly variabilities, along with those from 

the pooled model.  These results show little evidence of bias from omitted site-specific 

effects.  Like the pooled model, the December variability is higher than the rest of the 

year.  Underlying the monthly variabilities are the small and regular location variabilities. 

The pattern for the fixed effects estimator is that the small locations variabilities are 
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below the regular location variabilities, just as the case for the pooled model. The only 

potential indication of bias is the fact that the June fixed effect variability is much lower, 

suggesting that the pooled variability might be biased upward. 

 

Table 20 

Variabilities from the Pooled and Fixed Effects Estimators 

Category March June Sept Dec 

Pooled 60.45% 56.95% 65.68% 80.93% 

Fixed Effects 56.74% 36.13% 65.47% 87.09% 

 

In the random effects estimator, the individual site effects are treated as if they 

are drawn from a distribution of effects and not related to a specific site. Like the pooled 

model, the individual effects are assumed to be uncorrelated with volume. To estimate 

the random effects model, the data are again transformed, but now the transformation 

depends upon the relative variance of the original error term and the (now random) 

individual effects.  The transformed equation looks like: 

𝑦𝑖𝑡 −  𝜃�̅�𝑖 =  ∑ 𝛽𝑗(𝑥𝑗,𝑖𝑡 − 𝜃 �̅�𝑗,𝑖) +  𝜐𝑖𝑡 − 𝜃�̅�𝑖,

𝑗

𝑗=1

 

where: 

𝜃 = 1 − [
𝜎𝜐

2

𝜎𝜐
2 + 𝑇𝜎𝜇

2
] .

1
2⁄  
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The random effects variabilities are presented in Table 21.19  They reflect the 

same pattern of relative variabilities found in those from both pooled and fixed effects 

estimators, but the random effects variabilities are substantially below the variabilities 

from the pooled model.  If correct, this implies the pooled variabilities are too high. The 

monthly results reflect the fact that the random effects estimators for regular locations 

are well below their pooled counterparts.   

 

In sum, the econometric results show little evidence of systematic bias due to 

omitted site-specific effects.  Moreover, they suggest that if there is a bias in the pooled 

estimator it is in the direction of overstating the estimated variabilities. While one could 

make a case for the fixed effect estimator purely on statistical grounds, an overall 

assessment of the results leads to recommending use of the pooled estimator 

Another important econometric issue is a concern that a small number of overly 

influential observations, known as outliers, could be distorting the econometric results.  

This is particularly a concern for small data sets, where the regression coefficients could 

be changed materially by removing a small number of data points.  It is less of concern 

for large data sets like the ones used to estimate the regular delivery equations, but it is 

                                              
19 The complete regression results are presented in Folder 1 (USPS-RM2019-6/1). 

Table 21 

Variabilities from the Pooled and Random Effects Estimators 

Category March June Sept Dec 

Pooled 60.45% 56.94% 65.68% 80.93% 

Random  
Effects 

40.41% 23.36% 47.77% 69.45% 
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still sufficiently important to merit investigation. The investigation is undertaken to 

ensure that the estimated variabilities are not over- or under-stated, because of a small 

number of atypical, and possibly erroneous, data points.  

There is no single “correct” approach in dealing with potential outliers, but the 

Commission has historically rejected purely mechanical approaches to outlier 

investigation and has outlined what it thinks is a reasonable approach:20 

The Postal Service’s method of setting the Cook’s D 
threshold for removing an observation equal to 0.1 is 
reasonable. A review of the SAS Log shows that of the 786 

observations meeting the values that are often considered 
potential influential outliers (4 divided by the number of 
observations); only 80, or 10.2 percent, were removed by 
setting the threshold at 0.1. Overall, only 0.5 percent of initial 

observations were excluded. . . The Postal Service should 
describe the nature of excluded observations when it uses 
this method, as it did in the case of excluded Inter-Cluster 
tractor-trailer observations. 

 

The Commission’s recommended approach is followed here including both the use of 

Cooks D statistic and investigating and describing the individual potential outliers. In 

pursuing such an investigation, it important to keep in mind that not all "outliers" create 

problems for the econometric estimation. If an outlier is from the true cost generating 

process and just represents an extreme observation, it can provide valuable information 

that improves the efficiency of the estimation. 

To identify relevant atypical observations, one must find those observations 

which are simultaneously distant from the regression line and potentially influential.  

This can be done in a two-step process.  First, one examines the individual 

                                              
20 See, Postal Regulatory Commission, Order No. 2018, Docket No. RM2014-6, 
September 10, 2014 at 15,  
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observations to identify which fall into the two categories, being far away from the 

regression line and having the potential to influence the estimated variabilities.  Second, 

one can compute a statistic that combines the two characteristics into a single metric.   

To find observations which are far from the regression line, one can calculate the 

"Studentized Residuals" for each observation in the dataset.  A Studentized Residual is 

a measure of the distance to the observation from the regression line.  The formula for 

the Studentized Residual for the ith  observation shows that to calculate the measure, 

one divides the value for the ith  residual by the standard error of the residuals with the 

ith  residual removed:21 

𝑒𝑠𝑖  =  
𝑒𝑖

𝜎(𝑒𝑖)
. 

This statistic gives a scaled, and thus comparable, measure of distance for each 

observation from the regression line.  In large samples, the cutoff value for potential 

outliers is typically 2.5, but based upon the t-distribution, a more conservative cutoff 

value is 2.0. 

 To identify the potential influence an observation has on the regression 

coefficients, one calculates a measure of "leverage”.  Leverage identifies, in a 

multivariate context, how "far" a given observation on the right-hand-side variables is 

from the centroid of the right-hand-side variables.  The leverage for a given observation 

is: 

                                              
21 The residual in a regression equation is equal to the difference between the actual 

value for the dependent variable for a given observation and its predicted value. 
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ℎ𝑖 = 
1

𝑛
+ 𝑥𝑖(𝑋′𝑋)−1𝑥𝑖.

′ 

Note that xi is the row of the matrix of right-hand-side variables (X) that contains the ith 

observation.22  

 One can combine the characteristics of distance from the regression line and 

leverage into a single metric.  A widely-used metric is Cook's Distance (or Cook's D) 

measure.  The formula for Cook's D reflects the fact that it is a scaled measurement of 

how much the potentially influential observation affects the predicted value.  The 

numerator is the squared difference in predicted values from omitting the observation 

and the denominator is the scaled variance of the residuals: 

𝐷𝑖  =   
∑ (�̂�𝑗(𝑖) − �̂�𝑗)

2𝑛
𝑗=1

𝑝𝜎2
 

There is no statistically-based critical value for Cook's D.  In small samples, a 

value of 1.0 is often used.  In response to previous research presented to the 

Commission, it accepted a value of 0.10 as reasonable.  Application of this standard to 

                                              
22 This measure is perhaps a bit more recognizable in the case of just one right-hand-
side variable: 

 

ℎ𝑖 =  
(𝑥𝑖 − �̅�)2

∑ (𝑥𝑘 − �̅�)2𝑛
𝑘

. 

 

This version of the formula demonstrates that leverage is the proportion of variance in X 
provided by the ith  observation.  The cutoff for observations with high leverage is given 
by 2*(p/n), where "p" is the number of right-hand-side variables and "n" is the number of 
observations. 
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the regular delivery equations provides very few potential outliers. This perhaps 

suggests that outliers are not an important issue for this econometric analysis , but it 

also raises suspicion that the 0.10 value is too high to identify potential outliers. 

Table 22 

The Number of Potentially Influential Observations, By Month, 
With A Cook's D Cutoff of 0.1 

  March June Sept Dec 

Small  Sites 0 2 3 1 

Regular Sites 6 3 5 7 

 

To ensure the issue was thoroughly investigated, a lower threshold was chosen 

and the identification process repeated. A review of the potential outliers revealed that 

for this data set, a reasonable cutoff for Cook’s D is 0.005. This produces a small, but 

material, number of potential influential observations as shown in Table 23.  

Table 23 

The Number of Potentially Influential Observations, By Month, With A 
Cook's D Cutoff of 0.005 

  March June Sept Dec 

Small  Sites 35 38 39 33 

Regular Sites 61 63 68 93 

The Proportions of Observations that are Potential Outliers With A Cook's 

D Cutoff of 0.005 

  March June Sept Dec 

Small  Sites 0.40% 0.40% 0.40% 0.30% 

Regular Sites 1.90% 1.80% 1.90% 0.60% 
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Identification of potential outliers is the start of the evaluation process, not the 

end.  As the Commission recommended, the individual potential outliers were examined 

and their nature can be described.  First, note that outliers appear to be more of an 

issue for regular sites than for small sites as a higher proportion of unusual observations 

are identified.  Next, the distribution of these observations across sites differs by unit 

size. For small units, potential outliers are mostly one-offs, with 85 percent occurring 

just one of the six days at a given finance number. Only 2.5 percent are clustered at 

more than 3 days a week. While 51 percent of regular unit potential outliers occur just 

one a week, there is a fair amount of clustering; 27 percent of potential outliers occur in 

finance numbers with 3 or more potential outliers per week. 

This result raises the possibility that a set of regular finance numbers may be 

different from the norm, as all, or many of, their daily observations are far away from the 

rest of the data.  In fact, investigation of these locations shows that most of them are in 

New York City. These units are very large compared to most regular units and have a 

different set of characteristics.  This does not mean their data are erroneous or that their 

data should be eliminated.  Discussions with delivery operations experts indicated that 

these numbers reflected actual operating conditions. 
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Table 24 

Characteristics of Locations with Many Potential Outliers 

Location Hours Volume 
Boxes 
Swept % Curb % IFR 

% 
Business 

One 642.1 3,814.70 1,846.50 0.0% 16.7% 5.2% 

Two 504.6 5,084.80 0 0.0% 33.1% 6.8% 

Three 139.8 44.5 0 0.2% 18.4% 19.2% 

Four 711.6 9,360.20 0 0.0% 55.0% 7.6% 

Five 258.9 1,892.20 0 0.0% 64.3% 25.7% 

Six 146.1 1,601.30 0 0.8% 31.5% 69.5% 

All Regular  50.9 600.9 37.2 22.0% 14.7% 6.9% 

 

Investigation of the potential outliers also revealed that heavy volume days are 

an important source of these observations.  Nearly a third of small location outliers and 

nearly a quarter of regular location outliers occur on Monday, which is the heaviest 

volume day of the week.  Moreover, examination of the distribution of volume across the 

identified observations shows that the majority are associated with high volumes.  To 

determine the relative size of the potential outliers, the interquartile range was 

calculated, separately, for each of the eight data sets used to estimate the eight 

different variability equation.   

Potential outliers with a volume below the interquartile range were classified as 

low volume observations and potential outliers with a volume above the interquartile 

rate were classified as high volume observations.  Table 25 presents the results of this 

analysis.  Many more of the potential outliers are in the high volume range.  Such a 

high-volume potential outlier could occur if the SPR carrier has one or two business 
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stops that are receiving a large number of packages.  In this case, the amount of time 

associated with the delivery of the pieces on this particular run will be well below the 

average for runs with that many pieces and the observation will look like a potential 

outlier. 

 
Table 25 

Distribution of Potential Outliers by Volume Size 

 Small Locations Regular Locations 

Month 
Low 

Volume 
High 

Volume 
Low 

Volume 
High 

Volume 

March 9 21 11 42 

June 5 29 10 48 

Sept. 3 34 14 46 

Dec. 7 19 17 54 
 

The same clustering of volume could also occur on a small volume run.  A run 

that is delivering five pieces that are all going to the same address will have 

substantially less delivery time than a typical run with five pieces going to four or five 

separate addresses.   

In the end, the best way to assess the impact of a potential outlier is to re-

estimate the equation with those observations removed.  If their removal changes the 

estimated results substantially, then a determination must be made whether or not this 

small number of observations have an undue influence on the estimation.  But, if there 

is little difference in the results, then the unusual nature of the observation is not overly 

influential and they should only be removed if they embody data errors. 
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Table 26 presents the variabilities estimated with the potential outliers removed. 

Removing the potential outliers has little effect on the results.  The December 

variabilities are nearly equal.  The March and September variabilities are slightly lower 

with the outliers removed and June variability is slightly higher. This means that the 

overall variability with potential outliers removed will be slightly below the variability 

estimated on all observations. 

Table 26 

Variabilities With Potential Outliers Removed 

Category March June Sept Dec 

All 

Observations 
60.45% 56.95% 65.68% 80.93% 

Potential 

Outliers 
Removed 

58.63% 58.28% 63.03% 80.74% 

 

Given the closeness of the estimated results and given the heterogeneity of SPR 

activities across the country, there is little basis to remove outliers.  While some of the 

potential outliers look may be unlikely, most appear to simply reflect the heterogeneity in 

SPR activities across the country.  Without a clear demarcation of erroneous data, it is 

appropriate to leave all the data points in the analysis data sets. 

B. Sunday Delivery Models 

An area of activity that did not exist when the last SPR study was performed is 

Sunday delivery.  On Sundays, the Postal Service delivers packages from “hubs” which 

are locations specifically chosen to facilitate Sunday delivery.   In March 2018, there 

were over 2,700 locations, or hubs, that performed Sunday delivery.  Sunday delivery is 

accomplished through dynamic routing, which provides a computer-generated order of 

deliveries along with the associated turn-by-turn directions.  During non-peak times, 
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Sunday delivery is done by City Carrier Associates (CCAs), but during the peak, full-

time carriers also deliver on Sundays. 

The research done related to estimating the regular delivery model can facilitate 

estimating the Sunday delivery model.  Like the regular delivery model, a full quadratic 

specification with SPR-based characteristic variables will be estimated.  A White/Huber 

pooled estimator will be used and then separate equations will be estimated by month 

to investigate possible seasonal effects.  The Sunday delivery model does have some 

differences from the regular delivery model, however.  First, the delivery locations are 

homogenous; they perform the same activities using the same methods.  Thus, there is 

only one cost generating process and no need to separately estimate Sunday delivery 

equations by location size.  Second, no collection activity is performed on Sunday, so 

the collection box sweeps variables will not be included in the model. 

There are four Sundays in the analysis data set, one each from March, June, 

September and December.  The four Sundays produce 14,888 finance number day 

observations with an average daily delivered volume of 668 pieces, requiring an 

average of 42.9 hours, for an average of 15.6 pieces delivered per hour.23 The 

estimated model has a high R2 statistic of 0.9036 and a high variability of 83.7 percent.  

Both of these numbers reflect the volume-driven nature of Sunday delivery based upon 

the dynamic routing process. 

The next step is to investigate the implications of seasonal peak.  For Sunday 

delivery, the seasonal peak is more than just an increase in volume; it also brings a 

                                              
23 Recall that the dependent variable includes all Sunday hours, both office and street, 

so this the number of pieces delivered per all hours, not just street hours. 
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change in the nature of Sunday delivery activities.  During non-peak periods, Sunday 

delivery is done by CCA carriers, clocked into LDC 24, delivering mostly the primary 

competitive product.24 

Table 27 

Impact of Peak on Sunday Proportions 

Variable June December 

CCA Hours 
98% 66% 

LDC 24 Hours 
99% 74% 

Primary Competitive 

Product Volume 
93% 75% 

 

During the peak, things change.  The increase in overall package volume means 

that there is too much package volume during Monday through Saturday for it all to be 

delivered on those days.  As a result, regular carriers work on Sundays, in their regular 

delivery areas, delivering the same type of packages that they deliver during the week.  

The proportion of CCA hours falls from nearly 100 percent to just 66 percent as regular 

carrier Sunday workload increases.  In addition, LDC 24 hours represent three-quarters 

of Sunday hours during the peak rather than virtually all Sunday hours.  Finally, the 

Sunday product mix changes, as the proportion of one product volume rises and the 

proportion of another product volume falls.25 These figures show that a substantial 

amount of Sunday activities during the peak are more like regular delivery than non-

peak Sunday delivery. 

                                              
24 The specific product is identified in the non-public version of this report.  
 
25 The specific products are identified in the non-public version of this report.  
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In sum, these differences support estimating separate variabilities by month even 

though there is only one Sunday’s worth of data in each month.  An advantage of 

having a census of all SPR locations means that even with just one day’s worth of 

observations, there are still thousands of observations available for estimation. 

Estimation on just one day does mean that the Sunday delivery model will be based 

upon cross-sectional data rather than pooled data.  As a check on this change, an 

annual pooled model is first estimated, simultaneously using all four Sunday’s data to 

produce an annual variability. 

The results of the separate monthly and annual estimations are summarized in 

Table 28.26 The monthly variabilities are all higher than the annual variability of 85.7 

percent and, in contrast to the regular delivery results, the December variability is below 

the other three variabilities.  This result occurs because the Sunday peak involves not 

only a change in volume but also, as discussed above, but also a change in activities.  It 

also leads to a second investigation involving estimating a Sunday delivery variability 

model. This alternative estimated model uses data just from LDC 24 activities and 

excludes data from LDC 23 activities (which reflect regular delivery.) 

 

 

 

 

 

 

                                              
26 The full estimation results are presented in Folder 1 (USPS-RM2019-6/1). 
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Table 28 

Sunday Variabilities By Month 

Month # of Obs. 
R-

Squared Variability 

March 2,745 0.925 90.1% 

June 2,255 0.939 90.8% 

September 2,345 0.9269 90.8% 

December 5,608 0.8996 89.9% 

Annual 12,953 0.9049 85.7% 

 

In other words, the four monthly models were re-estimated based upon only 

hours and volumes recorded in LDC 24.   For March, June, and September this causes 

a small reduction in the number of observations used to estimate the equation and 

slightly increases the estimated variabilities.27  For December, the reduction in the 

number of observations is substantial because of the amount of regular delivery activity 

that is done on Sunday during the peak.  It also sharply increases the variability 

because LDC 23 activities, by their nature, have a lower variability then LDC 24 

activities. And, as Table 29 shows, the December variability is now above the non-peak 

variabilities, as expected. These results indicate that it is appropriate to estimate the 

Sunday variability on LDC 24 hours and apply the regular delivery variability to the LDC 

23 portion of peak Sunday hours.28 

                                              
27 The reductions in the number of observations are 2.2 percent, 1.1 percent and 1.7 
percent for March, June and September respectively. For December there is a 13.7 
percent reduction in the number of observations.  
28 Subsequent analysis showed that this approach leads to a higher variability for the 
combined Sunday hours than the other approach of estimating a single equation on the 
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Table 29 

Sunday Variabilities By Month - LDC 24 Hours 

Month # of Obs. R-Squared Variability 

March 2,684 0.9308 91.7% 

June 2,231 0.9385 92.0% 

September 2,306 0.9324 90.6% 

December 4,839 0.9001 94.4% 

 

C. Collection Models 

The collection variability equations are based upon the activities recorded in LDC 

27.  Collection time includes the travel time required to approach each box and the 

handling time required to remove the mail from (sweep) the collection box. Because 

collection is done on a regular schedule there is a network component as well as a 

volume component.  That is, the need to make daily box sweeps means that the 

number of boxes to be served is a cost driver in addition to the volume to be collected. 

The collection variability equation thus includes the daily amounts of volume 

collected and the number of boxes to be served.  As with the delivery models, the unit of 

observation is the finance number/day and the dependent variable is the number of 

hours recorded in LDC 27. The equation has the following right-hand-side variables:  

collection volume, collection volume squared, the number of boxes, the number of 

boxes squared, and the cross product between collection volume and boxes.  As 

                                              

combined hours and applying that combined variability to both the LDC 23 and LDC 24 
Sunday hours. 
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described above, the data set used to estimate the collection variability equation is 

drawn from a week in September 2017 during which the Postal Service undertook a 

CPMS study that involves the counting of collection mail. 

The results of the initial estimation of the collection variability equation are 

presented in Table 30.29  These initial results are a bit discouraging, as the collection 

volume terms are not statistically significant and the collection volume variability is 

virtually zero. 

 

 

 

 

 

 

 

 

Taken at face value, these results would suggest that collection is purely network driven 

and not at all related to the volumes collected.  However, analysis of the reasons behind 

these results revealed that there are a small number of finance number days with 

seemingly excessive large collection volumes.  The median number of pieces collected 

per finance number/day is 1,646 pieces.  Yet, the top one percent of recorded finance 

number days report over 85,000 pieces collected per day. 

                                              
29 The full results from estimating the collection equation are presented in Folder 1. 

Table 30 

Variabilities from Initial Estimation of the 
Collection Equation 

Volume Variability 0.01% 

Marginal Time Per Piece (Sec.) 0.024 

Box Variability 67.1% 

Marginal Time per Box (Mins.) 7.96 



72 
 

With a few exceptions, these high collection volume days are not typical of the 

recorded finance numbers’ normal operations. The 160 finance number days in the top 

one percent occur at 76 different finance numbers. Three-fourths of the finance 

numbers in this group have only one or two high volume days. Given their highly 

atypical nature, it is of interest to estimate the model with these observations removed 

to see if these observations have an undue influence on the estimated variabilities.  

Estimation of the model indicates that they do. As Table 31 demonstrates, dropping the 

top one percent of observations makes a substantial difference in the results.  Now both 

the first and second order volume terms are statistically significant and material in size.  

The first order term is positive and the second order term is negative.  Finally, the 

revised equation produces a reasonable volume variability of 23.3 percent and a 

marginal time per piece of 1.5 seconds. 

Table 31 

Variabilities Arising from Dropping Extremely High 

Volume Days  

Volume Variability 23.3% 

Marginal Time Per Piece(Sec.) 1.47 

Box Variability 60.3% 

Marginal Time per Box (Mins.) 7.74 

 

The difficulty with this approach is that there is no reliable basis for determining 

which observations should be excluded. First, some high volume sites may be 

legitimate as they may come from large finance numbers with many collection boxes. 
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Second, there is no basis for choosing between, say, a one percent cutoff, a five 

percent cutoff, or a ten percent cutoff. 

Because of these difficulties, a different approach was followed.  In this 

alternative approach, the Postal Service operations experts were asked to determine 

the maximum volume that could fit in a collection box.  They indicated that a collection 

box can hold three flat tubs and that each flat tub holds 275 pieces.  Thus, a theoretical 

maximum volume for a collection box is 825 pieces.30  This standard provides the basis 

for an operational-based high volume cutoff:  Any finance number/day in which the 

average number of pieces per box exceeds 825 represents an excludable observation.  

Note by using the average overall boxes, this standard does allow for the possibility that 

on a given day a finance number may be required to sweep one or two “overstuffed” 

boxes, but eliminates observations with clear data problems.  It is extremely unlikely 

that all of the boxes within a finance number’s area would be overstuffed on the same 

day. 

Employing this criterion leads to the elimination of 405 observations, which 

represents 2.5 percent of the observations.  Estimation with these observations 

removed also provides statistically significant first and second order volume terms which 

have, respectively, positive and negative signs.  As Table 32 shows, it provides a 

somewhat higher volume variability than the one percent cutoff and reduces the box 

variability and marginal time. The box marginal time is 5.38 minutes.  This includes the 

time required for driving to the box, accessing the box from the vehicle, and whatever 

non-volume time occurs at the box, like opening it. 

                                              
30 The median reported daily volume per box is 90 pieces. 
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Table 32 

Variabilities Arising from Dropping Excessive 
Volume Per Box Days  

Volume Variability 24.2% 

Marginal Time  Per Piece(Sec.) 1.70 

Box Variability 47.2% 

Marginal Time per Box (Mins.) 5.68 

 

In sum, the use of this operationally-based standard provides a non-arbitrary 

basis for eliminating erroneous observations and provides results consistent with 

operational practice. It thus provides a reliable basis for estimating the LDC 27 

variability. 

 

VII. Defining Cost Pools and Calculating their Variabilities 

 As explained earlier in this report, the analysis of SPR costs is organized around 

the three main activities performed by SPR carriers: regular delivery, Sunday delivery, 

and collection. This division aligns with the labor distribution codes for SPR activities, 

LDC 23, LDC 24, and LDC 27, and these LDCs include both office and street hours for 

the activities. However, there are some complexities associated with forming cost pools 

for the SPR activities that preclude using simple organization by LDC.  These 

complexities are: (1) not all LDC 24 hours are incurred on Sunday, (2) not all LDC 23 

hours are incurred on Monday through Saturday, (3) in December, mail typically 

delivered on Monday through Saturday is delivered on Sunday due to the volume peak, 

(4) SPR hours for relays are incurred for mail delivered on letter routes, and (5) not all 
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SPR carriers earn the same wage. These complexities need to be taken into account 

when the cost pools are formed. 

 TACS recorded 25,246,614 SPR hours in FY 2018.  Before forming cost pools, 

the SPR relay hours (defined by MODS operations 735 and 736) are removed from the 

total annual TACS hours and are assigned to the letter route cost pool.  Relay activities 

involve transporting mail to a location where a letter route carrier can obtain it and, 

subsequently, deliver it.  Typically, the SPR carrier transports and deposits the mail in a 

green relay box from which the letter route carrier later extracts it for delivery.  Because 

these hours are caused by mail delivered on letter routes and not by SPR delivered 

volumes, they are appropriately attributed to letter route costs.31 In FY 2018 there were 

1,086,665 relay hours, leaving 24,159,949 SPR hours to be divided among the cost 

pools. 

 The assignment of hours to cost pools depends upon the activities performed in 

those hours.  Because, as discussed above, those activities change during the peak 

volume period, it is important to accurately identify the peak.  In addition, the fact that 

the variability is different during the peak period is another important reason for 

accurately identifying the costs for that period. While it is well known that the package 

volume peak occurs in December, it is possible that it starts in late November and 

perhaps spills into early January. 

 To investigate this possibility, more granular data are required, so weekly TACS 

hours were evaluated.  Figure 6 presents data from FY 2018 starting in November 2017 

                                              
31 This is also done in the existing methodology. 
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and running into January 2018. In TACS, the week starts on Saturday and ends the 

next Friday, so Figure 6 identifies weeks by the Saturdays that start them.  For example, 

the first week listed runs from Saturday, November 4 through Friday, November 10.  

Figure 6 reveals a clear seasonal peak, covering a five-week period running from the 

end of November through the end of December.32 

 

  

  

 

 

 

 

 

 

 During the peak period, regular delivery package volume is sufficiently large so 

that not all regular packages can be delivered on Monday through Saturday.  

Consequently regular package delivery is extended into Sunday, which is reflected in 

two pieces of data.  First, the amount of Sunday hours incurred by full-time carriers, 

(instead of CCAs) rises sharply.  Second, there is a material change in the product mix 

for Sunday delivered volume during the peak. Both of these suggest that Sunday peak 

                                              
32 In TACS, data are organized by Pay Period/Weeks, with two weeks in each Pay 
Period.  The peak period thus runs from Pay Period 25, Week 1 through Pay Period 1, 

Week 1.  There are 26 Pay Periods in the year and Pay Period 26 finishes the year in 
December. 

 -
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activities may be different than Sunday activities during the rest of the year.  Another 

complexity to be accounted for is the fact that a small amount of LDC 24 hours are not 

incurred on Sunday, but during the week due to Postal Service delivery initiatives. 

 To examine the implications of these complexities for forming cost pools, total 

SPR hours can be divided into nine groups.  The hours are first split by LDC, and then 

split by the period in which they occur:  Monday through Saturday, Sunday during the 

peak, or Sunday not during the peak.  The latter distinction is important because of the 

change in the nature of Sunday activities during the peak. Table 33 presents the 

breakout of SPR hours into the nine categories. 

Table 33 

SPR Hours FY 2018   

LDC 
Monday - 
Saturday 

Sunday Non-
Peak 

Sunday 
 Peak 

LDC 23 11,107,480 222,222 254,350 

LDC 24 273,629 5,923,675 1,020,511 

LDC 27 5,297,936 46,696 13,449 

 

While just 4 percent of LDC 23 hours occurred on Sunday, 53 percent of the 

Sunday LDC 23 hours occurred during the five-week peak period, reflecting the growth 

in regular delivery activity during that period.  This is confirming evidence that the peak 

Sunday LDC 23 hours should be included in the regular delivery cost pool.   

During the off-peak period, the LDC 23 hours recorded on Sunday are likely 

capturing regular Sunday activities, so they will be included in the Sunday delivery cost 

pool. Just 3 percent of LDC 24 hours occur during the Monday through Saturday period.  
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This small amount of hours captures various delivery initiatives and will be included in 

the regular delivery cost pools.33  

While these definitions provide the hours proportions by cost pool, they are 

insufficient to form the actual cost pools, because they do not account for the different 

hourly rates of pay for different SPR carriers.  As Table 34 demonstrates, there is a 

substantial difference between full-time carrier wages and CCA wages. 

 
Table 34 

Carrier Wages by Employee Type 

Employee Type FY18 Wage 

City Carrier Full-Time $47.21 

City Carrier Part-Time Regular $48.80 

City Carrier Part-Time Flexible $38.96 

City Carrier Casual $20.99 

City Carrier – CCA $22.53 

 

Each hour recorded in TACS include the Designation/Activity (DA) code for the 

employing incurring the hour.  The DA code thus permits linking each SPR hour with the 

appropriate wage for the employee working the hour. Cost pools are formed by 

multiplying each included hour by its relevant wage and then summing those hourly 

costs.  Table 35 presents the cost pools.  The differential wages have a material impact 

                                              
33 Fortunately, the cost pool sizes are robust to different treatments of these 
complexities.  This is because, as shown in Table 33, the overwhelming majority of LDC 

23 hours occur Monday through Saturday and nearly all LDC 24 hours occur on 
Sunday. 
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on the relative cost pool sizes. Because of lower CCA wages, Sunday delivery accounts 

for 30 percent of accrued SPR hours but just 21.3 percent of accrued SPR costs. In 

addition, the approach accounts for the fact that, on average, Sunday delivery wages 

will be higher during the peak period because of the use of full-time carriers. 

 

Table 35 

SPR Cost Pools and Proportions 

Cost Pool Cost 
Proportions of Accrued 

Cost 

M-S Delivery $434,284,329 53.3% 

Sunday Delivery $173,261,266 21.3% 

Collection $207,628,130 25.5% 

 

 

After the cost pools have been formed, the next step is to apply the relevant 

variabilities to each one in order to calculate the volume variable cost that will be 

distributed to products.  Recall that because of the differences in SPR costs and 

activities during the package volume peak, disaggregated variabilities were estimated 

for different times of the year. Calculating a correct overall variability requires ensuring 

the appropriate variability is applied to the different accrued hours that occur throughout 

the year.  This approach will properly combine the individual variabilities across the 

peak and non-peak periods. The accrued hours designations depend upon the actual 

pattern of peak parcel activity. 

Research into forming the cost pools determined that the peak period included 

the last week in November and the four full weeks in December.  The total accrued 
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hours for this period is the appropriate set of hours for application of the estimated 

December variability, which captures the cost generating process during the peak.  The 

period before peak including August, September, October and the first three weeks of 

November is covered by the estimated September variability, so it will be applied to the 

accrued hours for the pre-peak period. The summer period of May, June, and July is 

covered by the estimated June variability and the accrued hours for these three months 

will be multiplied by that estimated variability.  Finally, the beginning of the calendar 

year from January through April is covered by the March variability. 

This approach is applied to both regular delivery hours and Sunday delivery 

hours and care is taken to ensure the accrued hours are consistent with the cost pool 

definitions, meaning that peak Sunday LDC 23 hours are included in the regular delivery 

hours and non-peak Sunday LDC 23 hours are included in Sunday hours.34 Table 36 

presents the overall regular delivery variability of 67.1 percent and the overall Sunday 

Delivery variability of 91.8 percent.  There is no seasonal pattern for collection, so the 

collection variability of 24.4 percent is applied to all accrued collection hours for the 

fiscal year.  

                                              
34 Recall that the December Sunday variability was estimated two ways, with all hours 
and with just LDC 24 hours.  In the former approach, the combined variability is be 
applied to both LDC 23 and LDC 24 hours in December. This produces an overall 

December Sunday variability of 89.9 percent.  In the latter approach, the December 
LDC 24 variability is applied to the December LDC 24 hours and the December regular 
delivery variability is applied to the December LDC 23 hours.  This produces an overall 
December Sunday variability of 91.0 percent.  The higher variability occurs in the 

second approach due to the much higher variability estimated on the December LDC 24 
hours alone.  The second approach is the appropriate one and is adopted for this report. 
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Table 36 

Computing The Regular Delivery Variability 

Time Period Accrued Hours Variability 

Volume 
Variable 
Hours 

J, F, M, A 2,999,392 60.50% 1,814,632 

M, J, J 2,357,440 56.90% 1,341,384 

A, S, O, 1st 3 wks. 
N 

2,783,674 65.70% 1,828,874 

4th wk N, D 3,494,950 80.90% 2,827,414 

Total 11,635,456 67.14% 7,812,304 

Computing The Sunday Delivery Variability 

Time Period Accrued Hours Variability 

Volume 
Variable 
Hours 

J, F, M, A 2,217,098 91.70% 2,033,079 

M, J, J 1,683,412 92.00% 1,548,739 

A, S, O, 1st 3 wks. 
N 

2,245,387 90.60% 2,034,320 

4th wk N, D 1,020,511 94.40% 963,363 

Total 7,166,408 91.81% 6,579,501 

 

A last step in the variability analysis is to combine the regular delivery, Sunday delivery, 

and collection analyses to calculate an overall variability for SPR activities.  The overall 

variability is found by calculating the volume variable hours for each of the three cost 

pools, summing them and dividing the total volume variable hours by the total accrued 
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hours. This calculation is done in Table 37, which show the new overall variability for 

SPR hours to be 61.4 percent. 

 

Table 37 

Calculating the Overall SPR Variability 

Cost Pool Cost Variability 
Volume 

Variable Cost 

Regular Delivery $434,284,329 67.1% $291,588,152 

Sunday Delivery $173,261,266 91.8% $159,071,694 

Collection $207,628,130 24.2% $50,246,007 

Total $815,173,725 61.4% $500,905,853 

 

 

VIII. Calculating the Impact of the New Study 

 The new SPR study not only updates the cost pool variabilities but takes a more 

holistic approach to SPR costs. The old methodology takes a fragmented, dispersed 

approach to cost pool construction.  In contrast, the new study takes the smaller, 

functionally-defined, cost pools used previously like “load collect SPR,” “load SPR non-

accountable delivery,” “SPR in office support to other delivery activities”, and “network 

travel” and incorporates them into the three inclusive cost pools. The new study also 

explicitly recognizes that Sunday delivery has a separate cost pool, variability, and 

distribution key.  It also changes the distribution key used for office time.  In the old 

methodology, SPR office time is added to letter route office time before it is distributed 

to products. This means that SPR office time receives the letter-route distribution key 

and is thus distributed to products like First Class letters that are not typically delivered 
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by SPR carriers.  The new study changes that approach and instead distributes SPR 

office time on SPR-delivered volumes reflecting the fact that the products SPR carriers 

handle in the office are the same ones that they deliver on the street. 

 The collection and regular delivery cost pools are based upon the respective city 

Carrier Cost System SPR distribution keys and reflect the different compositions of the 

two mail streams.  As one would expect, nearly all of the collection mail stream is for 

First Class Mail.  SPR regular delivery, in contrast, is dominated by two competitive 

products, but includes small amounts of other package products.35 The distribution key 

for Sunday delivery is based upon the volumes recorded in PTR and is even more 

heavily weighted to the two main competitive products.36 

For each SPR cost pool, the new study has now determined its accrued cost, its 

variability, and its distribution key.  Those are the pieces needed to calculate product 

volume variable costs.  Putting the pieces together shows that just three products, 

account for 85 percent of SPR volume variable costs.37 

 Table 38 presents the current SPR unit costs, including indirect costs, along with 

the SPR unit costs under the new study and the associated changes in costs. There are 

two primary cost shifts.  The first is a shift from letter and flat shaped mail to packages 

and the second is a shift from market dominant products to competitive products.  

These shifts occur for a number of reasons. First, the updated data that underlie the 

                                              
35 The specific products are identified in the non-public version of this report.  
 
36 The specific products are identified in the non-public version of this report. 
 
37 Sunday SPR delivery cost is almost entirely incurred for the delivery of competitive 
products.  As a result, the non-volume variable Sunday delivery cost will be included in 

the attributable cost for the competitive products group.  In this way all Sunday delivery 
cost is attributed to competitive products. 
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new study capture the shift in SPR activities from collection to delivery that has taken 

place as package volumes have increased.  SPR delivery is a package-related cost 

whereas collection includes both letters and flats. The activity shift toward delivery also 

underlies the cost shift from market dominant to competitive products.  SPR delivery 

involves handling competitive mail whereas collection is centered on market dominant 

mail.  Reinforcing this shift is the fact that the new study uses SPR products, instead of 

letter route products, to distribute office costs to products.  Because the SPR delivery 

distribution key is almost entirely made up of competitive packages, but the letter route 

distribution key is mostly competitive letters and flats, this correction shifts costs from 

market dominant letters and flats to competitive packages. 

 Higher package costs are also a reflection of the study’s explicit analysis of peak 

season delivery costs leading to a higher level of delivery cost attribution.  The higher 

peak variability contributed to increasing both the regular and Sunday delivery volume 

variable costs.  Finally, investigation of Sunday costs added to the cost increase for one 

competitive product and mitigated the cost increase for a different competitive product.38  

This is because the initial attempt at incorporating Sunday SPR costs simply assumed 

that all Sunday volume was one competitive product, when, in fact, the PTR data reveal 

about 10 percent of it is another competitive product.39 

                                              
38 The specific products are identified in the non-public version of this report. 
 
39 The specific products are identified in the non-public version of this report. Unit cost 

changes for individual competitive products are also presented in the non-public 
version. 
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Product

Current Unit 

SPR Costs

New Unit SPR 

Costs

Change in SPR 

Cost

% Change in 

SPR Cost

Total First-Class Mail $0.0020 $0.0012 -$0.0008 -41.3%

Total USPS Marketing Mail $0.0004 $0.0000 -$0.0004 -90.7%

Total Periodicals $0.0011 $0.0002 -$0.0009 -80.3%

Bound Printed Matter Flats $0.0021 $0.0017 -$0.0004 -20.1%

Bound Printed Matter Parcels $0.0343 $0.0586 $0.0244 71.1%

Media/Library Mail $0.0482 $0.0808 $0.0326 67.8%

Total Package Services $0.0226 $0.0377 $0.0151 66.7%

Total Domestic Market Dominant Mail $0.0012 $0.0007 -$0.0005 -41.2%

Total Competitive Mail and Services $0.0818 $0.1046 $0.0228 27.8%

Table 38

Unit SPR Costs Including Indirect Costs

Market Dominant Products


