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1. Introduction.

The objective of this paper is to describe a quantitative approach to the analysis of a postal retail network that can be applied by postal authorities or other researchers to the postal network in any country.

In the first part of this paper we describe the obstacles to measuring the proximity of postal facilities to customers and analyzing economic efficiency (including revenue and net revenue) of the postal operators. We suggest methods on how to overcome these obstacles.   We also describe a staging process for developing the database to permit integrating socio-economic and geographic data from multiple sources by 5-digit ZIP code with the data specific to postal facilities serving these ZIP codes. The socio-economic profile of communities served by the postal facilities provides an important framework for the analysis.  Populating LogicNet software with the data from the developed database, we illustrate the application of the spatial optimization approach to analyzing portions of the U.S. postal retail network.  We describe some practical implications of postal retail network modeling.  The paper concludes with some recommendations for future research.

The current United States Postal Service Retail Network (PRN) includes almost 27,000 post offices, as well as other postal retail outlets, e.g. contract units and village post offices.  The increased adoption of supplemental retail locations other than traditional post offices has affected the structure of the postal network in the United States as it has in many other nations.
  Ready access to powerful computer processing allows new methods for network analysis, including the development of databases and models that would reflect evolving customer demand as well as demographic changes. However, such analysis requires the availability of reliable integrated databases that incorporate geographic, demographic, financial and other data.  Though the development of these databases is still in-process, there is a sufficient base to permit a first-order analysis of the postal retail network.


The U.S. Postal retail network is one of the largest transportation networks in the world. As a result, its analysis benefits from the use of sophisticated spatial (geographic) and optimization software, which is currently commercially available but not yet widely used for the analysis of postal networks. A key element in the analysis and planning of the postal retail network as a transportation system is the subdivision of “the internal area of the study into small units usually referred as zones”.
 The United States postal network has for nearly 50 years used its own zoning system known as the ZIP Code system.
 The 5-digit ZIP Code system is used for a number of analytical purposes, and the analysis of the U.S. postal retail network can be performed using mapping and data collection by 5-digit ZIP Code. 

 The 5-digit ZIP Code system was instituted in the 1960s as a response to the United States Postal Service’s (USPS’s) pre-sorting needs and was officially announced by the Postmaster General on July 1, 1963. Four years later, in 1967, presorting by 5-digit zip code became a preparation requirement for mailers of second-class (periodicals) and third-class (bulk advertising) mail.
   The USPS currently administers and uses a national zone topography that plays an essential role in the postal delivery network, and thus also in the postal retail network.  Currently there are approximately 42 thousand 5-digit ZIP Codes in use (not all possible 5-digit combinations are assigned). Most 5-digit ZIP Code areas contain a retail postal facility. 
A key assumption in analyzing a postal retail network is the requirement that people residing or working in a community have access to postal services within a reasonable driving or walking distance. It seems plausible that the extent of services provided by alternative postal retail locations affect the customer distance requirement.  If alternative locations offer a sharply limited range of postal services, the need for ready access to a full-service post office becomes more important.  If alternative locations offer an enhanced set of postal services, then the need for access to a full-service post office is lessened.  Alternative post offices that offer only a limited subset of services are less costly to operate than full-service offices. However, the limitation in the scope of services provided imposes a greater overall USO burden on the remaining full service post offices in the network.


At the same time, analyzing postal revenue in connection with the service provision costs is critically important.  Thus, the need for geographic access is balanced against the operator’s obligation to reduce the incidence of unnecessarily duplicating service where there is more than one service location near customers.  A statistical relationship between the socio-economic characteristics of the communities and the financial indicators of postal activity has been already identified by researchers.
  Economic indicators such as number of residential households, number of people working in the community and the average household income serve to define the revenue of the postal facility that serves this community.  These correlations are important in analyzing the network and for its restructuring, planning and monitoring. Currently, postal operators do not appear to consider this relationship in network planning and decision-making. This is partly because the datasets needed for comprehensive analysis are not readily available and partly because of the large size of the network itself (which complicates the analysis and puts additional requirements on the hardware and software).
 

2. Economic Efficiency of Postal Retail Facilities and their Proximity to Customers 
 In accordance with the principles of a Gravity Model
, the probability that a given customer will be using a particular market becomes greater as the size of the market increases and the distance or travel time to the market decreases.
 In general this rule should be applicable to the customers that use a post office as a market to procure retail postal services. As we believe, application of gravity models to the analysis of postal retail network might be very effective. In the gravity model for the postal retail network, the 5-digit ZIP Code would represent a trading area defined as a “geographical area containing the customers of a particular firm or group of firms for specific goods or services”.
 The gravity model is often used to evaluate reasonable alternatives and select a store location (in this case, a post office) that maximizes the total expected revenue.
  Before presenting the illustrative analysis of the postal retail network using a gravity model approach, we identify obstacles to the analysis of postal facilities’ revenue and proximity aspects, including some shortcomings of already performed studies.  
Insufficient revenue is often used to indicate the financial troubles faced by the U.S. Postal Service. However, revenue levels provide only a limited view of a post office’s financial performance. The definition of a “low” revenue level is subjective. Analysis of revenue is inextricably linked to the analysis of costs. We have analyzed the relationship between operating revenue of the post offices and their operating expenses, and found it statistically significant. Analysis performed for over 26,500 post offices in the U.S. using FY2008-FY2010 data, showed that one percent increase in operating expenses would result, on average, in 1.2 percent increase in operating revenue.  Analysis of net revenue can help identify a financially weak postal facility. However, even low net revenue might not be a reliable signifier for its discontinuance. USO requirements may supersede low or even negative net revenue in rural post offices. That is why revenue requirements for low density rural areas and urban areas will differ. 

While measuring net revenue, analysis of time series and the prevailing trends is important. Our observation of revenue and costs for U.S. post offices in three consequent years showed significant variation.  This might be explained by a restructuring going on in particular post offices or rapid demographic changes taking place within the service area. Transportation planning is always based on long-term socio-economic projections. Because the U.S. Postal Retail Network is an extended transportation network, a similar approach should be applied here.
One of the peculiarities associated with data collection in the U.S. postal system is that revenue and cost data are typically aggregated by finance number. A finance number frequently encompasses more than one physical location, for example a set of urban post office stations and branches along with the main city post office. Consequently, net revenue would characterize a post office together with its subordinated stations, substations, branches, retail annexes, and may even include some online electronic transactions. That, data on net revenue might not be sufficiently determinative for use by decision makers in connection with post office closings or reducing the hours of retail operations. 
The workload of postal facilities has been recently used by the U.S. Postal Service in the decision-making analyses underlying the closing or reduction of hours of post offices. Relying on workload alone to make such decisions is probably insufficient. Although we managed to identify a statistical relationship between revenue and workload, low workload does not always results in low net revenue. We identified the number of facilities with low workload and very high net revenue. Also, facilities with a comparatively high workload might have low net revenue for multiple reasons. Special analysis is recommended for such facilities. Examples of the relevant spatial analysis include the review of the neighboring post offices and/or analysis of time series of financial and demographic data. In areas with a high net revenue and/or very high walk-in revenue (higher than is expected based on regression analysis) the information might be provided to decision makers in support of opening of the new facility in order to prevent long lines and other customer service concerns.
In analyzing proximity of postal retail facilities to customers, we noted several issues worth considering. 
First, proximity is often measured as a distance between two nearest post offices. Although such an approach is possible and used in gravity models, in the analysis of the postal retail network it has significant limitations. The current postal retail network is undergoing substantial restructuring, and in many cases one of the neighboring post offices will be discontinued by the time the study is completed. Objective analysis should include measures of proximity between the post office and its customers. However, this is not an easy task since there is no specific point where customers are located. We suggest that the aggregated location of customers can best be identified with the population center of the census block (or census block group). 
 Second, proximity is often analyzed as a straight line distance. What is suitable for flat topography and ZIPs without any substantial water areas, will not be suitable for ZIPs with complicated topography. Although this is still an issue, LogicNet software permits use of a multiplier factor that would transfer straight-line distance into driving distance. The database we developed and which is described below contains data on water area for each ZIP, helping to assess the validity of this multiplier factor. Additional information on the topography of the ZIP Codes will be also helpful. 

Third, to ensure that all customers have reasonable access to a full range of postal services (provided by the post offices or branches) it is important to measure the proximity between customers and post offices that provide such services. For customers who do not have a reasonable access to such post office (even if there are facilities with the limited range of services nearby, including village post offices) it is important to measure the distance to the nearest post office that provides a full range of postal services.
Fourth, accurate calculation of proximity puts a substantial burden on the software.  There are over 11 million census blocks and over 220,000 census block groups; calculation of the proximity between almost 27,000 post offices in the country to the center of each census block group (and especially for census block) presents a challenging task even for powerful spatial software.  Other types of software allow mapping and spatial presentation of large datasets, but are not tailored for optimization tasks
. Other software focuses on optimization, but is not designed to perform large scale spatial analysis. Customer decision-making regarding retail postal services is affected by a number of factors. Distance is only one factor. Assessing the efficiency of providing retail postal services requires inclusion of various geographic, demographic, and service level issues; it is not straightforward application of proximity.
3. Development of Database for Retail Network Analysis 

In order to model the demand for postal service and access to postal service, the analytical and modeling process should use an integrated database containing economic, financial and geographic information. Lacking an existing database of this sort, we focused on a multi-step database development including data collection, organizing and analysis.

As noted above, 5-digit ZIP Code areas provide the best representation of a postal service area in the corresponding postal retail network within the United States. Most other industrialized nations have established comparable zoning codes that may be used for this analytical process. In most industrialized nations, the use of mail sortation equipment has induced the establishment of postal zing plans and zonal codes.   Thus, it is important to collect socio-economic data by 5-digit ZIP Code or analogous zoning code for sorting and delivery purposes
.  One relevant aspect that is impossible to ignore in the database development process is the differentiation between 5-digit ZIP Codes (ZIPs) and ZIP Code Tabulation Areas (ZCTAs). The U.S. Census Bureau provides Census data including the number of residents/households, income, housing value etc. by ZIP Code tabulation areas (ZCTA)
, but not by ZIPs. Census ZCTAs are not always identical to the USPS ZIPs (by their shapes or land areas).   In general, the U.S. Census Bureau has created ZCTAs as an aggregation of census block groups (CBG)
 and usually ZCTAs represent larger areas than USPS ZIPs.  It is important to note that certain ZIPs are not parts of any ZCTA.  Examples of these specific situations include:  representation by ZIP of either very few addresses or even just one delivery location,  assigning ZIP to businesses only or a single delivery point address. When CBG has a shared boundary with several ZIPs, the Census Bureau assigns this particular CBG to the ZCTA that has the same name as the ZIP with which CBG has the longest shared boundary.
    


While there are apparent reasons for the mismatch between ZCTA and ZIP, their differentiation still creates impediments in the process of assignment of the postal facilities to the areas they serve. For example, many ZIPs that represent downtown urban areas are not assigned to any ZCTA. As a result, there is no Census data available for these ZIPs. It is helpful to assign the postal facility to the area it is serving, but we identified over two thousand USPS ZIPs containing postal facilities that do not match any ZCTA. While Census data is available by ZCTA only, some other types of socio-economic data also provided by the U.S. Census Bureau are available by ZIP and not by ZCTA. Examples of such socio-economic indicators can be found in the annual ZIP Code Business Patterns series and include the number of establishments (businesses), the corresponding number of employees, and the payroll data.
 Individual income tax return information provided by IRS and including data on the number of files tax returns and income is also available by ZIP.


Neither the U.S. Census Bureau nor any other official organization publishes files with the tables illustrating the relationship between ZCTA and ZIP systems. Without such tables it is very difficult to measure the difference between ZCTA and ZIP that are assigned the same 5-digit number.  A commercially available Business ZIP-Code database that integrates multiple Population Census, Business Census and USPS data
 does not provide a solution to the problem either. 

Although the database provides multiple socio-economic and postal data by 5-digit ZIP code, certain ZIPs are characterized by limited range of data.  It is possible to accommodate the above mentioned discrepancy by evaluating the proximity between the postal facilities located in ZIPs that do not correspond to any ZCTA and ZIPs that do correspond. This would result in a reassignment of all data to the ZIPs that have a matching ZCTA. The geographic coordinates of the center of each ZCTA, as well as of those of each postal facility, provides reasonable information that would be used to calculate such proximity. The proximity can be measured using different types of broadly available different types of spatial software (i.e. ARC GIS™ from ESPI or LogicNet™ Plus XE from IBM). 


Analysis of the U.S Postal Retail Network study area by ZIP
 shows the following structure of the ZIP Code system in terms of the availability of the Postal Service facility as well as its type:
Table 1: Structure of 5-digit ZIP Code System based on the Type of the Postal Facility                                available in its city limits   
	Type of Postal Facility  (if any)
	Number of 5-digit ZIP Codes 

	Post Office

	29,545

	Branch
	687

	Community Post Office
	329

	Non Postal Community Name
	1,333

	P.O. Box Only
	9,381

	Total
	41,275



From the table shown above, one can define three major types of ZIPs from the point of view of availability of postal services in the communities they present.  The first type represents ZIP codes that include either post offices in the city limits of their communities or branches outside of city limits, but still within ZIP code boundaries. Post offices and branches traditionally provide full range of postal services. By estimating the proximity between customers and corresponding post offices and branches in these ZIPs, it is possible to measure customer access to full range of postal services. The second type, which includes community post offices, is characterized by only limited range of postal services. In order to insure the fulfillment of USO obligations to customers of these ZIP codes, it is important to estimate their proximity to the nearest post office or branch. The third type includes ZIPs that represent non postal communities and ZIPs that have only P.O. boxes. These areas require special attention since under the USO their customers must still be able to access full range of services. Below, we present the analysis of the defined above three types of 5-digit ZIP Code communities using the ZIP code database. 
        

4. Analysis of the Postal Retail Network

The analysis of the retail postal network is complicated by the fact that the attributes of the various ZIP Codes reflect the nation’s broad geographic diversity. Many other nations also contain regions reflecting substantial diversity in population, business and employment densities. 


ZIP Codes with Post Offices in the city limits of their communities represent the majority of ZIPs. For this set of ZIP codes, we analyzed data for 50 U.S. States and the District of Columbia (DC). 
 Overall national average population density is calculated as 118 residents per square mile: the densities range from less than 8 residents per square mile in Montana and Wyoming to over 1,200 in New Jersey and then jumping to almost 10,000 in DC. Overall national average employment density is 46 people per square mile ranging from 3 people per square mile in Wyoming and Montana to nearly 450 in New Jersey and, approximately 7 thousand people in DC. The overall national average density of business units is 3 establishments (business units) per square mile: ranging from less than 0.3 business units in Wyoming, Montana and Alaska, to 25 in Rhode Island, 31 in New Jersey and almost 340 business units in DC.   

Information on the land area and water area of each ZIP code allows estimating the proximity of customers to a post office. Reasonable proximity will be different for different types of urban areas. The U.S. Census classifies three major urban areas based on the minimum density requirement as well as the overall population.
 In transportation studies the classification of urban areas is usually more detailed. Criteria here include population and employment density as well as the size of the nearby city/town. In the analysis of the level of customer proximity to the post offices, we used four types of urban areas – high density downtowns, urban areas, not urban areas and rural area.
 The results of the proximity analysis are shown in Table 2.
Table 2: Proximity Analysis for 5-digit ZIP Codes that have a Post Office in their City Limits 
	Type of Urban Area
	Estimated Maximum Customer Proximity to the nearest Post Office  (in miles)

	High Density Downtown
	4 

	Urban Area
	9 

	Non-Urban Area
	30 

	Rural area
	80




We believe that the maximum possible customer distance to the nearest post office should be lower than we estimated analyzing the postal retail network, in light of the lack of a superseding statistical definition of the USO in the U.S. as is found in many other nations (such as that some large fraction of the population should be within a specific distance from a post office).  This applies particularly for those areas with no or limited availability of other postal facilities providing narrow range of postal services. In addition, many ZIPs have a substantial water area (up to 650 square miles) and non-flat topography.  For these types of ZIP codes, it is necessary to check actual proximity using driving distance versus simple straight-line distance.


Three hundred 5-digit ZIP Codes have only Community Post Offices (CPO), which are contractor-managed postal facilities. CPOs provide “postal services in small communities where an independent Post Office has been discontinued”.
  Since certain areas might experience rapid demographic growth, it is important to monitor these communities. Also since   Community Post Offices do not provide full range of postal services, for corresponding ZIP Codes it is important to check the proximity to the regular post office.  
 
       
The analysis of the ZIPs with Community Post Offices shows that these post offices do not exist in all locations. For example, we did not locate CPOs in Hawaii, North Carolina, New Jersey, Puerto Rico, and DC. The average population and employment density for this type of ZIP Codes is smaller than for ZIP Codes with regular post offices in their city limits. The average national population density for ZIP Codes that have only CPOs is 9 residents per square mile and employment density is 1 employee per square mile. Population density varies from 1 person per square mile in Maine to almost 480 in Georgia. Employment density varies from less than 0.1 people per square mile in Colorado and Nevada to 103 in Georgia and 151 in Virginia. The density of business units varies from nearly zero in Arizona, Nevada and a few other States to 8 in Georgia and 15 in Delaware. For these CPO-only ZIP Codes, especially those with relatively high population and employment density, it is important to analyze the proximity to post offices or branches that provide full range of postal services. 

 
Over the quarter of all ZIPs are ZIP Codes that have only P.O. Boxes or represent non postal communities. For approximately one third of ZIPs with P.O. Boxes there is no Census data available, so the demographic analysis described below reflects only ZIPs that have a matching ZCTA (approximately 3500 ZIPs with P.O. Boxes).  Overall national average population density in these ZIP Codes is 6 residents per square mile ranging from 0.6 residents per square mile in Alaska to 559 residents per square mile in Ohio and 634 sq. miles in Indiana. The ZIP Codes with high population densities suggest the need for further scrutiny, as one scenario with recent extensive population growth suggests that demand has risen to the point where a post office is more appropriate for the area than just post office boxes. 

The ZIP Codes that represent non-postal communities do not contain a postal retail facility, although they still have postal delivery. These types of ZIP Codes are located in all states. It is interesting that average population density is higher in these types of ZIP Codes than in ZIP Codes with a post office - approximately 125 residents per square mile ranging from 0.8 people in Montana and Wyoming to almost 2 thousand people per square mile in Massachusetts and almost 4,300 people in New York. High population density in non-postal community ZIP Codes in the State of New York is partially explained by the small land area of these ZIP Codes (about 70 percent of them are located in Queens County in New York City). At the same time, also in the State of New York, we have identified a few non-postal community ZIP Codes with the population of 17-23 thousand people, employment of 4-6 thousand people and land area of over 20 square miles. These ZIP Codes represent urban areas and it is not clear why their customers do not have a post office or even CPO in ZIP Code boundaries. Special analysis of proximity to post offices in the neighboring ZIP Codes is especially crucial here. 

The examples presented provide an illustration how a ZIP Code database that contains both socio-economic and postal data, can be used to characterize the profile of areas served by postal facilities of different types and to identify the areas of concern. 

We believe that multi-criteria optimization models are well suited to analyzing the postal retail network. We have tested these models using IBM ILOG LogicNet Plus XE 7.2 software; however other types of optimization software might be used as well.  The main optimization criterion is set as minimizing the average weighted distance between the customer locations and post offices in the network.
 One of the substantial advantages of postal retail network analysis by LogicNet model in comparison with the previous studies is the possibility to apply the above mentioned gravity model approach. The software allows calculating the minimum weighted distance between customer and post office locations using the given (or even minimum) number of postal facilities.        


The additional optimization criteria include the percentage of total customer demand satisfied in the postal retail network, the number of post offices in the network, etc.
 We considered only the postal facilities within this definitional structure that provide a full range of postal services – post offices. The center point of each Census Block Group is assigned as a customer location. Data on the size of each census block provides important additional information for more accurate distance measurement. Population of census block group from U.S. Census Bureau was introduced into the model as an upper bound of demand constraint for the customers residing in each census block group. USO requirements dictate that all customers should have access to the full range of postal services, and thus the customer demand constraint is set equal to 100 percent.  Our testing of the model includes its application to the different areas in the United States and the variation of constraints. The set of constraints include: the upper boundary for the distance between customer locations and post offices that they can use; total revenue and costs of the post offices functioning in the network and capacity of each post office.  

Since the geographic area of the study cannot be limited to the boundaries of the particular states; in the postal retail network LogicNet analysis we have gone beyond the boundaries of individual states.  For non-urban and rural areas, we suggest the application of a model that would optimize customer access to post offices under multiple constraints. For urban areas, it might be useful to apply a different type of optimization model. Based on the performed analysis, we suggest that the main optimization criterion can be the overall revenue (or net revenue) of the post offices in the network. Application of the optimization models provides the opportunity to consider dual interests of postal market participants - customers and service providers, - but also permits selection of the most appropriate method for such consideration.   

5. Practical Implications of Postal Retail Network Quantitative Analysis.

The initial process of modeling the retail network commenced with the question "how much of the network would be actually needed." Simply put, once we could map where people live/work, and where network locations currently are, from a cost or duplicative perspective we could identify the inefficient locations.  Recent changes in the U.S. network have altered the available range of network options and applicable assumptions.

With the implementation of the U.S. Postal Service’s POStPlan, the addition of the Village Post Office (VPO) concept, and the online availability of mailing options,  the former paradigm of one post office in each community (open 8 hours a day) is now outmoded.  As such, the old focus of optimization, matching one post office with one community (as presented by census block/block group, ZCTA, or 5-digit ZIP Code) no longer provides a complete picture.  In previous work, the question has focused on what to do with the legacy network. However, the broad question for the retail network is about the level of service this network provides and the level of profit the network generates. Certain progress has been made in estimating the retail revenue that can be generated by postal market area.  Persistently ongoing changes in the structure of postal retail network have complicated analyzing the cost side of the equation. 

Rather than focusing solely on the least disruptive and least harmful removal of postal retail outlets from the network, the decision makers should draw their attention to the efficient allocation of the legacy network along with several new options. Examining a wide variety of retail options becomes a complex problem. Optimization requires constraints, and in many ways providing additional options adds degrees of freedom and removes constraints. Thus, the model might have an option to add a new post office and/or change the level of services the existing post office provides (adjust hours of retail operations, add new windows, change range of provided services). Once an overall retail revenue is estimated for a zone, this retail revenue can be broken into several parts. Of special interest is the retail revenue than can be generated by alternative retail options, such as stamp sales at non-postal retail partners such as chain stores or automated bank teller machines.

Examining zoning systems, such as the 3-digit ZIP Code system in the U.S., can result in more specific methods for developing flexible solutions for retail options. The reason is described below. One guideline, or small sets of guidelines, may not give postal operators the flexibility of providing the customers with sustainable and profit maximizing retail networks. Thus, instead of setting a "maximum allowed distance" between postal facilities using straight line measurement, a better solution could be developed. Customers have different levels of expectations that do not fit into the set of simple solutions. One group of customers may need to buy stamps three times a month, and, as a result, they are well matched to a retail partner selling stamps during expanded retail hours. Conversely, centers with a higher level of parcel commerce will need a broader range of postal offerings.  

By looking at a wide range of retail options in conjunction with a broader range of revenue generating characteristics, operators can develop specific, quantifiable solutions.

6. Conclusions and Future Work 

A comprehensive postal retail network analysis should consider the application of gravity model approach and include at least five components:  1) the structure of the postal facilities in the network, 2) the structure of the markets for postal services, 3) The demographic analysis of the postal market areas, 4) the proximity of customers to postal facilities; and 5) revenue/cost analyses for postal facilities.

Further analysis using an optimization model should reflect the hierarchy of different types of postal facilities and the level of their product offerings. Postal retail locations should be identified by the number of retail hours provided, and the range of products/services offered.   In addition, an important variable in assessing a postal network is whether the location is urban, suburban, rural or remote.  Analysis based on these variables will help assess optimization of the retail network.
� Senor Econometrician, US Postal Regulatory Commission


� Chief Counsel to the Chairman, US Postal Regulatory Commission


� Economist, US Postal Regulatory Commission


� The views represented are solely those of the authors and not necessarily those of the Postal Regulatory Commission.


� There has been a long tradition of contract post offices in the United States, for example the iconic country store containing a post office window.


� Lane, R., Powell T.J. and P. Prestwood Smith. (Analytical Transport Planning, London: Duckworth, 1974 at. 30.


� ZIP is an acronym for Zone Improvement Plan, see:  � HYPERLINK "http://www.postalmuseum.si.edu/zipcodecampaign/p1.html" �http://www.postalmuseum.si.edu/zipcodecampaign/p1.html�


� USPS, Frequently asked questions. ZIP Code™ information. See: � HYPERLINK "http://www.usps.com/faqs/ziplookup-faqs.htm" �www.usps.com/faqs/ziplookup-faqs.htm�


� Yezer, Anthony M., Analyzing the Postal Service’s Retail Network Using an Objective Modeling Approach, June 14, 2010. ; J.P. Klingenberg et al., Optimization of the United States postal retail network by applying GIS and econometric tools. In: Reforming the Postal Sector In The Face Of Electronic Competition, Ed. By Michael A. Crew, Paul R. Kleindorfer: Edward Elgar Publishing Limited, 2013, at 122-123.


� The Gravity model is based on Newton’s Law of Gravity; it assumes that there is a general relation between attraction and mass.  Gravity models often focus on economic movements and in this model population substitutes for mass.  


� See Anderson S. et al., Converse’s Breaking-Point Model Revised. Journal of Management and Marketing Research Volume 3, January 2010.


� Bennet P. (ed.) Dictionary of Marketing Terms, Second Edition, Chicago: American Marketing Association, p. 287. 


� Hill A. ,The Encyclopedia of Operations Management: A Field Manual and Glossary of Operations Management Terms and Concepts: FT  Press, 2011.


� See, e.g. � HYPERLINK "http://proximityone.com/cenblk.htm" �http://proximityone.com/cenblk.htm�.


� Importance of linking demographic information to ZIP Codes was discussed in the recent report prepared by the Office of Inspector General. See:  The Untold Story of the ZIP Code. U.S. Postal Service Office of Inspector General. RARC-WP-13-006, April 1,2013, available at: � HYPERLINK "https://www.uspsoig.gov/foia_files/rarc-wp-13-006.pdf" �https://www.uspsoig.gov/foia_files/rarc-wp-13-006.pdf�


� See  � HYPERLINK "http://www.census.gov/geo/reference/zctas.html" �http://www.census.gov/geo/reference/zctas.html�


� The U.S. Census Bureau describes the use of Census Block Groups.  


See: � HYPERLINK "http://www.census.gov/geo/www/cob/bg_metadata.html" �http://www.census.gov/geo/www/cob/bg_metadata.html�


�  See generally  � HYPERLINK "http://www.census.gov/geo/reference/zctas.html" �http://www.census.gov/geo/reference/zctas.html�


� � HYPERLINK "http://www.census.gov/econ/cbp/index.html" �http://www.census.gov/econ/cbp/index.html�


� SOI TAX Stats – Individual Income Tax Statistics – ZIP Code data (SOI). For more details see: http://www.irs.gov/uac/SOI-Tax-Stats-Individual-Income-Tax-Statistics-Free-ZIP-Code-data-(SOI)


� http://www.zip-codes.com/zip-code-database.asp


� Raw data for the analysis was primarily collected from Business Zip-Code database. (March 2013 update) 


� These ZIP Codes have a post office either in their boundaries or in the neighboring ZIP code assigned to the same city. That is why the total number of post offices in the ZIPs that belong to this category is approximately two thousand less than the number of these ZIPs.      


� As described above, for post offices in ZIP Codes that do not have matching ZCTAs, the service area and the corresponding socio-economic data was reassigned using the proximity criterion.   


� It might be reasonable in the future to analyze branches together with post offices since branches usually provide similar range of postal services as post offices.


� http://www.census.gov/geo/reference/ua/urban-rural-2010.html


� This is consistent with the classification of urban areas used in transportation studies.  See, e.g.,: Economic Impact of Station Revitalization. The Great American Station Foundation. Las Vegas, 2001, at 7-8.  


� U.S. Postal Service, Publication 32: Glossary of Postal Terms (Washington: USPS, April 2011), p. 49, 


http://about.usps.com/publications/pub32.pdf.
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