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ABSTRACT 

 Basic Allowance for Housing (BAH) is intended to cover 95 percent of a service 

member's housing costs, including rent and utilities. However, our research indicates that 

the assigned BAH at 35 percent of military sites is below the U.S. Department of 

Housing and Urban Development (HUD) standards for adequacy. Furthermore, we found 

that the shortages and surpluses are normally distributed with a mean above zero. This 

finding implies that most sites experience a surplus, and that by bringing the tails closer 

to the mean, the problem could be alleviated. In this work, we focus on E4-and-below 

service members and we develop a dependent-based model to optimize BAH, 

maximizing the BAH over the rates set by HUD as standards of adequacy. The basic 

assertion is that service members should be able to afford housing at a standard that 

meets at least  HUD levels of adequacy, and exceeds those standards if budgetary 

constraints allow for it. The data leveraged in this research suggests that this is very 

attainable, given some reasonable changes to the current BAH calculation methodology. 
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Executive Summary

In 2022, 35 percent of military sites in the U.S. demonstrated a BAH shortfall for E4-and-
below service members when compared to HUD SAFMR rates as a level of adequacy.

Ensuring that housing needs of U.S. military service members are met is a part of the
responsibility that the Department of Defense (DoD) has assumed to ensure its members
are adequately cared for while they are in service to their country. The method by which
the DoD executes their responsibility for providing adequate member housing is through an
allowance known as BAH. BAH is intended to cover 95 percent of members rent and utility
costs near their duty station. According to recent reports by Blue Star Families, though,
there is increasing sentiment that the allowance provided to service members — especially
members with families — is not meeting the needs of the member or the objectives of
the allowance. Members are needing to either live above their means, commute further, or
sacrifice opportunities for their families (e.g., quality schools, personal safety, etc.). Our
EDA demonstrated that service members assigned to over 35 percent of military sites would
garner BAH that is below SAFMR.

This research explores a new dependent-based model for allocating DoD funds for BAH
by considering not only the presence of dependents but also whether a member has one
dependent, or more than one. This allows for the creation of new dependent categories for
which adequate housing can be determined. The model works within budgetary constraints
and leverages HUD SAFMR data as an indicator of adequacy. What we found is that despite
35 percent of military sites falling short of SAFMR, it is possible for every military site
to receive BAH that is as much as 18.75 percent above SAFMR for E4-and-below service
members.

The findings of this research for E4-and-below service members could be expanded to
analyze the situation for other ranks or the entirety of the force. We believe there is the
potential to see similar results for all service members. If the expanded version of this
scenario provides similar results, this model could be used to restructure how BAH is
allocated in the future.
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CHAPTER 1:
Introduction

Basic Allowance for Housing (BAH) is an entitlement provided to United States military
service members. The following work will provide background and analysis as to the
allocation of BAH. The goal is to provide insights as to how to better allocate Department
of Department of Defense (DoD) funds.

BAH is an entitlement intended to provide service members with an allowance to obtain
adequate housing near their duty location (Department of Defense 2022). While the pur-
pose of BAH is noble, the execution of its allocation is creating unstable situations for
service members, as they undergo Permanent Change of Station (PCS) transitions from
one duty station to another. Recent Blue Star Families survey results indicate that finding
adequate housing in the local market is challenging; highlighted in a survey response from
an anonymous active duty spouse: “This area is way too expensive. Most houses with 3 or
4 bedrooms that are close enough to the base and still have a good school district and safe
area are about $500 over BAH” (Families et al. 2023).

The above quotation seems rooted in reasonable concerns, as the family was looking for
a house in a safe neighborhood with good schools, enough room for their family, and one
that is close enough to the base, presumably, so that traveling to base for groceries, health
care appointments, etc. is not seen as difficult or, worse yet, prohibitive. Many installations
provide a number of amenities to service members but when adequate housing cannot
be found within a reasonable distance of those amenities, the value of the amenities to
the service member is diminished. As highlighted above, families are having a difficult
time finding housing that meets their needs and is within a reasonable distance from the
installation. While this may be considered merely an inconvenience, the stress this places
on the service member — be it directly or indirectly — could potentially have a negative
mission impact as the the member is either adding stress to his or her own life by facing a
longer, more expensive commute, or additional worry for the safety and welfare of his or
her family.

While all service members take an oath and carry out their duties. Their ability to perform is
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Figure 1.1. As seen in Maslow’s Hierarchy of Needs, one’s physiological and
safety needs are more foundational — thus fundamentally more important
to them — than “esteem” or “self-actualization,” which is where service
members would need to be within the hierarchy to make the greatest impact.
Source: Praktiknjo et al. (2011).

impacted by their ability to take care of their needs. As demonstrated in Maslow’s Hierarchy
of Needs (Figure 1.1), individuals place greater importance on their physiological needs,
their personal safety, and their family needs before their needs for achievement, respect,
or self-actualization are even considered. This is relevant, because if the DoD wants to
maximize the effectiveness of its force, it needs to consider all manners in which to maximize
performance at an individual level. Ensuring a service member and his or her family has
their basic needs adequately met needs to be a priority.

While the easiest solution may be to simply increase BAH across the board, that may not
be a realistic solution. Given the significant expenditure on BAH by the DoD, increasing it
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equally across all situations until those suffering from extreme shortages in BAH have their
needs met would be a large investment by the DoD. Establishing a baseline to compare BAH
to determine whether a shortage exists may also prove troublesome. For those reasons, we
explored this problem from the perspective of maintaining the current budgetary constraints
to see if a feasible solution could be reached. This thesis explores specifically the situation
of E4-and-below service members with dependents, leveraging Small Area Fair Market
Rent (SAFMR) values established by the Department of Housing and Urban Development
(HUD) as the minimum threshold for adequate housing. The goal is to optimize BAH
allocation and ensure no service member is needing to exceed their BAH cost-share to cover
their off-base housing costs.

In Chapter 2, we introduce some of the necessary background information, specifically
focusing on BAH and SAFMR. We examine the purpose behind each of them and their
data collection processes. This information helps the reader better understand how these
data points are related later in the thesis where they are included in an optimization model.
Furthermore, we explore previous related research to better understand the existing body of
work and how our research adds value to what is already available.

In Chapter 3, we step through the methodology of this thesis and examine the process by
which the research was conducted. We reveal where all of the data was obtained, how it was
cleaned, why it was important to have, and eventually how it was put together to conduct
the necessary analysis. We provide insights from our Exploratory Data Analysis (EDA)
and discuss how those insights are related to the direction of the thesis. Lastly, Chapter 3
guides the reader through the optimization model developed to support the thesis, including
alternative models evaluated during the process.

Chapter 4 is where the reader can see the output of the optimization model, as it presents the
results and walks the reader through them. The reader can not only see the results but better
understand what those results reveal about the problem at hand. Lastly, it allows the reader
to compare the alternative optimization models him or herself, so he or she can determine
which model, if either, should be implemented.

In Chapter 5, we discuss the results from Chapter 4 and make considerations and recom-
mendations as to the implementation of this research. We also explore areas for future work
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that could expand upon this research and provide even greater value to the DoD.
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CHAPTER 2:
Background

In Chapter 2, we introduce insights from background literature for better understanding
BAH, its intended use, how it is determined, and how it is allocated to service members.
Likewise, Chapter 2 examines SAFMR, its purpose and how it is allocated.

2.1 Purpose and Goal of BAH

According to the BAH Primer published by the DoD, “[W]hen government quarters are
unavailable, BAH rates serve as a form of compensation to help members find adequate
rental housing near their duty location” (Department of Defense 2022). The BAH program
is designed to adequately compensate the service member — at 95 percent, with a 5 percent
service member cost-share — for median local rent and mean utility costs, aligning these
costs with civilian counterparts in the same locality. Based on analysis of the private sector
rental housing costs for each permanent duty station, BAH is set based on a member’s duty
station, pay grade, and dependency status. The DoD and its services have designed the
BAH program to monitor the market rent and utility costs across the U.S., and rates are
established to offset a large proportion of those costs (Department of Defense 2022).

2.2 BAH Data Collection for Setting Annual Rates

The DoD annually collects data on the median local rental housing costs and average utility
costs (e.g., electricity, heating fuel, water and sewer) for approximately 300 geographic
localities across the U.S., including Alaska and Hawaii. Each of the geographic localities
is considered a Military Housing Area (MHA), which represent the housing market sur-
rounding military installations where at least 100 active BAH recipients reside. The data
collection is typically done during the spring and summer months, since the rental market
is typically most active, and it is collected for different housing profiles (e.g., apartments,
townhouses/duplexes, and single-family homes of varying bedroom counts) (Department
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of Defense 2022).

The DoD leverages multiple sources for collecting data in an effort to ensure their BAH 
rates are suitable by providing a system of “checks and balances” against the data collected. 
Data is gathered from online Multiple Listing Service (MLS), subscription services for 
rental housing data, and major online real estate platforms that serve the rental market (e.g., 
Zillow (Zillow Group 2023b), Trulia (Zillow Group 2023a), etc.). Beyond the aforemen-
tioned online data collected, the DoD also contact subject matter experts (e.g., real estate 
professionals and landlords) in each MHA to validate the figures gathered. Once the data 
is collected and verified, there is an additional process where properties are screened by a 
contracted independent housing consultant. The consultant assesses units for availability, 
current rental rates, rental inclusions (e.g., electric, water, sewer, etc.) and adjusts the lease 
terms to reflect a  12-month lease. Furthermore, the consultant eliminates houses that are 
deemed inadequate or unavailable to service members, such as efficiency apartments, mo-
bile homes, income-subsidized complexes, age-restricted facilities, seasonal units, furnished 
units, and housing in high-crime neighborhoods (Department of Defense 2022).

In collecting data in the above-described manner, the DoD is attempting to have enough data 
to capture an estimate — with 95 percent statistical confidence — within 10 percent of the 
true median local rent market. The multi-step data collection process described typically 
yields 30-75 units per housing profile, per sample, per MHA; there are six data samples in 
each MHA, providing insights into different market segment and housing profiles. While 
most of the MHA reach the target for sample size, there are exceptions in more remote areas 
or areas with few available rental properties. To combat this issue, the DoD conducts some 
trend analysis on housing profiles where they have sufficient data in the  same geographic 
area to help determine a prediction for the housing profile f or w here t hey d o n ot have 
sufficient data. For instance, if there is sufficient data for 2-bedroom and 4-bedroom single 
family homes but not 3-bedroom single family homes, they would evaluate the historical 
trends for a relationship among the 2-, 3-, and 4-bedroom single family homes to derive 
a prediction for the current 3-bedroom homes there is insufficient data for. To  include the 
utility costs, the DoD uses the U.S. Census Bureau’s American Community Survey to set 
average utility expenses for each of the housing profiles i n e ach M HA ( Department of 
Defense 2022).

6
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There are only a few variables impacting how much BAH a service member will receive: pay
grade, location, and whether or not the service member has dependents. In our analysis we
are controlling for the first variable by scoping our analysis down to junior enlisted pay grades
of E4 and below, and analyzing the impacts of duty station location and dependent status.
An intriguing decision made in the BAH rate-setting calculation is to look at dependent
status as a binary variable — either the service member has dependents or he or she does
not. However, the service member’s housing needs do not follow the same binary outcomes.
It is reasonable for one to expect a single service member and a service member with a
spouse but no children to have similar housing needs; they are both likely looking at units
with 1-2 bedrooms within reasonable commuting distance of their duty station. However,
a service member with children — or planning on having children — regardless of their
marital status, is likely looking for a unit with more bedrooms — probably one bedroom for
the service member and one for each child dependent, if that can be obtained within their
budget. Adequate housing, therefore, could be dependent on the number of dependents and
not merely their binary consideration (Department of Defense 2022).

2.3 SAFMR Background, Purpose, and Process

According to the Center for Budget Policies and Priorities, Fair Market Rents are set to
establish a mark to which low-income families can be subsidized up to, ensuring they can
secure adequate housing (Center on Budget and Policy Priorities 2018). Typically, a family
receiving a voucher would contribute 30 percent of their household income toward housing
costs, and they would receive a voucher for the difference between the fair market rent
value and that 30 percent value (U.S. Department of Housing and Urban Development
2023). For instance, if we were to create an example where an eligible family’s monthly
household income is $2,500, 30 percent of that is $750. If the fair market rent for the area
and their situation (e.g., needing three bedrooms) is set to $1,500, this family would be
eligible for a voucher to help them afford the adequate housing priced at $1,500. Small Area
Fair Market Rents were introduced by HUD to provide greater opportunities for people
receiving vouchers (Center on Budget and Policy Priorities 2018). The SAFMR allows
higher opportunity areas to have rates set higher than areas that are lower opportunity and
less desirable. Leaning on our previous example, where 30 percent of household monthly
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income is $750, but we look at it through the lens of SAFMR where a SAFMR is set by the
Zone Improvement Plan (ZIP) code and may be $2,000 instead of $1,500. This provides a
larger voucher and greater opportunities for the families receiving them.

When determining the number of bedrooms a family receiving a voucher qualifies for, a
simple calculation is made considering the number of dependents. The determination is
made by assigning a requirement of one bedroom for the head of household and his or her
spouse (if applicable), then an additional bedroom for every two additional members of the
house, regardless of age or sex (Keating 1998). For example, a family with two parents and
three children would qualify for a 3-bedroom unit and would be subsidized up to that level.
There are opportunities for the public housing agencies to provide more bedrooms than this
when the situation when calls for it, but the Keating Memo established two per-bedroom
as the expectation (Keating 1998). This manner of adjusting for number of dependents
provides evidence that it is worth considering the difference between units of varying sizes
and how they compare to the BAH provided to service members in a given area.

HUD collects the SAFMR data by analyzing the gross rents provided by the U.S. Census
Bureau for Zip Code Tabulation Area (ZCTA). The data gathered from the Census Bureau is
assessed for statistical reliability, ensuring the margins of error are acceptable and they are
based on at least 100 observations. (Office of the Assistant Secretary for Policy Development
and Research, HUD 2020) HUD prioritizes using similar bedroom count units to create the
SAFMR for the ZCTA, however, when there are not sufficient observations available for that
unit size, HUD will then consider different size units within the same ZCTA then consider
the same size units in bordering ZCTA as proxies, weighting the information across the
neighboring ZCTA to provide an appropriate estimate (Office of the Assistant Secretary for
Policy Development and Research, HUD 2020). Furthermore, HUD leverages American
Community Survey (ACS) data rolling averages to promote year over year rate stability
(Office of the Assistant Secretary for Policy Development and Research, HUD 2020).

2.4 Dataset
The consolidated dataset upon which our analysis was conducted was 49,749 data points
comprised of 69 variables and 721 observations.
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Each of the 721 observations is a different military site within the United States, including
Hawaii and Alaska. The observations are military installations representing all possible sites
ranging in service member population from zero to several thousand at each installation.
The military site data was pulled from open source data, before it was culled to include only
sites found within the United States.

Of the 69 variables in the final dataset, seven of them were part of the original military site
data set: Latitude, Longitude, Component, Site Name, State Terr, Country, and Oper Stat.
The latitude and longitude are quantitative variables that provide geographic coordinates for
each of the military sites (e.g. 34.01821, -77.9732). The component variable is a categorical
variable telling us to which branch of service (e.g., Army Active, Navy Active, Air Force
Reserve, etc.) each site belongs to. Site Name is a categorical variable that provides the
name of the military site the observation is referring to (e.g., Pease ANGB). The “Country”
variable is a categorical variable that was limited to only values that had “United States”, as
the data was constrained to sites within the United States. Lastly, the “Oper Stat” variable is
a categorical variable that describes the operation status of the site, and this was constrained
to “Active” sites to ensure we were not building in data from a site that was no longer active.

Six of the remaining 62 variables are identifying what zip code each military site was in
and what zip codes are within given radii surrounding each site. “Zip Code” is actually
a quantitative value that we add leading zeros to and convert to a categorical during the
processing of the data to determine the surrounding zip codes. The remaining zip code
related data are lists of string values that comprise a list of zip codes within a given radius.
The radii that we looked at were five, ten, fifteen, twenty and twenty-five miles from the zip
code assigned to each observation.

Thirty of the remaining 56 variables were created during our process of determining mean
and median SAFMR data for two-, three-, and four-bedroom units within a given radius
of a military site’s zip code. The Mean 2BR in Radius 5 Miles, Median 2BR in Radius 5
Miles, Mean 3BR in Radius 5 Miles, Median 3BR in Radius 5 Miles, Mean 4BR in Radius
5 Miles, and Median 4BR in Radius 5 Miles variables are all then repeated for the 10-mile,
15-mile, 20-mile, and 25-mile radii. The values represent the mean and median SAFMR
value for the respective unit size; the mean and median are generated from the list of zip
codes generated for each observation in “Zips in Radius: 5 Miles” (or, . . . 10 Miles, 15
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Miles, etc.).

Two of the 26 variables that are left in the dataset are categorical data that provide infor-
mation about which MHA the military site is in presently. “MHA” is a categorical data
point that gives the MHA code (e.g., NC186 or MA039) the site is currently assigned
to. “MHA_NAME” is a categorical data point that provides a more intelligible name —
providing a geographic reference — for better understanding of what area(s) the MHA
covers.

The final 24 variables are all quantitative, and they are comprised of the 2023 BAH rates for
each of the ranks. The most important rates for our research, after scoping, were the “E01”
to “E04” rates, however, we did not discard the remaining rates as we felt they could prove
useful for extensions of the research. Each of the values in the data set for these variables
are quantitative and used as such to calculate shortages and surpluses in our EDA as well
as to ensure our optimization model has a baseline to work from as a budgetary constraint.

2.5 Literature Review
In this section, we outline related previous work and then we compare and contrast similarity
and difference from this research.

2.5.1 Heidt and Sanchez: Cost Savings of Taxing Lower-Ranking, Non-
Dependent Members Basic Allowance for Housing for Collocated
Military Couples

In the Naval Postgraduate School (NPS) thesis LCDR Heidt and LTJG Sanchez completed
in December 2022, they analyzed the cost savings created by taxing the lower-ranking
member’s BAH as if it was income instead of being viewed as an allowance (Heidt and
Sanchez 2022). This research was a novel way of considering the dual-military situation
and ways in which the U.S. government can consider cutting costs. According to Heidt
and Sanchez (2022), the U.S. government could recapture approximately $151.4 million to
$284.5 million dollars annually, based on the BAH figures for Fiscal Year 2022 (Heidt and
Sanchez 2022). The range provided is based on the manner in which the tax is imposed:
whether the tax rate is only on the members’ total BAH, or if it is on the sum of the
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members’ BAH and basic pay. Essentially, if the tax rate is based only on the allowance —
viewing it as separate from the member’s basic pay — the U.S. government would recapture
approximately $151.4 million dollars, whereas approximately $284.5 million dollars would
be recaptured if the tax rate from the combination of basic pay and BAH was used to tax
the lower-ranking member’s BAH (Heidt and Sanchez 2022).

Heidt and Sanchez (2022) differs from our work in that its focus was on the dual-military
scenario in which there are two members of the household, presumably spouses, both
drawing BAH, while our work was focused on optimizing the allocation of BAH with a
model that was directly based on the number of dependents in the household. Heidt and
Sanchez (2022) and our work, however, are not mutually exclusive. If the two were to be
combined, it could be done by leveraging our model — introduced in Chapter 3 — on the
higher-ranking member’s BAH and considering the number dependents in the in household
— which would not include the lower-ranking member, since they are not considered a
dependent (Heidt and Sanchez 2022) — the lower-ranking member would then be taxed on
their BAH but could still buoy the household BAH to accommodate for their presence in
the household.

2.5.2 Vaden: Process Analysis of Basic Allowance for Housing BAH
Withing the Military Personnel, Marine Corps (MPMC) Appro-
priation

In the research completed in March 2005 by United States Marine Corps (USMC) Captain
Dillon D. Vaden, he details the process by which BAH was determined at that time, which
included a more service-specific methodology than is currently employed by the DoD
(Vaden 2005). One of the areas explored in Vaden (2005) was the presence of “information
gaps” in the methodology used to set BAH rates (Vaden 2005). The work demonstrated that
the BAH rates were missing recent data in dynamic housing markets, and that the BAH
allocated to service members was most accurate in steady markets or those experiencing
slow and consistent growth (Vaden 2005). These “information gaps” help provide a reason
for why the BAH levels aren’t necessarily reflecting current housing costs in an area; Vaden
(2005) establishes that setting rates based on data gathered before the rate-setting process
begins suggests that in a volatile market could either overestimate or underestimate actual
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costs in a given market.

Vaden (2005) differs from our work in that it focused on gaps in methodology, specifically in
the problems stemming from poor estimates, whereas our research is focused on allocating
the funds available most efficiently based on the available rates from HUD. That isn’t to
say our model wouldn’t also be susceptible to similar issues as discussed by Vaden (2005),
but it also could be paired to a dynamic data collection process based on real-time rental
costs to help off-set the impact of market volatility. Whether the real-time component was a
weighted input to work with the SAFMR rates from HUD or completely replaces it would
be worth considering in future work. However, given that the HUD SAFMR rates are a
measure of adequacy upon which our model works the model would simply consider the
live rates in the same way. This would be an interesting extension for application of our
model to determine if leveraging the model in a rolling model to correct for market changes
could help provide a better overall application of it.

2.5.3 Griner: Forecasting USMC Basic Allowance for Housing Utiliz-
ing Historical Dependency Rates

In his 2020 thesis, USMC Major Michael S. Griner conducted analysis on dependent rates
amongst service members to better forecast BAH costs to the DoD. The premise of Major
Griner’s research is that service members with dependents have a greater cost to the DoD
than do service members without dependents (Griner 2020). While the Griner (2020) dataset
had the number of dependents for each service member in his data set, he converted that to
a binary of with or without dependent status to be more relevant for the current manner in
which BAH is determined. Griner (2020) indicates a 2.82 percent increase amongst service
members with dependents — 3.28 percent increase for enlisted service members and 8.44
percent decline for officers — from 1980 to 2019.

Griner (2020) work provides evidence of increased number of service members with depen-
dents, working in concert with civilian counterparts (Griner 2020). This research is related
to our work in that it is useful in combination with our work to forecast future BAH costs.
It is different in its purpose, however. Griner (2020) focused on forecasting service member
dependent rates, whereas our research focuses on optimizing the allocation of BAH dollars
within multiple BAH categories. Further research with Griner’s dataset — or an updated
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version thereof — would provide greater insights as to future costs, if the DoD were to
employ the BAH model suggested in our research.

2.5.4 The Effect of Zoning Laws on Housing Prices and BAH Rates

The 2014 thesis work of LCDR William Fitzkee expanded upon the work of economists
Edward Glaeser and Joseph Gyourko, considering the impacts of zoning laws on housing
costs (Fitzkee 2014). Fitzkee (2014) expands the work beyond housing and rent costs to also
consider the impact a reduction or elimination of zoning laws would have on BAH rates for
service members. Fitzkee (2014) concludes that the existing zoning laws are beneficial for
existing homeowners and create a fundamental disadvantage for renters. This implies that
military families are placed at a disadvantage in the housing market due to their transient
nature and consistent status as a renter.

Fitzkee (2014) provides evidence of the need to ensure that BAH resources are responsibly
allocated, as his conclusions imply a fundamental disadvantage for service members in the
housing market (Fitzkee 2014). Our research, however, is focused on how to allocate the
available funds, as opposed to why the housing costs are high in given areas. As we have
seen with the previous work, our model and the suggestions from Fitzkee (2014) are not
mutually exclusive. Our model could continue to be utilized if the suggestions of zoning
law reduction or elimination set forth in Fitzkee (2014) were to be enacted.

2.5.5 Hofmann and Worcester — Navy family housing: an analysis
of adequacy standards and their relationship to the Variable
Housing Allowance

The 1991 NPS thesis work of Tracy D. Hofmann and James A. Worcester provides and in-
depth analysis of United States Navy (USN) standards of housing adequacy versus civilian
standards of housing adequacy (Hofmann and Worcester 1991). While it is admitted that
much of what was written in 1991 may have changed, however, there are critical aspects
of Hofmann and Worcester (1991) that are still relevant. Specifically, there is discussion of
space requirements that are outlined with great attention to detail for housing built and/or
maintained by the Navy, but there exists much less for those service members forced to rent
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privatized housing in the community (Hofmann and Worcester 1991). Reconciling the 1991
adequacy requirements from Hofmann and Worcester (1991), we found in the DoD Manual
for Housing Management that “installation commanders should make a reasonable attempt
to assign one bedroom for each dependent (Carter 2018).”

Our work leverages some of the adequacy standards that Hofmann and Worcester (1991)
asserts should be extended to civilian housing rented by service members by taking into
account the need for a certain number of bedrooms based on the number of dependents the
service member has. The bedroom requirements cited from the DoD Manual for Housing
Management provides a firm foundation for the exploration of a model that leverages the
number of dependents as an input as opposed to the binary method of with or without
dependents presently in use.
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CHAPTER 3:
Methodology and Optimization Model

In Chapter 3, we will explore the process undertaken throughout the data collection, clean-
ing, processing, and modeling. This chapter will provides specifics in regard to the data
sources, packages, and methods used to interact with the data. Furthermore, the mathemat-
ical formulation for our optimization models — and a discussion differentiating them —
can be found near the end.

3.1 Military Installation Data

The data was sourced from the OpenDataSoft (Military Bases – Opendatasoft) website via
a Comma Separated Value (CSV) download. (U.S. Department of Transportation 2019)
Our primary use for this data was to use the latitude and longitude coordinates for each
of the military installations to be able to match the installation locations with ZIP codes
within the United States to align with HUD SAFMR data, which is presented by ZIP code
(U.S. Housing and Urban Development 2022). Once the installation and SAFMR data was
married, we could leverage that connection to compare BAH data with SAFMR data for
each installation.

Using Python, we imported Pandas (Reback et al. 2020) and GeoPandas (Jordahl et al.
2020), then read the CSV into a GeoPandas data frame. The data frame consisted of 776
rows and 15 columns of data, which provided information regarding military installations
in the United States, Guam and Puerto Rico. We used the “GeoPoint” data included in the
dataset – this is essentially a coordinate pair – to create independent latitude and longitude
columns (increasing the column count to 17). Once that was done, we dropped all sites not
in the United States and any sites marked as “inactive,” dropping our row count from 776
to 721 sites.

When we originally read in the military bases CSV into GeoPandas, it lacked the “geometry”
required for GeoPandas to work as intended. From “shapely.geometry” we imported “Point”
and “Polygon” to be able to define the geometry for this data frame and a subsequent one.

15

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



Using the latitude and longitude obtained previously by deconstructing the GeoPoint, we
were able to create a “point” at the coordinates provided to add to the “geometry” column in
GeoPandas; this allows GeoPandas to conduct the geocoding we desired. Eventually, these
points will be matched to ZIP codes, which will allow us to work with the HUD SAFMR
data.

Before we can match the points created in the previous GeoPandas data frame, we need to
define the ZIP codes in a manner that GeoPandas will recognize. Therefore, the next step is
to read in the ZIP code shape file as a GeoPandas data frame (U.S. Census Bureau 2022).
This file was pulled from U.S. Census data and creates polygon shape for each ZIP code in
the United States. The “geometry” in this data frame is not a point, as it was in the military
bases data frame, but rather a polygon defining the edges or borders of each ZIP code shape.
Once this GeoPandas data frame was read into the Python environment, we were able to
use the “sjoin” method to bring the two data frames together, matching points to a polygon
inside which it was found; this ultimately assigns a ZIP code to each point it was able to.

However, upon evaluating the data frame the “sjoin” method produced, we noticed it only
had 659 rows, as opposed to the 721 rows we had previously. What this told us is that
62 installations were unable to be geocoded using GeoPandas, so another method would
need to be used to assign these ZIP codes. Before we can assign ZIP codes to these sites,
however, we would need to identify which sites weren’t geocoded by GeoPandas. To solve
this problem, we created a list of sites from the original data frame of active U.S. sites (721)
and a list of sites that were geocoded in the GeoPandas data frame (659), then compared the
two lists by using a “not in” conditional inside a for loop for sites in the original data frame
of all 721 sites originally, appending each site not found to a new list. Essentially, we looked
at each site in the original data frame and asked whether it was in the new one; if it wasn’t,
we stored it in a list we could reference. From this list, we needed to build a data frame of
the sites that were dropped when geocoding. To complete this task, we created an empty
data frame, then used a for loop to iterate through the list of 62 sites that were dropped,
created a temporary data frame of one row inside the loop for each site, then appended
that single-site data frame to the empty data frame we created. Each iteration of the for
loop appended another site to the bottom of the data frame, and at the end all 62 sites were
included in this data frame. This data frame was then appended to the existing data frame
of 659 sites, which gave us a complete data frame of 721 sites. However, all of the data that
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wasn’t known for 62 sites appended are simply Not a Number (NaN) values. Fortunately,
the only data we would be needing is the ZIP code for each site.

To add the ZIP code for each of the 62 sites, we then manually searched the sites using
internet search engines to see if a ZIP code could be found for the site. If a ZIP code
was found, we would look at the state, latitude and longitude for that ZIP code using the
website zipdatamaps.com to ensure that state matched what was in our data frame and the
coordinates were reasonable for our site. However, if a ZIP code could not be found, we
used the state associated with the site from the data frame and an interactive ZIP code map
(zipmap.net) to basically chase latitude/longitude coordinate pairs to find the closest pair
we could to what was given for the site in the data frame. We understand this is imperfect,
but for the sake of how we would be working from a ZIP code centroid (which are also
the ZIP code coordinates used to manually hunt for sites), — this can be thought of as the
ZIP code’s center of mass — finding the ZIP code centroid closest to installation would
work well. A reasonable solution was found for each of the missing ZIP codes; there were a
few ZIP codes where the solution was admittedly imperfect, but they were reasonable, and
they were sites that will have smaller overall weighting on the analysis and closer hands-on
evaluation could be done to remedy any issues that arise from our method. The ZIP code
was updated in the data frame using the “at” method, essentially updating a cell by using its
index and column identifiers and assigning a new value to that location.

After adding the missing ZIP codes manually, we identified what columns would be useful
and dropped the rest from the data frame; we were left with 721 rows and eight columns:
ZIP Code, Latitude, Longitude, Component (i.e., military branch), Site Name, State Terr,
Country, and Operating Status (i.e., Active or Inactive site). This made the data frame much
easier to digest and very intuitive to work with.

3.2 HUD SAFMR Data, BAH Data and MHA Data

The data for the SAFMR and county-level Fair Market Rent (FMR) values came from
HUDuser.gov, where they have a portal for data dissemination. (U.S. Housing and Urban
Development 2022) The SAFMR data was needed to drill down to small geographic areas
for considering the cost to live in specific localities. The SAFMR is setup to provide fair
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market rent rates for the ZIP codes within metropolitan areas, as opposed to the county-level
FMR data.

The SAFMR data was read into a Pandas data frame, resulting in a data frame of 27,331
rows and 18 columns. Once the data was in the Pandas data frame, the ZIP code was set as
the index, then the data frame was reconciled to ensure each ZIP code was only listed once.
This was done by using the “groupby” method within Pandas to group these like values.
Since the SAFMR values are set by ZIP code, these common ZIP code entries had the same
values for both entries, so we were able to simply take one of them and treat both entries
as one. Ultimately, this reduced our row count to 24,681 and our column count to 17, since
we made one of the existing columns our index.

Once the data frame was established and reconciled for duplicate ZIP code entries, we
looped through the ZIP codes within a given radius for each installation, finding the mean
and median SAFMR for 2-, 3-, and 4-bedroom units. The mean and median SAFMR for each
radius from each installation was then added to the data frame in a new column. Essentially,
each installation now has the SAFMR for each of the unit sizes for 5-, 10-, 15-, 20-, and
25-mile radii. Once these were added to the data frame, we reorganized the columns so the
new mean and median values would be adjacent to the respective radius for easier viewing.

The only problem we ran into with the data was that SAFMR do not exist for every
installation. Since some installations are in very remote or rural areas, there may not be a
SAFMR within the radii we used for our analysis. We found this to be the case for 122 of
the 721 installations, or approximately 17 percent. To solve the problem of missing SAFMR
values, we considered what SAFMR values are and what would serve as the next best data
point for those missing SAFMR values. In essence, the SAFMR values take the FMR values
and use greater granularity, so what we did was use the greatest granularity available, which
for some installations was merely the county-level FMR data. This process was a manual
data input process, as we took the CSV file, then filtered for missing mean and median
SAFMR values in the CSV, then conducted an internet search to find the county that ZIP
code fell in. We then looked in the HUD FMR data set, which we had in CSV format,
copied the 2-, 3-, and 4-bedroom values for that county, then pasted those values into a
python function we had written to replace the missing values for the given ZIP code in our
data frame. We started with the 25-mile radius, replacing all missing values, then 20-mile
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radius, 15-mile, etc. As mentioned, this was a very manual process and took about six hours
to complete; each missing value took about 3-5 minutes to look up, verify, and enter, but
since some ZIP codes had multiple installations, we were able to complete the process on
the lower end of that range, overall.

3.3 BAH and MHA Data

The MHA by ZIP code was provided in Heidt and Sanchez (2022), which analyzed the impact
of taxing the BAH of collocated service members. While the BAH data was downloaded
from the Defense Travel Management Office website (Defense Travel Management Office
2023). The MHA data obtained from Heidt and Sanchez (2022) was important for us to be
able to apply the current BAH values to ZIP codes for comparison with the SAFMR rates,
while the BAH Data allows us to compare FMR to current BAH rates for that ZIP code.

After the SAFMR data was added to the data frame, and the data frame was organized,
we added the MHA that each ZIP code is found in, as found in the work from Heidt and
Sanchez. The MHA were added by completing a ‘left’ merge onto the ‘bases_df’ by merging
on the ZIP code. Once the MHA were part of the ‘bases_df’ data frame, we added the 2023
BAH rates for each installation.

To add the BAH rates for each installation, we needed to read in the rates. We had split
the with and without dependent rates into individual CSV files to make the process more
straightforward. We read in two files, one for BAH with dependents and one for BAH
without dependents. Each of these was merged with ‘bases_df’ - on the MHA criterion -
to create new data frames; ‘bases_df’ did not change, but it was used to create new data
frames with all of its information, plus the 2023 BAH rates for – one with dependents and
one without.

We found two installations that were not assigned an MHA via our merge operation. To
solve the problem of missing MHA designations, we simply looked the MHA up for those
two installations and input them manually, ensuring they matched the syntax for the others
and would be able to work similarly to the others in the data frame.
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3.4 EDA

Once the data was compiled into a single data set, we could start to conduct our EDA to
better understand our data and see if any interesting insights could be gleaned from it. The
very first thing we did was merely determine if there were in fact shortfalls in BAH at any
of the installations across our data set. What we found from a quick look was that using
just 2-bedroom and 3-bedroom median SAFMR for each installation through the lens of
the E4 and below service members, we found that just over 1 percent of the installations
had a shortage for 2-bedroom units whereas over 35 percent of installations experience a
BAH shortage for 3-bedroom units. Further analysis of this would be warranted, as the
average overage was $554.74 across 713 installations, versus an average shortfall of $96.62
across 254 installations. As some of these installations may merely be training sites with
very few or even zero people assigned to them and some of these are undoubtedly very
large installations with tens of thousands of service members attached to them, it would be
necessary to have service member population numbers by rank for each of the installations
to truly have actionable data. The initial insights, though, are thought provoking in that the
funds needed to improve the situation may already be being allocated across the enterprise.

Visualizing the data seemed like a logical next step, so we leveraged the power of the JMP
Statistical Software to visually evaluate the data for any insights that could be gained from
seeing what we were working with, see Figure 3.1. The first thing we did was look at the
distribution of the BAH difference across all the observations in the data set. What we found
was that the observations were normally distributed, which may seem comforting, but what
it really means is we need to explore the impact of the tails. Assessing the five greatest
BAH shortfalls, we found that three of the five sites are — from greatest to least — Navy
Annex Monterey (Zip Code: 93940) at -$1,583, Presidio of Monterey (Zip Code: 93944)
at -$1,483, and Naval Support Activity Monterey (Zip Code; 93943) at -$713; these three
represented numbers one, two, and five with three and four being Air Force sites in Alaska
(one of which is Eilson AFB at -$832).

Given that BAH varies with duty station location, the next thought was to examine the
impact of zip codes on BAH difference. This can be numerically, because zip codes are
assigned in a manner that generally works from east to west. In general the zip codes
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Figure 3.1. Creating a histogram of the BAH difference for each of the
observations suggests a normal distribution, but it is important to understand
the outliers in this distribution can be looked at as service members and they
are living two very different lives based on where their orders took them.

assigned to eastern areas are smaller than those assigned to western areas, which allows
us gain some insights from looking at the scatterplot of the those two variables. As can be
seen in Figure 3.2, the upper-right quadrant has a slight leftward lean. This lean indicates
that as zip codes increase (y-axis) the BAH difference becomes more negative (x-axis). One
other thing worth noting is a slightly conical shape — wider at the top — indicating greater
variance in BAH difference in duty stations found in western areas — especially those zip
codes starting with nine.

The next form of EDA conducted was to look at installations for any insights that could
be gained from separating them geographically. To do this, we used K-Means clustering
techniques leveraging latitude and longitude data for each installation. Clustering, in general,
is a data analysis technique that breaks the data into clusters of data. The clusters themselves
are groups of data points that possess similarities. The more clusters the data set is segmented
into, the more similar they will be. In theory, one could take the installations data set of 721

21

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



Figure 3.2. Zip codes are generally assigned east to west, so we can treat
their numerical value as a general indicator of their east-west position in
the United States. The upper right quadrant leans slightly left, indicating a
greater shortfall at higher zip codes (i.e., zip codes in the western United
States).

installations, choose a K-value of 721 — dividing the data into 721 individual clusters —
and end up with the same data, rendering the clustering useless. Therefore, when using the
K-Means clustering technique, identifying the appropriate number of clusters is important.

The “elbow plot” shown in Figure 3.3 is a very common way to approach determining the
appropriate number of clusters (Kaloyanova 2023). The elbow plot provides a graphical
representation of the Within Cluster Sum of Squares (WCSS) on the y-axis and the number
of clusters on the x-axis, allowing the analyst to assess the change in the WCSS when adding
an additional cluster (Kaloyanova 2023). The WCSS is the total sum of squared Euclidean
distances within each cluster, so the analyst is looking for the point at which the WCSS
starts to flatten when a new cluster is added (Kaloyanova 2023). That signals that adding that
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Figure 3.3. Elbow plot from our geographical data for k-means clustering:
The x-axis is the number of clusters for k-means clustering method and the
y-axis represents the total sum of squares of all pairwise distances within
each cluster.

cluster provides minimal marginal value to the analysis. In our analysis of the installation
data for geographical clustering, we found that six clusters did a nice job of clustering the
data points. In looking at the elbow plot from our geographical data, one can see how it
flattens out and marginal value from additional clusters is diminishing.

The data point(s) for which one is clustering the data on is what they are analyzing the
impact of. In our data set we wanted to see if there were geographic insights that could be
gained from simple K-Means clustering of latitude and longitude. We determined that six
clusters would be best by examining the elbow plot. The geographic clusters determined to
best represent the duty stations, along with their BAH and BAH to SAFMR relationship,
according to their latitude and longitude were:
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• Cluster 1: A mean latitude and longitude of 63.327, -149.226, which was comprised
of 13 sites primarily in Alaska with a mean E4 and below BAH of $1946.08; seven-
of-fifteen of our distance-bedroom combinations experienced a shortfall in BAH.

• Cluster 2: A mean latitude and longitude of 21.238, -157.776, which was comprised
of 37 sites in Hawaii with a mean E4 and below BAH of $2942.43; ten-of-fifteen of
our distance-bedroom combinations experienced a shortfall in BAH.

• Cluster 3: A mean latitude and longitude of 40.123, -78.998, which was comprised
of 252 sites across the Northeast United States with a mean E4 and below BAH
of $1897.26; five-of-fifteen of our distance-bedroom combinations experienced a
shortfall in BAH.

• Cluster 4: A mean latitude and longitude of 31.794, -88.201, which was comprised
of 215 sites across the Southeastern United States with a mean E4 and below BAH
of $1653.25; five-of-fifteen of our distance-bedroom combinations experienced a
shortfall in BAH.

• Cluster 5: A mean latitude and longitude of 45.157, -111.260, which was comprised of
80 sites across the Pacific Northwest and the Northern Rocky Mountains with a mean
E4 and below BAH of $1677.41; ten-of-fifteen of our distance-bedroom combinations
experienced a shortfall in BAH.

• Cluster 6: A mean latitude and longitude of 35.017, -114.798, which was comprised
of 124 sites from California and the Southwestern United States with a mean E4
and below BAH of $2396.93; ten-of-fifteen of our distance-bedroom combinations
experienced a shortfall in BAH.

Considering what we saw in the scatter plot in Figure 3.2, what we see in the clusters provides
some further validation that western areas are experiencing greater shortfalls. Clusters 1, 2,
5, and 6 are the clusters that best represent the western installation observations with 254
observations amonst them. Thirty-seven of the sixty bedroom (2-, 3-, and 4-bedroom) and
distance (5-, 10-, 15-, 20-, and 25-mile radius) observations experienced shortfalls, meaning
— assuming the E4-and-below servicemembers are house shopping by need — in nearly 62
percent of the scenarios servicemembers found themselves in a situation where their BAH
did not cover their needs.

In looking at the BAH and SAFMR data we had compiled, it became apparent that with
what we had we could do little more than describe if there might be an issue with members
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suffering BAH shortages when compared to SAFMR. In fact, we did find that that BAH for
approximately 35 percent of zip codes where military installations existed in our dataset
experienced a shortage. That, however, did not provide us with enough information to
determine if the issue could be readily resolved, or provide any insight as to how it might be
accomplished. Since we had the data for BAH and SAFMR for each installation, the missing
piece of data was the population at each installation. Acquiring this data would allow us to
look at the total costs and for BAH and perhaps examine how to effectively reallocate it.

The first data source we considered was capturing the actual data from was the Defense
Manpower Data Center. However, in an attempt not to run into any classification issues,
we turned to arguably the most open-source tool for acquiring this information; we simply
asked OpenAI’s ChatGPT tool to provide us with the answer (OpenAI 2023). By asking for
the twenty USN installations with the greatest number of active duty service members, we
were able to have what we found to be reasonable estimates of the information. From the
list, we eliminated one joint base, two foreign bases, and the United States Naval Academy,
leaving us with sixteen bases comprising roughly 78 percent of the navy’s overall active duty
force at 266,600 of 343,223 active duty USN service members. The final list of installations
can be found in Figure 3.1 for further inspection.

Since we were working with only E4-and-below, we pulled the breakdown of navy personnel
by rank to estimate how many E4-and-below sailors were stationed at each. Since E4-and-
below generally do not receive BAH unless they have dependents, we then referenced the
same demographic report for the percentage of this population to have at least one dependent
and then at least two dependents. Multiplying the total active duty personnel by the navy-
wide percentage of E4-and-below then by the dependent categories provided us data to
work with (Department of Defense 2022) we had a reasonable estimate of the population
we sought without having to use any sensitive information; our process yielded an estimate
of 102,108 E4-and-below service members within our sample. Since all eligible E4-and-
below service members (generally those with dependents) rate the same BAH, calculating
the BAH allocated to these service members was as simple as multiplying the E4-and-below
estimate by the E4-and-below BAH for a given installation. Extrapolating the data from our
sample to be representative of the entire USN, we found an estimate of $48.31 million
allocated to this service member population segment monthly, or approximately $579.73
million annually for BAH.
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Table 3.1. A sample of sixteen installations representing 78 percent of the
USN active duty population. This is used to estimate E4-and-below with
dependent BAH costs in order to build an optimization model to better
allocate the dollars spent.

3.5 Optimizing BAH Allocation

Now that we have a budget for this, using Microsoft Excel (Microsoft Corporation 2023)
and the native Excel Solver, we looked at optimizing the allocation of these funds. The
goal in this effort was to see if a feasible solution could be obtained, maximizing the
amount of BAH paid over SAFMR while ensuring no service member category (i.e., pay-
grade/location/dependent-status) realized a shortfall in BAH versus SAFMR. The thought
process behind this objective was rooted in the assumption that if SAFMR is used to
determine a baseline for adequate housing, each dollar spent on BAH above SAFMR would
indicate a higher quality of living for service members.

Before diving into building an optimization model to address BAH allocation, we had to
determine the best way to address the dependent scenario. Presently, BAH calculations
treat dependents as a binary: either you have dependents or you do not (Defense Travel
Management Office 2023). While this is a very simple way to address the issue of dependents,
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it does not address the housing concerns raised by dependents. We assert it is important to
consider not only the presence of dependents but also some consideration of the number
of dependents. For this reason, we chose to create two very simple dependent categories to
assess the difference in making a simple adjustment. The two categories created we referred
to as “BAH 1” and “BAH 2+”, which was merely a reference to the number of dependents
in the category: “BAH 1” indicated there was one dependent, whereas “BAH 2+” indicated
there were two or more dependents.

When applying the new dependent categories — “BAH 1” and “BAH 2+” — to the opti-
mization model, we needed to convert the dependent category in manner relating it to data
we have available. The logical conversion was to translate the dependent category to the
bedroom needs of the service member and his or her family. Making that leap, we applied
an assumption that a “BAH 1” classification would rate a two-bedroom unit, and a “BAH
2+” classification would rate a three-bedroom unit. The basis for making this determination
was to allow for single parent or outlier scenarios to be properly allocated without having to
unnecessarily complicate the model to account for them. In essence, we are not making the
assumption any of the dependents are spouses sharing a bedroom with the service member.
If that is that is the situation of a service member, they will benefit from their BAH being
calculated at a higher bedroom count.

The optimization model seeks to maximize an objective function that brings together
considerations of the average percentage over SAFMR an installation’s BAH is while
maintaining similar percentages across all the installations. For instance, if SAFMR for
an installation is $1,000 and BAH is $1,250, then the percentage over SAFMR is $1,250
minus $1,000 divided by $1,000 or 25 percent. In order to try to maintain similar increases
across the installations, we built in a penalty by multiplying the average percentage over
SAFMR by one minus the range of the percentages for both two bedroom and three bedroom
scenarios. For instance, assuming the 25 percent scenario from before is representative of
the average across all installations, if the range for two-bedroom scenarios is two percent
(e.g., 24 percent minimum to 26 percent maximum) and it is four percent (e.g., 23 percent
minimum to 27 percent maximum) for the three-bedroom scenarios, we would multiply 25
percent by 0.98 and 0.96 (one minus two percent and four percent, respectively).

The constraints in the model provide the user with “knobs” they can use to tune the outcome
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based on their inputs. The primary tuning mechanism is addressing the percentage over
SAFMR that BAH needs to be for each installation. If additional research indicates that
the baseline living conditions for a service member in a given location need to be greater
there than at other locations, that floor can be raised for an individual duty station vice
having to raise it for all. This can lead to some infeasible solutions due to the constraint on
the range, though. The range constraint is there to ensure that no single duty station has a
significantly greater living standard (based on the percentage over SAFMR their BAH is)
than other duty stations; the range can be changed to adapt to the user preferences, but it is a
check-and-balance to help ensure no duty station is receiving undue preferences. The range
considers the difference between the maximum and minimum percentages over SAFMR to
ensure there is a semblance of balance amongst them; there is a range constraint for each
of the BAH categories. Additionally, there is a constraint that ensures that no installation
has a BAH that falls below SAFMR. This is merely a safety-switch, though, as this is also
accomplished by establishing the BAH floors above SAFMR; the only time this constraint
would be violated would be in the event a negative value was input for a floor value.

We analyzed two different ways to constrain this model to assess differences in its output.
The first model formulation is found below, and the second model formulation follows.

Sets:

1. I = Set of installations

Variables:

1. 𝐵𝑖
1 = BAH 1 for an in-

stallation 𝑖 ∈ 𝐼.
2. 𝐵𝑖

2+ = BAH 2+ for an
installation 𝑖 ∈ 𝐼.

Data:

1. 𝑆𝑖2𝐵𝑅 = SAFMR value
for 2 bedroom unit for
an installation 𝑖 ∈ 𝐼.

2. 𝑆𝑖3𝐵𝑅 = Set of SAFMR
value for 3 bedroom
unit for an installation
𝑖 ∈ 𝐼.
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max
𝐵𝑖

1,𝐵
𝑖
2+

1
𝑛

(∑︁
𝑖∈𝐼

𝑃𝑖
1 +

∑︁
𝑖∈𝐼

𝑃𝑖
2+

)
(1 − 𝑅1) (1 − 𝑅2+)

such that

𝑛 = |𝐼 |,

𝑃𝑖
1 =

𝐵𝑖
1 − 𝑆𝑖2𝐵𝑅
𝑆𝑖2𝐵𝑅

∀𝑖 ∈ 𝐼,

𝑃𝑖
2+ =

𝐵𝑖
2+ − 𝑆𝑖3𝐵𝑅

𝑆𝑖3𝐵𝑅
∀𝑖 ∈ 𝐼,

𝑃𝑖
1 ≤ 1 ∀𝑖 ∈ 𝐼

𝑃𝑖
2+ ≤ 1 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≥ 𝑆𝑖2𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
2+ ≥ 𝑆𝑖3𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≤ 𝐵𝑖

2+ ∀𝑖 ∈ 𝐼,

𝑅1 = max
𝑖∈𝐼

(𝑃𝑖
1) − min

𝑖∈𝐼
(𝑃𝑖

1),

𝑅2+ = max
𝑖∈𝐼

(𝑃𝑖
2+) − min

𝑖∈𝐼
(𝑃𝑖

2+),

𝑃𝑖
1 = 𝑃𝑖

2+, ∀𝑖 ∈ 𝐼 .

Second formulation:

Sets:

1. I = Set of installations

Variables:

1. 𝐵𝑖
1 = BAH 1 for an in-

stallation 𝑖 ∈ 𝐼.
2. 𝐵𝑖

2+ = BAH 2+ for an
installation 𝑖 ∈ 𝐼.

Data:

1. 𝑆𝑖2𝐵𝑅 = SAFMR value
for 2 bedroom unit for
an installation 𝑖 ∈ 𝐼.

2. 𝑆𝑖3𝐵𝑅 = Set of SAFMR
value for 3 bedroom
unit for an installation
𝑖 ∈ 𝐼.
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max
𝐵𝑖

1,𝐵
𝑖
2+

1
𝑛

(∑︁
𝑖∈𝐼

𝑃𝑖
1 +

∑︁
𝑖∈𝐼

𝑃𝑖
2+

)
(1 − 𝑅1) (1 − 𝑅2+)

such that

𝑛 = |𝐼 |,

𝑃𝑖
1 =

𝐵𝑖
1 − 𝑆𝑖2𝐵𝑅
𝑆𝑖2𝐵𝑅

∀𝑖 ∈ 𝐼,

𝑃𝑖
2+ =

𝐵𝑖
2+ − 𝑆𝑖3𝐵𝑅

𝑆𝑖3𝐵𝑅
∀𝑖 ∈ 𝐼,

𝑃𝑖
1 ≤ 1 ∀𝑖 ∈ 𝐼

𝑃𝑖
2+ ≤ 1 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≥ 𝑆𝑖2𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
2+ ≥ 𝑆𝑖3𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≤ 𝐵𝑖

2+ ∀𝑖 ∈ 𝐼,

𝑅1 = max
𝑖∈𝐼

(𝑃𝑖
1) − min

𝑖∈𝐼
(𝑃𝑖

1),

𝑅2+ = max
𝑖∈𝐼

(𝑃𝑖
2+) − min

𝑖∈𝐼
(𝑃𝑖

2+),

𝐵𝑖
1 − 𝑆𝑖2𝐵𝑅 = 𝐵𝑖

2+ − 𝑆𝑖3𝐵𝑅, ∀𝑖 ∈ 𝐼 .

Comparing the two formulations, the difference really lies in the last constraint. In the first
formulation, the percent over SAFMR that BAH was held constant across the two BAH
dependent categories. This was done with an eye toward the percentage over SAFMR would
be representative of the quality of housing one would be able to afford in the area. Since
the two BAH categories were not equally valued, though, the percentages produced larger
financial gains for those in the “BAH 2+” category than the “BAH 1” category. We saw this
as a potential issue in service members feeling they are being treated unfairly compared to
their peers, so the second model was tried to hold the average dollars BAH is above SAFMR
across the two dependent categories. This creates an equal financial benefit above SAFMR
for their respective housing units.
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Table 3.2. The decision variables are found in the columns “BAH 1” and
“BAH 2+” which are pointed to by the white arrows. The user inputs for
a minimum percentage over SAFMR for each installation are pointed to by
the black arrows.

When considering the first model, where the BAH percentage over SAFMR is held equal
for both categories, we found less predictable results based on the user input of changing
the “BAH Floor”. One thing worth noting is when we varied the BAH Floor, we changed
it so that the floor was the same for every installation in the sample data. For instance,
we did not change Naval Base San Diego’s to be greater than Naval Station Norfolk’s
or any other equivalent scenario. We simply changed the floor to be consistent across all
installations. The output can be seen in Figure 3.4, where we see that as the floor is raised
the BAH Floor is raised, we initially see a large jump in the range. The model given so
much freedom could create a large enough average percentage BAH over to mitigate the
impact of the range penalty in the objective function, and raised NSA Mid-South to nearly
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Figure 3.4. The output of the optimization model, varying the BAH Floor
— the minimum the BAH needs to exceed SAFMR — while holding the
percentage over SAFMR equal across the two “with dependent” BAH cate-
gories. The problem became infeasible at a BAH Floor of 19 percent.

94 percent over SAFMR while holding nearly every other installation to just over the floor
of 15.5 percent. After that, we see that raising the floor initially raises the percentage over
SAFMR (compared to the initial floor of 15 percent) and generally compresses the range
until the floor is increased to 18.5 percent. At that point, we see the percentage over SAFMR
hold steady at 18.99 percent but the range increases, indicating a sub-optimal result. When
running the problem is a BAH floor of 19 percent, the problem was infeasible.

By manually varying the BAH Floor, we had identified a very good result with a floor of 18
percent, but there was still more that we could get from this. With that in mind, we added
the floor as an additional decision variable with a constraint of being at least 0.18 to ensure
we were seeing at point between 18- and 19 percent (where we found the problem to be
infeasible) the optimal results are actually found. The BAH outputs from this model can be
seen in Figure 3.5. The BAH at each installation is at least 18.75 percent above SAFMR —
actual is just below 18.75 percent, which can be seen in the box adjacent to “BAH % Over
SAFMR Floor” in Figure 3.5 — and the range across those is zero.

This led us to a new formulation that would require fewer iterations of user input to reach
optimality. Instead of manually varying the minimum BAH over SAFMR floor, the model
will handle that directly for the user. The user will set the minimum acceptable threshold
to assess whether that qualitative decision presents a feasible solution. For instance, a user
input of 20 percent would return an error that a solution is infeasible, as previously discussed.
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Figure 3.5. Finding optimality by adding the BAH Floor as an additional
decision variable yielded a better result, as the model was able to find an
optimal point within the range from 18- to 19 percent.

A modified version of this formulation will also be used for the previously introduced
formulation for holding dollars vice percent over SAFMR equal across all installations
by substituting the final constraint as was done previously. This will allow us to compare
the BAH results directly for the two formulations to allow the decision maker to consider
the qualitative decision regarding which formulation would be in the best interest of the
organization. The results will be discussed in Chapter 4 where the two models will be
compared to gain further insights.
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Sets:

1. I = Set of installations

Variables:

1. 𝐵𝑖
1 = BAH 1 for an installation 𝑖 ∈ 𝐼.

2. 𝐵𝑖
2+ = BAH 2+ for an installation 𝑖 ∈ 𝐼.

3. 𝑆𝑖2𝐵𝑅 = SAFMR value for 2 bedroom
unit for an installation 𝑖 ∈ 𝐼.

4. 𝑆𝑖3𝐵𝑅 = Set of SAFMR value for 3 bed-
room unit for an installation 𝑖 ∈ 𝐼.

max
𝐵𝑖

1,𝐵
𝑖
2+

1
𝑛

(∑︁
𝑖∈𝐼

𝑃𝑖
1 +

∑︁
𝑖∈𝐼

𝑃𝑖
2+

)
(1 − 𝑅1) (1 − 𝑅2+)

such that

𝑛 = |𝐼 |,

𝑃𝑖
1 =

𝐵𝑖
1 − 𝑆𝑖2𝐵𝑅
𝑆𝑖2𝐵𝑅

∀𝑖 ∈ 𝐼,

𝑃𝑖
2+ =

𝐵𝑖
2+ − 𝑆𝑖3𝐵𝑅

𝑆𝑖3𝐵𝑅
∀𝑖 ∈ 𝐼,

𝑃𝑖
1 ≤ 1 ∀𝑖 ∈ 𝐼

𝑃𝑖
2+ ≤ 1 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≥ 𝑆𝑖2𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
2+ ≥ 𝑆𝑖3𝐵𝑅 ∀𝑖 ∈ 𝐼

𝐵𝑖
1 ≤ 𝐵𝑖

2+ ∀𝑖 ∈ 𝐼,

𝑅1 = max
𝑖∈𝐼

(𝑃𝑖
1) − min

𝑖∈𝐼
(𝑃𝑖

1),

𝑅2+ = max
𝑖∈𝐼

(𝑃𝑖
2+) − min

𝑖∈𝐼
(𝑃𝑖

2+),

𝐵𝑖
1 − 𝑆𝑖2𝐵𝑅 = 𝐵𝑖

2+ − 𝑆𝑖3𝐵𝑅, ∀𝑖 ∈ 𝐼 .

34

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



CHAPTER 4:
Results

In Chapter 4, we will examine the results from the optimization model proposed in Chap-
ter 3. In Figures 4.1 and 4.2, we compare the output from both optimization formulations
previously introduced. Lastly, we compare both optimization formulation outputs to current
BAH rates for each installation in our sample to consider the changes at each.

4.1 Results of the Optimization Model

During the EDA, we saw normally distributed BAH differences, which led us to believe
there is a reasonable expectation to ensure that none of the duty stations would have BAH
at less than the SAFMR for their location. For the EDA, however, we did not consider the
number of service members assigned to each of the duty stations, but instead we looked
at them weighted equally — as if only one service member (or an equal number) was
assigned to each of them. Since this is an unrealistic assumption, we built our optimization
model to work with the sample installations. The sample installations comprise a significant
proportion of the active duty population, representing 78 percent of the active duty USN
population. The installations are all also large enough for us to make the assumption that
each of them is representative of the overall navy rank structure breakdown, so we can apply
the navy-wide proportion of E4-and-below and the portion of that population that has at
least one dependent as well as those who have two or more dependents.

We assessed optimizing BAH allocation by considering two different situations. For the first
model, where the optimization model held the percentage BAH exceeded the SAFMR for
the area equal. This meant that whatever percentage the “BAH 1” category’s BAH exceeded
the two-bedroom SAFMR by the “BAH 2+” category would also exceed the three-bedroom
SAFMR by. Then, for the second model, where we held the actual dollars, the BAH exceeded
the the respective SAFMR by — two-bedroom units for “BAH 1” and three-bedroom units
for “BAH 2+”. Figure 4.1 shows the output from that optimization model. Looking at the
user input when we ran this, we can see that all our input into the model was that BAH had
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Figure 4.1. The optimal results when using the final formulation presented
in Chapter 3 while holding the percentage over SAFMR equal across the two
“with dependent” BAH categories with the user selecting the minimum the
BAH needs to exceed SAFMR and the acceptable range of percent-over.

to be at least equal to SAFMR (i.e., at least 0 percent greater), and that the range needed to
be within 5 percent (e.g., if the installation with the greatest increase above SAFMR was
20 percent, the lowest needed to be at least 15 percent). Under “Model Output” in Figure
4.1, we can see the actual percentage over SAFMR that the model found, or we can see it
rounded to two decimal places in the table at 18.75 percent. This yielded ranges of 0 percent
across the installations for both “BAH 1” and “BAH 2+”, meaning that no installation was
preferential to any other in terms of BAH, as we measured it in terms of a percentage over
SAFMR.
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Figure 4.2. The optimal results when using the final formulation presented in
Chapter 3 while holding the dollars over SAFMR equal across the two “with
dependent” BAH categories with the user selecting the minimum the BAH
needs to exceed SAFMR and the acceptable range of percent-over.

Comparing the second model where the dollars over SAFMR are held equal to the previously
introduced model of holding the percentage over SAFMR equal, as one might expect, we
find different results. The results can be seen in Figure 4.2, where we see that, given the
same user inputs, the optimal floor to two decimal places is 16.57 percent. One difference
found here, though, is there is a range of 2.81 percent (20.75- to 23.56 percent) across the
installations. Also worth noting is the “BAH 1” dependent category is about four- to seven
percent above the floor, while the “BAH 2+” dependent category has a range of zero and is
equal to the 16.57 percent floor.
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Table 4.1. Comparing each model to the current BAH, we can see that,
in order to optimize the allocation overall — regardless of model, it would
require reallocating some resources from members with one dependent to
those with more than one.

When comparing the models directly, we see the logical and expected outcomes based on
the constraints applied. When dollars are held equal, we see greater values for the “BAH
1” category than when percent-over-SAFMR is held equal. Similarly, when percent is held
equal, we see it is advantageous for those members in “BAH 2+”. When comparing the
models’ assigned BAH to the current BAH, we see that in general the “BAH 1” category sees
a reduction in their BAH whereas the “BAH 2+” category generally sees an increase. This
makes sense as well, given the SAFMR is higher for 3-bedroom units than for 2-bedroom
units, which is what the “BAH 2+” and “BAH 1” categories are tied to, respectively.
Furthermore, by adding the budget constraint, we have created a zero-sum game, where not
everyone can see an increase, because there would not be enough resources to cover.
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CHAPTER 5:
Findings

In Chapter 5, we consider the findings from the results explored in Chapter 4, considering
specifically the impacts to E4-and-below service members. Recommendations are made
to the DoD to improve its current BAH methodology, as our model has demonstrated it
is reasonable to believe all installations can be assigned BAH above SAFMR. Lastly, we
propose areas for future work related to this topic, as we understand our work to be only the
stepping off point in what could be a very fruitful research series directly impacting service
members.

5.1 Discussion

The results from our optimization model can be found in 4, but the primary takeaway is
that if the DoD is willing to reconsider how BAH is calculated there is an opportunity to
help ensure that service members have the housing allowance they need to secure adequate
housing within a reasonable commute. By adding an additional dependent category, we were
able to ensure that service member BAH was significantly greater than the SAFMR for the
installation’s zip code; depending on which constraints we have active in the formulation,
each installation was at least 16.57 percent or 18.75 percent over SAFMR. This suggests
that it is reasonable to expect that no E4-and-Below service member should be expected to
live in housing near SAFMR, let alone below it.

The importance of these findings are that there are currently service members assigned to
areas like Monterey, California that would need to pay approximately half their basic pay
in addition to their BAH in order to secure housing at SAFMR levels. With their basic pay
being approximately $3,000 per month (Service 2023), and needing to pay over $1,500 of
it in some scenarios to meet SAFMR. The DoD orders service members to the installations
at which they work and near which they need to obtain adequate housing; service members
are not like civilians in this context, as they do not always have the ability to choose where
they are going to live and work. With that in mind, being assigned to high priced areas
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like Monterey could be seen as financially detrimental to service members, resulting in an
annual cost of nearly $20,000 to the junior enlisted ordered to serve there.

According to the Blue Star Families 2022 Report, “BAH/Off-base Housing” is a top-five
concern amongst survey respondents for the first time (Families et al. 2023). This suggests
that BAH is not only about ensuring service members have adequate housing to be able to
focus on the mission, but it is also a serious consideration for service member retention;
furthermore, it suggests it is more concerning now than it has been in the past. In a time
when meeting recruitment numbers has proven challenging for the services, the DoD needs
to make a concerted effort to remove reasons for current service members to separate.

5.2 Recommendations

We recommend the DoD expand the dependent categories in the BAH calculation from
the binary — with dependents or without — system presently used to the two dependent
categories: service members with one dependent and service members with two-or-more
dependents. This provides a necessary distinction in the housing needs of service members
based on their dependent situation, instead of a member’s rank determining the type of
housing their BAH is set to afford them (Department of Defense 2022).

The recommended action need not come at an additional cost to the DoD or the U.S. taxpayer,
as our model looks at the problem through the lens of maintaining current budgetary
constraints and merely optimizing the allocation of funds more responsibly. New policy
discussions are considering the the removal of the five percent cost share that service
members have in their housing cost. While removing the cost share for service members
in the BAH calculation is one avenue to help mitigate shortfalls, it comes at a cost of the
DoD. Our work demonstrates that, while removing the cost-share to the service member
could still be evaluated, it is not necessarily needed to mitigate the problem currently faced
by service members. Our model suggests that service members can live comfortably above
SAFMR through responsible allocation of the current BAH budget.

The implementation of our recommendation will need to be considered, as a drastic change
could have civilian-military relations ramifications. In fleet- or force-concentration areas
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where a disproportionately high military population is present, a large shift in BAH could
disrupt the larger rental market. The focus of our research was not on the implementation of
our recommended approach to the solution, but we do understand that considerations need
to be made to ensure proper implementation and fostering of civilian-military relations in
the cities that host our installations.

5.3 Future Work

While this research was scoped to look specifically at E4-and-below service members with
dependents, there is an opportunity to expand the current work to examine how the DoD
could implement this model to make its BAH calculations across all ranks and dependent
statuses. The primary issue to be explored, from our perspective, is how to scale the floor
above SAFMR for each rank. There are several ways one could approach this, so it would
be an interesting problem and one that could take the current work and make it much more
valuable in terms of its immediate applicability.

In addition to scaling across ranks and dependent statuses, we can incorporate more geospa-
tial analysis into this research. More specifically, we might be able to incorporate commuting
distances and estimated commuting costs into the model using road networks with the Python
package OSMnx (Boeing 2017). This approach would take into account more accurate data
for establishing a reasonable commuting distance, and potentially modify the model to
penalize for commuting distance beyond national average by compensating the member for
additional travel time. In areas where housing inventory within the immediate area of the
duty location is extremely low, this could be one way to look at the problem. The additional
resources allocated could serve as both a way to help ensure service members are assigned
sufficient BAH and also serve as an incentive and potential a signal as to where the DoD
should consider looking for privatized housing partners to help mitigate this overspending.

Additional research could be done to set BAH rates for service members with more recent
data to provide something closer to live rate setting. This work would help to protect
against the issues mentioned in Vaden (2005), and also help protect against underpaying or
overpaying in more volatile markets. A moving average could be used to analyze appropriate
window size for setting rates, which could be an effective study in itself. Implementation of
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this would take some finesse, as it may not be prudent to set rates in a fixed manner for a
member’s duration at a duty station if using a method to compensate for volatile markets.
We could see this analysis done to protect against volatile markets by establishing a market
protection measure that is added to BAH when needed. Creating the funds to be leveraged
for this market protection measure could be done by enacting policy that pays 100 percent
of the housing costs in an area, while the member only receives 95 percent — still with a
five percent cost share — and the DoD allocates the five percent it is now budgeting for to
fund this protection measure. It would also require it to be distributed separately from BAH
as it shouldn’t be protected for the duration of a member’s time at a duty station and should
be reactive to the market conditions with annual evaluation for the individual member.

Looking specifically at the impact of BAH shortages and surpluses through the lens of
service member retention would be an interesting study to link the two more concretely
than the recent surveys have (Families et al. 2023). One way to approach this would be to
look at survival analysis of service members at different BAH shortfalls and surpluses over
their career. If the researcher were to establish a direct linkage from BAH shortfall to early
separation of the member, then a cost-benefit analysis should be conducted to determine the
cost of recruiting, training, and placing new members — along with the loss of experience
from the separating member — versus the increased cost in BAH necessitated to arrive at
an acceptable retention rate.

As demonstrated, there is significant work that can be done. Shining additional light on the
impact that BAH has as part of a member’s compensation package is important, so that it
can be utilized appropriately. The DoD needs to look at the issue of BAH through lenses
other than matching housing allowance to area rents, and start looking at it for what it really
is: one of the ways a member perceives his or her value to the DoD.

5.4 Conclusion

Keeping the limited scope of this research in mind, the findings that optimizing BAH
allocation in the manner we did can ensure that all E4-and-below service members with
dependents could receive BAH that is over 16 percent above SAFMR without the DoD
spending additional funds is significant. The significance lies in the fact that the limiting
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factor in ensuring service members are living above HUD SAFMR standards is not limited
by available resources, it is create by misguided resource allocation. We are in no way
implying that the solution to this problem is is simple or void of issues, but it certainly does
appear that the solution is feasible.
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