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EXECUTIVE SUMMARY

A naval shore base requires many resources that are not
specific to the particular missions supported by the base.
Such Base Operating Support (808) resources includes
maintainance and repair of real propertyl financial, legal and
other administrative servicesa specific services such as base
transportation and securityl and community support functions
such as medical clinics and commissary. These activities
account for 'about $2 billion annually in the Department of
Navy budget.

The Navy needs a model of BOS costs to help manage the shore
establishment. This study develops such a model -- a cost
estimating relationship, or CER -- and applies it to the
policy questions of whether consolidating bases would save
on BOB cost, and whether SOS funds are being wisely allocated
across installations during the yearly budget process. The
CER is derived from data in the FY 1979 Domestic Base Factors

F Report (DBFR), and verified using data in the FY 1980 DBFR.
Statistical regression techniques are used to relate BOS
spending to such variables as the number of military and
civilian personnel at the base, the size of the base as

- " measured by total acreage and building area, and the base's
R energy consumption.

The CER implies that the Navy could save about 15 percent in
annual BOS cost by halving the number and doubling the size of
its bases. This finding does not mean that consolidation
would save on t cost. Consolidation could require

w spending for new-land, new construction and re-settlement
(fixed costs). Consolidation might also affect direct,
mission-related operating costs and operational readiness. By
ignoring these factors, we can make no overall judgments about
the desirability of consolidation.

To help in the yearly budget process, the CER is used to esti-
mate ah "expected" level of BOS funds for each base in the
sample. Those bases spending more than "expected" are offered
as candidates for more detailed analysis by the Navy. We are
not claiming that these bases are inefficientl their higher
spending could be for activities not captured by our aggregate
data. The higher spending, moreover, could be contributing
significantly to mission readiness and personnel retention --
benefits of BOS spending that are not measured in this
analysis of cost.

other findings of the study ores 1) BO8 decisions should not

be based on simple performance ratios such am BOB cost per
mission person that are favored by OSD, and 2) the DBFR is a
unique source of BOB data, but it could be reduced in tize to

. ............ -..



ease the reporting burden and still provide enough data for
statistical analysis of BOS cost.

! ii



TABLE OF CONTENTS

Page

* List of illustrations ...... ..... ........ ......... v

List of tables ........ a.......a.................... ...... vii

Introduction ..... , 1

Issues for analysis ................ ,,..................... 3

Mothodology 5 . .. 4. . .. ... ........... 5

' Regression analysis ..... .... ...... ...... 15

Choice of explanatory variables ............. ... ,, 15
Choic" of functional form ...... ,.................. ... 16ii Results . . .. .. . . ... . .. . .. . . .. . . . .. 16

Policy implications .. ,. . , . , . . . .... 21
Economies of scale .::::::::*** ::4* ::::*** ::** ::::::::: 21
Efficiency of individual bases .... ,,, .,,.. .,.. 21

* ,Best technique for comparing BOS spending among
bases *. .005*0450 *4S4S45a*at...26

Marginal cost of bass expansion ...................... 28
*i ''Reporting systems *,.,.. *4**.. *..*..,.., 4 . . 32

Uniqueness of the DBFR ,.................... ... 32
Level of detail .,.. 33

Robustness of the study findings .. ...... .,........,...... 34

Appendix A: Inputs and selected outputs of
"regression analysis 1 i A-18

•. •l~~~~~~~~iii -t~ee•esotse ~•



LI&T OF ILLUSTRATIONS

1 Reiujai vs. ratio measure of BOS spending P&

(30 Naval a ir stations) 
29"Reltive residual VS. ratio measure of 808 spending(30 Naval hit stations) ....... .. . ...... .. . ..... 30

VV

P~au~-W OT n "11

SM . .. mod",•':. .. ...



LIST OF TABLES

I Examples of BOS resources ............................. 2

2 Naval installations analyzed ........... o.............. 8

3 Definition of variable.............................. 9

4 Major regrosilon .. *.0.* 0 ....... .... ....... ......... 17

5 Other regressions . . . .. . . . . . . . 20

6 Sample residual analysis: NSA New Orleans ............ 23

7 Bases with BOS spending more than 50% above
• ~~pred i ct ed ... . . . . . . . . . . .. .... . . .. ... 2 4

8 Bases with BOS spending more than 50% below
predicted . ... .... ........... .......... .. . . . . . . 25

* i: 9 Statistical tests of HOS cost per mission person ...... 27

b 10 Stability of relative residuals: Bases spending

more than 50% above predicted ....................... 35

* 11 Stability of relative residual8s Bases spending
more than 50% below predicted ....................... 36

12 Comparison of regresdions using 1979 and 1980
USB R data ................ ...... . ........ ........... 37

A-1 Descriptions of variables ,........................... A-2

A-2 Data ........... .......... .. . .. . ................. A-3

A-3 Comparison of relative residuals using 1979 and
1980 data ...... . ...... ....... .......... ........... A-15

A-4 Correlation matrix .......... A-18

-vii-

,1 /~
.9 -



INTRODUCTION

The resources to maintain a Naval shore installation are of
two types. Some resources directly support the missions
earried out by the base. At a naval air station, for example,
the direct costs pay for the military personnel who maintain
and fly the squadron aircraft, the fuel to operate these
aircraft, and the civilians employed at a Naval Air Rework
Facility (NARF) that may be located at the base.

This study is concerned, however, with the indirect costs of
operating bases. Such Base Operating Support (BOS) costs are
not specific to missions, but would be required to maintain
any shore installation, whether it is a naval air station, a
naval station, a naval supply center, a laboratory, a hospi-
tal, or another type of installation. Maintaining and repair-
ing the buildings is one example. How much you have to do
does not usually depend on what missions the buildings
support. Transportation and security maintained by the host
of the base are also BOS functions, as are legal, medical, and
adminiistrative services performed by the base. Table 1 shows
tho four functional categories into which BOS resources are
often grouped.

A major reason for studying BOS cost is that large expendi-
tures are involved: the Navy spends about two billion dollars
aanually on these resources. A more immediate reason is the
recent Congressional interest in SOS. Using data supplied by
OSD, the Senate Appropriations Committee in 1977 compared BOS
spending hy 18 installations. The Committee took direct
budget action based on these findings: Bases with high BOS
cost per mission person received cuts in BOS funds. (Some of
the cuts were subsequently removed through re-programming.)

For use in future budget reviews, the Senate Appropriations
Committee also asked OSD to develop and submit a yearly
reporting system for 3OS cost and its determinants. The
resulting Domestic Base Factors Report (DBFR) is a unique
source of data, and its analysis is the subject of this study.
We will present, in turn, the policy issues to be addressed,
the method of analysis, a description of the data, the
numerical results, and the implications of these results for
the policy issues.

-1 1--
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TABLE 1 1
EXAMPLES OF BOS RESOURCES

Facility Services

Maintenance and repair of all real property
Minor construction
utilities
Custodial and janitorial services

Administrative Services

Base administration
"Base comptroller
Base legal services

Specific Services

Base transportation
Base security, fire and police
Base communications

Community Support Services

Medical and dental clinics
Commissary
Recreation

-I2*1
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ISSUES FOR ANALYSIS

This study derives a statistical Cost Estimating Relationship
(CER) that relates BOS spending at a naval base to the charac-
teristics of the base. This CER provides insight into five
issues concerning management of the Naval shore establishment.
The first is economies of scale. The Navy's domestic shore
establishment is somewhat spread out across the country, and
this raises the question of whether consolidating small bases
into larger ones would save money. This analysis measures the
economies of scale in SOS spending. SOS cost is only one part
of the picture, however. Consolidation can also affectFdirect
operating costs and operational efficiency. Any savings in
yearly costs would have to be balanced against possible fixed
costs for new land, new military construction, and re-settle-
ment. These fixed costs would depend, in turn, on how much
excess capacity we have at existing bases and how much of our
original investment we could recoup by selling off unneeded
land. our analysis of BOS cost thus provides only one input
to the consolidation decision.

The second application of the cost estimating relationship
(CER) concerns the Navy's yearly allocation of the SOS budget
across bases. Here, too, a CER can provide some help but not
the complete answer. The CER presents a picture of what bases
with various characteristics have been spending for SOS. It
thus estimates what a particular ase would spend if it fits
the general pattern. If that base is spending much more than
this, that suggests a closer, more detailed look is in order.
We have used the CER to construct a list of candidate bases
for detailed study by the Navy.

The next issue focuses specifically on the methods for
allocating SOS. As described above, this study derives a CER
from statistical analysis of the data. Lacking anything
better, the Navy has for years been allocating BOS by giving a
base what it got last year, plus some allowance for inflation,
plus some additional funds if the base appeared to have
special problems. In the interest of finding a more syste-
matic approach, OSD has recently suggested using simple ratios
such as BOS cost per mission person. If one naval air station
has much higher SOS cost per mission person than the average
for all naval air stations, that base is a potential candidate
for a budget cut. The third issue thus considers whether a
statistically-derived CER is really better than the OSD method
for budget determination.

The fourth issue concerns the cost estimates for ships and
aircraft that are listed in the Navy Program Factors Manual.
The method for deriving CER's in this study can be used to
update the BOS components of these costs.

-3-



A major limitation underlies the analysis of these questions.
We lack a measure of the benefits of BOS. Consider BOS
expenditures for maintenance, for example. Unless the Navy
maintains and repairs real property, sooner or later the
buildings will crumble and the base will be unable to carry
out its missions. But there is no current measure of the
relationship between expenditures on maintenance and the level
of readiness. The connection is diffuse, and attempts to
construct the relationship would take us too far afield.

Other BOS activities provide community services to improve the
quality of life and help make the Navy an attractive career,
Analyzing the relationship between OS and retention would
also be a study in itself. Re-enlistment depends on the
community services at all the shore installations to which a
sailor has been assigne--during his recent service, and
assembling this time-series data for individuals would not be
a simple task.

Lacking numerical measures of output, we cannot make ultimata
judgments about the "optimal" size of the Navy's 80S budget or
its allocation across bases. Consider two naval air stations
that are alike in all major respects, but that spend different
amounts for SOS. The lower cost base might be spending the
ultimately correct amount for OS, given the benefits of
readiness and retention. The more expensive air station would
then be regarded as inefficient.

On the other hand, it might be the more expensive base that
was spending the ultimately correct amount for OS. In this
case, the cheaper base would be inefficient, even though it
was operating on a more parsimonious level with regard to BOS
spending.

These considerations will affect how we interpret the results
of the quantitative analysis.

-4-



METHODOLOGY

This oection describes the method of analysis and shows how
the numerical results can be applied to the policy issues.

The goal is to explain BOS cost at 144 of the domestic naval
installations included in the DBFR.l For purposes of this
study, to "explain" SOS cost means to relate it to base
characteristics that are assumed to determine its value.
Statistical regression, or "curve-fitting" techniques are used
for this purpose, and the result is an equation that looks as
follows (for illustration)i

SSaaa2 a3B OS cost aO (MIL)a (CIV) 2(AREA )

where

MIL - the number of active military personnel at the
base

CIV - the number of civilian personnel
AREA - total building area in thousands of square feet

rThe coefficients of the equation (a 0 through a 3 ) will be esti-

mated by fitting the equation to the data.

This is mainly a cross-section study: the statistical analy-
sis is across bases at a fixed point in time (1979). The
resulting CER was checked, however, against data in the 1980
DBFR. The statistical fit proved almost as good as for the
1979 data. This gives some confidence in using the CER for
iature prediction provided the estimated SOS costs are

adjusted for inflation.

Various features of the regression equation will provide in-
formation on the issue:; mentioned above. The sum oE the
exponents will measure the economies of scale, and show how
much SOS cost can be saved through consolidation. If
a1 +a2 +a3 = 0.5, for example, doubling the size of a typical

base (doubling the explanatory variables) would multiply BOS

cost by a factor of only 1.4 (20.5). Consolidation would thus

Twelve other installations were omitted because data were
incomplete (e.g., for the new Trident bases) or because the
bases appeared unique (e.g., the Washington Navy Yard.)
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lower BOS expenditure (but not necessarily total expenditure).
Second, the difference between the "observed" BOS cost given
by the data and the "predicted" BOS cost given by the regres-
sion equation will evaluate the base's spending against the
standard of all the bases in the sample as a whole (after
adjusting for MIL, CIV, AREA and the other variations at the
base in question). Finally, with respect to planning, each
exponent will estimate a marginal cost: how much BOS cost
will rise, for example, with increases in the number ofmnilitary personnel.

-6-
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DATA

The validity of our findings hinges on our ability to obtain a
regression equation that meets statistical and common-sense
criteria. This depends, in turn, on our having enough good
data on the installations of interest. This section of the
report describes the variables we have obtained, and comments
on their reliability. I
The sample of bases consists of 144 domestic naval installa-
tions in CONUS, Hawaii, and Alaska. All large naval installa-
tions in the continental U.S. are included, along with major
bases located in Hawaii and Alaska. The installations are all
hosts -- commands that have responsibility for providing BOS
services to the tenants that reside on the base. Table 2
describes the sample further.

Each base is categorized by its primary mission; e.g., naval
air stations. The classification is not clean: A host naval
air station has aircraft squadrons in its list of tenantse but
it may also have other tenants whose missions have nothing to
do with air operations. This lack of homogeneity does not

prove much of a problem: Our findings confirm that BOS cost
as defined by the Navy does not depend on the type of mission

"rat a base. The costs of maintenance and repair of real
property, for example, depends on the area of the buildings,
and little on what those buildings are used for.

Table 3 defines the variables gathered for each base in the
sample. Except where noted, the source of the data is the FY
1979 Domestic Base Factors Report (DBFR). (Data from the FY
1980 DBFR became available toward the end of the study. These
data were used only as a check on the numerical analysis of
the 1979 data.) The DBFR data were "scrubbed" by OP-44 (Shore
Activities Planning and Programming Division) in extensive
conversations with the bases designed to achieve reporting
consistency. Data from the previous two DBFRs (FY 1977 and FY
1970) were not scrubbed. They show major inconsistencies as a
result, and were therefore not used in the analysis.

There is a point in listing all the explanatory variables that
were assembled, even though only five proved necessary in
obtaining a good aggregate predictive model for BOS cost. The
point is that most of the variables that are reported by the
DBFR because they appear related to 1OS cost are not necessary
for such a model, and collecting many of these data may add
more to the "paperwork burden" than to useful knowledge.

-7-
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TABLE 2

NAVAL INSTALLATIONS ANALYZED

30 Naval air stations
LO Naval bases, defined in this study to mean either a naval

station, amphibious base, or submarine basel
6 Public works centers

16 Regional medical centers plus the National Naval Medical
Center at Bethesda, Maryland

16 Training centers and schools
6 Naval support activities
8 Naval shipyards

15 Supply and storage facilities including Naval supply
centers, weapons stations and ordnance stations

13 Resiuarch and development sites
5 Test and evaluation sites

1.3 Communications stations and security activities
6 Naval tacilities, which are used in coastal anti-submarine

warrace

144 TOTAL

The term "naval base" is often used to mean a complex involving
one or more naval stations, amphibious bases or submarine baseslocatod togjether in one ara. '•

--8--
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TABLE 3

DEFINITIONS OF VARIABLES

Dependent Variable

BOS COST

Total spending by each installation during FY 79 on base
operating support resources (in millions of FY 79 dollars).

Physical Plant Variables

AREA

Total floor area of buildings in square feet.

ACRE

Total acreage of land on base.

CPV

Estimates of the current plant value of the real property
on the base. The Naval Facilities Engineering Command
(NavFac) made these estimates by taking the original
acquisition cost of each building and inflating it to
current FY 79 dollars using a construction cost index.
Subsequent improvements were assumed to be made at the
time of original acquisition because the dates of the
improvements have not been kept until recently. The
estimated values of CPV are therefore biased upward, and
the bias is larger for the older installations.

AGE

The average age of all buildings on the base calculated
from data supplied by NavFac. The age of each building
was weighted by its size in square feet.

-9-



TABLE 3 (continued)

Personnel Variables

MIL

The number of active military personnel, officers plus
enlisted, at the base. SOS and inission personnel are both
included. The variable refers to the average number of
men physically present at the base during the year, not
the number authorized. Average transient load is thus
included. In addition, OP-44 instructed bases to include
the number of men assigned to ships serviced by the base,
whether the ships were homeported there or not. The
number of men assigned to ships was multiplied by 60
percent to account for the timne these ships spent out of
port.

CIV

The number of civilian personnel, those assigned to SOS as
well as to mission tasks.

The average number of reserve personnel physically on the -

base during the year.

RET

The number of retired military personnel in the vicinity
of the base.

DEP '

The number of dependents excluding the sponsor. The

number living both on and off the base were regarded as
separate variables.

SF

The number of staff and faculty assigned to installations
engaged, at least partly, in training.

STUD

The average daily student load at training installations.

-10-
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TABLE 3 (continued)

BASE

The number of active military personnel at naval bases
(naval stations, amphibious bases, and submarine bases)
with shore-side assignments.

SOS

The number of military plus civilian personnel assigned to
SOS functions.

Operational Variables

PLANES

The average number of aircraft normally stationed at the
base. Those aircraft assigned to the base but deployed
elsewhere during the year are not counted.

NARF

The number of civilian personnel at naval air stations
assigned to a NARF (Naval Air Rework Facility). The Force
Distribution Report (FDR) maintained by NavFac is the
source for this variable.

DISP

The total displacement (full) of ships assigned to the
base. The list of ships assigned was obtained from the
FDR, and the displacement of each type was obtained from
the Naval Ships Register.

ELEC

The total electrical generating capacity of the ships
assigned to the base. See the definition of DISP for the
sources of the data.

COMP

The total complement of personnel on ships assigned to the
base. See DISP for the sources.

SHP

The total shaft horsepower of ships assigned to the base.
See DISP for the sources.

-il-



TABLE 3 (continued)

The number of beds at regional medical centers (plus the
National Naval Medical Center at Bethesda). OP-96
provided the data. The authorized and capacity number of
beds were treated as separate variables.

Climate.

'TEMP

The average daily temperature, calculated over the past 2,I
year's.

COOLDAYS

The number of cooling-degree-days per year, averaged over
the past 20 years. A temperature of 85 degrees Fahrenheit
is used as the standard. If the average daily temperature A
on Aujqust 20 is 95 degrees, for example, this constitutes
10 cooling-degree days. Daily figures are added to give
yearly totals.

HEATDAYS

The reverse of COOLDAYS. If the average daily temperature
on December 20 is 45 degrees, for example, this
constitutes 40 heating-dogree-days.

PRECIP

The average yearly inches of precipitation for the base,
averaged over the past 20 years.

SN OW

The yearly inches oC snowfall during the year, averaged
over the past 20 years.

The source for all these variables is Alva L. Wallis, Jr.,
Comparative Climatic Data Through 1976, National ClimaticCenter, Asheville, N.C., April 1977.

-12-



TABLE 3 (continued)

Other Variables

BTU

The total BTUu of energy consumed by the base during the
year. Included are the use of electricity, coal and
natural gas. One exception: fuel for aircraft is not
included.

WAG P

An estimate of the average wage of civilian DoD employees
hired by DoD in the locale. Regional wage scales by step
and gra.1.a were furnished by the DOD Wage Fixing Authority.
We selected the wage corresponding to the average grade of
civilian workers at the base (from Office of Civilian
Manpower Management), assuming he was at step 4, the
Navy-wide aver'age.

Type of Base

The set of "dummy" variables shown below were used. (NAS,
for example, is a dummy variable that takes on the value I
at each of the 30 naval air stations, and the value 0 at
each of the 114 other installations.) By using dummy
variables, all regressions can be run on the total sample
of 144 installations, but with the flexibility to estimate
different coefficients at diffecrent classes of bases. The
dependence of BOS cost on the number of military
personnel, for example, will prove higher at naval
stations than at other bases.

-13-



TABLE 3 (continued)

Dummy Variable Bases where value 1

NAS Naval air stations

14ARF Naval air stations with NARFs

N1 Naval bases, defined in this study
to be a naval station, amphibious
base, or submarine base

PWC Public works centers
MEL') Regional medical centers plus the I

National Naval Medical Center at

Bethesda, Maryland

TkSCH Training centers and schools

NSAi Naval support activities

SY Naval shipyards

Ss Supply and storage facilities,

defined in this study to include
naval supply centers and naval
weapon centers

RD Research and development sites
such as the Naval Research Lab

TE Test and evaluation sites such as
the one at China L~ake, California

CONS CommunicationF, stations and
security actiVities

FAC Naval facilities such a. the one
at Cape Hatteras, North Carolina,
which are used for strategic ASW.
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REGRESSION ANALYSIS

Regression andlysis is a way to estimate the coefficients of a
statistical relationship after the explanatory (independent)
variables are chosen and the functional form of the equation
(linear, log, etc.) has been selected. Ideally, the selection
of explanatory variables should be based on prior knowledge of
what factors most affect the dependent variablej and the form
of the equation should be chosen according to knowledge about
how the explanatory variables interact.

CHOICE OF EXPLANATORY VARIABLES

There is too little understanding of BOS resource use at navaJ
installations, however, to carry out this procedure in ideal
form. We were not sure beforehand which variables are most
important; many of those listed in table 3 appear closely
related to BOS spending. We therefore used statistical
criteria to help choose among them. Regressions were run with
different combinations of variables, in hopes of finding a
combination that met these criteria: (I) The sign of the
coefficients should be the ones expected on intuitive grounds
(e.g., more personnel means higher BOS cost); and (2) the
coefficients of each explanatory variable should be statisti-
cally significant at the 10% level (high t-statistics in
statistical terms). Meeting the latter criterion accomplishes
two things. First, it tends to produce a "parsimonious" model
in which a relatively small number of explanatory variables
are able to account for a relatively high percentage of the

variability in BOS cost (a high value of R2 , in statistical
teims). Second, it ensures that the regression will estimate
the independent effect of each explanatory variable, even if
the data for these variables are correlated.1 (See appendix
table A-4 for the correlation coefficients.)

These are the explanatory variables that best met the tests of
intuitive plausibility and statistical fit. First are two
personnel measures. Bases with larger numbers of military
personnel (MIL) must provide more legal and medical services,
more bachelor housing and commissary, and more support
services for dependents. Large numbers of civilians (CIV) are
employed by the NARFs and by the research laboratories, and
there is lots of equipment to be maintained and repaired.

'Measuring independent effects requires only that the data
show some independent movement of the variables. When the
varia-lles become too correlated to separate out their effects
on the dependent variable, one or more t-statistics will fall.
High t-statistics thus mean that the independent contributions
have been estimated.
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About half of all BOS cost is for maintenance and repair of
real property, and building area (AREA) is a general indicator
of the amount ot real property that must be maintained and
repaired. The total acreage (ACRE) at an installation is an
indicator of physical size. Bases with larger amounts of land
must spend more for base transportation and security and for
maintenance of roads and grounds.

The final variable (BTU) measures the amount of power consumed
by the utilities at the base. Energy consumption is a general
measure of the tempo of operations at an installation.

Note that these five explanatory variables are measures of
resources. BOS cost can also be related to operational
variables such as the number of aircraft, and we will discuss
this in the section on Marginal Cost of Base Expansion.

CHOICE OF FUNCTIONAL FORM

There is no firm intuition about whether the relationship
between these explanatory variables would be linear,
exponential, or some otner form. The exponential functional
form was selected on a statistical basis: among various
simple mathematical forms, it gave the best fit with the
data.

RESULTS

The estimated relation is shown in table 4. The equation is
an extension of simple curve-fitting where you take a two-
dimensional scatter diagram and fit a straight line to get an
idea of how y relates to x. The equation in table 4 involves
5 x's instead of one, and an exponential relationship instead
of a linear one. The equation says that if you have a base
with so many military personnel, ao many civilian personnel,
and so on, and if you insert these figures into the equation,
you get a predicted value of BOS cost that tracks with the
actual BUS cost in a statistical sense.
In fact, the equation fits the data to a remarkable degree.
In addition to possessing intuitive -ippeal, the coefficients

are all positive (more resources yield higher cost), the
coefficients (exponents) of the explanatory variables all have
high statistical significance, and the equation as a whole
explains 90 percent of the variability in BOS cost.

The five explanatory variables proved best among the 70 we
tested. We tried personnel variables like the numbers of
dependents, retirees, and reserves. We distinguished between
the civilians assigned to NARFs and to research laboratories.
We tried operational variables like the number of aircraft at
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TABLE 4

MAJOR REGRESSIONa

BOS COST - 0.0405(MIL) 0 3 4 (CIV)' 2 4 8 (AREA)' 2 4 9 (ACRE)' 0 6 1 (BTU)" 1 5 5

where

MIL a number of active military personnel
CIV - number of civilian personnel
AREA = building area (thousand square feet)
ACRE v land area (acres)
BTU a energy consumption

R2 g9 0 b

t-statistics (level of statistical significance)c

MIL 1.76 (8%)
CIV 7.29 (.01%)
AREA 4.58 (.01%)
ACRE 3.54 (.05%)
BTU 3.94 (.01%)

Scale elasticity .75d

apor all installations, excluding naval bases, communications
stations, and security activities.

bThe regression was actually estimated in the logarithmic form
(in stands for natural logarithm):

In BOS COST a In 0.0405 + .034 x ln MIL + .248 x In CIV +

The R2 of .90 means that the regression explains 90% of the
variability in in BOS COST. This is equivalent to explaining about
80% of the variability in BOS COST itself.

cThe 10 percent level is often used as a minimum criterion in
empirical analysis.

dThis is the sum of the exponents of the explanatory variables.
A scale elasticity of .75 implies that a 1 percent increase in all
explanatory variables leads to a .75 percent increase in BOS COST.
The interpretation is somewhat different. for large changes:
doubling all explanatory variables multiplies BOS COST by only
(2).75 1.7, which indicates positive economies of scale.
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!1
air stations, the total displacement of ships homeported at
naval stations, the number of faculty at training installa-
tions, and the number of beds at hospitals. None of these
yielded a more intuitive and statistically sound CER. (Note,
however, that the operational variables are necessary in order
to make estimates of marginal cost for use in force level
studies, as described later.)

That it is possible to explain cost with so few variables
means that these represent, in the aggregate, many of the more
detailed determinants. Building area and acreage represent
the overall size of the base including roads, fences, etc.
The effect of the explanatory variables must therefore be
interpreted in a particular way: the measured effect of
increasing an included variable is actually the effect of
increasing, as well, the broader set of determinants it
vepresents.

This reinforces the point that BOS are general, non-mission
related activities. And it also implies that having to
construct the full DBPR of about 100 variables may add more to
the Navy's reporting burden than to useful knowledge.

The exponential form of equation yields a single estimate ot
elasticity1 independent of base size. The exponent of MIL,
for example, implies that a one percent increase in the number
of military personnel leads to a .034 percent rise in BOS
cost.

The coefficient for civilian personnel is much greater than
for military personnel, possibly because civilians carry out
BOS functions. AREA has a high coefficient because much BOS
activity is devoted to the upkeep of buildings (Real Property
Maintenance Activities, or RPMA).

The exponential form of equation has the property that the
returns to scale (the scale elasticity) is the same regardless
of base size. The elasticity of .75 means that doubling the
size of a base would increase BOS COST by only 70 percent (see
footnote d of table 4). Other functional forms that were
rejected by the statistical criterion mentioned earlier do not
have this property. The constant scale elasticity is thus a
finding, not an assumption.

The major regression equation in table 4 does not distinguish
among different types of base. In the process of estimating
this equation, we checked to see if the regression

1 The elasticity of y with respect to x is defined as the
percentage change in y that results from a 1% change in x.
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coefficients would be different for different types of
bases. 1 It turned out that the coefficients had to be
modified for only 23 installations: the 10 naval bases (a
naval base was defined earlier to be a naval station, amphib-
ious base or submarine base) and the 13 communications and
security fAuilities. Tabie 5 shows the new estimated
coefficients.

The elasticity associated with the number of active military
personnel nearly doubles in value at the naval bases (but
still remains lower than the coefficient on civilian
personnel). The increase may be related to the fact that many
military personnel associated with naval bases are stationed
on ships and submarines serviced by the base. The piers and
other shore-side facilities for these ships require mainte-
nance, repair, and other support that may not be "picked up"
by AREA, ACRE, and the other explanatory variables. (It is
interesting, however, that none of the ship-related variables
shown in table 3 increased the explanatory power of the
regression.)

At the 13 communications stations and security group activi-
ties, the elasticity associated with military personnel also
increases sharply. The coefficient of area almost dis-
appears. Despite the large coefficient changes for Naval
Bases and communications and security facilities, the scale
elasticity remains close to the estimate of .75 found for the
other kinds of bases.

It is remarkable that with so few exceptions, a single equa-
tion with only five variables is able to predict so well the
SOS cost of a wide variety of naval installations: naval air
stations, supply centers, weapons stations, research labor-
atories, weapons test ranges, shipyards, schools and so on.
The explanation is the general nature of BOS resources
mentioned above. If such highly aggregate variables as total
personnel and area can explain BOS cost across different naval
air stations, for example, it is plausible that bases with
different inissions would follow that same pattern. "A
building is a building."

A later section will discuss the "robustness" of our findings:
whether the findings are sensitive to the choices of explana-
tory variables, the functional form, and the use of 1980
data.

This was done by including dummy variables (shown in table 3)
"to indicate each type of base. The dummy variables were
included linearly and also multiplied by the other variables.
In all cases but those described in the text, the dummy
variables lacked statistical significance at the 10% level.
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TABLE 5

OTHER REGRESSIONS

10 Naval Bases

BOS COST 0.0405(MIL)' 0 6 6 (CIV)' 2 48 (AREA) 249(ACRE)' 0 6 1(BTL)'155

t-statistic

MIL 3.6

Scale elasticity .78

13 Communications Stations and Security Activities

BOS COST. .0405(MIL) 2 3 4 (CIV)' 2 4 8 (AREA)* 0 0 1 4 (ACRE)* 0 6 1 (STU)' 5 5

t-statistic

MIL 2.3

AREA .02

Scale elasticity .70

NOTE: See table 4 for the value of R2 , and for the
t-statistics of those coefficients that did not change from the
major regression. For comparison, the coefficient of MIL was
.034 in the major regression, and the coefficient of AREA was
.249.
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POLICY IMPLICATIONS

ECONOMIES OF SCALE

Can the Navy save BOS funds through consolidation? The scale
elasticities shown in tables 4 and 5 suggest modest savings.
Doubling all the resources at the base increases SOS cost by
only 70 percent. (The scale elasticity is about .75, and 2
raised to this power is about 1.7).

Consider, for example, the case of naval air stations, whose
SOS cost averages about $35 million annually. If two
"average" stations were combined into one, the total BOS cost
would be only about $60 million (1.7 x $35 million). This is
an annual saving of about $10 million, or 15 percent from the
$70 million cost of operating the stations separately.

As we pointed out in the introduction, however, a saving in
BOS cost is not a sufficient reason for consolidation. Con-
solidation might require spending for new land, new construc-
tion and re-settlement. Such fixed costs could outweigh the
yearly savings in BOS cost (appropriately discounted to the
present for comparison with the fixed costs). Readiness could
also be affected: The largest organizations are not
necessarily the smoothest-running. These effects must all be
analyzed before judging the full consequences of consolida-
tion. The scale economies for BOS cost could prove a minor
factor.

EFFICIENCY OF INDIVIDUAL BASES

Are some naval bases currently spending too much on Bo0? As
discussed earlier, a complete answer to this question requires
knowing how HOS spending at a base contributes to readiness
and retention.

It is possible, for example, that BOS spending is too low at
all bases, in the sense that increased spending would bring
hi-•h returns In improved readiness and retention. Whether
this is the case cannot be determined without relating BOS to
readiness and retention -- a difficult analytical task. But,
whatever total spending level the Navy chooses, there is
something to be said for allocating it appropriately across N
installations. If some bases are spending disproportionately,
their expenditures may be reasonable targets for closer
study.

The regression equation is a way to determine what is
"disproportionate" spending. The equation estimates the
average BOS expenditures of bases, adjusted for their specific
characteristics. For any given base, the "adjusted average",
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or "predicted" level of BOS cost is simply found by sub-
stituting the base's characteristics (AREA, ACRE, etc.) into
the regression equation.

Subtracting the "predicted" value of DOS from the "observed"
value yiven by the actual data yields the "residual". As a
final step, we express the residual as a percentage of the I

predicted value of SOS cost. A base with a "relative
residual" of 10 percent is one that is spending 10 percent
more than what the CER predicts for that base. A relative
moasure seems closer to the intuitive notion of efficiency: a
largo base with a large residual is no more or less efficient
than a small base with a proportionally small residual.

Consider, for example, the Naval Support Activity at New
Orleans. Table 6 lists the explanatory variables for this
base, and shows the result of substituting these variables
into the regression equation. The resulting value of $24.30
million is the activity's predicted BOS cost, based on the SOS
cost of the entire population of bases. Subtracting the
actual value of SOS cost at NSA New Orleans yields a residual
of -$16.13 million. This base is spending 66 percent less
than predicted.

Unusually large and small residuals are shown in the following
tables. Those bases whose relative residual is large and
positive are listed in table 7. Those with large negative
values arc shown in table 8.

It is especially important to be clear about the implications
of this kind of analysis. It is not certain that the Bethesda
Medical Center, for example, is wasting money or that NSC
Oakland is letting its physical plant decay. There could be
good and sufficient reasons for these disparities -- reasons
other than simple misallocation of resources. There might be
reporting errors in the data. A base that is spending less
than predicted might be receiving some unreimbursed BOS
services from another base. A base that is spending more than
predicted could be carrying out missions that ace not fully
captured by our explanatory variables. No statistical.
relationship is perfect.

Another important caveat is that as we pointed out earlier, we
lack measures of the output of BOS spending: readiness to
LerfurIi missions, and retention of personnel. This means that
even aside from the above factors, we cannot make judgment
about the "efficiency" of resource allocation at bases.

Our analysis, therefore, orly suggests that the Navy should
take a more detailed look at such bases. Only where no
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TABLE 6

SAMPLE RESIDUAL ANALYSIS: NSA NEW ORLEANS

Characteristics
MIL - 2139
CIV - 1894
AREA a 2579 (Thousand square feet)
ACRE a 225
BTU a 349,520

8OS Cost predicted
$24.30 milliona

BOS Cost actual
$ 8.17 million

Residual
-$16.13 million

Relative residual
""6 6 ,b

a0.0405(M1L)@034(CIV)248 (AREAI'249(ACREI' 0 6 1 (BTU)' 1 5 5

b Residual
"0 Cost predicted x 100
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TABLE 7

BASES WITI BOS SPENDING MORE THAN 50% ABOVNH p[EDICTED

RelativeResidual

UJIC B ase 1 a3%

00168 National Naval Medical 183%
Center, Bethesda MD

00158 NAS, Willow Grove, 96
Horsham, PA

62688 Naval Station, Norlolk, 83
Norfolk, VA

00389 Naval Station, RoOSOVOlt 77
Roads, Ceiba, PR

60.L91 RAS, Oceana, Viryinia 75

Bach, Virginia
60036 Naval Weapons Station, 67

Concord, Co,1cord, CA
00314 Naval Submarine Base, 63

Pearl Harbor, Honolulu, HI

00197 Naval Ordtianco Station, 57
Louieville, Louisville, KY

61042 NAS, Lemo.re, Lemooce, CA 57

00L88 NWS, Norfiolk, Norfolk, VA 54

00247 Naval Training Center, 52

San Diego, San Diego, CA
62813 Naval Station, Pearl 51

I
Harbor, Honolulu, li-
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TABLE 8

BASES WITH BOS SPENDING MORE THAN 50% BELOW PREDICTED

Relative
Residuals

UIC Base

00228 Naval Supply Center, -51%
Oakland, Oakland, CA

00406 Naval Supply Center, Puget -52
Sound, Bremerton, WA

5340A Nay Pac Missile Range -52
Facility, Kekaha, HI

62741 Naval Supply Corps School -53
Athens, GA

63401 Fleet ASW Training Center -56
Lant, Norfolk, VA

00124 Naval War College, -58
Newport, RI

62271 Naval Postgraduate School -60
Monterey, CA

61414 Naval Amphibious Base -64
Little Creek, Norfolk, VA

00205 Naval Support Activity, -66
New Orelans, New
Orleans, LA

61665 Fleet Combat Training -68
Center, PAC, San Diego, CA

00849 Naval Security Group -72
Activity, Skaggs Island,
Sonoma, CA

62603 Fleet and Mine Warfare -76
Training Center,
Charleston, SC

70240 Naval Communication -84
Station, San Diego, CA
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"special cases" are found to exist should the Navy consider
shifting BOS funds from "overspenders" to "underspenders."

This examination has already begun, and borne fruit. Working
from an earlier version of this report, OP-44 discovered that
the Bethesda Medical Center had been including all spending by
its medical school under BOS, and the Naval Air Station at
Norfolk had been including all spending by the NARF, the
Safety Center, and some other tenants. Improvements in the
quality of data are thus one of the consequences of cost
studies such as this one.

BEST TECHNIQUE FOR COMPARING BOS SPENDING AMONG BASES

S~This section concerns techniques for analyzing BOS spending -
in particular, for estimating what a base "should" spend for
BOS. Lacking measures of output, we have used regression
analysis to explain actual spending. The regression equation,
or CER relates BOS cost to a variety of explanatory variables
acting together. Our CER assumes that bases with more
military and civilian personnel, building area, land acreage
and energy use have higher expected, or predicted BOS cost.

it is this predicted level that serves as the measure of what
a base "should" spend. Bases that spend much more than this
(i.e., that have high absolute or relative residuals) are the
likely candidates for budget cuts (subject, of course, to the
necessary detailed examination).

The OSD analysis of BOS spending, on the other hand, focuses
on the simple ratLo of BOS spending per mission person
(military plus civilian) as an indicator of what a base
should spend. Here, it is the bases with higher than average
BOS cost per mission person that are the likely candidates for
budget cuts.

We recommend the regression approach. It offers three
advantages over simple ratios. First, it recognizes that BOS
cost might depend on more than one explanatory variable.
Using "Bo1 cost per mission person" as the criterion for
"allowed" spending implicitly assumes that the number of
mission personnel is the only causative factor. The problem
is not avoided by using a variety of simple ratios. Adding
"1OS cost per square foot of building area" to the list does
provide some information, but not in a form that adds in an
obvious way to the understanding obtained from examining BOS
cost per mission person: BOS cost per square foot assumes
that only building area is the determining factor. We need a
way of measuring the combined effect of several explanatory 0
variables, and that is what the regression does: The number
of military personnel explains part of Bo0 cost, building area
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explains another part, and so on. No single explanatory

variable is forced to account for the effects of all.

Second, the cegression technique recognizes that the
relationship betweei BOS cost and an explanatory variable need
not be a proportional one. Using BOS cost per mission person
as the criterion for allowed spending implicitly assumes that
a one percent increase in mission personnel should lead to a
one percent (strictly proportional) increase in BOS cost. The
regression approach is not limited to proportional
relationships.

Finally, regression offers a systematic way of making the
selection of explanatory variables and functional form: It
allows one to test various choices to see which ones provide
the best fit with-the data. The ratio of BOS cost per mission
person can be subjected to statistical tests of fit, but 08D
has not offered such tests as justification for using the
simple ratio. And the test results are, in fact, disap-
pointing. We tried a regression equation with mission
personnel alone and found an exponential coefficient of .275
(the OSD ratio assumes 1.0) and an R2 of only .26; moreover, .1
a regression that forces a proportional relationship has an
R2 of only .11 (table 9).

TABLE 9

STATISTICAL TESTS OF SOS COST PER MISSION PERSON

BOS COST - 2.32 MISPERS

R2 .26

t-statistica

BOS COST = .0037 MISPERS

R2  .11

aThe point of this regression is that the exponent of
MISPERS is not 1.0, which would indicate a proportional
relationship with BOS cost. A statistical test shows that,
with high confidence, the exponent is indeed differont from
1.0 (t-statistic of 18.6, which implies statistical
significance at better than the .01 percent level).
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In summary, statistical regression techniques offer the
advantages of flexibility in trying combinations of explanatory
variables and functional forms, and testing them for goodness of
fit at every step. BeE cost per mission person states the mudel
by assertion. Some BOS activities are provided directly to
personnel, but there's no a priori reason why the relationship
should be a strictly proportional one, or why BOS cost
should bu related to military personnel alone* Our own CER
analysis shows that BOS cost is definitely not proportional to
total personnel -- mission plus SOS -- and that other
variables also contribute significantly to explanation.

Note that the simple ratio of BOS cost per mission person is
not even a good proxy for the regression approach. The two
approaches give completely different results (figures I and
2): Many bases with high 8OS cost per mission person have low
absolute or relative residual, and many with low BOS cost per
mission persoe, have high absolute or relative residual. Over
the 30 naval air stations, the correlation coefficient between
the two measures is an entirely negligible .02 (the value for
perfect correlation is 1.00).

MARGINAL COST OF BASE EXPANSION

So far, two features of the CER have been applied to resource I
allocation problems: the scale elasticity revealed the
economies of scale in BOS spending, and the residuals indi-
cated which installations spent more or less than predicted
(and which therefore deserved a closer look).

The individual coefficients oE the CER also have an applica-

tion. Just as the scale elasticity gives th., percentage
increase in BOS cost due to a I percent increase in all the
explanatory variables moving together, each coefficient
(exponent) gives the percentage increase in BOS cost due to a
1 percent increase in that variable alone. The coefficient
for MIL in the major regression, for example, indicates that a
1 percent increase in the number of military personnel yields
a .034 percent increase in SOS cust (holding the other
explanatory variables constant).

This relationship can be used to estimate the marginal BOS
cost associated with an increase in military personnel at a
particular base. Take NAS Alameda, for example. The 1980
DU3FR lists 4882 Eor the number of military personnel and $42.2
million for OS cost. A 1 percent increase in military
personnel (49 men) should lead to a .034 percent increase in .

BOe cost ($14,348). The marginal cost is therefore $293 per
man.
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'I
Marginal costs associated with the other explanatory variables
can be derived in the same way. These factors might be useful
in planning changes to the Navy shore structure -- provided,
of course, that these changes are expressed in terms of the
resource variables that appear in the CER. (A change will
typically involve more than one explanatory variablel the
marginal cost calculation will account for all.)

Suppose, however, that an anticipated change in the Navy base
structure is not expressed in terms of these resource vari-
ables. The Navy might be planning to expand a NARF, for
example, and may want a more refined estimate of the marginal
cost of additional area of this sort, rather than relying on a
general estimate based on a composite for all types of
structures (i.e., the AREA variable used in this analysis).
To estimate this marginal cost, one could simply construct a
new list of explanatory variables that includes the new one
and any others that appeared useful as control variables.
(The coefficient of an explanatory variables measures the
effect of that variable on the dependent variable holding all
other explanatory variables constant.)

As another application, the explanatory variables need not be
limited to resources such as people and area, but could be I
operational variables such as the ships and aircraft that
create the ultimate demand for resources at naval bases and
air stations. (The number of students is the operational
variable that generates the need for resources at training
installations, the number of beds generates the need for
resources at hospitals, etc.). Force level studies typically
require estimates of the total marginal cost of ships and
aircraft, and one component of these total marginal costs is
the BOS cost that bases spend in supporting those ships and
aircrait. These marginal costs can be estimated using the
above techniques. The analyst first selects some charac-
teristics of ships and aircraft that appear related to BOS
cost[ the empty weight, thrust, or spotting factor of
aircraft, and the displacement and shaft horsepower of ships.
One could also include the size of crew. Control. variables
would then be selected and the resulting regression would be
estimated. The coefficients of the equation (CER) wou1d yield
the cost per ton of ship displacement or per shipboard person,
and the cost per pound of aircraft weight or per aircraft
crewman. The marginal cost associated with a given ship or
aircraft can then be determined by noting the displacemQnt,
empty weight, crew size, etc., for the ship or aircraft being
considered.

Some estimates of this sort were carried out and compared with
the estimates given in the Navy Program Factors Manual. In
general, the regression, or CER approach gave mucl higher cost
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estimates for aircraft and somewhat lower estimates for ships.
Work on this "offshoot" of the study is still continuing, and
the results will be reported separately.

REPORTING SYSTEMS

The next issue concerns the efficiency of our reporting
systems. Does the DBFR add anything to the information
already available in Washington? Could the number of
variables be reduced to ease the reporting burden on the Navy
without lowering the quality of decision making?

Uniqueness of the DBFR

Our analysis suggests that the DB1R is, indeed, unique. The
high "goodness of fit" achieved by the CER appears directly
related to the comprehensiveness and comparability of the DBFR
data. In reporting BOS cost, host commands were asked by the
OSD instructions to include not only their own spending, but
also SOS spending by all the tenant commands at the base.
OP-44 (Shore Activities Planning and Programming Division)
deserves the credit for ensuring that the Navy's bases
followed this guidance.

Different Navy tenants at a given base can receive OS eunds
through different vlaimants. Some tenants belong to different
Services, and their BOS funds are thus not listed in Navy
budget accounts. The DBFR is the only system we are aware of
that reports total BO cost on a functional basis -- by
installation.

The DBPR also takes a comprehensive view in reporting the
manpower and physical predictors of SOS cost. OP-44 ensures
that bases report total miiitary personnel, for all Services.
Navy personnel assigned to ships and aircraft are included
because the base must provide BOS services when the ships and
aircraft are physically at the base. Moreover, ships and
aircraft (and their personnel) are reported at the bases that
Actlially provide the BOG services. Other reporting systems,
such as the Force Distribution Report, list ships by homeport,
even if the ships are regularly assigned to tie up elsewhere
when in port. For example, two CVs homeported at Naval
Station, San Diego normally tie up at Naval Air Station, North
Island,

* The DBFR thus keeps more complete track of resources, and a
more comparable track of SOS cost and its personnel and
physical determinants. The proof of the pudding is that we
obtained poorer statistical results when we used variables
reported by the FDR, rather than by the DBF4.
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Level of Detail

The D3FR thus appears to be a worthwhile system for BOS
reporting. But it is "overkill." It asks for roughly 100
separate pieces of data, far more than the five variables
(number of mi.litary personnel, area, etc.) needed for a good
aggregate model of BOS cost. As mentioned above, these five
variables are able to account for the effect on BOS cost of
detailed pecsonnal variables like the numbers of military
dopendents, retirees, and reserves, and the number of
civilians assigned to NARFs and to research laboratories. We
also did not need operational variables like the number of
aiccraft at air stations, the total displacement of ships
horoeported at naval stations, the number of faculty at
training installations, and the number of beds at hospitvls.
Those operational variables are necessary, however, in order
to make estimates of marginal cost for use in force level
studies, as described earlier.

Oarc analyst* is not definitive enough to suggest collecting
the Cive resource variables plus the operational variables and
no others. Different kinds of analysis require different
variables. Our analysis does suggest, however that the full
UP'R imposes a reporting burden that exceeds the value

obta ined.
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ROBUSTNESS OF THE STUDY FINDINGS

The findings of this study are no more valid than the regres-
sion equation on which they are based. This section examines
the stability of the regression results to changes in explana-
tory variables, functional form, and year of the data.

Tables 10 and 11 show the pattern of relative residuals caused
by changes in explanatory variables and functional forms.
(The relative residuals are an important output of the study,
and one that is especially -sensitive to these changes: resid-
uals could easily change even if the scale elasticity did
not.)

In both tables, regress on I is the one derived earlier and

shown in tables 4 and 51. In regression II, the dependent
and explanatory variables are entered in the linear form.
Equations It( and IV use a somewhat different set of explana-

tory v~riables - those that yielded the best fit on purely
statistical grounds. (Resource and operational variables are
mixed in this "best set," and this creates problems of
interptetation.) Regression III uses the exponential form
(just Like regression I) and IV the linear form (just like
regression II).

Tables 10 and 11 show that: bases with large relative residuals
(positive and negative) using regression I also have large
relative residuals (positive and negative) using the alternate
regressions. In other words, the pattern of residuals is
stable and we thus have more confidence that our findings are
not accidents of analytical technique.

Mother check on the regression equation is to see if it
yields stable p'edictions over time. If it does, we can have
greater confidence in the scale elasticity shown in table 4,
and in using the equation for residual analysis in the future.
Data from the 1980 DBFR became available toward the end of the
study, and we used it to re-estimate the regression equation
(tabLe 1i). (The same explanatory variables and functional
form were used, but the noefficients were re-calculated with
the later data.) Several of the coefficients changed some-
what, and the level of statistical significance for the number
of military personnel fell substantially. However, the other
levels of statistical significance and the value of R2

remained high. The scale elasticity changed little in practi-
cal terms: Combining two naval air stations would save 20
percent on BOS cost (1980 data) rather than 15 percent (1979

The three equations for the three categories of bases come
froi, a single regression that includes dummy variables.
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TABLE 10

STABILITY OF RELATIVE. RESIDUALS:
BASES SPENDING MORE THAN 50% ABOVE PREDICTED

Relative Residuals for Regressions:
UIC Base I 1 I III IV

00168 National Naval Medical 183% 198% 150% 84%
Center, Bethesda MD

00158 NAS, Willow Grove, 96 103 70 68
Horsham, PA

62688 Naval Station, Norfolk, 83 39 85 37
Norfolk, VA

00389 Naval Station, Roosevelt 77 108 74 130Roads, Ceiba, PR
60.L91 NAS, Oceana, Virginia 75 40 49 10

Beach, Virginia
60036 Naval Weapons Station, 67 86 104 158

Concord, Concord, CA
00314 Naval Submarine Base, 63 52 61 63

Pearl Harbor, Honolulu, HI
00197 Naval Ordnance Station, 57 40 46 46

Louisville, Louisville, KY
63042 NAS, Lemoore, Lemoore, CA 57 79 39 45
00L88 NAS, Norfolk, Norfolk, VA 54 54 27 52
00247 Naval Training Center, 52 54 75 82

San Diego, San Diego, CA
62813 Naval Station, Pearl 51 63 46 57

Harbor, Honolulu, HI

I.
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TABLE 11

STABILITY OF RELATIVE RESIDUALS:

BASES SPENDING MORE THAN 50% BELOW PREDICTED

Relative Residuals for Regressionst
UIC Base I II III IV

00228 Naval Supply Center, -51% -48% -48% -52%
Oakland, Oakland, CA

00406 Naval Supply Center, Puget -52% -56% -50% -52%
Sound, Bremerton, WA

5340A Nay Pac Missile Range -52% -61% -46% -53%
Facility, Kekaha, HI

62741 Naval Supply Corps School --53% -77% -48% -71%
Athens, GA

63401 Fleet ASW Training Center -56% -91% -47% -88%
Lant, Norfolk, VA

00124 Naval War College, -58% -75% -55% -69%
Newport, RI

62271 Naval Postyraduate School -60% -57% -53% -46%
Monterey, CA

61414 Naval Amphibious Base -64% -44% -62% -45%
Little Creek, Norfolk, VA

00205 Naval Suport Activity, -66% -67% -62% -58%
New Orleans, New
Orleans, LA

61665 Fleet Combat Training -68% -81% -63% -75%
Center, PAC, San Diego, CA

00849 Naval Security Group -72% -83% -71% -80%
Activity, Skaggs Island,
Sonoma, CA

62603 Fleet and Mine Warfare -76% -96% -73% -94%
Training Center,
Charleston, SC

70240 Naval Communication -84% -95% -83% -94%
Station, San Diego, CA
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TABLE 12

COMPARISON OF REGRESSIONS USING 1979 AND 1980 DBFR DATA

1979 Dataa 1980 Data
Coeficient (Level of

Statistical Significance)

MI . .036 (6.9%) .030 (24%)

CTV .247 (.02%) .272 (.01%)

AREA .253 (.01%) .205 (.10%)

ACRE .061 (.05%) .070 (.10%)

B•UO .156 (.01%) .116 (.31%)

Soalo Elasticity .75 .69

R2 .90 .85

aTheap coefficients are slightly different from those shown
in table 4 because two bases had to be deleted from the 1979
list in order to compare results with 1980 (one 1979 base was
closed, and one was made a tenant of another.)

1
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data). More importantly, the list of bases with especially
high and especially low relative residuals shows considerable
stability from one year to the other (see page A-l, second
paragraph).

J
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APPENDIX A

INPUTS AND SELECTED OUTPUTS OF REGRESSION ANALYSIS

Tables A-i and A-2 define and list the data used to derive the
regression equation discussed in the text. Table A-2 also
presents some statistics generated by the regression. Except
where noted, the data are from the 1979 DBFR (the listing is a
computer printout that gives more digits than needed.) There
is no value of "relative residual (1980)" for two bases, UICs
70024 and 00743. One was closed in 1980, and one was made a
tenant of another host.

An impression of the stability of the results can be obtained
from table A-3. In this table, the observations are ordered
by the value of the relative residual in 1979. The first page
of the table shows that those bases with large positive
relative residuals in 1979 also tend to have large positive
relative residuals in 1980. The third page of the table
illustrates a similar point for negative relative residuals.

Table A-4 lists the correlations among the variables used in
the central regression.

TABLE A-1

DESCRIPTIONS OF VARIABLES

Abbreviation Description

UIC Uniform Installation Code
MIL The number of active military personnel
CIV The number of civilian personnel
AREA Building area in square feet
ACRE Total land area in acres
BTU Energy consumption in BTUs
BOS COST ACTUAL BOS Cost actually spent, in millions of

1979 dollars
BOS COST BOS cost predicted from regression

PREDICTED equation, in millions of 1979 dollars
ABSOLUTE RESIDUAL a (BOS COST ACTUAL) - (BOS COST PREDICTED) I

ABSOLUTE RESIDUALRELATIVE RESIDUAL - BOS COST PREDICTED
RELATIVE RESIDUAL (1980) - Same as relative residual, but

using 1980 data
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TABLE A-3

COMPARISON OF RE~LATIVE RESIDUALS

USING 1979 AND 1980 DATA

II~fl nr.ATTvF fl7'lTflhAI t1979fl FirtATrvr nrimrrIaw c19no)
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TABLE A-3 (Cont'd)

II1C~ flt ATtVC RnflDUA. (1979)~ nni ATyvr nrrmflhAt I'flIO)
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TABLE A-3 (Cont'd)

wrnrl ATT~r IUIr imnAI 11979) nrl..ATTvr nrnrniwi t9flo)
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