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ABSTRACT

Effective and timely execution of the Department
of Defense’s (DoD) Program Objective Memoran-
dum (POM) and Joint Warfare Capability Assess-
ment (JWCA) process requires objective measures of
how Air Force programs support the Defense Plan-
ning Guidance (DPG) and the Chairman’s Program
Assessment (CPA). Using Factor Analysis (FA) and
Response Surface Methodology (RSM), this paper
presents a modeling approach that provides metrics
which link expenditures to campaign level measures
of outcome. Specifically, various alternative force
structures are evaluated with regard to their com-
bat capability as measured in terms of theater level
campaign objectives (CO).

1 INTRODUCTION

Effective and timely execution of the Departinent
of Defense’s (DoD) Program Objective MNemoran-
dum (POM) and Joint Warfare Capability Assess-
ment (JWCA) process requires objective measures of
how Air Force programs support the Defense Plan-
ning Guidance (DPG) and the Chairman’s Program
Assessment (CPA). Since the Air Staff makes many
force structure hudgeting decisions in relative isola-
tion from each major functional area, it is difficult
to develop a comprehensive assessment of the total
effect on the Air Force’s ability to meet theater level
campaign objectives (CO). Compounding the diffi-
culty of this problem is the budgetary process itself.
The biennial cycle seeks to reconcile the number of
competing agendas within the Air Force, DoD. and
Congress, and deal with the simultaneous processing
of different fiscal year budgets at various stages of
their respective planning and programming process.
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All of these items contribute to the need for a better
way to link dollars spent to campaign level measures
of outcome.

Our approach to capturing this linkage is a unique
combination of Factor Analysis (FA) and Response
Surface Methodology (RSM) as applied to a theater-
level combat model. We present our research in the
following manner: Section 2 describes our overall
methodology, Section 3 presents the results for an
unclassified notional Southwest Asia (SWA) scenario,
and Section 4 concludes with suggestions for further
research.

2 METHODOLOGY

Figure 1 presents our overall methodology. The first
row of boxes essentially describe the standard steps
for constructing an experimental design. Once the
experimental design is completed, FA is employed to
derive combat-related indices for use as the dependent
responses in stepwise linear regression. The resulting
response surfaces can then be used as the objective
functions within appropriate linear programs, where
their respective constraints link budget expenditures
to combat capability as represented by the combat
index of interest. The following subsections present
this approach in further detail.

2.1 Experimental Design

THUNDER, a theater-level warfare simulation, is the
basis for the experiment. A two-sided, stochastic
computer simulation of conventional air, land, and
naval warfare used for force structure evaluation, war-
gaming, and senior staff training, THUNDER is a
SIMSCRIPT II.5 model used by a large number of
U.S. and allied defense organizations and contractors.
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Figure 1: Methodology

It is capable of simulating 22 different air missions
and generating Air Tasking Orders (ATOs) based on
theater-level apportionment and targeting priorities
(Air Force Studies and Analysis Agency 1995).

THUNDER's long running time for a single repli-
cation presents a textbook example of the need to
minimize the number of runs. Therefore, our ap-
proach to developing the experimental design fol-
lows the standard practice of first running prelimi-
nary screening experiments with follow-up fractional-
factorial central composite (CCD) designs (see Naylor
1969, Law and Kelton 1991, Box and Draper 1987, or
Myers and Montgomery 1995). Our choice for a pre-
liminary screening design is Plackett-Burman (PB),
and in this regard we follow the earlier efforts of
Webb and Bauer (1994) in applying PB designs using
THUNDER.

Table 1 lists the variables used in the SWA sce-
nario. The lower bound numbers are (i) aircraft in-
ventories at THUNDER’s default levels, and (ii) mu-
nitions at an estimated 80% expenditure rate. (Pre-
positioned munitions and intra-theater re-supply fea-
tures are disabled, and all munitions are in place
at the commencement of hostilities.) The number

of squadrons is representative of those that deployed
and fought in the Persian Gulf War, where with few
exceptions a typical squadron is assigned 24 primary
aircraft. Regarding the upper bound numbers, we
assume the greatest single increase of authorized air-
craft approved by Congress in a given year would be
50%; therefore, we base our upper range on the num-
ber of additional weapons and aircraft that such an
increase would allow. Center point values are avail-
able for each variable as well. THUNDER produces
34 output metrics for this SWA scenario, such as esti-
mates on the number of friendly and enemy aircraft,
tanks, personnel carriers, infantrymen, and defense
infrastructure sites destroyed.

2.2 Factor Analysis

The underlying idea of Factor Analysis (FA) is to
simplify the relationship among a set of observed vari-
ables by explaining it in terms of fewer, conceptually
meaningful, independent factors (see Kleinbaum and
Kupper 1978, or Dillion and Goldstein 1984). One
method of accomplishing this is the varimax rotation,
where the variation of squared factor loadings within















