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Today’s security environment is characterized both

by a range of regional security threats and by a

persistent global insurgency and counterinsurgency.

The ability of US forces to provide swift and tailored

responses to a multitude of threats across the globe

is a crucial component of security in today’s complex

political environment.

Combat Support: Overseas Basing Options

Transforming logistics to meet new and
emerging military and geopolitical
challenges is a major focus in today’s
military. Methods and approaches
used during the Cold War have proven
to be both cumbersome and ineffective
in meeting the demands of the 21st

century. The featured article examines
one way to respond to the new
challenges.

 “Combat Support: Overseas Basing
Options” presents research by RAND
that provides an analytic framework for

evaluating options for overseas combat
support basing or forward support
locations. The framework integrates the
traditional threat-based assessments
concept with capability-based planning.
This framework relies on a sequenced,
potent ia l ly  s imul taneous set  o f
deployment scenarios, which RAND
terms the multiperiod-multiscenario
concept. This methodology is a major
departure from the current war planning
mindset.
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Introduction

The global geopolitical divide that once defined US military
policy faded away as communist governments in Eastern Europe

collapsed and the Soviet Union
disintegrated in the late 1980s and
early 1990s. It was replaced by a
security environment characterized
both by a range of regional security
threats and by a persistent global
insurgency and counterinsurgency.
The ability of US forces to provide
swift and tailored responses to a

multitude of threats across the globe is a crucial component of
security in today’s complex political environment. The Air Force,
as with the other services, has responded by transforming itself
into a more expeditionary force. To realize its goals of global
strike and persistent dominance, it is vital that the Air Force
support the warfighter seamlessly and efficiently in all phases of
deployment, employment, and redeployment. One of the major
pillars for achieving these objectives is a global combat support
basing architecture.

This article focuses on an analytic framework for evaluating
options for overseas combat support basing or forward support
locations (FSL). The presentation of this framework is important
because it addresses how to assess these options in terms of the
relevant programming costs while considering a novel approach
to scenario planning. This formulation minimizes the costs of
facility operation, construction, and transportation associated
with meeting the training and deterrent exercises needed to
demonstrate US global power projection capability to deter
aggression, while maintaining the necessary storage capacity and
system throughput to engage in major combat operations.

This framework is based on the notion that US interests are
not only global but dynamic as well, particularly when the
United States is confronted with emerging anti-access and area
denial threats. Consequently, the Air Force must be ready to
deploy forces quickly across a wide range of potential scenarios.

Development of a Multiperiod,
Multiscenario Combat Support Planning

Methodology

In recent years, the focus of contingency planners was on
individual, deliberate, threat-based deployments. This led to
supporting the warfighter by developing optimal combat support
networks which were designed to counter known threats. An
unfortunate characteristic of this type of designed network is that
it often performs poorly if the set of demands, such as locations
and quantities, differs from the plan. The new planning
environment, with its broad and unclear set of potential
adversaries, calls for robust and efficient combat support
networks that meet operational requirements at reasonable costs
over a wide range of contingencies.
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The Air Force’s new role in this environment will inevitably
include a commitment to multiple, overlapping engagements in
diverse geographical areas with varying degrees of operational
intensity. Some of these engagements, such as drug interdictions,
will occur multiple times over a short time horizon. To capture
the nuances of the multifaceted, continuous deterrent
environment, temporal and spatial elements with other
parameters, such as combat support capability and costs must be
integrated. These parameters are captured in a new planning
methodology in which several likely deployment scenarios, from
small-scale humanitarian operations to major regional conflicts,
are considered. For any given scenario, decisions should be
made regarding its likelihood of occurrence over time, its
interrelationship with other scenarios, and its finality.

RAND has developed a new framework that integrates the
traditional threat-based assessments concept with capability-
based planning. This framework relies on a sequenced, potentially
simultaneous set of deployment scenarios, which was given the
term multiperiod-multiscenario (MPMS) concept. This
methodology is a major departure from the current war planning
mindset. Previously, whether planning for nuclear warfare against
the Soviet Union or for large-scale conventional war in the Near
East, US analysts were planning for one large conflict that would
occur only once and that would change the defense environment
so greatly that plans for outyears following this conflict would
no longer be valid.

The Geopolitical Environment

One of the United States’ major defense policy goals is to deter
threats and coercion against US interests anywhere in the world.
This multifaceted approach requires forces and capabilities that
discourage aggression or any form of coercion by placing
emphasis on peacetime forward deterrence in critical areas of the
world. In addition, US forces must maintain the capability to
support multiple conflicts if deterrence fails. 1 Air Force core
competencies, such as agile combat support, global attack, and
rapid global mobility, reflect these changes in the global threat
environment. Global attack capability is defined as “the ability
to engage adversary targets anywhere, [and] anytime.” Rapid
global mobility is defined as “the ability to rapidly position
forces anywhere in the world.” 2

The Air Force can rapidly airlift forces anywhere in the world
if those forces are sufficiently small, and if the airlift capacity is
not consumed by other requirements elsewhere. However, the
United States’ strategic policy goals and the reality of today’s
security environment require a capability that can project a
continuum of power both swiftly and globally. Doing so requires
a combat support system that has both the agility and the
adaptability to support a broad range of potential engagements
anywhere in the world.

US Operations and Exercises Since 1990
It has been more than a decade since the end of the Cold War,
and in that period US forces have been involved in numerous
operations and conflicts. Although the United States does not
respond to every crisis in the world, the regions of the world in
which it has conducted operations reflect the strategic interests
of the United States and its allies. Many of the deployments have
occurred in regions where the United States has either a
permanent support infrastructure, such as Europe, or a long-

This article presents the results of research
by RAND that provides an analytic
framework for evaluating options for

overseas combat support basing or forward
support locations (FSL). The framework is
important because it addresses how to assess
options in terms of the relevant programming costs
while considering a new approach to scenario
planning. This formulation minimizes the costs of
facility operation, construction, and transportation
associated with meeting the training and deterrent
exercises needed to demonstrate US global power
projection capability to deter aggression, while
maintaining the necessary storage capacity and
system throughput to engage in major combat
operations.

This framework is based on the premise that US
interests are not only global but dynamic as well,
particularly when the United States is confronted
with emerging anti-access and area denial threats.

The framework integrates the traditional threat-
based assessments concept with capability-based
planning. This framework relies on a sequenced,
potentially simultaneous set of deployment
scenarios, which RAND terms the multiperiod-
multiscenario (MPMS) concept. This methodology
is a major departure from the current war planning
mindset.

To evaluate and select alternative forward-
basing options, RAND uses an optimization model
to assess the cost and capability of various
portfolios of overseas combat support basing or
FSLs for meeting a wide variety of global force
projections. Two complementary approaches are
used in developing the optimization model. The
primary approach attempts to minimize the overall
s y s t e m  c o s t  w h i l e  m e e t i n g  o p e r a t i o n a l
requirements. The other approach focuses on
maximizing the support capability (for example,
reducing the time to initial operating capability).

RAND analyses show the costs and deployment
timelines for various FSL options under different
degrees of stress on combat support while taking

The new planning environment calls for
robust and efficient combat support
n e t w o r k s  t h a t  m e e t  o p e r a t i o n a l
requirements at reasonable costs over a
wide range of contingencies.
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standing presence, such as the Near East. However, a large number
of recent deployments have required US forces to enter new
locations that had neither existing US infrastructure nor a historical
US presence. Factoring in the relative paucity of these locations’
organic logistics infrastructure, these operations and exercises have
frequently required deployments to bare bases, with the associated
heavy use of combat support assets. The remainder of this section
outlines several potential military and nonmilitary operations in
the Near East, the Asia-Pacific, Central Asia, South America,
Europe, and Northern and Sub-Saharan Africa. The type and the
location of potential operations were selected to reflect both
historical US involvement and potential locations where future
conflicts might intersect with US interests. We were also mindful
of selecting a set of operations that would place varying stresses
on the combat support system so we could evaluate a wide range
of demands on the combat support requirements.

Near East
Despite the demise of the Baathist regime in Iraq, the US military
will continue to be involved in Iraq for the foreseeable future.
Moreover, most nations in that region have authoritarian
governments.3 There is a potential for instability in many of these
governments, which may not be able to cope with growth in popular
unrest. The potential growth of fundamentalism in many Islamic
countries may also contribute to further volatility in this region.
Although Iran may eventually become friendlier with the United
States, its current system of government, with a powerful nonelected
head of state, has severely hampered any movement toward
normalization of relationships. Crises such as a regime change in
Saudi Arabia would further change the security environment in the
Persian Gulf and may consequently increase the importance of
Iran’s role in the region.4 A destabilized Saudi Arabia and a
potentially prolonged interruption of the flow of oil would have
severe consequences for the United States and the global
economy.5 Currently, the most immediate threats may be the
proliferation of weapons of mass destruction and the increase in
insurgency movements.

In our analysis we use different types of Southwest Asia (SWA)
scenarios to simulate different-sized regional conflicts and to
measure the combat support capabilities of alternative FSLs. We
also give attention to Eastern Africa, with the Horn of Africa playing
an important strategic role.

Asia-Pacific
Over the past 50 years in the Asia-Pacific region, the United States
has focused on the security of South Korea and has established
support plans for containing North Korea. Although the United
States may not be challenged by a near-peer for the near future,
the potential exists for regional powers to develop capabilities to
threaten US interests. Asia is also a region where there could be
large-scale challenges to the US military. China, in particular, may
emerge as a more powerful maritime force in the future, challenging
the US Navy and Air Force dominance in the Pacific. Although
China may not match the advanced military power of the United
States, it could play an asymmetric game in the region by taking
advantage of its vast coastline, as well as the large geographic
extent of its rear base that reaches all the way to Central Asia.6

China, in essence, could occupy the same role in the Pacific in this
century that the Soviet Union played in Europe in the latter half of
the twentieth century. Therefore, near-peer scenarios, such as

into account infrastructure richness, basing
characteristics, deployment distances, strategic
warning, transportation constraints, dynamic
requirements, and reconstitution conditions.
They developed several sets of deployment
scenarios using the MPMS concept, with each
including training exercises, deterrent missions,
and major combat operations. These so-called
streams of reality allow the model to measure
the effect of timing, location, and intensity of
operational requirements on combat support—
and vice versa. Several of these streams (or
timelines) were developed to account for the
inherent uncertainties in future planning
associated with each timeline.

After determining the desired requirements in
terms of combat support resources, a RAND
opt imiza t ion  mode l  (Overseas  Bas ing
Optimization Tool) selects a set of locations that
would minimize the costs of supporting these
various deterrence and training exercises while
maintaining the capability to support major
regional conflicts should deterrence fail. This
tool essentially allows for the analysis of various
what-if questions and assesses the solution set
in terms of resource costs for differing levels of
combat support capability.

The end result of the analysis is a portfolio
containing alternative sets of FSL postures,
including allocations of war reserve materiel to
the FSLs, which can then be presented to
decisionmakers. This portfolio will allow
policymakers to assess the merits of various
options from a global perspective.

Article Acronyms
APF - Afloat Preposition Fleet
BEAR - Basic Expeditionary Airfield

Resources
FOL - Forward Operating Location
FSL - Forward Support Location
FYDP - Future Years Defense Program
IOC - Initial Operating Capability
MCO - Major Combat Operations
MOG - Maximum on Ground
MPMS - Multiperiod-Multiscenario
NATO - North Atlantic Treaty Organization
OEF - Operation Enduring Freedom
SWA - Southwest Asia
WRM - War Reserve Materiel
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Taiwan-China or China-Russia, can be used to assess the effect
of potential FSLs in these very stressing scenarios.

The sea-lanes of the South China Sea and the waters
surrounding Indonesia are transited by nearly half of the world’s
merchant marine capacity. These areas are also critical to the
movement of US forces from the Pacific to the Indian Ocean and
beyond. Although the end of the Cold War has reduced the clear
and immediate global military threat, the potential for both
conventional and nonconventional threats still exists. One of the
growing concerns is the threat of piracy and its connection to
terrorism. Another issue is the overlapping claims to the South
China Sea by China, Taiwan, and several Southeast Asian
countries all laying claims to some or all of the Spratly Islands.7

The distances in this region are vast, and US basing and enroute
support infrastructure are not as rich as in other important regions.
Other potential scenarios in this region include counterterrorism
activities in Indonesia or the Philippines and counterinsurgency
operations in the Philippines.

Central Asia
The support of some Central Asian countries in Operation
Enduring Freedom (OEF), the ongoing US military presence in
Afghanistan, and the rich oil reserves of the Caspian Sea region—
combined with potential conflicts in the Caucasus and Central
Asia—have brought this region to the attention of many
policymakers. However, the poor infrastructure of the Central
Asian region provides a test to any combat support capability.
Moreover, the trepidation of some North Atlantic Treaty
Organization (NATO) allies to project force into the region
because of its proximity to Russia could put most of the burden
on the United States.8

Some Central Asian countries may be able to play a role in
supporting the Air Force’s continued efforts in Afghanistan or
potentially in an Indian-Pakistani conflict. Furthermore, we are
interested in measuring the effectiveness of our global storage
and maintenance system in supporting the US response to a
potential conflict in this region. For example, the tension
between the ethnic Kazakh and Russian populations of
Kazakhstan could hypothetically trigger a civil war that would
lead to the secession of the northern provinces of Kazakhstan or
even Russian occupation of part or all of the country.

South America and Caribbean
The United States’ continued efforts in antidrug activities in
South America is likely to be the main focus for the military in
this region.9 Nevertheless, economic and political upheavals
could require differing military roles for US forces in the future.
In this region of the world, planning concentrates on small-scale
operations that would mostly involve special operations force.

Europe
The United States has strong historical ties with Europe, with
dozens of US bases located across the continent. In the near term,
it is hard to imagine any major conflicts in Europe such as the
ones in the former Yugoslavian states that culminated with
Operation Allied Force. Nevertheless, we will include a variation
of a Balkan scenario to test United States Air Forces in Europe
combat support capabilities. In addition, we assume a continued
European role as a support command, as in OEF and Operation
Iraqi Freedom.

Africa
Northern and Sub-Saharan Africa continue to be plagued with
civil wars, ethnic or clan-based conflict, and severe economic
disasters. The 2003 civil war in Liberia led to the deployment of
Nigerian peacekeepers with a small US force in the country.10 In
2002, with the help of Britain and a large United Nations
peacekeeping mission, the West African state of Sierra Leone
emerged from a decade of civil war. More than 17,000 foreign
troops disarmed tens of thousands of rebels and militia fighters.11

The Gulf of Guinea in West Africa, particularly Nigeria, has
become a strategic interest of the United States because of an
increased oil export to the world market.

Recent developments in Northern Africa have been
encouraging, with Libya pledging to abandon its pursuit of
nuclear weapons. However, the continued threat of insurgencies
in Algeria and the Western Sahara may require future US
involvement in Northern Africa. The countries of this region
continue to be sources of Islamic fundamentalist groups,
providing pools of recruits and staging areas for terrorist acts,
most notably the Casablanca bombing of May 2003, and
possibly the subway attack in Spain on March 11, 2004. Across
Africa, political instability and high levels of violence may
continue to persist. The potential for extraction of large volumes
of oil from African nations may add to their geopolitical
importance. In this region of the world, we concentrate our
scenarios on humanitarian support requiring a small-scale
aerospace force presentation.

The Tenets of Deployment Scenarios

In keeping with the new security paradigm and the concept of
MPMS, we constructed a deployment framework using the
following tenets.

• Although it is impossible to select combat support bases
without specific operational deployments, the selection
process should not be slaved to a particular deployment. For
that reason, we do not seek to optimize the system for a handful
of deployments alone.

• Combat support requirements should be dynamic and
deployment scenarios should cast a wide geographical net in
order to stress the combat support and transportation
requirements.

• Deployments should be sequenced in time and space in order
to evaluate physical reach and test long-term effects of
location and allocation of assets.

• To hedge against the uncertainty of the future security
environment, multiple series of possible scenarios should be
developed to test the robustness of the overseas combat
support bases.

Analysis Approach

To evaluate and select alternative forward-basing options, we
developed an analytic framework that uses an optimization
model to assess the cost and capability of various portfolios of
overseas combat support basing or FSLs for meeting a wide
variety of global force projections.

We have taken two complementary approaches in developing
the optimization model. The primary approach attempts to
minimize the overall system cost while meeting operational
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Scenarios/
Force options

Combat support 
requirements

Transportation options

List of existing and 
potential FOLs and FSLs

Optimization
model

Calibration 
and

refinement

Calibration 
and

refinement

•• Selects minimum Selects minimum 
cost combat support cost combat support 
bases from candidate bases from candidate 
locationslocations

•• Allocates resources Allocates resources 
among selected among selected 
combat support combat support 
locationslocations

•• Determines feasible Determines feasible 
transportation transportation 
routingsroutings

requirements. The other approach focuses on maximizing the
support capability (for example, reducing the time to initial
operating capability [IOC]). Examining the costs of alternative
support basing options, for a constant level of performance
against a variety of deployments, is an important process in
the development of suitable programming and budgeting plans.
In this approach, we are careful to ensure that adequate capacity
is maintained to meet requirements as specified in the defense
planning scenarios.

Our analyses show the costs and deployment timelines for
various FSL options under different degrees of stress on combat
support while taking into account infrastructure richness, basing
characteristics, deployment distances, strategic warning,
transportation constraints, dynamic requirements, and
reconstitution conditions. We developed several sets of
deployment scenarios using the MPMS concept, with each
including training exercises, deterrent missions, and major
combat operations (MCO). These so-called streams of reality
allow our model to measure the effect of timing, location, and
intensity of operational requirements on combat support—and
vice versa. We develop several of these streams (or timelines) to
account for the inherent uncertainties in future planning
associated with each timeline.

After we determined the desired requirements in terms of
combat support resources, our optimization model, the RAND
Overseas Basing Optimization Tool, selects a set of locations that
would minimize the costs of supporting these various deterrence
and training exercises while maintaining the capability to
support major regional conflicts should deterrence fail. This tool
essentially allows for the analysis of various what-if questions
and assesses the solution set in terms of resource costs for
differing levels of combat support capability.

Our analytic approach has several steps, (Figure 1) as seen
below.

• We first select a diverse set of deployment scenarios that
would stress the combat support system. These deployments
include small-scale humanitarian operations, continuous force
presentation to deter aggression, and major combat operations.

• The deployments and the force options drive the requirements
for combat support, such as base operating support equipment,
vehicles, and munitions.

• These requirements, the set of
potential FSLs and forward
operating locations (FOL),
a n d  t h e  t r a n s p o r t a t i o n
options, such as allowing
sealift or not, serve as the
inputs to the optimization
model.

• The  op t imiza t ion  model
selects the FSL locations that
minimize the FSL facility
operating and transportation
c o s t s  a s s o c i a t e d  w i t h
planned operations, training
mis s ions ,  and  de t e r r en t
exercises that are scheduled
to  t a k e  p l a c e  o v e r  a n
e x t e n d e d  t i m e  h o r i z o n ,

satisfying time-phased demands for combat support
commodities at FOLs. Major combat operations are included
in this analysis to ensure that the resulting network has
sufficient capability to allow for such operations should
deterrence fail. The transportation costs associated with these
operations are not considered in the model because of the
different funding mechanisms for the execution of combat
operat ions .  The model  a lso opt imal ly  a l locates  the
programmed resources and commodities to those FSLs. It
computes the type and the number of transportation vehicles
required to move the materiel to the FOLs. The result is the
creation of a robust transportation and allocation network that
connects a set of disjointed FSL and FOL nodes.

• The final step in our approach is to refine and recalibrate the
solution set by applying political, geographical, and
vulnerability constraints based on current expert judgments
concerning the global environment. Since this step is applied
post optimally and may make additional iterations necessary,
it may require reevalution and reassessment of the parameters
and options chosen.

The end result of this analysis is a portfolio containing
alternative sets of FSL postures, including allocations of war
reserve materiel (WRM) to the FSLs, which can then be presented
to decisionmakers. This portfolio will allow policymakers to
assess the merits of various options from a global perspective.

Combat Support Factors

Several major constraining and contributing factors affect the
capability of FSLs to support the warfighter. Our analytic
framework takes each of these parameters into account in its
process of selecting an optimal set of combat support locations.

• Base Access.  This important  issue deserves careful
consideration and must be addressed before each conflict or
operation. However, rather than eliminating some sites a priori
because of potential political access problems, we allowed
the model to select the most desirable sites based on other
factors first. We then forced specific sites out of the solution
set if we had reason to believe that these sites presented access
issues—thereby providing the economic cost of restricting
the solution to politically acceptable sites.

Figure 1. Overview of the Analytic Process for the Optimization Model
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• Forward Support Location Capability and Capacity. The
parking space, the runway length and width, the fueling
capability, and the capacity to load and offload equipment
are all important factors in selecting an airfield to support an
expeditionary operation.12 Runway length and width are key
planning factors and are commonly used as first criteria in
assessing whether an airfield can be selected.

• Airlift and Airfield Throughput Capacity. Timely delivery
of combat support materiel is essential in an expeditionary
operation. However, a mere increase in the aircraft fleet size
may not improve the deployment timelines. The fleet size
must always be determined with respect to the throughput
capacity of an airfield. The maximum-on-ground (MOG)
capabi l i ty ,  for  example,  direct ly  contr ibutes  to  the
diminishing return of deployment time as a function of
available airlift.

• Forward Operating Location Distance. Distance from FSLs
to FOLs can impede expeditionary operations. As the number
of airlift aircraft increases, the difference in deployment time
caused by distance becomes less pronounced. Adding more
airlifters to the system will reduce the deployment time, albeit
at a diminishing rate, until the deployment time levels off as
a result of MOG constraints.

• Modes of Transportation. There are several advantages to
using sealift or ground transportation in place of, or in
addition to, airlift. Allowing for alternative modes of
transportation might bring some FSLs into the solution set
that otherwise may have been deemed infeasible or too costly.
Ships have a higher hauling capacity than do aircraft and can

easily carry outsized or super-heavy equipment. In addition,
ships do not require overflight rights from any foreign
government.

• Afloat Prepositioning. We examined the potential for storing
combat support resources (munitions and nonmunitions)
aboard an Afloat Preposition Fleet (APF). Although afloat
prepositioning does offer additional flexibility and reduced
vulnerability versus land-based storage, the APF is much more
expensive than land-based storage and presents a serious risk
with regard to deployment time. Even if a generous advance
warning is assumed to allow for steaming toward a scenario’s
geographic region, it can be difficult to find a port that is
capable of handling these large cargo ships. The requirements
placed on the port, including preemption of other cargo
movement, also restrict the available ports that can be used
by an APF.

• Cost. The main objective of the model is to reduce the total
cost of exercises and deterrent missions while meeting the
time-phased operational demand for combat support
resources—for those missions as well as for major combat
operations. These costs include construction and expansion
of  faci l i t ies  and operat ions  and maintenance and
transportat ion for  peacet ime and training missions.
Incorporated in each of these costs is the effect of differences
in regional cost-of-living or country cost factors.

Results and Recommendations

We focused on three of the most important combat support
resources—basic expeditionary airfield resources (BEAR),13

munitions, and rolling stock
such as trucks. These resources
comprise the bulk of many of the
consumable and repairable items
in the combat support package.
In the case of munitions, they
pose storage and transport
complexities.

From the outset of the study,
we attempted to answer twoTable 2. Optimal Existing FSLs to Support the Baseline Scenario

Ramstein AB, Germany Seeb, Oman 
Sigonella AB and Camp Darby, Italy Thumrait, Oman 
RAF Mildenhall and Welford, UK Kadena, Japan 
Al Udeid AB, Qatar Andersen AB, Guam 
Sheik Isa, Bahrain Diego Garcia, UK 
Masirah Island, Oman  

 Base 
Scenario Stream 1 Stream 2 Stream 3 Stream 4 

SWA 1 SWA 3 SWA 1 South America 2 Spratleys 
Singapore South Africa Horn Africa Cameroon Chad Year 1 

 East Timor  Singapore  
Central Asia Thailand Central Asia SWA 3 South America 1 

Thailand Sierra Leone Liberia Thailand Horn of Africa Year 2 
   Haiti  

Horn of Africa Spratleys Balkans Taiwan SWA 2 
SWA 2 Haiti Rwanda South Africa Singapore Year 3 

 Chad    
Thailand Balkans Singapore Spratleys Taiwan 

India Egypt Cameroon Egypt Haiti Year 4 
  India   

SWA 2 SWA 1 SWA 2 SWA 1 SWA 2 
North Africa North Africa Taiwan Rwanda East Timor Year 5 

 Liberia Sierra Leone East Timor  
Egypt Central Asia Spratleys Central Asia SWA 1 

Taiwan India Chad North Africa Rwanda Year 6 
 Cameroon Thailand Singapore  

Year 7+ MCO1 MCO1 MCO1 MCO1 MCO1 
 MCO2 MCO2 MCO2 MCO2 MCO2 

Table 1. Sequencing of Scenarios by Timeline
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basic questions. First, how capable are the Air Force’s
current overseas combat support bases of managing the
future environment? Second, what are the costs and benefits of
using additional or alternative overseas combat support bases
for storing heavy combat support materiel?

To answer these questions, we devised five different streams
of reality—or deployment timelines—to represent a wide range
of possible future Air Force deployments across the globe. (Table
1)

The base scenario, or the most likely global deterrent scenario,
places the focus on supporting a number of deployments in the
Persian Gulf region, Asian littoral, and North Africa over a time
horizon of 6 years, in keeping with the future years defense
program (FYDP) convention. Figure 2 represents the size in terms
of combat support requirements, and the timing of each
deployment for the base scenario. The sizes of recent
deployments are given on the y-axis as a reference. Notice that
we have scheduled the major combat operations in each scenario
for execution at the end of the FYDP period. This approach
focuses attention on providing resources to support deterrent
deployments. It ensures their funding while also placing major
combat operations requirements in the planning, programming,
budgeting, and execution process.

Selection of Existing Combat Support Bases
We solved the problem of finding the least-cost bases that would
satisfy operational requirements using existing forward support
locations. For this example it was Ramstein Air Base. The model
selected 11 FSLs (Table 2). These locations represent the optimal
locations to support the baseline scenario. Although the model
was allowed to select from the four existing munitions preposition
ships, none was chosen unless infrastructure expansion at the
existing land-based FSLs was excluded from the solution. In that
case, a single APF ship assigned to the Arabian Sea was used to
compensate for the lack of storage space at the land-based FSLs.

We assessed the capabilities of the selected FSLs (Table 2)
against the remaining four timelines. These FSLs, along with
an additional site at Eielson Air
Force Base, were able to meet
the demand for three of the four
a d d i t i o n a l  s t r e a m s ,
a l t h o u g h  w i t h  i n c r e a s e d
transportation requirements and
costs. However, for Stream 4, the
10-day  IOC requirement had
to be relaxed to 12 days for the
South American deployment,
and a single munitions ship,
with Guam as its home base,
appeared in the solution.

Selection of Additional
Combat Support Bases
The next step was to evaluate
existing and potential FSLs
against the baseline scenario
and the four alternative streams
of reality. We generated a list of
potential FSL locations around
the globe that could support a

wide range of deployments. As before, the model selected an
optimal list for the baseline scenario—the most likely scenario.
The earlier 11 existing sites presented in Table 2 remained in
the solution (the model selected them again), along with five new
sites in Europe and Asia: Incirlik, Turkey; Clark Field,
Philippines; Paya Lebar, Singapore; U-Tapao, Thailand; and
Balad, Iraq (Table 3). It should be noted that the list in Table 3 is
by no means sacrosanct, and alternative sites may provide the
same capability at a similar or marginally greater cost. In
particular, Souda Bay, Greece; Akrotiri, Cyprus; Constanta,
Romania; or Burgas, Bulgaria may be suitable alternatives to
Incirlik, Turkey. In addition, some realignment of existing sites
may be more efficient and effective than current sites. For
example, the port of Salalla in Oman could be used to meet some
requirements met by Seeb or Thumreit with lower cost and less
time than the current sites. The new combination of existing and
potential FSLs offers about 30 percent savings in total costs by
reducing the overall transportation cost to the system.

Figure 3 illustrates the final results from the combination of
the baseline scenario and the four other streams of reality. This
figure also shows the locations of the other candidate sites that
were not selected by the model. It and the accompanying Table
4 divide these locations into Tier 1 and Tier 2 categories. We
use the label Tier 2 FSLs for a set of FSLs that require a more

Ramstein, Germany Sheik Isa, Bahrain 
Sigonella and Camp Darby, Italy Thumrait, Oman 
Mildenhall and Welford, UK Incirlik, Turkey 
Al Udeid AB, Qatar Clark Field, Philippines 
Masirah Island, Oman Paya Lebar, Singapore 
Andersen AB, Guam U-Tapao, Thailand 
Diego Garcia Balad, Iraq 
Kadena, Japan Seeb, Oman 

Table 3. Optimal FSLs from an Expanded Set to
Support the Baseline Scenario

Figure 2. Most Likely or Baseline Scenario
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detailed consideration as potential sites. They may also have
appeared in the solution as a result of one or two individual
deployments, and therefore their role is closely fixed to the nature
of those particular deployments. Additionally, all the Tier 2 FSLs,
with the exception of Puerto Rico, have uncertain political
futures or limited internal capabilities. Iraq, for example, falls in
this category, but its location for support of many operations
makes it invaluable. However, we emphasize that the focus
should not be on a particular latitude and longitude but rather
on a particular region. Balad, Iraq, would be suitable if all the
issues of security and long-term political amenities were
resolved. If the uncertainties continue, then an alternative
location in the region with similar capabilities should be
considered.

Figure 4 presents the costs for the base scenario and all four
streams. For each stream the expanded set of FSLs offer the same

capability at a reduced overall cost to the Air Force. Note
especially that the set of existing land-based FSLs could not
support Stream 4 requirements and required that the IOC deadline
be extended from 10 to 12 days and also required the use of an
APF munitions ship. However, when we selected from the
expanded set of land-based FSLs, the need for the afloat option
disappeared. The advantage of the global basing option is not
limited to cost and encompasses a more efficient use of
multimodal transportation. For each stream, the model was able
to make better use of trucks and high-speed sealift for the
expanded pool of bases, yielding about 50 percent less airlift
usage without compromising operational requirements.

Recommendations

We make the following recommendations based on our
analysis of overseas combat
support basing options.

• Using a global approach to
select combat support basing
locations is more effective and
ef f ic ient  than a l locat ing
resources on a regional basis.
One of the strengths of the
analytic framework chosen is
the lack of regional command
boundaries. We are able to look
at all regions of the world
simultaneously with operations
occurring in various locations
at  the  same t ime,  thereby
extracting the most efficient
solution without adversely
compromising the capability
needs of a particular region.
• Political concerns need to
be addressed in any decision
about  potent ial  overseas
basing locations. For instance,
while an APF is much more

expensive than alternative
land-based storage options and
may suffer from increased risk in
deployment time, it may be
necessary to consider the APF
option because it offers more
flexibility if access is denied.
Additionally, countries like
Iraq are continually selected by
the model because cost and
t ime are  i t s  major  dr iv ing
c r i t e r i a .  H o w e v e r ,  t h e
uncertainty surrounding the
future of  Iraq (and similar
countries) should force us to
pause and consider alternative
sites that may be less desirable
mathematically but offer a
higher probability of access and
stability.Figure 4. Total Cost of Supporting All Scenarios Using Existing and Expanded Set of FSLs

Figure 3. Supporting Global Deterrence Using a Global Set of Overseas Bases



13Volume XXX, Number 1

• Closer attention should be
paid to Africa both as a
source of instability and as
a possible location for
combat  support  bases .
Africa, with its potential
a s  a source of future oil
combined with the uncertain
future of many of its nation
states, requires a great deal of
attention from policymakers.
Northern and Sub-Saharan
A f r i c a  c o n t i n u e  t o  b e
plagued by civil wars, ethnic,
or clan-based conflicts, and
severe economic disasters.
T h e r e  i s  a n  i n c r e a s e d
likelihood that terrorists may
seek haven in the remote areas
of  Afr ica because of  the
c o n t i n u e d  U S  m i l i t a r y
presence in the Middle East
and Southwest Asia. Also, the
geopolitical importance of the region, with its high levels of
oil production, makes it an area of interest to the United States.
If deployments to the region increased in the future, the current
set of bases would not support those operations. Possible FSL
locations in Africa could support operations across the entire
southern half of the globe. Although the initial construction
costs for these bases would be high, the costs would be quickly
offset by the reductions in transportation costs. As an initial
phase, we recommend closely evaluating western regions of
Africa, with particular attention to Nigeria, Sao Tome/Salazar,
and Senegal, along with South Africa.

• Some Eastern European nations should be considered as
serious candidates for future overseas bases. The potential
for continued conflicts in central Asia and the Near East has
made many of the countries in the eastern part of Europe very
attractive as potential storage locations for WRM. The appeal
of this region has been further heightened by the inclusion of
some of these countries in the European Union and NATO,
combined with the lower cost of living and the relatively large
professional labor market. Romania and Bulgaria in Eastern
Europe, along with Mediterranean locations such as Greece
and Cyprus, form an appealing region that would allow easy
access to both the United States Central Command and the
United States European Command areas of responsibility.
These locations are especially attractive because they allow
for multimodal transport options, using Black Sea ports for
Romania and Bulgaria, assuming passage through the
Bosporus Strait in Turkey to the Mediterranean. Poland and
the Czech Republic, although very accommodating to US
efforts in the current operations, are located relatively far from
the potential deployments that were considered in this report.
Also, the Czech Republic is a landlocked state, and while
Poland has significant coastline on the Baltic Sea, these ports
do not allow for rapid transport to the regions of Air Force
interest. In terms of transportation time and cost, Germany can
provide a better capability than either Poland or the Czech
Republic, because of existing US installations.

• Southeast Asia offers several robust options for allocation
of combat support resources. The remoteness of Guam and

Diego Garcia from most potential conflicts in the region
requires the consideration of other locations in the Pacific.
The geographical characteristics of the United States Pacific
Command put a heavy reliance on airlift and possibly fast
sealift. Most of the current US bases are located in Japan and
the Korean Peninsula with the main purpose of supporting
the Korean deliberate plan. To support other possible
contingencies, we propose a closer examination of three
locations—Thailand, Singapore, and the Philippines. Each
of these locations offers a host of options for the Air Force,
including storage space, adequate runway facilities, proximity
to ports, and strategic location. Darwin, Australia, has many
of the desired attributes for an overseas combat support base,
but its remoteness to most potential conflicts makes it a
comparatively poor choice.

• Potential future operations in South America may be
greatly constrained unless additional infrastructure in the
region is obtained. In our analysis, a large South American
scenario obtained from the defense planning scenarios
overstressed the system of existing facility locations,
preventing the satisfaction of a 10-day IOC deadline, even
with the use of APF ships. While the states of South America
are relatively stable, the recent difficulties in Ecuador,
Bolivia, and Venezuela demonstrate the potential volatility
of the region. As with Africa, future US intervention cannot
be discounted owing to significant US interests in the region’s
oil supply. Although the current combat support infrastructure
is sufficient for small-scale operations such as drug
interdiction, an expanded combat support presence would
facilitate larger-scale operations in the region.

• Multimodal transportation option is the key to rapid
logistics response. RAND has shown in several earlier reports
that overreliance on airlift may in fact reduce response
capability because of throughput constraints and lack of
airlift.14 A comprehensive mobility plan should include a
combination of air, land, and sealift. Judicious use of trucks
and high-speed sealift in fact may offer a faster and less
expensive way to meet the Air Force’s mobility needs.

Table 4. Global Set of Overseas Bases

Tier 1 Tier 2 
Al Udeid AB, Qatar Louis Botha, South Africa 
Andersen AB, Guam Bagram, Afghanistan 
Diego Garcia Baku, Azerbaijan 
Kadena, Japan Roosevelt Roads, Puerto Rico 
Masirah Island, Oman Tocumen, Panama 
Mildenhall and Welford, UK Cotipazxi, Ecuador 
Ramstein, Germany Sao Tome/Salazar, Sao Tome 
Seeb, Oman Kaduna, Nigeriab 
Sheik Isa, Bahrain Balad, Iraq 
Sigonella and Camp Darby, Italy  
Thumrait, Oman  
Clark Field, Philippines  
Incirlik, Turkey  
Paya Lebar, Singapore  
U-Tapao, Thailand  
Souda Bay, Greecea  
a Alternatives to Souda Bay, Greece, are Akrotiri, Cyprus; Burgas, Bulgaria; 

         or Constanta, Romania. 
b An alternative to Kaduna, Nigeria, may be Dakar, Senegal. 
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Strategic Approach,” fall 2003.
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Planning Guidance, Volume 3,” May 2000.

3. The main exception is Israel, which is democratic. It is certainly too
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Monica, California: RAND Corporation, MR-1320-OSD, 2001.
Shahram Chubin, “Whither Iran? Reform, Domestic Politics and
National Security,” Adelphi Paper, Issue 342, The International
Institute for Strategic Studies, 2002.

5. Sokolsky, Richard, Stuart E. Johnson, and F. Stephen Larrabee, Persian
Gulf Security: Improving Allied Military Contributions, Santa Monica,
CA: RAND Corporation, MR-1245-AF, 2000.

6. As a simple illustration of the size of the U.S. and Chinese navies,
consider the following: The U.S. Navy’s warships have a total “full-
load displacement” of about 2.9 million tons, whereas China’s have
less than 300,000 tons. The United States deploys 24 aircraft carriers
(out of world’s 34); China deploys none.

7. Khalilzad, Zalmay, and Ian Lesser, Sources of Conflict in the 21st
Century, Santa Monica, CA: RAND Corporation, MR-897-AF, 1999.

8. Sokolsky, Richard, Stuart E. Johnson, and F. Stephen Larrabee, Persian
Gulf Security: Improving Allied Military Contributions, Santa Monica,
CA: RAND Corporation, MR-1245-AF, 2000.

9. At the urging of Peru and Colombia, President Bush may authorize
the resumption of anti-drug surveillance flights over Colombia. (The
New York Times, August 6, 2003)

Logistics and Warfare

General Mathew B. Ridgway, of World War II fame, once observed, “What throws you in combat is rarely the fact that

your tactical scheme was wrong … but that you failed to think through the hard cold facts of logistics.” Logistics is the

key element in warfare, more so in the 21st century than ever before. Success on the modern battlefield is dictated by

how well the commander manages available logistical support. Victories by the United States in major wars (and several minor

wars or conflicts) in the 20th century are linked more directly to the ability to mobilize and bring to bear economic and industrial

power than any level of strategic or tactical design. The Gulf War and operations to liberate Iraq further illustrate this point.

Long before the Allied offensive could start, professional logisticians had to gather and transport men and materiel and provide

for the sustained flow of supplies and equipment that throughout history has made possible the conduct of war. Commanders

and their staffs inventoried their stocks, essayed the kind and quantities of equipment and supplies required for operations in

the severe desert climate, and coordinated their movement plans with national and international logistics networks. “The first

victory in the Persian Gulf War was getting the forces there and making certain they had what they required to fight [Emphasis

added]. Then and only then, would commanders initiate offensive operations.”1 The same may be said of lightning quick victory

in Iraq, although without the massive stockpile of inventory seen during the Gulf War.

In 1904, Secretary of War Elihu Root warned, “Our trouble will never be in raising soldiers. Our trouble will always be the

limit of possibility in transporting, clothing, arming, feeding, and caring for our soldiers.…”2 Unfortunately, the historical

tendency of both the political and military leadership to neglect logistics activities in peacetime and expand and improve them

hastily once conflict has broken out may not be so possible in the future as it has in the past. A declining industrial base, flat

or declining defense budgets, force drawdowns, and base closures have all contributed to eliminating or restricting the

infrastructure that made rapid expansion possible. Regardless, modern warfare demands huge quantities of fuel, ammunition,

food, clothing, and equipment. All these commodities must be produced, purchased, transported, and distributed to military

forces. And of course, the means to do this must be sustained.

Notes
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country_profiles/1061561.stm (last accessed October 7, 2005).

12. In our analysis, some of these factors are computed parametrically in
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Expeditionary Forces: Analysis of Combat Support Basing Options,
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Combat Team, Rethinking Strategic Responsiveness and Assessing
Deployment Options, Santa Monica, CA: RAND Corporation, MR-1606-
AF, 2002.
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Procuring and Sustaining the Joint Strike Fighter

“Procuring and Sustaining the Joint Strike
Fighter,” written by Major Stacy Hawkins, is the
featured article in this edition’s Contemporary
Issues. Major Hawkins makes the case that the
Joint Strike Fighter (JSF) is the linchpin to the
nation’s next generation of tactical aircraft. Initial
JSF procurement is expected to close the
impending fighter force structure deficit, as
current aging aircraft systems retire. Based on
the historical lessons of procurement efforts,
such as the F-16, the Department of Defense
recently formulated a new sustainment
methodology which focuses on evolutionary,
knowledge-based principles. This change
prov ides  a  f ramework  to  i nco rpo ra te
technological innovations, which occur after the
system development decision, into a weapon
system’s production cycle. The current JSF
procurement strategy has, however, abandoned

this evolutionary concept in favor of an approach
which schedules larger aircraft  del ivery
increments early in the weapon system’s life
cycle. This approach, however, could create late
life-cycle modification requirements for a
significant portion of the JSF fleet. Further,
inadequate sustainment provisions could
increase the probability of aircraft structural
deterioration.

Hawkins and Chiabotti argue that in order to
avoid the exorbitant costs associated with late
life-cycle deterioration, procurement planners
need to conduct early analyses to forecast aircraft
sustainability throughout the JSF’s projected
service life. The sheer size and varied operational
demands of the JSF will require new life-cycle
management approaches based on variable
performance metrics standards and fiscal year
programming flexibility.

The JSF program abandoned i ts  o r ig ina l

procurement strategy based on evolutionary

acquisition principles in favor of a front-loaded

schedule which committed to delivering full

capability during the system development phase.
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Lieutenant Colonel Stacey T. Hawkins, USAF
Stephen D. Chiabotti, PhD

Aircraft maintenance metrics are important. Don’t let anyone tell you
differently! They are critical tools to be used by maintenance managers
to gauge an organization’s effectiveness and efficiency. In fact, they
are roadmaps that let you determine where you’ve been, where you’re
going, and how (or if) you’re going to get there. Use of metrics allows
you to flick off your organizational pilot and actually guide your unit.
But they must be used correctly to be effective. Chasing metrics for
metrics’ sake is a bad thing and really proves nothing. A good
maintenance manager will not strive to improve a metric but will use it
to improve the performance of the organization.

—Lieutenant General Terry L. Gabreski
Maintenance Metrics US Air Force, Air Force Journal of Logistics, 2001

Because of increased program costs, schedule delays, and a reduced
production schedule, the size of the Joint Strike Fighter (JSF)
program is currently under congressional scrutiny. As the

Department of Defense’s (DoD) most expensive acquisition program, the
JSF is the linchpin to the nation’s next generation tactical strategy.
Furthermore, initial JSF procurement is expected to close the impending
fighter force structure deficit, as current aging aircraft systems retire. Based
on the historical lessons of procurement efforts, such as the F-16, DoD
recently formulated a new sustainment methodology which focuses on
evolutionary, knowledge-based principles. This change provides a
framework to incorporate technological innovations, which occur after
the system development decision, into a weapon system’s production
cycle. The current JSF procurement strategy has, however, abandoned this
evolutionary concept in favor of an approach which schedules larger
aircraft delivery increments early in the weapon system’s life cycle. A faster

JSF low-rate initial production (LRIP) rate
risks outpacing the full development of
critical aircraft design technologies and
could potentially create late life-cycle
modification requirements for a significant
portion of the fleet. Moreover, inadequate
sustainment provisions could increase the
p r o b a b i l i t y  o f  a i r c r a f t  s t r u c t u r a l
deter iorat ion.  In order  to avoid the
exorbitant costs associated with late life-
cycle deterioration, procurement planners
need to conduct early analyses to forecast
aircraft sustainability throughout the JSF’s
projected service life. The sheer size and
varied operational demands of the F-35
acquisition will require new life-cycle
management approaches based on variable
performance metrics standards and fiscal
year programming flexibility.

Front-Loaded
Procurement Approach

The JSF program abandoned its original
procurement strategy based on evolutionary
acquisition principles in favor of a front-
loaded schedule which committed to
delivering full capability during the system
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development phase. The debate regarding the merits and
shortfalls of both strategies was central to near-term budgetary
requirements for the JSF acquisition program. Furthermore, the
total life-cycle sustainability of the program became dependent
on initial decisions regarding procurement schedules. Critics of
the front-loaded strategy asserted that the JSF would not acquire
adequate knowledge with respect to technologies, design, and
manufacturing processes within its system development and
demonstration phase, and have scaled back production to
accommodate future system evolutions. Conversely, advocates
pointed to the urgency of achieving full system capability as early
as possible in order to leverage a larger share of the DoD
modernization budget for fleet production. Figure 1 depicts the
proposed production scenario for the JSF program, and depicts
the scheduling overlap between JSF development and its planned
LRIP schedule.

Due to the overlap between system development and initial
production projections, acquisition officials in 2005 faced the
choice of further delaying JSF procurement to allow for full
development of technological capabilities or proceeding with

2007 LRIP activities. Despite the DoD’s preference for the
evolutionary procurement approach, the JSF program office has
committed to the delivery of full system capability at the end of
its development phase by scheduling production for 20 percent
of its total buys during the same period.1 This decision fits well
within the context of constrained defense budgets, particularly
considering Congressional reluctance to fund long-term aircraft
development and production efforts that yield little evidence of
measurable real world operational potential. While political
realities force the JSF to jockey for scarce modernization dollars,
the long-term impact of the front-loaded acquisition strategy
would surface as the JSF required sustainment support to assure
service-life viability. As discovered with its predecessor, the
F-16, the absence of a sustainment strategy can pose significant
challenges to an aging aircraft fleet. Quantitative modeling
provides a means to address mid to late life-cycle JSF sortie
capacity shortfalls and identifies necessary fleet requirements.

State of the F-35 World—From a
Modeling Perspective

A May 2005 draft of the Air Force edition of the LRIP
performance-based agreement (PBA) unveiled the maintenance
metrics formulated to support readiness requirements for JSF
operations. This draft PBA established a contractual relationship
between the JSF Program Executive Office (PEO) and the Air
Force as well as stipulated performance metrics that justify
sustainment funding for the initial JSF production increment.3

Of particular note, the proposed metrics served as the baseline
performance measures for a range of operational and support
activities occurring during the early phases of the F-35 life cycle:

This PBA supports all contracts and memorandum of agreements
[sic] that contribute to the readiness, availability, and reliability of
the F-35 CTOL [conventional takeoff and landing] logistics and
engineering support systems. It includes all post LRIP I delivery
sustainment services such as material support, publications, aircraft
introduction, systems engineering, site activation, support
equipment, training, supply chain management, Autonomic Logistics
Information System [ALS], sustaining engineering, fleet
management … and software support.4

As the analysis in Figure 2 depicts, the forecast 85 percent
mission capable (MC) rate for the JSF in 2013 represented the

b a s e l i n e  o b j e c t i v e  f o r
sustainment funding to meet the
projected flying-hour program
(FHP) when the aircraft began
full rate production.5 Figure 2
assumes similar maintenance
variables as the F-16 in lieu
o f  u n d e m o n s t r a t e d  F - 3 5
performance and projects an
average 2.1/100,000 hour
service-life attrition rate. As
such, the results of the notional
modeling drill validate the 85
percent MC rate as evidenced
b y  t h e  2 8 . 5 2  h o u r l y
utilization rate which meets the
F H P  p r o g r a m  w i t h  a
cons ide rab l e  su rp lus .  Of

Figure 1. Overlap of JSF Low-Rate Initial Production and System
Development and Demonstration Activities2

Article Acronyms
ALS – Autonomic Logistics Information System
BAI – Backup Aircraft Inventory
CPFH – Cost per Flying Hour
CTOL – Conventional Take Off and Landing
DoD – Department of Defense
FHP – Flying-Hour Program
JSF – Joint Strike Fighter
LRIP – Low-Rate Initial Production
MC – Mission Capable
NMCB - Not Mission Capable Both
O&M – Operations and Maintenance
O&S – Operations and Support
PBA – Performance-Based Agreement
PFT –  Programmed Flying Training
PEO – Program Executive Office
TLCS – Total Life-Cycle Sustainment
TNMCS – Total Not Mission Capable Supply
WCF – Working Capital Fund
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USAF PA Programmatic Factors:
Annual Flying Hours 21,636 (PFT)
Accident Attrition Rate 2.1 /100,000 Hrs

Aircraft in Depot-Level Repair 5% (BAA)

AETC Maint & Ops Variable Factors: Computed Operational Capability:

Mission Capable Rate 85% Primary Aircraft Inventory (PAI) 71
Scheduled Maintenance 25% Daily Flyable Aircraft 57
Phase 5%
Depot 0%
Preflighted Spare Aircraft 15% Daily Scheduled CAP 37
Sorties per Aircraft per Day 2 Daily Scheduled CAP + Spares 43
Flying Days per Month 20.4 Sorties/Day 73
Night and Cross-Country Sorties 0% Day Sorties/Month 1,491
   Weather Losses Day + Night Sorties/Month 1,491
   Operations Losses Effective Sorties/Month 1,446

Flying Hours/Month 2,025
Utilzation Rate(Sorties) 20

Total Losses 3% Utilization Rate (Hours) 28.52

Aircraft Availability Target 93%

TNMCS 7%
NMCM 3-Year Historical Average 8%
NMCB Historical Average 2%
Sortie Length (Hrs) 1.4

Capability Versus Requirement Computation   (PAI Driven):
Annual Flying Hour Capability 24,301
Annual Flying Hour Requirement 21,636

 Delta 2,665
Aircraft Calculation: Remarks:

Primary Aircraft Authorization (PAA): 71 29 Hours/Month per PAA Aircraft
Backup Aircraft Authorization (BAA): 4 5% Aircraft in Depot Maintenance
BAI Attrition Reserve (BAI-AR): 9 0.45 Class A Accidents per Year
Total Aircraft Authorization (TAA): 84 Authorized Aircraft
Total Aircraft Inventory (TAI): 84 Aircraft Procured

Figure 2. Notional JSF Fleet Modeling Forecast Analysis—2013

particular note is the absence of a JSF programmed depot
main tenance  requ i rement  eliminated by the predictive
maintenance capabilities of ALS and prognostics and health-
management technologies. Figure 2 highlights the projected
reliability of a fully developed and tested JSF weapon system as
it enters full-rate production.

The utilization rate sensitivity caused by the MC rate
adjustment in Figure 3 provides a notional look at the relative
sortie capacity sensitivity to MC rate fluctuations.6 As contrasted
with Figure 2, the JSF fleet sortie capacity in Figure 3 is also well
above the flying-hour requirement despite the 10 percent MC
rate reduction. This highlights an obvious reality regarding early
life-cycle weapon system sustainment—a new highly reliable

aircraft can operate at a lower MC and higher total not mission
capable supply (TNMCS) rates and still meet FHP requirements.
While this discovery may amount to a blinding flash of the
obvious for most aircraft logisticians, it questions the decades-
long organizational practice of using MC rate standards as
performance metrics for wing-level maintenance organizations.
In addition to the benefits of high aircraft reliability, the
underutilized backup aircraft inventory (BAI) aircraft
availability can also offset the effects of high not mission capable
rates for an early life-cycle weapon system. BAI aircraft are fielded
for the express purpose of supplementing primary aircraft
inventory strength depletions because of unscheduled depot
maintenance and fleet-wide modifications. For an early life-cycle
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USAF PA Programmatic Factors:
Annual Flying Hours 21,636 (PFT)
Accident Attrition Rate 2.1 /100,000 Hrs

Aircraft in Depot-Level Repair 5% (BAA)

AETC Maint & Ops Variable Factors: Computed Operational Capability:

Mission Capable Rate 76% Primary Aircraft Inventory (PAI) 629
Scheduled Maintenance 25% Daily Flyable Aircraft 454
Phase 5%
Depot 0%
Preflighted Spare Aircraft 15% Daily Scheduled CAP 290
Sorties per Aircraft per Day 2 Daily Scheduled CAP + Spares 341
Flying Days per Month 20.4 Sorties/Day 579
Night and Cross-Country Sorties 0.0% Day Sorties/Month 11,812
   Weather Losses Day + Night Sorties/Month 11,812
   Operations Losses Effective Sorties/Month 11,458

Flying Hours/Month 16,041
Utilzation Rate(Sorties) 18

Total Losses 3% Utilization Rate (Hours) 25.50

Aircraft Availability Target 84%

TNMCS 16%
NMCM 3-Year Historical Average 8%
NMCB Historical Average 2%
Sortie Length (Hrs) 1.4

Capability Versus Requirement Computation   (PAI Driven):
Annual Flying Hour Capability 192,490
Annual Flying Hour Requirement 191,016

 Delta 1,474
Aircraft Calculation: Remarks:

Primary Aircraft Authorization (PAA): 629 26 Hours/Month per PAA Aircraft
Backup Aircraft Authorization (BAA): 31 5% Aircraft in Depot Maintenance
BAI Attrition Reserve (BAI-AR): 80 4.01 Class A Accidents per Year
Total Aircraft Authorization (TAA): 741 Authorized Aircraft
Total Aircraft Inventory (TAI): 741 Aircraft Procured

Figure 3. Notional JSF Fleet Modeling Forecast Analysis—2019

weapon system with high reliability, however, BAI capacity is
typically suboptimized but could provide additional capacity
to mitigate the long-term effects of low MC rates.

TLCS—A New Approach

The Air Force has traditionally used fleet-specific MC rate
standards to justify operating and support costs for fiscal year
defense budgets as well as for performance measurements for
wing-level maintenance organizations. The latter purpose,
however, neglects to account for the unpredictability of long-
term defense spending and ignores the potential early life-cycle
reliability benefits afforded by fully developed and operationally
tested weapon systems. Whereas the fleet-wide MC rate standard

is useful toward operations and support (O&S) costs for annual
budget justifications, it lacks relevance as an optimization tool
for unit-level maintenance performance. Conversely, over the
long term, the legislation of a performance motivated MC rate
standard can deplete a weapon system’s support infrastructure
and risk late life-cycle sustainability. A variable MC rate
standard tailored to FHP requirements, however, could leverage
early life-cycle aircraft reliability to mitigate costs of future
sustainment demands. In addition to the excess flying-hour
capacity caused by the higher MC rate standard depicted in
Figure 2, the level of sustainment necessary to attain the
85 percent MC standard is significantly higher than the minimum
required to meet the FHP objective as shown in Figure 3
(76 percent).
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This phenomenon demonstrates the reliability benefit and
subsequent savings gained from a growing fleet size,
underutilized BAI assets, and lower O&S costs of early
production aircraft. Therefore, the savings accrued through the
establishment of tailorable maintenance metrics standards
designed to adequately meet FHP performance levels, particularly
during early phases of an aircraft’s service life, can potentially
defray future costs accompanying late-cycle aircraft
deterioration.

In Figure 4, a JSF Total Life-Cycle Sustainment (TLCS) model
is proposed consisting of three weapon system life-cycle forecast
curves for aircraft reliability, sustainment funding, and
maintenance performance. The purpose of this model is to depict
the effects of tailorable MC rate standards on aircraft reliability
(blue line) given a constant rate of sustainment funding
throughout a weapon system’s life cycle. Whereas, current
sustainment funds programming fluctuates annually based on
weapon system performance, price indexes, and near-term
operations tempo projections, the TLCS recommends a
sustainment funding stream (green line) based on forecasted cost
per flying hour and specified O&S expenses. Furthermore, the
TLCS model leverages opportunities to invest underutilized early
life-cycle funding toward future life-cycle sustainment
requirements by setting maintenance performance standards to
meet FHP demands as opposed to performance goals (red line).
The savings generated from this tailored approach are then
managed in a financial instrument similar to existing DoD
working capital funds (WCF) which provide for weapon system
sustainment based on a revolving revenue concept. The TLCS
approach ultimately offers the following benefits.

• A just-in-time sustainment approach that provides the
necessary infrastructure when needed.

• Early investment to maximize future buying power.

• Protection against unexpected defense budget cuts and a shift
in the organizat ional  focus away from maintenance
optimization to FHP requirements.

Although the JSF TLCS is
no t iona l ,  i t  a s sumes  two
conditions based on historical
evidence from previous tactical
aircraft acquisition programs.

• Aircraft reliability is higher
during early life-cycle years
and subsequently decreases
over time.

• Aircraft sustainment costs
increase over time because of
aging and pricing factors.

Figure 4 highlights these
ebbs and flows which occur over
a weapon system’s life cycle and
offers a methodology to take
advantage of early life-cycle
performance to protect against
late life-cycle deterioration and
rising costs. While this approach
proposes a methodology to

overcome future aircraft life-cycle sustainment challenges, the
TLCS model must also account for the existing organizational
programming and budgeting culture which employs an
execution year versus total life-cycle mindset. In order for the
TLCS approach to work in practice, the DoD must shift its current
organizational paradigm to accommodate a total life-cycle
investment approach based on weapon system performance
forecasts. The following discussion provides recommendations
on how to meld the TLCS model into existing DoD standard
operating procedures.

TLCS—From Rhetoric to Reality
Currently, the DoD forecasts O&S expenses which include

purchases for fuel, lubricants, repair parts, depot maintenance and
contract services, and modification kit procurement and
installation based on price indexes, demand rates, and historical
weapon system performance.8 As shown in Figure 5, these
collective factors represent approximately 70 percent of total life-
cycle costs for a given weapon system.9 Of this 70 percent, the
cost volatility associated with depot-level reparable and
consumable parts accounts for a significant portion of O&S
expenses.10 Additionally, the unpredictability of repairable and
consumable parts costs present challenges to budgetary
forecasting causing unpredictable fluctuations in fleet-wide cost
per flying hour (CPFH) rates. These conditions result in increased
O&S costs, additional supplemental budget requests, and
delayed maintenance when funding shortfalls fail to provide for
sustainment requirements. Program managers collectively
identify the need to develop internal cost reduction efficiencies
in order to control O&S expenses and thwart the effects of
external cost fluctuations:

…repair parts are the top candidates for cost reductions because
new and more reliable parts and processes can be designed and
manufactured to replace parts that fail often or are difficult to obtain.
More reliable parts fail less often and require less maintenance. For
example, replacing the [existing] F-16 battery with a maintenance-
free battery [costs] $3.4M fleet wide and [will] save $3.8M over
the next 9 years and $6.9 million over the next 25 years.11
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Cost reduction strategies for repair parts, consumable items,
and depot maintenance activities are essential to ensuring the
projected service life of a weapon system. The JSF, due to its Joint
development and employment, will likely present significant
sustainment challenges stemming from the sheer size of the
program. Despite efforts to build commonality into the different
aircraft variants, the viability of the advanced systems employed
by the JSF will demand constant vigilance to ensure that costs
for repair parts and maintenance activities remain under control.
Because the JSF TLCS methodology is an investment-based
approach to funding late life-cycle sustainment requirements, it
depends on cost reduction initiatives gained through increased
parts reliability and inexpensive repair processes that ultimately
reduce CPFH rate fluctuations. Furthermore, greater savings
protect sustainment forecasts against unforeseen events such as
aircraft modifications, contingency operations, and design
anomalies which incur additional life-cycle costs.

Just where do the savings produced via the TLCS
methodology go? The DoD currently manages an intricate web
of WCFs designed to “provide a financial structure that is
intended to promote total cost visibility and full cost recovery
of support services.”13 Whether the Joint Strike Fighter Program
Office decides to utilize an organic sustainment infrastructure
or one provided through contractor logistics support, an
adaptable WCF construct is applicable as a viable mechanism
to manage appropriated resources for weapon system life-cycle
sustainment. According to DoD costing officials:

The funds are structured around functions that provide goods and
services to customers throughout DoD. Managers of these functions
prepare their proposed budgets based on anticipated workload and
expenses. At the same time, fund customers include in their budgets
their planned requirements for goods and services from the various
functions. These budgets are submitted … and the budget process
sets rates for each function. Rates are keyed to a unit of output that
is unique to each function. The rates are stabilized for the budget
year and are intended to ensure that customers pay for the full cost
of goods and services they receive from the functions.14

Two WCF funds that currently support aviation sustainment
requirements are the Depot Management Activity Group fund
and the Supply Management Activity Group fund. These
financial instruments operate under a revolving fund concept “of
breaking even over time by charging customers the full costs of
goods and services provided to them.”15 Customers such as wing
organizations use appropriated operations and maintenance
(O&M) funds to purchase the goods and services provided by
the WCFs. The activity groups then use revenues to replenish
inventory and pay labor costs for rendered services.16

To enable the TLCS framework, a WCF-type instrument
would continue to manage financial activities associated with
providing sustainment support to operational units; however,
TLCS revolving funds would institute a predictive, versus
reactive, sustainment approach for managing specified
categories. For example, current WCFs are initially funded by
Congress to build an inventory of parts or sustain a workforce
organization. Once the initial infrastructure is established,
customers use unit-level annual O&M funds to pay for inventory
items and labor costs for stated requirements. These O&M
payments serve as revenue for the WCFs and are subsequently
used to replenish inventory stockage levels, pay salaries, and
recoup administrative costs associated with providing goods and
services. Conversely, a TLCS WCF would receive a projected
total life-cycle sustainment appropriation, phased in lump sums
over several multiple Future Years Defense Program periods, from
Congress to manage fleet requirements throughout an aircraft’s
entire service life. This sizable investment would sit in an interest
bearing financial instrument attached to US Government
securities, such as T-Bills, with authorization to reinvest gains.
In the case of the jointly employed JSF, a DoD PEO would
manage this fund and authorize all expenditures to support
operational requirements for each of its military service
customers.

Under this centralized sustainment construct, TLCS WCF
representat ives from each
Service  would coordinate
maintenance performance
standards  wi th  respect ive
o p e r a t i o n a l  c o m m a n d
o r g a n i z a t i o n s  a n d  t a i l o r
sustainment support to fulfill
FHP requirements. During
contingency operations, the
TLCS WCF officials would
coordinate with the operational
c o m m a n d s  t o  r e q u e s t
appropr ia te  supplementa l
funding to replenish inventory
and workforce capabilities
exhaus t ed  by  un fo re seen
operational requirements. The
advantage in this approach is
t h a t  a c c o u n t a b i l i t y  f o r
providing w e a p o n  s y s t e m
life-cycle sustainment rests
w i t h  a  c e n t r a l i z e d
o r g a n i z a t i o n  charged with
monitoring fleet h e a l t h  a n dFigure 5. Nominal Life-Cycle Cost of a 1980 Acquisition Program With 30-Year Service Life12
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d i s t r i bu t ing  responsive logistics support, as ou t l ined  by
agi le  logis t ics  initiatives.17

While this approach transfers c o n t r o l  f o r  l i f e - c y c l e
sustainment from unit-level w i n g  o r g a n i z a t i o n s  t o  a
centralized PEO, it utilizes the benefits derived from the
evolutionary JSF Autonomic Logistics Information System/
prognostics and health-management technologies to leverage
predictive maintenance capabilities to preemptively, versus
reactively, address aircraft deterioration. Additionally, the TLCS
methodology leverages the advantages of financial discounting
to increase the buying power of sustainment dollars over a 20-
30 year aircraft service-life period. The TLCS WCF construct
provides an adaptable programming and budgeting vehicle to
accommodate the necessary shift from execution year to total
life-cycle sustainment without sacrificing operational
performance.

The F-16 program sustainment crisis during the late 1990s
provides ample proof that a failure to address total life-cycle
sustainment requirements can cause significant challenges as
aircraft age due to operational demands and unpredictable
funding. Due to the sheer size of the F-35 acquisition, current
approaches to life-cycle sustainment will not accommodate the
myriad challenges associated with the disparate aircraft variants
a n d  t h e  c o r r e s p o n d i n g  r a n g e  o f  o p e r a t i o n a l
requirements. TLCS is a step toward instilling the culture
of accurate weapon system forecasting within the DoD and Air
Force while shifting the focus toward tailorable performance
standards designed to meet appropriated flying-hour program
requirements. By advocating that weapon system programs pay
for themselves over time through establishing efficiency-based
performance standards and stringent reliability controls, the JSF
TLCS offers promise to meet projected service life goals while
minimizing costs.
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Logistics comprises the means and arrangements which work out
the plans of strategy and tactics. Strategy decides where to act,
logistics brings the troops to that point.

—General Antoine Henri Jomini
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Coalition Warfare: Lessons from the American Expeditionary Force

The relationship lessons from World War I projected

forward and reinforced in current models provide tools to

overcome potential coalition conflicts. The coalition

interactions of General Pershing, Premier Clemenceau,

Marshal Foch, and Marshal Haig emphasized the

importance of positive relationships among key leaders to

create and sustain effective cooperation among allies.

“Coalition Warfare: Lessons from the American
Expeditionary Force” is a leadership case study that
examines the parameters and relationships among
allies and coalition partners during World War I. It
focuses on leadership and command relationships of
the American Expeditionary Force led by General
John J. Pershing and the key leaders from other
major coalition partners—France and Britain. The
discussion is kept at the strategic and operational
level of war and explores individual allies and
coalition’s aims in deciding the best use of American
troops, the confrontations of the key leaders, and the
final resolutions that enabled the United States to
create an independent expeditionary force in World
War I. The United States entered World War I as the
relatively new and minor military force in the war. Both
Britain and France wanted the United States to fill the
role as a force provider with American troops being

amalgamated into their armies as troop replacements.
Conversely the United States insisted on creating its
own armies and corps, commanded by American
generals, versus having its forces built into division-
level blocks and having those divisions under the
corps and armies commanded by allied generals.

The leaders discussed are General John J.
Pershing, Commander-in-Chief of American Armies;
George Clemenceau, the French Premier; Marshall
Ferdinand Foch, the Supreme Allied Commander;
General Henri Philippe Pétain, Commander-in-Chief
of French Armies; and Field Marshal Sir Douglas
Haig, the Commander-in-Chief of British Armies.

In the concluding sections, the discussion applies
lessons from World War I that are applicable to current
conflicts in which the United States is the dominant
military power and integrates minor powers to build
effective coalitions.
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Lessons from History | Lieutenant Colonel Jeffrey A. Hoffer, USAF

I would rather try to persuade a man to go along, because once I have persuaded
him, he will stick. If I scare him, he will stay just as long as he is scared, and then
he is gone.

—Dwight D. Eisenhower, President of the United States

Introduction

The United States entered World War I as the relatively new and minor military
force in the war. Both Britain and France wanted the United States to fulfill the
role as a force provider with American troops being amalgamated into their

armies as troop replacements. The United States wanted to enter the war on equal footing
with both Britain and France and thereby establish a voice in world affairs.

The United States’ rationale for wanting to make its voice heard was rooted in its
limited dealings with coalitions and the wars it fought with foreign powers in the 1800s.
The War of 1812 saw the United States battling Britain for two reasons. The first reason
was the impressing of American sailors into the British Navy, and the second was the
American belief that British agents in Canada were inciting Indian attacks across the
border. The United States was not directly in a coalition during the conflict, but was
taking advantage of conflicts occurring between Britain and France. As a result, France
indirectly supported the United States.1

A decade later, President Monroe issued the Monroe Doctrine (December 1823).
Again the United States was in an indirect coalition as President Monroe announced
that any further European domination in the Americas would not be tolerated. He said
that knowing full well that the British Navy would defend Latin America from other
European powers.2 In both the Mexican-American War in 1846 and the Spanish-
American War in 1898, the United States entered into coalitions where it dominated
its allies. In the war with Mexico, the United States supported the revolt of settlers in
California.3 In the war with Spain, the United States sided with the people of Cuba, the
Philippines, and Puerto Rico. The United States dominated those partners, but
eventually let them gain independence. Cuba gained independence in 1902, the
Philippines in 1946 (after World War II), and Puerto Rico in 1952 when its citizens
voted for commonwealth status.4

With its entry into World War I, the United States was directly involved in coalitions
and wanted to protect itself from foreign domination—the same type it inflicted on
Cuba, the Philippines, and Puerto Rico. To put the United States on an equal footing
with France and Britain, the Secretary of War, Newton D. Baker, and General Pershing
wanted to create an American army fighting under American commanders. Secretary
Baker directed General Pershing via a letter of instruction to create and lead a separate
and distinct American army, “the identity of which must be preserved.”5 Conflicts arose
out of the Allies’ differing perspectives on the use of American troops.

In 1917 Britain and France, the dominant Allied powers, were in desperate, almost
terminal conditions with respect to manpower. France wanted 500,000 untrained men

With its entry into
World War I, the
United States was
directly involved in
coalitions and
wanted to protect
itself from foreign
domination.

Article Acronyms
AEF - American Expeditionary

Force
C2 - Command and Control
SWC - Supreme War Council
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sent immediately to England to receive infantry training, then be drafted into the French
armies.6 On the other hand, the United States as the up-and-coming power, was pushing
for a more active role in building and leading its own forces in battle from the divisional
level up. This article will first examine the individual allies and coalition’s aims in
deciding the best use of American troops, the confrontations of the key leaders, and
the final resolutions that enabled the United States to create an independent AEF in
World War I. The United States and General Pershing insisted on creating its own armies
and corps, commanded by American generals, versus having its forces built into
division-level blocks and having those divisions
under the corps and armies commanded
by Allied generals. The discussion
will then apply relevant lessons to
current conflicts where the United
States is the dominant military
power and integrates minor powers to
build effective coalitions.

Background and AEF Buildup

When the United States entered World War I,
F rance  and  Br i t a in
h a d  s u s t a i n e d
multiple defeats tha t
d e c i m a t e d  t h e i r
armies. The overall size
of the United States military
was 208,034, including active
and guard units.7 When General
Pershing arrived in France in June
1917, he landed with just 191 officers and
men.8 American troops did not arrive en
masse until September 1917, and then the
contingent was only comprised of the 1st Division with
14,000 men.9 Additional American troops flowed in slowly
as there was both a shortage of trained  forces and ships to transport
them from America. This slow influx of troops was insufficient to both
stand up an American Army and to bolster Allied divisions. A year later,
American troop strength was 1,400,00010 and climbed to approximately two
million by the Armistice.11

The high demand for troops raised the first major conflict between the Allies. In
dealing with all the manning amalgamation issues, General Pershing quickly
realized that British and French government and military leaders were primarily

Commanders should use the Framework for Leadership
and the Principled Negotiation Models as points of
departure to build positive relationships with coalition
partners. They should look at the leadership styles of
past leaders.
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Another
contentious issue
between the
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looking out for their own interests versus that of the coalition. Additionally, General
Pershing believed that the coalition needed a Supreme Allied Commander to provide
an overall unity of action and coordinated control to eliminate the disjointed
strategies.12

Each coalition member was theoretically on the same footing as the others. The
Entente early in the war was comprised of Britain, France, Russia, and Italy. Of those
four, France was the unofficial lead on the Western Front as the front was in France and
it provided the majority of forces. As Russia fell out of the war, the United States stepped
in to fill the gap. France, and primarily Premier Clemenceau, tried to dominate the
coalition throughout the war. The Supreme Allied Command agreement signed by the
respective government leaders gave each of the commanders-in-chief of the British,
French, and American armies tactical conduct of their armies and the right to appeal
to his government requests and demands of the other coalition members.13 In essence
this agreement balanced the hierarchy in the coalition.

AEF Amalgamation

One of the greatest issues facing the Allies in 1917 was a severe manpower shortage.
America’s entry into the war seemed to end that dilemma. America was unable to
immediately send the hundreds of thousands of troops that the Allies needed. America
needed to mobilize, and it would take almost a year before the numbers required by
the Allies would show up en masse. Where to place those critical assets created a hot
and heavy debate among the Allies. Britain and France endorsed amalgamation, where
American troops would first flow to them as replacements for their divisions. The Allies’
position was that it was a temporary measure to take advantage of European experience
in training and leadership and to bring infantry forces to bear more quickly in the
conflict. Once manpower conditions stabilized, it would then be possible to create
American armies. They also argued that several other benefits would be attained by
taking this course of action—American casualties would be lower under tried and true
Allied leaders, amalgamation would relieve logistic support structures and associated
support troops by using the Allied systems, and it would season American forces that
were untried and untested against experienced German forces. In the end, the American
commanders would get back their forces that could then be assimilated into a combat
ready army.14

Allied experience with amalgamation in World War I comprised of folding weakened
battalions and regiments together to reconstitute combat units. The British folded in
units from different British units and their commonwealth to build their combat power.
France combined different French units to make fully manned divisions. Looking to
use other major powers, such as America, to fill in the gaps had not occurred on a large
scale until 1917.

America, on the other hand, wanted to create its own standing armies commanded
and led by American officers. General Pershing presented his own justification for not
amalgamating American troops with the Allies—national pride, language difficulties,
and negative impact to the US war effort from home (if foreign commanders ran up
high American casualty counts as they were doing to their troops), and most importantly,
downplaying America’s role in the war and the subsequent peace negotiations. General
Pershing would and did provide American forces to both the British and French
commanders during times of crisis situations, but then only temporarily.15

Another contentious issue between the American and Allied leaders was the doctrine
of trench warfare. General Pershing objected to the frontal assault and trench warfare
mentality of the Allies. He believed that open warfare, taking advantage of soldiers’
initiative, and their associated reliance on the rifle, would reduce casualties and break
trench warfare.16 Trench warfare relied on the following:

• Decisions made at the army or corps level with strict large-to-small unit
interdependence
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• Highly controlled, overarching intelligence on the enemy

• Firepower and artillery dominated battles

• Frontal assaults with detailed tactics

• Limited objectives with highly specific guidelines

Open warfare depended on the following:

• Decisions made at the tactical unit level with small unit
independence and initiative

• Reliable and up-to-date combat intelligence on the enemy

• Maneuvers dominated by the use of rifle formations, flanking
assaults, deep objectives with vague guidelines to allow the
foot soldier to maximize effectiveness

While discussing the ability of American troops to execute
open warfare, General Pershing stated,  “In my opinion, no other
Allied troops had the morale or the offensive spirit to overcome
successfully the difficulties to be met in the Meuse-Argonne
sector.”17 General Pershing referenced the Battle of Saint Mihiel,
to validate the capability of open warfare in actual combat,
stating, “For the first time wire entanglements ceased to be
regarded as impassable barriers and open-warfare training, which
had been so urgently insisted upon, proved to be the correct
doctrine.”18 General Pershing’s open warfare doctrine influenced
future American commanders (such as General Eisenhower) in
World War II. Rebecca Grant writing on General Eisenhower,
showcased the open warfare lessons learned and the value
General Eisenhower placed on them in the following statement:

 The act of writing the guidebook steeped Eisenhower in the
intricacies of what Pershing liked to call open warfare.  These
American battles did not feature the stalemate, trenches, and meat-
grinder artillery duels that virtually defined combat on the Western
Front for most of World War I. By the time American forces fought
their major engagements, the conflict had changed, and doctrine
stressed the advantages of speed and mobility.

The beginning of May 1918 was very stressful on Allied
leaders, and the coalition was showing signs of breaking up. The
French felt the British were husbanding manpower in England
and wanted it committed. Although England had a population
base of 48,000,000 people compared to France’s base of
39,000,000 people, France had 1,000,000 more troops committed
than Britain. France wanted Britain’s untapped reserves
committed and they wanted the British to expand their front
lines. The British felt they held more of the active front lines
and that they were committed to other fronts.19 Both agreed that
the United States needed to pick up more of the load, and so they
approached General Pershing to support the amalgamation of
infantry and machine gunners into the Allied armies. The
amalgamation issue was an ongoing controversy until 1 month
prior to the Armistice.

Secretary Baker, bending to Allied pressure, received approval
for Joint Note Number 18 from President Woodrow Wilson on
19 April 1918 giving preferential shipment of 120,000 infantry
and machine gun troops during the months of April, May, June,
and July for amalgamation into Allied armies. The troops were
to be transported by both United States and British transports.20

On his own, General Pershing, worked a separate deal (later called
the London Agreement) with the British in which he agreed to
supply 126,000 for the month of May only.21 The following
month in Abbeville, France, General Pershing argued with

Premier Clemenceau, Marshal Foch, Prime Minister Lloyd
George, and Lord Alfred Milner over the London Agreement
versus the earlier Joint Note Number 18 agreement. General
Pershing honored the London Agreement for April and May,
allowing American troops to amalgamate with the Allies. He held
out committing to amalgamation of forces in June and July until
later to see if lending troops was really necessary based on more
up-to-date German threat analysis. He finally proposed a
compromise of continuing troop movement to the Allies in June
with the option to expand to July at a later time.22 This process of
give-and-take persisted for the rest of the war. Obviously,
Pershing could not stand by and let the Allies continue to be
defeated when he had manpower to give.

French Premier Clemenceau put the most pressure of any ally
on General Pershing and Marshal Foch to amalgamate American
troops into British and French divisions. Premier Clemenceau
stated his position in these comments, “For me, the French
Minister of War, who day by day saw our ranks grow thinner and
thinner after sacrifices unmatched in history, was there any task
more urgent than to hasten, as far as possible, the effect of the
intervention of America?”23 Marshal Foch also pressured General
Pershing to amalgamate American forces for two purposes—first,
to strengthen Allied divisions, and second, to season American
forces. Early American success fighting along side coalition
divisions influenced Marshal Foch’s approach to integrating
American forces in the war as described by Michael Neiberg:
“Their early successes were a pleasant surprise and Foch finally
agreed to allow the Americans to fight unamalgamated, that is,
under their own flag and officers.”24

Marshal Foch did not technically have the power to either
direct the amalgamation of American forces or direct the
formation of an American Army. He simply quit pushing the issue.
According to the supreme Allied command agreement, no one
had overriding authority over another nation. The supreme Allied
command could only suggest their desires to American civilian
and military leadership. Both President Wilson and Secretary
Baker had given their full support and deferred all such matters
to General Pershing.25 General Pershing specifically addressed
Marshal Foch’s powers in the statement, “Marshal Foch, you have
no authority as the Allied commander in chief, to call upon me
to yield up my command of the American Army, to have it
scattered among the Allied forces where it will not be an American
Army at all.”26

British commanders also wanted to utilize American forces in
their armies. In 1918, the British transported, fed, clothed, and
trained five American Divisions. After the German spring
offensives were stopped, General Pershing asked for the American
forces back from the British. Marshal Haig was incensed when
General Pershing asked for the divisions back without them
participating in battle under British command. Marshal Haig,
after being in several meetings with General Pershing, knew there
was little use in arguing with Pershing to try to keep the
divisions.27 Marshal Haig put up an amenable front on the sending
of the five AEF divisions back to General Pershing with the
comment, “I also wrote to General Pershing who thanked me for
dispatching the American divisions (over 150,000 men) from me
at the height of battle, they would, owing to the present tired and
demoralized state of the Germans on this front, have enabled the
Allies to obtain immediate and decisive results.”28 The comments
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show a lack of confidence in American commanders and that Haig believed British
commanders could make the best use of the American troops.

As the Allies began to switch from the defensive to the offensive in 1918, Premier
Clemenceau became firmer in directing Pershing to commit troops to the Allies.
Clemenceau drafted a letter on 11 October 1918 to General Pershing and Marshal Foch
advocating the immediate amalgamation of American forces. He stated that, “The letter
was certainly pretty strongly worded—it was the hundreds of thousands of dead, the
superhuman efforts made for years by our glorious soldiers, that dictated it. It was harsh
both to Pershing who did not want to obey, and to Foch who did not want to
command.”29 Premier Clemenceau presented the letter to Raymond Poincaré, the
President of the Republic, who twice had him tone down the letter. The original draft
addressed to Marshal Foch contained such language as, “It is our country’s command
that you shall command.”30

Premier Clemenceau believed it to be in Marshal Foch’s power as the Supreme Allied
Commander to command General Pershing to comply with his orders. Marshal Foch
did not agree with Premier Clemenceau and commented as follows, “On October 21,
he wrote me an urgent letter telling me of the cares that laid heavy on his mind” and
that, “Clemenceau finally urged me not to hesitate to appeal to President Wilson himself
if indulgence were no longer of any avail.”31 Marshal Foch instead followed his own
approach in working with General Pershing. Marshal Foch stated, “As I had daily
dealings with the American Army, I obviously had some knowledge of its imperfection.
I knew that they were rooted in its youth and inexperience of war, not in the actions or
inaction of any of its leaders.”32

Marshal Foch continued his attempts to persuade General Pershing to amalgamate
troops to the last Allied offensive. General Pershing had been positioning the American
Army to attack and eliminate the Saint Mihiel salient in the Allied lines. Marshal Foch
developed alternative plans splitting the American Army into First and Second Army
and having the French Second Army in between and directing American actions.
General Pershing thought Marshal Foch was trying to downplay both the Saint Mihiel
offensive and America’s role in the war. General Pershing responded with, “I absolutely
decline to agree to your plan. While our army will fight wherever you may decide, it
will not fight except as an independent American Army.”33 Marshal Foch left the
conference and tried a different tact as relayed by Michael Neiberg:

True to his nature, Foch resolved the impasse with tact and compromise rather than by trying
to force Pershing to see the war his way. When Pershing suggested that the Americans had
enough men to participate in both the Saint Mihiel and a Muese-Argonne offensive, Foch
agreed and promised to keep the American Army together. He then went one step further,
placing all supporting French troops for the Saint Mihiel operation under Pershing’s overall
command. Instead of Americans under French control, French soldiers would be under
American control. Foch also placed all Allied aircraft under American control. With one
brilliant stroke of diplomacy, Foch averted a crisis with his American allies and saved the
critical Saint Mihiel Offensive.34

Marshal Foch’s understanding of how to work with coalitions and waiting until
General Pershing had time to study the proposal was key to swinging General Pershing’s
support. Marshal Foch’s understanding of each coalition member’s overall political
and military objectives along with their constraints increased his capabilities to lead
as the Supreme Allied Commander.

Creation of the Supreme Allied Commander

General Pershing and Marshal Foch both reached the conclusion early on that the
coalition needed a supreme Allied commander to provide an overall unity of action
and coordinated control to eliminate their disjointed strategies.35 For a long time,
coalition members looked out primarily for their own interests rather than the good of
the coalition. The Germans could be attacking a French sector and the British would
not intervene until the situation turned critical to the coalition’s survival. The Allies
would not coordinate their attacks to put the maximum pressure on the Germans. As
General Pershing put it, “When one was attacking, the other was usually standing still….
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The Germans were thus left free to concentrate their reserves
against the threatened point.”36 The allegations that each country
was not pulling its fair share of the load fragmented their efforts.

This conflict was happening not only with the commanders
but with the troops as well. Major James Harbord of General
Pershing’s staff witnessed a fight in a cafe between 40 French
and 40 British officers that required the police to break up.
Ambassador Walter Page reported friction even between the
British forces and their commonwealth forces of Australians and
Canadians when he stated, “Nothing could keep these nations
together a week but dire necessity.”37

On 24 October 1917, the Germans attacked Italian forces at
Caporetto, Italy where they soundly defeated them. Using storm
trooper tactics, the Germans took 300,000 Italian prisoners. A
complete disaster was averted when British and French divisions
reinforced the Italian’s front. This defeat was a prelude that
emphasized the necessity for inter-Allied cooperation. If the
Allied team did not work together, the German armies would
chew them up one at a time. A temporary fix to improve
cooperation was to establish the Supreme War Council (SWC).
The council was comprised of and headed by the prime ministers
of France, Britain, and Italy. Nonvoting military members were
Marshal Foch from France, General Bliss from the United States,
General Luigi Cadorna from Italy, and General Sir Henry Wilson
from Britain. The SWC mission was “to watch over the general
conduct of the war,” and orchestrate the military operations of
the coalition.38

The next major setback to the coalition was the March 1918
offensives. The Germans pushed back both the British lines
towards the English Channel and French lines towards Paris. The
German offensive made it clear that the Allies must work in
concert to survive. Coalition national pride was finally set aside
and the appointment of a supreme Allied commander became a
reality.39 The British and French selected Marshal Foch to fill
that position as the French had the preponderance of forces and
Marshal Foch had previously showed the ability to direct
coalition efforts when he stopped a German offensive earlier in
the war at Flanders. At Flanders, he had successfully used
persuasion versus coercion to rally and inspire both British and
French division commanders and their troops to stand their
ground on the battlefield and repel further German attacks.40 On
the other hand, General Pershing believed selecting Foch was a
mistake, as he put it, “an accident.”  Marshal Foch, at the time,
was the head of the SWC’s military advisory committee and just
happened to be available. Pershing said his selection “was
certainly not because of any particular military ability he had
displayed up to that moment.”41 As the events of 1918 would
prove, Marshal Foch was the right man for the job as he
effectively orchestrated the Allies’ defeat of Germany.

The Supreme Allied Command agreement concluded by
Premier Clemenceau and Lord Milner gave broad powers to
Marshal Foch. Premier Clemenceau stated that the agreement
provided Marshal Foch “with the strategic command, and the
formula was accepted.”42 The text of the new agreement was as
follows.

General Foch is charged by the British, French, and American
Governments with the duty of coordinating the action of the Allied
armies on the Western Front, and with this object in view there is
conferred upon him all powers necessary for its effective

accomplishment. For this purpose the British, French and American
Governments entrust to General Foch the strategic direction of
military operations.

At the request of the English the following phrase was added.

The Commanders-in-Chief of the British, French, and American
armies shall exercise in full the tactical conduct of their armies. Each
Commander-in-Chief shall have the right to appeal to his
Government if, in his opinion, his Army finds itself placed in danger
by any instruction received from General Foch.43

The United States, Britain, and France signed the agreement.
It clearly gave Marshal Foch more power as he now could direct
the “strategic direction of military operations.”44 However, by
giving Allied commanders the right to appeal to their government,
Marshal Foch could not order them to follow his directions.45

Contrary to Premier Clemenceau’s desires, the additional wording
inserted by the British showed words do matter. The British gave
themselves an out that allowed them not to follow Marshal Foch’s
direction if desired. General Pershing used the clause to his
advantage in deciding when and if he would amalgamate his
troops into Allied divisions.

The fact that Allies will protect their interests over the
coalition’s interests points to the criticality of having good
relations between nations and understanding each nation’s aims.
Not fully understanding the differing goals of France and the
United States caused some of the confrontations between Premier
Clemenceau, Marshal Foch, and General Pershing on the issue
of amalgamating American troops. Marshal Foch being on
friendly terms with the British Expeditionary Force’s and AEF
commanders proved essential to the Allies in defeating Germany.

The Supreme Allied Commander Model of World War I set
precedence for future conflicts involving the United States.
Forrest Pogue described General Marshall’s view on the validity
of having a supreme Allied commander in World War I and its
applicability to World War II. Pogue wrote, “Marshall asked that
one officer command the air, ground, and naval forces in each
theater. He added that the Allies had come to this conclusion late
in World War I but only after the needless sacrifice of ‘much
valuable time, blood, and treasure....”46 The appointment of
General Eisenhower as the Supreme Commander, Allied
Expeditionary Force expanded on the World War I model. The
World War II directive which further clarified roles and
responsibilities is detailed below.

Directive To Supreme Commander, Allied Expeditionary
Force—Dwight D. Eisenhower

1. You are hereby designated as Supreme Allied Commander of the
forces placed under your orders for operations for liberation of Europe
from Germans. Your title will be Supreme Commander Allied
Expeditionary Force.

2. Task. You will enter the continent of Europe and, in conjunction
with the other United Nations, undertake operations aimed at the
heart of Germany and the destruction of her armed forces. The date
for entering the Continent is the month of May, 1944. After adequate
channel ports have been secured, exploitation will be directed towards
securing an area that will facilitate both ground and air operations
against the enemy.

3. Notwithstanding the target date above you will be prepared at
any time to take immediate advantage of favorable circumstances,
such as withdrawal by the enemy on your front, to effect a reentry
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into the continent with such forces as you have available at the time; a general plan for this
operation when approved will be furnished for your assistance.

4. Command. You are responsible to the Combined Chiefs of Staff and will exercise command
generally in accordance with the diagram at appendix. Direct communication with the United
States and British Chiefs Of Staff is authorized in the interest of facilitating your operations
and for arranging necessary logistical support.

5. Logistics. In the United Kingdom the responsibility for logistics organization, concentration,
movement, and supply of forces to meet the requirements of your plan will rest with British
Service Ministries, insofar as British forces are concerned. So far as United States forces are
concerned, this responsibility will rest with the United States War and Navy Departments.
You will also be responsible for coordinating the requirements of British and United States
Forces under your command.

6. Coordination of operations of other Forces and Agencies. In preparation for your assault
on enemy occupied Europe, Sea and Air Forces Agencies of sabotage, subversion and
propaganda, acting under a variety of authorities are now in action. You may recommend
any variation in these activities which may seem to you desirable.

7. Relationship with United Nations Forces in other areas. Responsibility will rest with the
Combined Chiefs of Staff for supplying information relating to operations of the Forces of
the USSR for your guidance in timing your operations. It is understood that the Soviet Forces
will launch an offensive at about the same time as OVERLORD with the object of preventing
the German forces from transferring from the Eastern to the Western Front. The Allied
Commander in Chief, Mediterranean Theater, will conduct operations designed to assist your
operation, including the launching of an attack against the south of France at about the same
time as OVERLORD. The scope and timing of his operations will be decided by the Combined
Chiefs of Staff. You will establish contact with him and submit to the Combined Chiefs of
Staff your views and recommendations regarding operations from the Mediterranean in
support of your attack from the United Kingdom. The Combined Chiefs of Staff will place
under your command the forces operating in Southern France as soon as you are in a position
to assume such command. You will submit timely recommendations compatible with this
regard.

8. Relationship with Allied Governments. The reestablishment of civil governments and
liberated Allied territories and the administration of enemy territories. Further instructions
will be issued to you on these subjects at a later date.47

Coalition Relationships

Clearly the most critical element contributing to the success of the Allies was the
strength of their coalition. What made the coalition work was the relationship each
Allied leader developed with the others. The relationships were not always sterling as
the poor rapport between Premier Clemenceau and General Pershing would attest. Both
Premier Clemenceau and General Pershing sometimes pushed their own independent
agendas versus overall coalition agendas. However, the Allies did meet the overriding
goals as a coalition, which were the survival of each nation and the defeat of Germany.
No matter what obstacles the Allies faced, they maintained a constant dialogue
addressing key issues.

General Pershing displayed an uncanny talent for winning the respect of the French
with his actions and sense of humility. He did not roll into Paris as the conquering hero
coming to save the day, but instead showed his respect to the French flag and Napoleon’s
tomb.48 Showing respect due the Allies was a highly diplomatic move on his part as it
would take several months before American troops would arrive, be trained, and serve
in offensive operations.49 General Pershing respected leaders who were direct and laid
the issues clearly on the line. According to Marshal Haig, General Pershing respected
him for always being frank and forthright.

When he was going he thanked me for being quite outspoken to him. [Haig speaking] At any
rate, I always know when I am dealing with you what your opinion is on the question at
issue. This is not always the case with the French.50

Clearly the most
critical element
contributing to the
success of the
Allies was the
strength of their
coalition. What
made the coalition
work was the
relationship each
Allied leader
developed with the
others.



33Volume XXX, Number 1

Even though he was cognizant of respecting the Allies’ culture
and traditions, General Pershing was extremely hard to work
with. Marshal Haig commented on the turbulent relationship
with Americans.

At the Conference of the Supreme War Council a great deal of time
was wasted discussing the agreement made by Lord Milner and
General Pershing regarding bringing 120,000 American Infantry
to France in May to join the British Army. I thought Pershing very
obstinate, and stupid. He did not seem to realize the urgency of the
situation.51

Marshal Haig recognized what General Pershing wanted to
accomplish with an American army, but had no confidence in
the American leadership’s capability to build an effective force.
Marshal Haig documented:

He [General Pershing] hankers after a great self-contained American
army but seeing that he has neither commanders of divisions, of
corps, nor armies, nor staffs for same, it is ridiculous to think such
an army could function unaided in less than 2 years’ time.52

The total picture of General Pershing’s personality varies from
the hard line, highly-disciplined, and hard-to-work-with officer
above to a dynamic, innovative, and compassionate leader. He
continually strived to gain knowledge through education. Prior
to entering the military he was a schoolteacher. He earned a
bachelor of arts degree prior to attending West Point. Assigned
as a professor at the University of Nebraska, he reshaped the cadet
program, earned a law degree, and entered the bar. He eventually
taught at West Point as an assistant instructor of tactics. Doctor
Frank Vandiver summed up his approach to academic life and
also military life in the following statement. “Pershing learned
from every experience and turned knowledge to good purpose.”53

General Pershing’s approach to dealing with friends and enemies
varied with the situation at hand. He preferred a tactful approach,
but would also use a harsher, more unyielding approach to meet
his goals and missions.

General Pershing spent the early part of his military career
putting down an insurgency in the Philippines after the Spanish-
American War. There he demonstrated how to successfully treat
an enemy or friend from both a chivalrous manner and a position
of power. Instead of initially confronting the Moro warriors and
sultans with force, he sent letters written in Arabic advocating
friendship and mutual assistance. Several of the Moro natives
that accepted the proposal grew to trust General Pershing. He
subsequently stormed the forts of the Moros that continued the
insurgency and soundly defeated them. He treated all Moros, both
friend and enemy, with dignity, eventually gaining their
cooperation. General Pershing’s obituary emphasized the point
in the statement, “When at last they [the Moros] came to know
he meant to help rather than humiliate them they, too, trusted.”54

On such a critical issue to him as the amalgamation of
American forces, he stood firm against the Allies. That firmness
and dedication to building an American Army paved the way
for America to become a premier world power. America’s
prominent position in world affairs today is largely the result of
Pershing’s activities in Europe. His obituary also addresses that
contribution in the following words:

If he had less firmly insisted on an independent American Army,
and American soldiers were divided among English and French
forces, the power of the American government at the peace

conference would have been negligible and the American nation
would not likely be the world power it is today.55

Even though personalities made relationships more
complicated, the Allied leaders always interfaced and together,
arrived at solutions to issues. During the Versailles Conference
in June 1918, there was a deadlock with Pershing on giving
priority shipment of infantry for June and July. Pershing wanted
to ship both combat and combat support forces to build up the
American Army. The impasse was resolved and a compromise
occurred when General Pershing suggested that Marshal Foch,
Milner, and himself meet privately. The Allied viewpoint was
that Pershing was inflexible and focused too narrowly on his army
and not the coalition’s best interests. Overall, the Allied leaders
and their staff felt that dealing with General Pershing was always
a painful affair.56

Marshal Foch’s tact in working with each Ally went the furthest
with maintaining cooperation among the leaders. Marshal Foch
stated his philosophy on working with the Allies and the American
Expeditionary Force (AEF) after the war with the comments,

Thanks to my interpretation of the Supreme Command, I maintained
continuous contact with my colleagues, and we worked together
intelligently in an atmosphere of friendliness and even affection. I
thereby succeeded in obtaining the utmost efforts out of various
foreign armies under my orders.57

He also added:

We have to treat men, and especially men of a different nation,
according to what they are, and not according to what we would
like them to be. I therefore continued my method of patience and
persuasion as opposed to severity and constraint.58

Marshal Foch was not without his detractors and received
criticism from not only his own country, but from Britain and
America as well. Marshal Foch attempted to play the honest
broker with all the Allies and took shots from all sides as he
mediated and directed strategic and operational issues.
“Balancing French and British interests proved to be one of his
most difficult tasks. Every decision he made appeared to French
generals to benefit the British, while those same decisions
appeared to British generals to help France.”59

Premier Clemenceau wanted Marshal Foch to take a harder
stand with General Pershing by ordering him to comply. Premier
Clemenceau chastised Foch’s actions and threatened him over
the approach he took as referenced in the statement,
“M.  Clemenceau upbraided me for showing him too much
patience and indulgence” and declaring, “You will answer to
France for it he told me one day.”60 The success of the American
Army in the Saint Mihiel offensive and subsequent operations
vindicated Marshal Foch’s judgment and approach to dealing
with the American Army and General Pershing.

Premier Clemenceau did not necessarily care to understand
his allies and their requirements or aims as a sovereign nation.
He preferred using a brute force approach to get what he wanted
for France. He wanted more out of America in terms of
amalgamation, and the earlier America complied with his wishes
the better. He saw no utility in an American Army as a fighting
force. Additionally, he was not necessarily excited about America
gaining a powerful post war voice as a result of having an
independent army. He became very impatient with General
Pershing toward the later half of 1918 as relayed by Marshal Foch,
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 Yet towards the end of the War, M. Clemenceau deemed that the American Army was not
putting forth all possible effort. He attributed this to its commander, General Pershing.
According to M. Clemenceau, the American general was seeking to constitute an autonomous
army with a large and important staff, which was to act on its own accord without it paying
sufficient attention to the operations of the other forces.61

What enraged Premier Clemenceau about General Pershing was the slow introduction
of American troops into battle. Premier Clemenceau saw France’s manpower and its
future decimation with each battle that passed. He wanted America to share the burden
and troop losses. He articulated that in this statement, “General Pershing, in a friendly
but obstinate fashion, was asking me to wait until he was in possession of an army
complete in every part, and I went on insisting, in a state of nervous exasperation, while
my country’s fate was every moment at stake on the battlefields, which had already
drunk the best blood of France.”62 Clearly one nation cannot demand that another
nation act against its best interests as Premier Clemenceau tried to do. There needs to
be some give and take to benefit both nations. Neither can a nation turn away from
aiding its allies at critical times, as General Pershing seemed to do.

The hard-nosed relationship General Pershing had was not just with superiors and
the upper command structure, but also with his peers. General Pétain, Commander-in-
Chief, French armies, whom General Pershing confided in as a peer and who often agreed
with his position on amalgamation and the leading of an army, had difficulty in dealing
with Pershing. He observed that General Pershing was, “inexperienced and difficult to
handle” and that he had “a time bomb in his brain; it took time for him to understand.”63

General Pétain also credited early failures of the American forces in battle and their
poor logistic operations to General Pershing. He attributed the “American failures to
Pershing’s inexperience and seeking in vain to effect some form of fusion between the
untried Americans and the experienced French.

 Pétain was joined in this uphill struggle by Foch and Clemenceau, who blamed
Pershing’s invincible obstinacy for the inability of the Allies to make maximum use of
these fine troops.”64 General Pétain attempted several avenues to aid the Americans
and integrate them into operations. The confrontation finally culminated in General
Pétain seeking higher authority to make General Pershing comply as documented in
the statement, “In October [1918], Franco-American differences came to a head. Because
it was clear that Pershing would not take orders from Pétain, invoking his status as
commander in chief of an army of his own, Pétain suggested to Clemenceau that the
American commander be placed directly under Foch.”65

Of the approaches above, the most effective method for motivating and leading a
coalition was Marshal Foch’s approach of understanding, persuading, and
compromising with allies. Premier Clemenceau’s hard-nosed approach and Marshal
Haig’s semi-confrontational-at-first-then-resignation approach when others did not
agree with his position did not get the results they desired—the amalgamation of
American forces and their earlier commitment to battle. Marshal Foch summed up his
successful approach with,

Thanks to the plans to which I was determined to adhere, I succeeded in winning the
confidence, goodwill and enthusiasm of General Pershing and his subordinates, which steadily
increased. In the end, they acted entirely on my instructions and did exactly what I wanted—
and did it with pleasure.66

The fruit of the approach was seen when Marshal Foch convinced General Pershing
to attack and eliminate the Saint Mihiel salient, then disengage and attack west of the
Meuse at a point 60 miles away in less than a 2-week period with an untested army.67

The Saint Mihiel and Meuse offensives stretched the limits of the American forces.
Luckily, the gamble paid off with the American operations helping to expedite the
armistice.

Coalition Way Ahead

Coalition shortcomings did not end with World War I. Some examples from recent
operations illustrate the issues involved. For example, during Operation Desert Shield

General Tommy
Franks, in testifying
before the Senate
Armed Services
Committee, stated
how critical positive
working
relationships
between coalition
partners are in
influencing
everything from
forward basing and
power projection to
combat operations.
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and Desert Storm, Lieutenant General Horner attempted to
integrate Saudi fighter pilots into the Black Hole planning shop
of his Air Operations Center. He assumed that by just adding the
Saudi pilots to the Black Hole, his staff would automatically
integrate them to their best use. At the end of the war he saw the
pilots and asked them how they were treated. Colonel
Mohammed Al-Ayeesh, the senior Saudi pilot replied, “They
treated me like a dumb officer. The moment I walked in, they
shunted me to the side.”68

Colonel Stig Ermesjoe gives a Norwegian Post 9/11
perspective on the dilemma a small nation faces when working
with a larger dominant nation as each strives to meet its national
aims. He stated:

Large nations with global interests will typically use alliances to
actively pursue their national interest and if possible make any
alliance a way in which they can employ means in the pursuance of
their strategic objectives. Small nations, however, may develop
security strategy on their own, but find themselves squeezed between
their own nation’s interests that at any time are developed through
the alliance framework. And small nations usually do not have the
material resources to employ national instruments of power
decisively.69

General Tommy Franks, in testifying before the Senate Armed
Services Committee, stated how critical positive working
relationships between coalition partners are in influencing
everything from forward basing and power projection to combat
operations. He stated, “Our influence in the region is directly
re la ted to  an  act ive  secur i ty  cooperat ion program.
USCENTCOM’s [United States Central Command] program
builds relationships that promote US forces with access and
enroute infrastructure.”70

Relationship lessons from World War I projected forward and
reinforced in current models provide tools to overcome potential
coalition conflicts such as the ones above. The coalition
interactions of General Pershing, Premier Clemenceau, Marshal
Foch, and Marshal Haig reemphasized the importance of positive
relationships among key leaders to create and sustain effective
interface and cooperation among allies.

Two reinforcing models that are appropriate were examined
during this research. Both models follow more of Marshal Foch’s
approach of working hand-in-hand with and persuading your
allies. The first model to develop and maintain a good
relationship with coalition partners follows Michael Fullan’s
Framework for Leadership Model.71 Starting with a moral
purpose, American commanders establishing coalitions in the
future need to emphasize that the United States’ actions are
intended to improve world security and the security of our
coalition members. With that accomplished, American
commanders  would  cont inue  through the  model  to
Understanding Change. American commanders would help the
coalition fully understand the complexities of the mission at
hand, their part in it, and our commitment to assist them in any
way possible.

The key step, especially at the strategic level, is relationship
building. Relationship building helps with innovation and
implementation, and reduces resistance at combined
headquarters and with member nations. Knowledge Creation
and Sharing would be directly correlated to the trust developed
in the earlier stages. With a high degree of trust, the parties would
be more willing to share insights, plans, and recommendations,

therefore improving the coalition command and control (C2)
structure and the integration of forces.

The last stage of the model, Coherence Making, would need
to be carefully managed by the United States. America would
need to be highly cognizant of trying not to strong-arm junior
coalition partners into decisions and courses of action (as Premier
Clemenceau did) and instead rely on persuasion (as Marshal Foch
did). As the stronger coalition partner, America needs to take into
account everyone’s needs and goals and work to blend them into
what is best for the coalition. The goal for America and its allies
is to have a functioning and engaging C2 and force structure that
is willing to intervene in resolving security crises around the
world. Maintaining trust with coalition partners and not
aggressively directing strategic and operational actions will help
meet US goals in the long run.

The second model that could be used to help resolve issues as
they arise is T. Owen Jacobs’ Principled Negotiation Method.72

Under principled negotiation, each partner’s aims and constraints
are discussed. Here bargaining, or solution resolution, is based
on merit. The key to principled negotiation is mutual trust, a
positive relationship, attacking the problem and not the parties,
finding mutual gains, and maintaining objectivity. Mutual gains
in security that all parties can easily recognize are as follows.

• Expanded interface and improvement in commonality of
tactics, training, procedures, and C2 for coalition partners

• Improved infrastructure and support cooperation

• Enhanced combat reach for all forces.

Marshal Foch effectively used the concepts of mutual trust
and mutual gains to achieve consensus between World War I
commanders, and therefore proved this model’s validity.

Conclusion

This discussion on World War I leadership provided a critical
look at the relationships between the United States and its
coalition partners throughout the conflict. Some of the lessons
have been ingrained in every operation since. One lesson that
became a standard in all coalition operations is the requirement
for a supreme Allied commander to provide an overall unity of
action and integration of forces at the strategic and operational
levels of war. The selection of General Eisenhower to be the
Supreme Commander, Allied Expeditionary Force during World
War II is the best example. Other lessons presented need to be
retaught and reinforced with each new conflict.

One of the lessons that needs to be reinforced is to treat allies
and enemies with respect. General Pershing demonstrated that
concept in dealing with the Moros in the Philippines and the
French people on his arrival to Paris. Enemies of today may
become allies in the future. This was profoundly demonstrated
after World War II with West Germany and Japan becoming
staunch allies.

Reteaching the lesson to trust and allow innovation in your
soldiers is equally important. Open warfare worked for General
Pershing predominately because of the ability and initiative of
the American soldier. General Pershing’s statement brings that
home, “In my opinion, no other Allied troops had the morale or
the offensive spirit to overcome successfully the difficulties to
be met in the Meuse-Argonne sector.”73
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Another key lesson needing emphasis is not to pursue your goals to the detriment
of the overall coalition efforts. General Pershing, in not allowing the amalgamation of
American troops in the Spring of 1918, increased the risk of the Allies losing the war
with Germany before an American Army could be established. At the same time,
Premier Clemenceau’s one-sided focus on insisting on amalgamation could have denied
the Allies an effective new fighting force in the American Army.

The most important lesson from World War I, however, was the importance of
relationships among Allied civilian and military leaders. What General Pershing quickly
realized was that British and French government and military leaders were primarily
looking out for their own interests versus those of the coalition overall. Positive
relationships at the key coalition leadership level overcame the self-interest issues.
General Jacob L. Devers commenting on World War II coalitions observed the same
lesson and stated it clearly:

The theater commander must bear in mind that he has under command professional soldiers
and experienced commanders of several nations other than his own, who owe their first
allegiance to their own governments. It is only natural that representatives of another nation
will examine critically every directive received and decision taken by the theater commander,
from the viewpoint of their national aspirations—political, economic, and military.74

Commanders should use the Framework for Leadership and the Principled
Negotiation Models as points of departure to build positive relationships with coalition
partners. They should look at the leadership styles of past leaders. Premier Clemenceau,
in demanding unconditional support from weaker coalition partners, ignored the
national needs and aims of coalition partners. Civilian leadership will continue to ask
for more than coalition partners can deliver. General Pershing’s overprotection of
America’s national interests with respect to the amalgamation issue nearly jeopardized
the coalition overall. Marshal Haig, just resigning to go it alone somewhat in isolation,
versus actively engaging the coalition partners when he needed help, also took a poor
approach. Marshal Foch, effectively playing mediator between all the other coalition
leaders, provided the best approach. His method of attempting to understand each
coalition partner’s position and using persuasion to bring everyone together made the
best use of each Ally and reached the Allies’ goal of defeating Germany.
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Metrics in Air Force Calibration Laboratories: A Case Study

Senior Master Sergeant William L. Maitland, USAF, Retired

Introduction

Under the direction of the Air Force Metrology and
Calibration (AFMETCAL) Program, the Air Force
employs a network of 75 calibration laboratories across

the country and overseas to support its inventory of test
measurement and diagnostic equipment (TMDE). Some of the
laboratories, known as precision measurement equipment
laboratories (PMEL), are operated by government employees—
military, civil service, or a combination thereof. The remaining
labs are contractor operated. A summary of the geographic
location and who operates the PMELs can be found in Table 1.
The overseas figures include PMELs located in Alaska and
Hawaii.

The TMDE supported by PMELs is defined as

 …those devices used to maintain, evaluate, measure, calibrate, test,
inspect, diagnose, or otherwise examine materials, supplies,
equipment, and systems to identify or isolate actual or potential
malfunctions, or decide if they meet operational specifications
established in technical documents1.

 Well maintained and accurate TMDE plays a key role in
ensuring aircraft are able to fly when needed, navigate and
communicate as necessary, and deliver their payload with
precision. When examining the skills mix of a PMEL, one finds
a majority of personnel found in a PMEL are metrologists.2  They
perform calibration and repair work on TMDE. Typically there
may also be several support personnel assigned to accomplish
tasks such as scheduling and supply. PMELs are most commonly
seen as a function within the aircraft maintenance complex.

TMDE requires periodic calibration to ensure it meets its
specified parameters. “Calibration is a comparison between

equipment items, one of which is a measurement standard of
known accuracy, to detect, correlate, adjust and report any
variation in the accuracy of the other item(s).”3 Calibration of
TMDE is a crucial element in maintaining system accuracy and
reliability.

This case study examines how the use of metrics might help
PMELs manage the TMDE workload with a goal of reducing
equipment downtime. Shortening the time TMDE is unavailable
to the owners or users could cut the cost of TMDE support to the
Air Force, improve customer service, and free up resources that
could be used elsewhere.

Defining the Problem
Since the early 1990’s the Air Force has explored ways to cut the
cost of maintaining calibrated TMDE. Most of the effort was
focused on outsourcing TMDE workloads, privatization of
calibration facilities and their associated workloads, eliminating
weapon system specific PMELs, and allowing torque
calibrations to be performed outside a PMEL by nonmetrology
personnel. The process the organization uses to deliver TMDE
to the PMEL, the workflow through the PMEL, and the means to
return equipment to the customer was only given a cursory look.
Little effort was expended measuring or determining an adequate
measurement to gauge the efficiency of PMEL operations.
Measuring backlog, the one metric that has been used for 30
years, does little to measure the actual performance of a PMEL.
The Air Force supports 608,000 items of TMDE and performs
754,000 maintenance actions involving TMDE calibration each
year. Because of the number of items supported, the costs
associated with the workflow are significant and warrant further
investigation.

The major objectives for this study are as follows.

• Review existing metrics used by PMEL managers

• Develop notional metrics for the PMEL function

• Identify the advantages and disadvantages of each proposed
metric

Literature Review

The literature review for this project is divided into two
categories—government documentation and commercial

Article Acronyms
AETC - Air Education and Training Command
AFMC - Air Force Materiel Command
AFMETCAL - Air Force Metrology and Calibration
NMC - Not Mission Capable
PAMS - PMEL Automated Management System
PMEL - Precision Measurement Equipment Laboratory
TMDE - Test Measurement and Diagnostics Equipment
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standards. The government documentation section is comprised
of Air Force instructions, Air Force technical orders, government
reports, and contract statements of work. All instructions,
technical orders and contractual documents require compliance
by the user while the other documents offer guidance unless
specified otherwise.

Government Documents
In December 2001 the Air Force Logistics Management

Agency published the handbook Maintenance Metrics US Air
Force. In the foreword, the Director of Logistics, Air Force
Materiel Command, Lieutenant General Terry L. Gabreski states:

Aircraft maintenance metrics are important. Don’t let anyone tell
you differently! They are critical tools to be used by maintenance
managers to gauge an organization’s effectiveness and efficiency.
In fact, they are roadmaps that let you determine where you’ve been,
where you’re going, and how (or if) you’re going to get there. Use
of metrics allows you to flick off your organizational autopilot and
actually guide your unit. But they must be used correctly to be
effective. Chasing metrics for metrics’ sake is a bad thing and really
proves nothing. A good maintenance manager will not strive to
improve a metric but will use it to improve the performance of the
organization.4

Air Force Instruction 21-113, Air Force Metrology and
Calibration (AFMETCAL) Program, is the primary governing
document for the AFMETCAL  Program. It defines the purpose
of the program and recognizes Air Force Metrology and
Calibration Detachment 1 as the technical authority on metrology
issues. “PMELs are owned and operated by their respective
MAJCOM [major command] or FOAs (field operating activity)
to provide calibration and maintenance support to TMDE
operated by users within a specified geographic region.”5 Air Staff
responsibilities include establishing “policy for managing and
operating the AFMETCAL Program.”6 The publication does not
include any production standards for managing a PMEL.

Technical Order 00-20-14, Air Force Metrology and
Calibration Program, provides more in-depth metrology
program guidance delineating PMEL and AFMETCAL
responsibilities. There is a lengthy section outlining the
responsibilities of the PMEL manager. Neither timeliness of
TMDE flow times nor any other laboratory operation
measurements are addressed in this section of the technical order.

The philosophy General Gabreski established in the
maintenance metrics handbook has since been institutionalized
in Air Force Instruction 21-101, Aerospace Equipment
Maintenance Management. It points out that decisionmakers
must have accurate and reliable information about their
operations and that using management indicators can help them
make choices that will improve the organization’s performance.
It also emphasizes that metrics shall be used at all levels and shall
adhere to certain guidelines. These guidelines are as follows.7

• “Metrics must be accurate and useful for decisionmaking.”

• “Metrics must be consistent and clearly linked to goals/

standards.”

• “Metrics must be clearly understood and communicated.”

• “Metrics must be based on a measurable, well-defined

process.”

These guidelines form the framework used to analyze the
PMEL metrics identified in this study. Finally, the instruction

assigns the PMEL chief the responsibility of evaluating the
adequacy of TMDE flow time through the PMEL. It sets the
standard as, “workable backlog must not exceed 7 days.”8 The
source document for data is the PMEL Automated Management
System (PAMS) Daily Workload Report or equivalent.

A review of 19 statements of work representing 32 of the 41
contracted PMELs revealed all but one, or 97.5 percent, have
metrics for number of days backlog, turnaround time, or
throughput time. The terms turnaround time and throughput time
are both used to measure the time period from acceptance into
the PMEL until it is ready for customer pickup or shipment back
to the customer. For the purposes of this study, both terms will
be referred to as turnaround time. These statistics are summarized
in Table 2. Both are measures of how quickly the PMEL returns
equipment to its customers

Only 18.8 percent of contracts used backlog as a measure. One
possible explanation is that a backlog metric may not give a true
picture of a PMEL’s capability to produce equipment in a timely
manner. If a PMEL has a 5-day backlog, in theory, given 5 days
they could complete every workable item in the laboratory and
have no remaining items if nothing was added during that
timeframe. In practice, however, it may take longer if items are
not routinely worked on a first-in, first-out basis. When more
complex items are bypassed and equipment that takes less time
to repair is worked first, the measurement can result in a backlog
that might take much longer than 5 days to complete. This is an
example of working to improve a metric rather than using the
metric to improve the performance of the organization.

The more frequently used standard of turnaround time simply
measures the number of days from the time the item is scheduled

Table 2. Contract Production Standards

Standard 
Number of 
Contracted 

PMELs Used In 

Percentage of 
Contract 
PMELs 

Workable backlog 
of 5 days 2

 
6.3%

 

Workable backlog 
of 7 days 4

 
12.5%

 

Turnaround time 5 
workdays 6

 
18.8%

 

Turnaround time 7 
workdays 11

 
34.4%

 

Turnaround time 7 
calendar days 4

 
12.5%

 

Throughput time 
14 days 1

 
3.1%

 

Turnaround time 
25 calendar days 1

 
3.1%

 

Turnaround time 
60 days or as 
scheduled with 
customer 

2

 

6.3%

 

No standard used 1 3.1% 

PMELs Government 
Operated 

Contractor 
Operated 

CONUS 25 35 
OCONUS 8 7 

Table 1. Air Force PMELs
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into the PMEL’s workload until it is complete and ready for the
customer to pick it up. The contracts reviewed all used sampling
to measure turnaround time. However, with the PAMS
management information system available to all PMELs, it
should be easy to develop an algorithm to measure a PMEL’s
turnaround time performance on a weekly, monthly, or annual
basis.

Commercial Standards
Air Force representatives participated in the development of
ANSI/NCSL Z540-1-1994, American National Standard for
Calibration - Calibration Laboratories and Measuring and Test
Equipment General Requirements, a voluntary standard for
operating calibration laboratories. The standard requires a
laboratory to maintain a quality manual, which, in part, “shall
state the laboratory’s policies and operational procedures
established to meet the requirements of the standard.”9  In the
list of specific items to be included in the quality manual, no
mention is made of standards for the timeliness of completing
customer equipment items.

A more recent commercial standard is the General
Requirements for The Competence of Testing and Calibration
Laboratories, ISO 17025, published by the International
Organizat ion for  Standardizat ion and Internat ional
Electrotechnical Commission in 1999. “It contains all of the
requirements that testing and calibration laboratories have to
meet if they wish to demonstrate that they operate a quality
system, are technically competent, and are able to generate
technically valid results.”10  This standard does not require
calibration laboratories to address timeliness of service with
customers. It does require a laboratory to: “have arrangements
to ensure that its management and personnel are free from any
undue internal and external commercial, financial and other
pressures and influences that may adversely affect the quality of
their work.”11

Literature Review Summary
Air Force policy strongly encourages the use of metrics as a
management tool within the maintenance community. PMELs
adhere to this policy through the extensive use of backlog and
turnaround time as production metrics. The private sector does
not have any known production measurements for calibration
laboratories.

Quality and timeliness, while not considered mutually
exclusive, are often deemed to be opposing forces. It is true that
the speed at which a task is accomplished can affect the quality
of an output; however, it should not be viewed as an obstacle.
Rather it should be considered a factor in overall product quality.

Methodology

Data Collection
Secondary data, obtained from PAMS, at several PMELs, were
used in the study—extracted from the Daily Workload Report
over 15 consecutive workdays. Fifteen days of data enables
evaluation of trends and results in a more accurate picture than
just a snapshot of a single day’s management data. The data were
used to gauge current performance in those PMELs and evaluate
the validity of proposed management metrics. Another source
of information was AFMETCAL’s semiannual reports. In
addition, Air Force PMEL contract information was reviewed for
any performance indicators or metrics already used.

Evaluation of Current Procedures
The analysis evaluated the current use of backlog and turnaround
time measurements to determine the advantages and
shortcomings of each measurement. It explored the following
two questions:

• Do current metrics provide meaningful management
information?

• Do current metrics identify specific areas for improvement?

Examination of Potential Alternatives
The data analysis also examined whether potential alternative
metrics can add value to a PMEL operation. The proposed metrics
are as follows.

• Average Time in PMEL. This metric would measure the
average time items spend in PMEL. It differs from turnaround
time because it will include every maintenance status (for
example, awaiting parts or shipped) as opposed to only those
categories considered workable.

• TMDE Not Mission Capable (NMC) Rate. This measurement
will identify TMDE unavailable for customer use. It is more
comprehensive than current metrics because it encompasses
the entire process of TMDE calibration and repair. It should
be noted that PMEL managers and personnel cannot control
this metric alone. It will also take involvement from customers.

Data Analysis

Current Metrics
Tracking workable backlog is a measurement of PMEL
performance used widely in the Air Force. This metric is
consistent for military and civil service operated PMELs and is
clearly linked to a 7-day standard by AFI 21-101. Several
contractual documents use backlog as a performance indicator,
but they vary and are not necessarily tied to any Air Force guiding
publication. Backlog has proven useful in determining the need
for additional effort when the standard is not met. The backlog
measure is also effective. Experience has shown that backlogs
exceeding 7 days result in an increased number of requests for
priority service causing the backlog to climb even higher.

Workable backlog is calculated by:

Dividing the Number of Items in Workable Status by the
Average Daily Production Calculated Over the Previous Year.

 The Daily Workload Report produced by the latest PAMS
software provides six different figures for workable backlog. It
is calculated using average daily production for a year, 180 days,
90 days, 30 days, 14 days, and 7 days. The additional calculations
only provide wider variations for the same basic measurement.
They are merely additional ways of looking at the same data and
therefore provide no real additional value. Having multiple ways
to express essentially the same measurement can lead to
confusion or misrepresentation when communicating results.

The advantage of using backlog as a PMEL metric is that it is
well known and accepted by workers in the lab and leadership
within the wing. However, as mentioned earlier, it can
misrepresent the amount of work in a lab when items are not
worked on a first-in, first-out basis.

Figure 1 illustrates the workable backlog reflected on the Daily
Workload Report of six different PMELs over a period of 15
workdays. It shows that only three of the six PMELs, or 50
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percent, achieved the standard for the entire timeframe—two of
the laboratories met the standard part of the time and PMEL E
did not meet the standard at any time during the 3-week period.
Without additional information this would lead one to believe
PMEL E is poorly managed or lacks the resources necessary to
accomplish its workload in a timely manner.

Turnaround time is not a metric typically used in a
government-operated Air Force PMEL, but it is widely used in
contractor-operated PMELs. Seventy-eight percent of those
PMELs use turnaround time as a performance measure. Unlike
the backlog standard dictated by Air Force instruction, the
various contracts are not standardized, and required turnaround
times vary from 5 workdays to 60 calendar days. Contracts do,
however, seem to be standardized within the different major Air
Force commands. There are several reasons for this. First, some
commands choose to use a single contract for all contracted
PMELs within their command. This is the case for Air Combat
Command and Pacific Air Forces. The standards are also fairly
uniform between these two commands. The other command with
somewhat consistent contract standards is Air Education and
Training Command (AETC). AETC uses different contracts for
each of its PMELs, but the contracts are reviewed and standards
approved at the command level.

Air Force Materiel Command (AFMC) uses turnaround time
as a production metric, but the standards vary from 5 workdays
at Robins Air Force Base, Georgia, to no standard at all for the
Arnold Air Force Base, Tennessee, contract. Different standards
can, at times, be justified by a given PMEL’s mission. For
example, all operations and maintenance functions at Arnold
are covered under the same contract. As such there may be no
need for a turnaround time standard in the PMEL. The contractor
knows the timelines for the projects he is responsible for and is
therefore in the best position to set priorities for various
workloads covered by the contract including the PMEL. While
this appears to be an efficient way to ensure PMEL performance
at a reasonable cost, it neglects the fact that PMELs are required
to “provide maximum support to Air Force activities,
other  federal agencies, and
contractors (authorized to
receive such support).”12

Another observation during
the analysis is the degree to
which AFMC turnaround time
standards vary at its air logistic
centers. These centers support
cal ibra t ion s tandards  for
o t h e r  P M E L s  w i t h i n
t h e i r  geographical area of
responsibility. The 5-workday
turnaround time at Robins is on
par  wi th  most  PMELs in
the  operational commands.
However the standard of 14
days turnaround time at Tinker
Air Force Base, Oklahoma,
allows over twice the time to
complete equipment.  The
standard at Hill Air Force Base,
Utah, is 25 days—nearly a
month. Couple the turnaround

time with shipment to and from the air logistics center, and the
amount of time a PMEL or its customers are without a piece of
equipment can be significant. This can drive the need for
additional TMDE or the need for additional planning so the items
supported by the TMDE do not require periodic maintenance
while the TMDE is unavailable.

Air Force Space Command uses both backlog and turnaround
time as contract metrics and the standards range from 5-day
workable backlog to 60 calendar days.

Due to the sensitivity of contractor performance in specific
areas, no turnaround time performance data was gathered for this
project and therefore, no analysis was made in this area. However,
there are several theoretical advantages and disadvantages to
using turnaround time instead of backlog. The primary
advantage is that it measures the cumulative time the item was
in a workable status in the PMEL. This typically includes
awaiting maintenance status and in-work status. It usually
excludes statuses that can be influenced by people not working
in their own PMEL such as awaiting parts, awaiting technical
data, or shipped to certifying laboratory (a higher echelon PMEL).
This metric is an improvement over measuring backlog because
it measures how well a PMEL manages items they have total
control over.

The disadvantage is that PAMS is not set up to measure
turnaround time on items flowing through the PMEL. Most
government personnel who monitor contractor performance use
random sampling techniques to determine whether or not the
contractor meets the standard in each performance period. They
utilize PAMS data to determine the time a selected item spends
in various statuses, then manually calculate whether or not that
item meets the contract specification. Since PAMS has all of the
data necessary to calculate turnaround time, it could be
programmed to provide a report with turnaround times for
individual items or an average turnaround time for a given period.

Why is it then that the Air Force opts to use turnaround time
in lieu of backlog for the majority of its contract operations? In

Figure 1. PMEL Backlogs
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addition to measurement accuracy provided by the extracted
PAMS data, the information is useful in determining whether or
not a contractor met performance requirements set forth in a
contract. The data also indicates that turnaround time is a better
measure of performance than backlog.

Average Days in PMEL
Average days in PMEL is the first of two notional metrics that
may be useful to PMEL managers and other Air Force leaders. It
measures the timeliness of service provided by the PMEL. It is
more accurate than backlog because it lessens the possibility of
items being set aside in favor of easier or less time consuming
workload. The advantage it has over turnaround time is the
ability to measure all of the items in the PMEL and average the
entire time TMDE has spent out of the customer’s hands. This
differs from turnaround time, which usually excludes time spent
in statuses traditionally thought of as nonworkable.  It identifies
the need for managers to work supply problems, technical data
shortfalls, shipping delays, and other issues that keep TMDE out
of their customer’s hands rather than passively waiting for the
problems to resolve themselves.

The information necessary to determine average days in
PMEL is available in PAMS and provided on the Daily Workload
Report. The formula to calculate this metric is as follows.

Average Days in PMEL = Geometric Mean of Average
Days in all PAMS Statuses

Correlation coefficients for backlog and average days in
PMEL varied greatly in the six PMELs studied, ranging from
0.526 to 0.693. They indicate that, in some circumstances, the
two measurements may be related and measure some of the same
attributes of the workload.

The average days in PMEL for the six test PMELs is graphed
in Figure 2. PMEL F has a coefficient of correlation of r = 0.69.
This is the highest degree of correlation between backlog and
average days in PMEL in the labs studied. PMEL F has the lowest
backlog over the period and also has one of the lowest average
days in PMEL during the same period. However, PMEL B has
the second lowest backlog for most of the run with the second
highest average days in PMEL. Its coefficient of correlation of
r = 0.47 is the second highest. The two measurements vary enough
to indicate they are not similar measurements of a PMEL’s
production performance.

When the metric identifies a problem, the manager must
investigate the cause before initiating corrective action. Notice
PMEL C had wide variations in average days in PMEL over the
2-week observation period, ranging from 14 to 30 days. During
the same timeframe, average time for items in awaiting shipment
status ranged from 4 to 37 days with the number of items ranging
from 10 to 34. At the same time 93 to 251 items of TMDE waited
for customer pickup on average from 4 to 14 days. In this case,
for example, say the lab had a standard of 2 days for items waiting
for shipping, and 7 days for items awaiting customer pickup. If
those standards were, at worst, met, the resulting improvement
in overall average days in PMEL would vary from 1 to 7 days as
illustrated in Figure 3.

TMDE Not Mission Capable Rate
The other proposed metric is the TMDE not mission capable

(NMC) rate. It identifies the percentage of inventory items that
cannot be used because they are overdue calibration in the PMEL

being serviced or waiting to be picked up at PMEL after being
serviced. The formula used is as follows.

[Overdue Equipment + PMEL Total Backlog) / (TMDE
Inventory] X 100

The PAMS Daily Workload Report provides all the figures
necessary to make the calculation. It also provides the percentage
of inventory items within each PMEL maintenance status
(awaiting maintenance, in-work, awaiting parts, and so forth)
allowing for the following alternate formula.

TMDE NMC Rate = Sum of All Status Percentages
Including Percent Overdue

The two formulas give slightly different results because of the
rounding of the status percentages. The first is easier to calculate.
Examining the data used by the second formula provides a better
understanding of potential problem areas that can affect overall
performance—one of the premises of using metrics. Figure 4
shows the TMDE NMC Rate for the six PMELs during the 15-
day period the data was collected.

This measurement gives leadership an indication of
organizational capability as well as PMEL and customer
performance. As with most metrics, it is not a perfect measure
since a single unique TMDE item can ground the entire wing’s
aircraft. However, it expands on the traditional backlog or
turnaround time measurements by including overdue equipment
and items awaiting customer pickup. This metric differs from the
others because it looks at how much equipment is in the PMEL
or otherwise unavailable rather than how fast it flows through
the PMEL. Theoretically, if flow time through the PMEL is quick,
its customers can afford to have this number higher.

An attribute of this metric is that it can be used at the work-
center or squadron level to provide further insight into the
customer’s ability to perform daily missions or deploy. It can
identify problem areas that the customer may need to resolve,
the PMEL may need to fix, or that require a joint effort between
the customer and PMEL to find a solution. For example, if a
PMEL has difficulty with overdue items, this could be a sign that
the users need additional equipment because the TMDE is in
constant use. Another example would be an item that cannot be
located because it is seldom used. This could signal the customer
has excess equipment. Another advantage of this measurement
is that NMC measurements are used and understood throughout
other functions in the maintenance community.

A disadvantage to TMDE NMC rate is that it is easily skewed
when a customer has only a few items requiring PMEL support.
A rate of 50 percent indicates serious problems with a large
account, but not necessarily when the customer only has two
items. Whether or not a problem exists depends on what the item
is used for and when it is needed. PMEL managers must work
with their customers to understand the ramifications that various
NMC rates have on the customer’s operational capability.

The backlog and TMDE NMC measurements appear to have
a slight degree of relationship with the coefficient of correlation
ranging from r = 0.18 to r = 0.69. This is to be expected because
even though backlog is used to estimate the amount of time
necessary to service items in the PMEL, the basis for the
calculation is the number of items in the lab. TMDE NMC uses
the same figures but adds equipment overdue and waiting for
customer pickup.
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Figure 2. Average Days in PMEL

Figure 3. PMEL C Average Days in PMEL

The two notional metrics have hardly any relationship. Four
of the labs had coefficients of correlation ranging from r =
0.14 to r = 0.29. The other two were very slightly related—
calculations were r = 0.44 and r = 0.58.

Summary, Conclusions, and
Recommendations

Evaluation of Current Metrics
The analysis of current metrics is summarized in Table 3. Both
backlog and turnaround time provide management with
meaningful information necessary to operate an Air Force
calibration laboratory. They also identify the need for improving
the time it takes to process customer equipment. However, they
only address the portion of workload the PMEL has direct
influence over. Both exclude
data from any maintenance
status considered nonworkable.

Evaluation of Notional
Metrics
T a b l e  4  s u m m a r i z e s  t h e
evaluation of the proposed
notional metrics. Both average
days in PMEL and TMDE NMC
r a t e  p r o v i d e  m a n a g e r s
w i t h  information about the
production performance of their
PMELs. In that respect they are
useful for decisionmaking.
U n l i k e  w i t h  b a c k l o g  o r
t u r n a r o u n d  t i m e ,  P M E L
personnel can break both of the
notional metrics into subsets
that provide specific areas for
improvement.  Both of the
me t r i c s  can  be  l i nked  to
s t a n d a r d s .  H o w e v e r ,
es tab l i sh ing  s tandards  i s
beyond the scope of this study.
Both metrics are also easily
understood and are measurable
using data already collected by
the management information
system in place.

Conclusion
This study analyzed the existing
metrics used in PMELs (backlog
and turnaround time) and two
notional PMEL-specific metrics
(average days in PMEL and
TMDE NMC rate). Both of the
notional metrics met the test
of two independent variables.
In both cases the not ional
metrics identify areas for
improvement. Of the existing
metrics, turnaround time is a

Table 3. Evaluation of Current Metrics

 Backlog 
Turnaround 

Time 
Does it provide 
meaningful 
information? 

Yes Yes 

Does it identify 
areas for specific 
improvement? 

Yes Yes 

better measure of PMEL performance than backlog; however, it
is only used in contractor operated PMELs. Metrics in and of
themselves do not enhance the performance of the organization.
However, they do provide information for PMEL personnel to
improve performance.
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Recommendations
Backlog and turnaround time should not be the sole
measurements for determining how quickly a PMEL produces
items it has direct control over.

The Air Force should establish service-wide standards for
PMELs regardless of whether they are operated by government
personnel or contractors. The standards should be based on
calendar days for several reasons. First it would ease programming
for PAMS. Since turnaround time is already widely used, PAMS
should feature the capability to run turnaround time reports. The
reports should provide an average turnaround time figure and
turnaround time by individual item. This will eliminate the need
for manual calculation of turnaround time by people monitoring

contractor performance. Second, the Air Force is a 7-day per week
operation. When a field commander engaging in combat
operations asks how long something will take, his or her mindset
is in calendar days. Even if a PMEL normally operates 5 days
per week, PMEL management must have the same mindset as
the customer in order to provide the best customer support.

The Air Force should adopt the notional metrics on an Air
Force-wide basis. If an Air Force-wide standard cannot be agreed
upon, the major commands should implement individual
command-wide standards. No single base should have its own
standard.

 The PMEL community must include customer feedback when
determining appropriate standards.
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Figure 4. TMDE Not Mission Capable Rate

Table 4. Evaluation of Notional Metrics

 
Average 
Days in 
PMEL 

TMDE Non-
Mission 
Capable Rate 

Is it useful for 
decision making? 

Yes Yes 

Does it identify 
areas for specific 
improvement? 

Yes Yes 

Does it enhance 
performance? 

No (not in and 
of itself) 

No (not in and 
of itself) 

Is it linked to goals 
or standards? 

It can be It can be 

Is it easily 
understood and 
communicated? 

Yes Yes 

Is it a measurable, 
well-defined 
process? 

Yes Yes 
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Technology and Logistics

Technology (including technological change and technological innovation), as a subject, covers a great deal of ground
and often enjoins heated debate. It has proven to be one of the major tools for dealing with problems, perhaps
more so in the 21st century than at any other time in history. However, critics of technology argue that it often causes as

many problems as it solves and that the new problems are often far worse than the old ones. Further, they question its validity as
a major tool for solving complex problems rooted in ethical, philosophical, political, or other nontechnical areas. These are, by
no means, all the criticisms of technology, but they serve to frame the basic objections. The counter argument to these criticisms
would answer that technology is not unique in creating new and, often, more difficult problems, while solving old ones. Very
much the same criticism could be aimed at all approaches to problem solving. No problem-solving approach yields simple, final
answers to the basic problems of humankind. One could even argue that philosophical and other nontechnical approaches have
done little when measured against the same standards; they fail just as abjectly as technology. Further, the fact that technological
solutions are inappropriate in certain situations does not mean that technology is always unsuited to problem resolution.
Technology cannot be viewed as a separate entity within either the military or society in general. This illusion of discreteness
simply does not reflect reality. It is and will remain an integral part of both. The real issue is to recognize that technology is a tool
with limitations, and these limitations should be considered in reacting to particular situations. Technology does not offer a
silver bullet for all situations.

Organizational change should and must accompany technological change if new capabilities are to be exploited. Stephen
Rosen, in Winning the Next War, points out that innovation does not always result from new technologies. Rather, new technology
simply may be used to improve the ability to perform a particular mission. The relationships among technological innovation,
fundamental military operations, and changes in concepts and organizations are nonlinear. That is, changes in input may not
yield proportionate changes in output or other dynamics.

Significant organizational, intellectual, and technological changes are seen during periods of transition. The major change,
however, must be intellectual. Without this, technological change becomes meaningless and organizational change impossible.
The US military is now in a period of rapid change. Recent changes—order of magnitude changes—in technology have led to
both long-range and strategic planning efforts that integrate current and future technological advances into operational concepts.
In the logistics arena, these include focused logistics at the Joint level and agile combat support within the Air Force. The vision
of both these is the ability to fuse information, transportation, and other logistics technologies to provide rapid response, track
and shift assets while enroute, and deliver tailored logistics packages at all levels of operations of war (strategic, operational, and
tactical). This same vision includes enhanced transportation, mobility, and pinpoint delivery systems. The operational forces
that must be supported logistically will be smaller and more flexible—emphasizing mobility, speed, and agility.
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Shaping Logistics—Wargames

As you can well imagine, this is not an easy task or one that creates universal consensus in the Air Force
logistics community. However, the utility of exploring new logistical concepts in wargames versus real
life quickly becomes obvious when you look at the funds, personnel, and equipment impacts associated with live exercises.

In exercises such as Foal Eagle or Cope Thunder or older exercises like Reforger or Bright Star, you discover that manpower,
financial, and equipment costs are extremely high. In these exercises, we deploy up to 10,000 people and their equipment for a
month or more to distant parts of the earth. With preparation, the actual exercise, and reconstitution, these personnel and their
units are often unavailable to respond to other taskings for 3 to 4 months. In terms of financial cost, live exercise costs often total
millions of dollars and contribute to increased wear and tear on critical weapon systems and our airlift fleet. These were valuable
exercises, and we learned a great deal from them, but there was certainly a sizable bill to pay for each.

Wargames cannot completely reflect the real world; however, you can draw close parallels with sufficient fidelity to allow
functional experts to determine if concepts are feasible and workable and if other advanced testing methods, such as live exercises,
are appropriate. Or you may determine a concept is simply unworkable and unrealistic and should be sent back for rework or
totally scrapped. Further, in a wargame, you don’t require massive numbers of troops, you don’t wear out weapon systems, and
you require only a fraction of the dollar outlay that live testing requires.

In wargames a broad range of logistical concepts are explored that will allow us to better support the warfighter and the
expeditionary air force. Concepts such as forward operating locations, forward support locations, various types of prepositioning
(including prepositioning ships), redesigned maintenance and support kits, ways to increase the velocity of the resupply pipeline,
and depot repair sites are typical of what’s being examined and evaluated.

Wargames have the added advantage and flexibility of being able to explore today’s concepts or those 25 years in the future.
With today’s concepts, we can validate the outcome with an increased level of fidelity because the reliability of the data is high.
Even with concepts set many years in the future, we can determine if the concept is feasible with envisioned technology.

Wargaming is a valuable force multiplier for the Air Force. We can explore concepts and determine outcomes for a fraction of
the cost of live exercises and not lose or damage a single aircraft or put the first airman in harm’s way. It’s a valuable tool in the
logisticians’ toolbox, and its use will grow in importance.

Colonel Kenneth P. Knapp, USAF, Retired
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Introduction

In the continuing era of ever tighter budgets and creative
resource allocation, one initiative currently being considered
is reducing the threshold for required intercontinental

ballistic missile (ICBM) alert rates. Historically, the existing space
wings, which employ the ICBM force, have maintained raw alert
rates that normally exceed 98 percent. Some assert that significant
savings can be realized by reducing the anticipated alert rate to
90, or even 80, percent. This seems logical on the surface. If units
do not have to respond to an off-alert condition until these lower
thresholds are reached, surely they can do it with less manpower
and resources. But if this is true, what effect do these lower alert
rates have on national security objectives?

Background

The ICBM force has formed the bedrock for deterrence since the
early 1960s. ICBMs in concert with the two other portions
(bombers and ballistic missile submarines) of what was formerly
known as the strategic triad, deterred potential aggressors from
attacking the United States. The collapse of the Soviet Union
and subsequent end to the Cold War is often attributed to the
ability of the United States to maintain and modernize the
components of the strategic triad, especially the ICBM force.
Essentially, the Soviets could not keep pace with the US rate of
spending and strategic capabilities. But now that the Cold War
is over, what purpose does the ICBM serve in current US national
security and military strategies? And of what importance is it to
the Air Force?

The creation and implementation of the aerospace
expeditionary force (AEF) construct has been a major shift for

the Air Force. As a result, it is reducing forward basing of personnel
and equipment and has become expeditionary. However, the
ICBM force is not deployable and the personnel who maintain
ICBM systems have specialized skills that do not seamlessly
transfer to an AEF package. How does this force support the AEF
construct? Essentially in the same manner it did during the Cold
War—deterrence. The ICBM, at some level, still deters potential
aggressors from attacking. However, since the United States is
the only remaining superpower, does it need to maintain Cold
War alert rate levels? That is a concern considering the growing
number of nation states joining the nuclear club and with
continued regional instability.

Analysis

 Initial study team discussions led to the conclusion that creating
a simulation utilizing Arena, a product of Rockwell Software,
had the potential to yield the analytical information required.
Although not a perfect reflection of reality, a simulation can be
assumed to closely approximate reality if the input data is
properly analyzed and programmed into the simulation. This
requires data collection and proper process mapping.

Input data for a 6-month period was gathered and analyzed
from Malmstrom Air Force Base, Montana, one of the three
remaining ICBM wings and home of 200 Minuteman III ICBMs.
This daily data included the types and numbers of available
maintenance teams, the types and numbers of different tasks
occurring, and the number of security escorts (required for in-
silo ICBM maintenance) available. Weekend data was excluded
because maintenance performance was drastically reduced on the
weekends and security escort availability was skewed. Empirical,
discrete distributions for all maintenance team availability and
for the task types that occurred were developed. A triangular
distribution was employed for security escort availability. The
process was then mapped using the task types as the arriving
entities that required some type of action. Although not all task
types have an impact on alert rates, most were modeled because
they draw from the same major constraining resource—security
escorts. This also helped to assess the impacts on personnel
utilization at various alert rate levels.

Can We Really Do Less With Less? Simulating the Potential
Effects of Reducing ICBM Alert Rates

Colonel Randy Tymofichuk, USAF
Major Stephen M. Kravitsky, USAF

Senior Master Sergeant Michael C. Dawson, USAF
Captain Tamiko L. Ritschel, USAF

Article Acronyms
AEF - Aerospace Expeditionary Force
CCT - Corrosion Control Team
EMT - Electromechanical Maintenance Team
ICBM - Intercontinental Ballistic Missile
MMT - Missile Maintenance Team
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Table 1. Average Utilization Rates After 30 Simulation Runs
at Various Alert Rates—Days 180-945

Figure 1. Alert Rate Comparison

Team 80% 90% As-Is 
MMT 0.78 0.788 0.786 
EMT 0.914 0.918 0.891 
FMT 0.606 0.605 0.605 
RM 0.558 0.557 0.559 

PMT 0.30 0.302 0.301 
CCT 0.37 0.372 0.376 

Several different types of teams and specialists, including
civilian personnel, perform maintenance on ICBMs. For the
purposes of this simulation, the teams requiring analysis were:
missile maintenance teams (MMT), electromechanical
maintenance teams (EMT), facilities maintenance teams, periodic
maintenance teams, corrosion control teams (CCT), and rivet
MILE (Minuteman Integrated Life Extension). These teams
encompass the personnel who perform maintenance related to
maintaining alert rates and those teams that would benefit or suffer
from any alert rate threshold changes.

The next phase of modeling the simulation involved verifying
the proper flow for each task process and ensuring the number of
tasks and teams generated daily were intuitively reflective of
reality. A hierarchy was also established for drawing from the
limited security escort pool, based on current practices and
policies at Malmstrom. This allows for tasks to be cancelled and
resubmitted for completion the next day if there are not enough
security escorts or maintenance teams available to perform all
maintenance tasks generated during a day (in the simulation).
Finally, entities were created to reflect certain types of missiles
that are off-alert on a daily basis. Another entity was created that
caused complete cancellation of maintenance at established
intervals. This last entity was made to reflect the cancellations
that occur due to inclement weather or other considerations. This
entity occurred approximately six times per year. Once the model
became a reasonable representation of reality, statistical data
collectors were developed within the model to capture the
necessary measures of effectiveness.

The alert rate was calculated on a daily basis assuming any
task occurring with alert rate impact resulted in 24 hours of off-
alert time. This is fairly representative of reality since some tasks
will take more, and some less, time to restore to alert status.
Personnel utilization was defined as a daily percentage by team
type based on the number of teams used divided by the number
of teams available. The simulation was then run 30 times
covering a 945-day period, representing 3-work years (weekday
only), plus a 180-day warm-up period, which was added to allow
the system to stabilize before data analysis. This original model
was an As-Is model and was checked to ensure it was
representative of current operations. Two additional models were
created which allowed the alert rate to drop to 90 percent and 80
percent, respectively, before
taking action on most off-alert
conditions. Priority 1 and major
program maintenance were
allowed to continue as normal.
All three models were run with
the same replication parameters
for comparison of data output.

Figure 1 displays the average
alert rate over the 30 replications
at each alert rate level (As-Is, 90
percent, and 80 percent). The
overall average alert rate in the
As-Is model, including the 180-
day warm-up period, is 97.7
percent. For the 90-percent and
8 0 - p e r c e n t  m o d e l s ,  a l s o
including the warm-up period,
the overall averages are 88.8

percent and 80.1 percent. The story changes slightly when the
warm-up period is excluded. The overall averages then become
97.7 percent for the As-Is model (no change), 88.4 percent for
the 90-percent model (down 0.4 percent), and 78.4 percent for
the 80-percent model (a 1.7 percent decrease). The changes in
the 90-percent and 80-percent models reflect the exclusion of
the time period when alert rates are being allowed to fall and then
have reached a steady state. The As-Is model is always in this
steady state. Of course, ICBM units are never able to maintain a
100 percent alert rate because missiles constantly require repair.
The same holds true at the 90-percent and 80-percent levels,
which become the new 100-percent targets.

Another area of possible savings is personnel utilization.
Surely significant savings at the reduced alert rate levels will be
seen, right? Table 1 displays the average utilization rates over
all 30 replications during days 180-945 for each maintenance
team type in the three models. It is important to note that only
maintenance requiring missile site penetration was modeled.
Therefore, some team utilization rates may appear low but these
teams also perform maintenance not requiring site penetration.
Statistically, at the 95-percent confidence interval, the only
significant differences occur when comparing EMT at both the
90-percent and 80-percent levels to the As-Is model, and when
comparing CCT at 80-percent to the As-Is model. Although
statistically significant, these are only minor differences and
EMT utilization actually increases at the lowered alert rate
thresholds. This may be attributable to the fact that much of their
maintenance is often unrelated to maintaining the alert rate. A
line-by-line comparison for each team type shows that utilization
for most teams remains both statistically and practically the same.
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Table 2. Average Team Utilization Rates After 30 Simulation
Runs at Various Alert Rates—Days 1-75

Team 90% As-Is 
MMT 0.675 0.79 
EMT 0.857 0.861 
FMT 0.596 0.605 
RM 0.559 0.566 

PMT 0.304 0.293 
CCT 0.362 0.359 

Table 3. Average Team Utilization Rates After 30 Simulation
Runs at Various Alert Rates—Days 1-179

Team 80% As-Is 
MMT 0.685 0.779 
EMT 0.878 0.873 
FMT 0.603 0.602 
RM 0.56 0.558 

PMT 0.301 0.295 
CCT 0.36 0.362 

Figure 2. Regeneration Periods—80-Percent Model

Figure 3. Regeneration Periods—90-Percent Model

This is contrary to what many intuitively believed—why were
the anticipated savings not realized?

Several reasons may exist that prevent any tangible personnel
utilization savings. One is that all teams that perform alert rate
related maintenance also perform maintenance unrelated to
maintaining the alert rate. These requirements continue to exist
even at the reduced alert rate thresholds. Another factor is the
impact that a single off-alert missile can have on the overall alert
rate percentage at these various levels. In the As-Is model, there
is a baseline of 200 missiles to work with. The impact of one off
alert missile in this model is a decrease of 0.5 percent. At the 90-
percent and 80-percent models, the baseline is effectively

reduced to 180 and 160 missiles, respectively. A single off-alert
missile then has an impact of 0.56 percent at the 90-percent level
and 0.625 percent at the 80-percent level. Maintenance teams,
therefore, have to work harder to try to maintain the status quo at
the new threshold levels. But what about the period when the
alert rate is dropping? Surely this period will produce significant
savings.

A look at the three models shows on average across the 30
replications, the 90-percent model began to stabilize at
approximately the 75-day point and the 80-percent model near
the 179-day point. Tables 2 and 3 show the utilization rates
averages over the first 75 days for the 90-percent and As-Is models
and averages over the first 179 days for the 80-percent and As-Is
models.

Statistical analysis, again at the 95-percent confidence interval
level, shows only MMT utilization differs significantly from the
As-Is model at both the 90-percent and 80-percent levels. All
other team utilization remains statistically the same. Therefore,
the only real personnel utilization savings realized within all
model comparisons are the short duration MMT savings (recall
MMT utilization is statistically equal beyond 179 days) and a
0.6 percent savings for CCT in the stabilized analysis.

Conclusion

What conclusions can be drawn and what intangible factors exist
that were overlooked? First, one can see that realizing personnel
savings by reducing required alert rates appears to be a myth.
The data simply do not support such a conclusion. Second, the
pool of available missiles has shrunk from potentially 500 in
the As-Is model (200 at Malmstrom, 150 each at Minot and
FE Warren Air Forces Bases) to potentially 450 at the 90-percent

level and 400 at the 80-percent
l eve l .  Dec i s ionmakers  a t
U n i t e d  S t a t e s  S t r a t e g i c
Command, the Air Staff, Joint
Staff, and the Office of the
Secretary of Defense should be
well aware of these changes.
Third, personnel proficiency, at
least for MMT, can certainly
suffer during the period of falling
alert rates. Tasks during this
period are performed less
frequently, which is a major
concern for teams that are
handling nuclear weapons.
Morale is also likely to suffer
du r ing  th i s  pe r iod ,  s ince
personnel are normally more
content when they are gainfully
employed, thus eliminating
complacency. Additionally, the
effect on future reliability of the
system after sitting for long
periods of time off alert, is not
apparent. Finally, what is the
impact on spares levels, the
effect on the overall supply
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chain, and what happens if a situation requires bringing all
missiles back to alert status?

This last question poses scenarios that should be considered
more in depth. Imagine if Malmstrom is sitting with 40 off-alert
missiles that all require a missile guidance set replacement. Does
it have the capability to store 40 replacement MGS units and
also store any failed units? If not, does the depot have the ability
to deliver them in a timely manner and receive the failed
components? This is just one component that could likely cause
an off-alert condition, but what about the others? What happens
if the units are directed to bring these missiles back to alert status?
Figures 2 and 3, both taken from replication number 16, show
the amount of time it takes to regenerate back to within 2 percent
of our original threshold (100 percent), first with the 80-percent
model, then with the 90-percent model. The gray labels at the
low end of the scale represent when an order is given to regenerate
to within 2 percent of the maximum alert rate and the gray labels
at the upper end show when that goal was achieved. All numbers
are in work days and assume all previous model parameters
remain the same (personnel availability and task occurrence
distributions), and there are no logistical limitations, such as parts
availability, transportation, and so forth).

It takes a significant amount of time to reach previous alert
rate levels. The 90-percent model seems to show that units can
recover very quickly, but further analysis shows that the first four
regeneration orders occur at a time when the alert rate is already
well above 90 percent. The final regeneration order occurs when
the alert rate is below 90 percent and it takes significantly longer
to achieve the goal rate. This also assumes there are no additional
limitations—a highly unlikely situation.

It is obvious that achieving cost savings from reduced alert
rates, while plausible on the surface, will not occur from the
standpoint of personnel utilization or operations and
maintenance costs such as fuel, parts, vehicle maintenance,
training, and so forth. Additional logistical factors also must be
considered before undertaking such a dramatic change in
philosophy. The situation would likely be different if the United
States were to retire a portion of ICBMs from the inventory
altogether, as was the case under past treaties. These actions have
resulted in savings and maintained the historically high alert
rates the ICBM community is accustomed to. The driving and
compelling need for any military capability has always been
based on the needs and requirements of the warfighter, and this
should also be the case here. Clearly, this is not a scenario where
we will do less with less.

Colonel Randy Tymofichuk is the Commander, 75th

Maintenance Group, Hill Air Force Base, Utah.  At the time
of the writing of this article, he was a student at the Air War
College, Maxwell Air Force Base, Alabama.  Major Stephen
M. Kravitsky is the Command Lead, Prompt Global Strike,
Headquarters Air Force Space Command.  At the time of
the writing of this article, he was a student at the Air
Command and Staff College, Maxwell Air Force Base,
Alabama. Senior Master Sergeant Michael C. Dawson is the
ICBM/Space Weapons Superintendent, Air Force Logistics
Management Agency. Captain Tamiko L. Ritschel is the
Chief, Military Analyses Branch, Logistics Analysis
Division, Air Force Logistics Management Agency.

Logistics and Change

Over the past several years the Air Force has embarked upon a major journey of transformation. The Air Force has a long
and sometimes difficult history of trying to apply commercial practices to our military functions. Many old-timers still
remember the good old days of the Quality Air Force and spending hours on-end locked in a conference room trying to hash

out things like mission statements or the dreaded COPIS (customer, output, process, input, and supplier). These things were then put
into a book or on a bulletin board where they had no real impact on the way we did our business. Air Force quality was more about
strict adherence to a series of steps than it was about empowering our people. Now let’s fast-forward to today and look at our latest
efforts to apply commercial practices to our Air Force logistics functions with Transformation.

It all starts with Expeditionary Logistics for the 21st Century, or as it’s more commonly known, eLog21. eLog21 is “the Air
Force’s new level of commitment to boldly transform current logistics processes to better support the warfighter.”1  As we go through
this period of transformation the end goal is “an integrated Air Force-wide logistics system that delivers consistent capabilities to
the warfighter in a flexible, scalable, modular, and expeditionary manner, and exploits our nation’s total capabilities in the most
cost-effective manner.”2  The roadmap for eLog21 is the Logistics Enterprise Architecture (LogEA). LogEA provides “a single
authoritative strategic map of future logistics business practices, systems, and organizations.”3  “Companies such as Boeing, Lockheed
Martin, Procter & Gamble, and Eastman Kodak have defined future supply chain architectures, to guide their transformations
by detailing the steps necessary to achieve the end-state, the resources required, and how to marshal those resources via a series of
initiatives to deliver on the organizational goals.”4  This effort will eliminate existing systematic and functional stovepipes and
develop a single integrated enterprise solution. Finally, the glue that will hold our transformation efforts together is the
Expeditionary Combat Support System (ECSS). ECSS is the system piece of the LogEA. ECSS is a commercial-off-the-shelf (COTS)
enterprise resource planning (ERP) system. Using the ERP as the core of ECSS will create standard business processes and tools
across the Air Force logistics enterprise, regardless of program or location.5

Notes

1. “Expeditionary Logistics for the 21st Century (eLog21) Fact Sheet,” Air Force Portal , [Online] Available: www.my.af.mil, 19 Nov 04.
2. Ibid.
3. “Logistics Enterprise Architecture Fact Sheet,” Air Force Portal, [Online] Available: www.my.af.mil, 6 Oct 04.
4. Ibid.
5. “Expeditionary Combat Support System Fact Sheet,” Air Force Portal, [Online] Available: www.my.af.mil, 6 Oct 04.

 Major Stephen D. Wier, USAF
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