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Preface

This monograph outlines how the U.S. Air Force could develop and use 
a common operating picture to plan and execute materiel sustainment 
activities worldwide. First and foremost, the monograph describes a 
methodology for developing operationally relevant, effects-based met-
rics that can be used to plan and control materiel sustainment pro-
cesses, while taking into account the unique local observations and 
diverse knowledge base provided by widely dispersed sustainment 
infrastructure and personnel. Then it applies that methodology to the 
problem of planning and managing the sustainment of depot-level rep-
arable (DLR) components and the Air Force’s Expeditionary Logistics 
for the 21st Century (eLog21) initiatives being implemented to trans-
form the Air Force materiel sustainment system. The monograph pays 
special attention to how the Air Force Materiel Command’s (AFMC’s) 
new Global Logistics Support Center (GLSC) might exploit a common 
operating picture based on effects-based measures.

Thus, we envision three audiences for this monograph: policy-
makers interested in furthering the Air Force’s eLog21 transformation, 
analysts and managers charged with guiding and implementing that 
transformation, and the specific managers charged with developing 
the GLSC processes and information architecture. While this docu-
ment focuses sharply on the relatively narrow issue of DLR support, 
we believe that future analyses using this methodology could substan-
tially improve the planning and management of all Air Force sustain-
ment activities. We also believe that the GLSC initiative now under 
way could transform the worldwide logistics support processes to move 
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beyond remedying DLR imbalances by lateral resupply to minimiz-
ing these imbalances by controlling the DLR sustainment system’s 
resources and processes.

The research described in this monograph was conducted within 
the Resource Management Program of RAND Project AIR FORCE 
and was prepared as part of the fiscal year 2006 project “Implementing 
the Air Force Process Efficiency Initiative.” The work was sponsored 
by the Deputy Chief of Staff for Logistics, Installations, and Mission 
Support (AF/A4/7). This report is one of a series of RAND reports that 
address planning and execution functions in support of agile combat 
support (ACS) in the Air Force. For other perspectives on the plan-
ning and management issues involved in the operation of that large, 
complex, and diverse enterprise, readers may find useful insights in the 
following titles: 

Supporting Expeditionary Aerospace Forces: An Integrated Strate-
gic Agile Combat Support Planning Framework, Robert S. Tripp 
(MR-1056-AF), 1999. This report describes an integrated combat 
support planning framework that may be used to evaluate sup-
port options on a continuing basis, particularly as technology, 
force structure, and threats change.
Supporting Expeditionary Aerospace Forces: An Operational Archi-
tecture for Combat Support Execution Planning and Control, James 
Leftwich, Robert S. Tripp, Amanda B. Geller, Patrick Mills, Tom 
LaTourrette, Charles Robert Roll, Jr., Cauley Von Hoffman, and 
David Johansen (MR-1536-AF), 2003. This report outlines the 
framework for evaluating options for combat support execution 
planning and control. The analysis describes the combat support 
command and control operational architecture as it is now and as 
it should be in the future. It also describes the changes that must 
take place to achieve that future state.
Supporting Air and Space Expeditionary Forces: Expanded Oper-
ational Architecture for Combat Support Planning and Execution 
Control, Patrick Mills, Ken Evers, Donna Kinlin, and Robert S. 
Tripp (MG-316-AF), 2006. This report expands and provides 
more detail on several organizational nodes in our earlier work 
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that outlined concepts for an operational architecture for guiding 
the development of Air Force combat support execution planning 
and control needed to enable rapid deployment and employment of 
Air and Space Expeditionary Force (AEF). These combat support 
execution planning and control processes are sometimes referred 
to as Combat Support Command and Control processes.
Strategic Analysis of Air National Guard Combat Support and 
Reachback Functions, Robert S. Tripp, Kristin F. Lynch, Ronald 
G. McGarvey, Don Snyder, Raymond A. Pyles, William A. Wil-
liams, and Charles Robert Roll, Jr. (MG-375-AF), 2006. This 
report analyzes transformational options for better meeting 
combat support mission needs for the air and space expedition-
ary force (AEF). The role the Air National Guard may play in 
these transformational options is evaluated in terms of providing 
effective and efficient approaches in achieving the desired opera-
tional effects. Four Air Force mission areas are evaluated: central-
ized intermediate repair facilities within the continental United 
States, civil engineering deployment and sustainment capabilities, 
GUARDIAN1 capabilities, and Air and Space Operations Center 
reachback missions.
A Framework for Enhancing Airlift Planning and Execution Capa-
bilities Within the Joint Expeditionary Movement System, Robert S. 
Tripp, Kristin F. Lynch, Charles Robert Roll, Jr., John G. Drew, 
and Patrick Mills (MG-377-AF), 2006. This report examines 
options for improving the effectiveness and efficiency of intra-the-
ater airlift operations within the military joint end-to-end mul-
timodal movement system. Using the strategies-to-tasks frame-
work, this report identifies shortfalls and suggests, describes, and 
evaluates options for implementing improvements in current pro-
cesses, doctrine, organizations, training, and systems.
The Closed-Loop Planning System for Weapon System Readiness, 
Richard Hillestad, Robert Kerchner, Louis W. Miller, Adam C. 
Resnick, and Hyman L. Shulman (MG-434-AF), 2006. This 

1  GUARDIAN is an Air National Guard information system used to track and control 
execution of plans and operations such as funding and performance data.
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report addresses the problem of planning balanced component-
repair capacity and funding across multiple fleets in light of 
unpredictable demands for depot-level repair of multiple compo-
nents by developing a “closed-loop” planning methodology that 
estimates the effect of depot repair funding allocations on aircraft 
availability. 

RAND Project AIR FORCE

RAND Project AIR FORCE (PAF), a division of the RAND Corpo-
ration, is the U.S. Air Force’s federally funded research and develop-
ment center for studies and analyses. PAF provides the Air Force with 
independent analyses of policy alternatives affecting the development, 
employment, combat readiness, and support of current and future aero-
space forces. Research is conducted in four programs: Aerospace Force 
Development; Manpower, Personnel, and Training; Resource Manage-
ment; and Strategy and Doctrine. Additional information about PAF is 
available on our Web site: http://www.rand.org/paf/

http://www.rand.org/paf/
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Summary

The Air Force materiel sustainment system (MSS) is continually caught 
between two countervailing forces: demands for increased efficiency 
and lower costs on one side, and demands for increasingly effective 
support to combat operations and peacetime training on the other.2 
Compounding the situation, the Air Force is currently facing more 
unpredictable operational demands—in terms of both their location 
and their required operating capabilities. 

We envision a materiel sustainment system common operating 
picture (COP) that would better synchronize the MSS’s activities—
enhancing responsiveness to changing operational needs, reducing 
opportunities for unintended wasted effort, and coordinating efforts 
to improve support in one agency while ensuring that complementary 
efforts in another area are accomplished.

Underlying Principles for a Common Operating Picture

The notion of a COP is one that resonates with many people who work 
in large organizations. Ideally, it would provide common guidance 
and progress assessment that all parts of the organization could use to 

2 We chose the term sustainment rather than operations and support because the former 
includes all the activities associated with operating a fleet throughout its entire life cycle, 
including modifying the fleet to increase its airworthiness (flight safety), efficiency, or effec-
tiveness in its current missions or its ability to conduct other missions. Under this definition, 
we include activities that change the fleet’s capabilities, not just those that restore them.
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assess their own contributions and view their mutual achievements as 
an integrated whole. While it would set explicit goals for both overall 
system performance and individual agencies, it would also define senti-
nels—active monitors of leading indicators that signal when the overall 
system’s performance may fall below intended levels.

To develop a COP that achieves the goal of synchronizing a 
large organization’s activities, we turn to four organizing principles: 
effects-based measures, schwerpunkt, decision rights, and a nonmarket 
economic framework. Use of effects-based measures consists of first 
defining the goals or objectives that an organization wants to achieve, 
then defining (generally long-term) measures of effectiveness (MOEs) 
for associated goals, and, finally, deriving measures of effectiveness 
indicators (MOEIs) to monitor progress toward those goals. Schwer-
punkt, which means “focal point,” is a notion drawn from physics and 
German military doctrine that emphasizes achieving the commander’s 
intent regardless of unplanned events that may render the original plan 
obsolete, with even the lowest-level subordinates given wide latitude to 
take independent action to respond more quickly to those unplanned 
events. Decision-rights theory provides a framework that helps one 
decide which agency or person should make a particular decision, 
based on the information, decision capacity, and incentives that each 
agency faces. Finally, the nonmarket economic framework recognizes 
that inefficient conflicts can arise when a competitive market does not 
exist and that, therefore, there is a need for a neutral integrator to help 
resolve conflicts between demand-side and supply-side agencies within 
large complex organizations such as the Air Force.3 (See pp. 5–18.) 

3  In a military context, one can view the demand side as being operational forces that 
require personnel, equipment, materiels, fuel, and services; the supply side would be the 
combat support activities that provide those resources. Thus, the combat support activities 
would be the rough equivalent of the supply chain that stretches from the local store to a 
manufacturer in a commercial context.
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A Procedure for Developing a Common Operating Picture

We then define a process for applying these principles. The process 
consists of eight steps:

Identify the organization’s broader objectives.1. 
Relate those objectives to effects that the supply side must 2. 
produce.
Identify measures of effectiveness.3. 
Identify the processes and decisions that can affect each MOE.4. 
Identify practical, comprehensive MOEIs and alarm thresholds 5. 
for each MOE.
Assign the decision rights for the demand side, supply side, and 6. 
neutral integrator to the lowest-echelon agency with the appro-
priate information and decisionmaking capacity.
Adjust the incentives for that agency to reward performance 7. 
against the relevant MOEIs.
Periodically review these steps and adjust the COP and decision 8. 
rights accordingly. (See pp. 19–31.)

An Example: Depot-Level Reparables for Aircraft

We then applied that process to the activities associated with aircraft 
DLR sustainment, noting that other sustainment activities might con-
tribute to other Air Force objectives. We identified five objectives asso-
ciated with aircraft sustainment:

operational suitability
mission reliability
airworthiness
availability
sustainment cost. 

Then we narrowed in on the availability objective to define an 
MOE—aircraft not fully mission capable for DLRs (NFMCD)—
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that is associated with DLR sustainment.4 With that in mind, we then 
identified several MOEIs (aircraft operational tempo [optempo], item 
demand rates, and various pipeline quantities and trends) that might 
act as leading indicators. (See pp. 33–48.)

With the MOEs and MOEIs in hand, we then assessed the cur-
rent DLR sustainment system’s ability to plan, monitor, and control 
NFMCD levels consistent with both the available funds and the needs 
of the demand side. To perform that task, we identified the range of 
decisions made throughout the Air Force that can affect NFMCD 
and selected two key decisions for further analysis: planning financial 
resources for DLR sustainment and reallocating financial and other 
resources to meet changing operational requirements. Then we applied 
a decision-rights matrix to evaluate the information available to the 
many agencies whose decisions can affect NFMCD during planning 
and execution. Because the planning system does not use NFMCD 
consistently throughout the financial planning process, we evaluated 
how such a system might work if NFMCD were available. This led to a 
suggested organizational arrangement for DLR sustainment planning. 
As shown in Figure S.1, this organizational structure envisions that a 
newly created AFMC Centralized Asset Management office (AFMC 
CAM)5 would act as a neutral integrator to help the demand side (the 
major commands [MAJCOMs] and the Air Force forces [AFFOR] 
assigned to combat commanders [COCOMs]) and the supply side 
(maintenance, supply, and transportation supply-chain agencies and 
suppliers whose efforts will be coordinated by the newly designated 
GLSC develop a long-term DLR support plan. The neutral integrator’s 

4  This measure expands the scope of a related measure—not mission capable (because of) 
supply shortage (NMCS)—to encompass the full effects of the end-to-end DLR support 
enterprise. First, it includes situations in which local base repair shops are repairing a compo-
nent that could make an aircraft fully mission capable (FMC). Second, it includes situations 
in which an unserviceable component leaves an aircraft partially mission capable (PMC), 
that is, able to perform only a subset of the full range of missions for which it was designed. 
5  CAM is both a “system” and an AFMC office within that system. The office plays a 
lynchpin role in planning and managing the allocation of funds to Air Force sustainment 
activities, thereby assuring responsive support to all the MAJCOMs and COCOMs—within 
the limits of available resources. 
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role would be to ensure that the plan balances future support among the 
various demand-side agencies based on operational needs and priorities 
while also exploiting the supply side’s financial and physical produc-
tion resources to the fullest extent possible. To achieve this, the neutral 
integrator (in this case, AFMC CAM) would seek explicit agreement 
between the supply side and the demand side about the MOEs (opera-
tional tempo and NFMCD levels) to be achieved. (See pp. 48–98.)

In execution, the current DLR sustainment system has several 
processes that can remedy the inevitable imbalances across fleets and 
units when demands do not arise as predicted. Unfortunately, the cur-

Figure S.1
The AFMC Centralized Asset Management Office Is the Neutral Integrator 
for DLR Sustainment Financial Planning 
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rent processes can only mitigate imbalances once they become appar-
ent; they cannot prevent imbalances from occurring. Because the 
DLR support system requires some repair and transportation times to 
respond to any imbalance, it must always play “catch up” if it relies 
solely on the current state for guidance.

To give the DLR sustainment system a more proactive posture, 
we identified how the new GLSC might monitor the NFMCD-based 
MOEIs during execution to detect underlying demand and DLR sup-
port process changes that might threaten the planned NFMCD level—
before changes in that level reach unacceptable bounds. Thus, we sug-
gest an organizational arrangement in which the GLSC acts as a central 
communications conduit and overall system monitor between the sup-
pliers and the demanders of DLR sustainment activities. As shown 
in Figure S.2, the GLSC would monitor MOEIs (e.g., optempos and 
pipeline quantities) that reflect ongoing operations of all agencies in the 
supply side (including AFMC-owned and -operated agencies, such as 
the Depot Maintenance Activity Group [DMAG], and external suppli-
ers, such as the Defense Logistics Agency [DLA], the Transportation 
Command [TRANSCOM], and the numerous contractors that repair 
DLRs) and the demand side (MAJCOMs and COCOMs). To sup-
port that process, the execution COP would embody active monitors 
of the MOEIs that we call sentinels. Those sentinels would periodically 
compare the MOEIs to their alarm thresholds, which would be derived 
from the NFMCD-based sustainment assessments developed for the 
planning COP. Both the MOEIs and the sentinels alarms would be 
available to the demand side and the supply side to monitor and control 
their own operations, while the GLSC would focus on those MOEIs 
that may signal some long-term, widespread, or other critical supply/
demand side imbalance.

Almost certainly, some portions of the supply side will be unable 
to fully implement the detailed plan developed during the planning 
process. Equally probable, some portions of the demand side will find 
that their operational requirements change in response to new task-
ings or missions. In many cases in which the disruption to the original 
plan is short or small, the supply-side resources may be flexible enough 
to respond to those changes without breaching the original NFMCD 
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goals for each force. When the disruption is larger, the GLSC would 
undertake a replanning effort in concert with the supply and demand 
side agencies that would rebalance the supply-side and the demand-side 
activities—for the near term. That revised plan might lead to changing 
the financial or other resources available on the supply side or changing 
the optempo or NFMCD goals on the demand side, depending on the 
circumstances and the overall military requirements.

Figure S.2
GLSC Is the Neutral Integrator for Execution
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Conclusions and Next Steps

As appealing as this conceptual DLR planning and control system 
design may appear, we anticipate that considerable refinement and 
extension will be needed for this design to be applied successfully. Cer-
tainly, any application of the new system design will encounter con-
straints and procedures that, while effective or efficient in the current 
planning and control system, may interfere with this system’s concep-
tual foundations. Over time, those processes will need to be revised 
to enhance the planning and control system’s ability to ensure the 
intended NFMCD levels efficiently.

Finally, the process used to define a COP for DLRs could be 
applied to other materiel sustainment activities and product lines. (See  
pp. 99–101.)
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CHAPTER ONE

Introduction

The U.S. Air Force (USAF) operates a large, multiagency, multifunc-
tion materiel sustainment system (MSS) to support its forces’ operations 
worldwide.1 That MSS includes not only official, organic agencies, such 
as financial management, engineering, depot and base repair shops, 
and planners, but also other elements of a non-USAF supply chain 
that encompasses other DoD and contractor suppliers of maintenance, 
modification, transportation, warehousing, and supply services. 

The USAF MSS is continually caught between two countervail-
ing pressures: demands for increased efficiency and lower costs on one 
side versus demands for increasingly effective sustainment of combat 
operations and peacetime training on the other. Those pressures have 
intensified over the past two decades as the demands on operating 
forces have become less predictable, resulting in increased intra-USAF 
competition for available funds and making it increasingly difficult 
to forecast which resources and services will be needed to meet near- 
and long-term sustainment demands. In addition, force modernization 
plans intended to arrest the rise in equipment (especially aircraft fleet) 
ages have begun to further intensify the competition for limited USAF 
funds. 

1  By sustainment we mean all the activities associated with operating an Air Force system 
throughout its entire life cycle, including modifying it to increase its safety, efficiency, or 
effectiveness in its current missions and to extend its ability to conduct other missions. Under 
this definition, we include activities that expand a system’s capabilities, not just activities that 
maintain its original capabilities. However, we explicitly exclude those activities that acquire 
those systems. 
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The coordination of such a large, multiagency, multifunction 
enterprise is difficult, even in a relatively stable environment. Ideally, 
every agency would act in synchronization to deliver just the right 
amount of materiel and services to meet the USAF operating forces’ 
demands. With limited funds, that would require balancing and trad-
ing off all investments, expenditures, and activities in each of the agen-
cies against the operating forces’ planned activities and operational 
goals, then allocating just enough resources to the various sustainment 
agencies to meet those goals. 

In an extreme steady-state scenario, one might imagine an enor-
mous, centralized linear or nonlinear mathematical program that 
would decide what activities would be performed, when, and by what 
agency. The program’s allocation decisions would seek to minimize 
total operating costs while achieving some specified operational activ-
ity levels and performance goals and recognizing detailed sustainment 
resources and process constraints. As this monograph will detail, we 
believe this level of centralized decisionmaking is beyond the capacity 
of current technology.

More important, the Air Force MSS is never in steady state, 
making detailed central coordination all the more difficult. The oper-
ating forces’ ever-changing operational activity levels and goals com-
pound the difficulty by adding an element of uncertainty about the 
future requirements and capacity to deliver sustainment. Thus, funds 
and other resources originally acquired and allocated for some future 
period may not match the actual sustainment demands that are driven 
by the forces’ changing taskings and operational goals. Perhaps more 
troublesome, the time required for planning and allocating funds and 
other resources is so long that the planning assumptions may not reflect 
operational requirements or sustainment resource capacities when the 
funds become available. 

Thus, the USAF needs a flexible materiel sustainment system that 
can adjust rapidly to changing operational activities and goals while 
maintaining the highest possible efficiency and effectiveness. As we 
will argue in succeeding chapters, a centralized mathematical optimi-
zation program is not the solution to this problem.
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However, a fully decentralized decisionmaking system is not the 
answer either. Such a system may place too much emphasis on locally 
observed efficiencies and local goals, to the detriment of the overall 
system performance and military operational goals. What is needed 
is a way to ensure that the decentralized decisions are coordinated 
and adjusted in accordance with the changing operational goals and 
priorities while remaining within constrained resources to the extent 
possible.

In this monograph, we suggest that a more flexible, efficient, and 
responsive materiel sustainment system needs a common operating pic-
ture (COP) to help plan and coordinate the activities of all the related 
MSS agencies. Instead of providing detailed taskings for the individ-
ual agencies to ensure their close coordination and responsiveness to 
changing operational demands, a COP would help develop achievable, 
explicit performance goals, sentinels,2 and diagnostic measures that 
each agency could use to judge its performance and detect systematic 
changes that might jeopardize achieving the overall MSS goals. Thus, 
the individual agencies would plan and adjust their activities to meet 
those goals, track and report their attainment by monitoring the senti-
nels, and use the diagnostic measures to rectify and work around per-
formance shortfalls. 

Scope of This Monograph

It would require a heroic undertaking to address in detail how common 
operating pictures might improve the coordination of all the various 
agencies and functions of the USAF MSS. Such a discussion would 
require more background about the many different MSS products and 
services that can fit within a single monograph and, moreover, would 
obscure the central notion of a COP. Instead, we have elected to rely 

2  Sentinels monitor leading indicators that can be tracked to ensure that agencies are 
achieving their performance goals. They are called sentinels because, under the proposed 
COP, they would signal impending failure to meet the intended performance levels. When 
sentinels detect that something has gone wrong, the diagnostics would help identify the 
underlying cause.
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heavily on a single example—the support of reparable components for 
aircraft—to demonstrate how a COP can be used to coordinate sus-
tainment activities across multiple agencies in a dynamic, even turbu-
lent, environment. 

Organization of This Monograph

Chapter Two provides some historical background on common oper-
ating pictures, how one might exploit them to improve an organiza-
tion’s efficiency and effectiveness, and some limits to their exploitation. 
Chapter Three narrows the focus to the reparable component sustain-
ment activity and outlines a framework for developing a common oper-
ating picture for a materiel sustainment system. Chapter Four describes 
an application of that framework to the specific area of reparable com-
ponents. Chapter Five indicates some of the next steps that would be 
required if the Air Force were to implement this COP.
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CHAPTER TWO

Framework: Common Operating Pictures, 
Effectiveness-Based Measures, Decision Rights, 
Schwerpunkt, and Nonmarket Environments

In this chapter, we review previous research on common operating pic-
tures, identifying four related concepts that help frame how a COP 
may improve an organization’s efficiency and effectiveness: effective-
ness-based measures, decision rights, schwerpunkt, and neutral integra-
tors. Common operating pictures have emerged as a central coordinat-
ing concept across lateral and vertical agencies in military operations. 
Effectiveness-based measures hold some promise for developing COPs 
for large, complex operations such as military sustainment. An emerg-
ing economic literature on decision rights provides some perspective 
about how COPs could be used to tighten the integration of the many 
sustainment agencies’ activities. Schwerpunkt, which translates as 
“focal point,” emphasizes achieving the commander’s intent regardless 
of unplanned events that may render the original plan’s details irrel-
evant, with even the lowest-level subordinates given wide latitude to 
take independent action to respond more quickly to those unplanned 
events instead of waiting for revised central taskings. Finally, we dis-
cuss an organizational framework to resolve conflicts between the sup-
pliers of a service or product and the users when there is no market to 
set prices and ration scarce resources to the most valuable purposes. We 
briefly summarize each concept in turn.
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Common Operating Pictures

Common operating pictures were credited with contributing to the 
rapid operational successes during Operation Iraqi Freedom in Iraq. 
For the first time, ground and air commanders at multiple echelons 
had access to coordinated maps that depicted the disposition of forces, 
the primary targets, critical terrain features, impending weather condi-
tions, etc. Dispersed service and joint command centers in the Middle 
East, Europe, and the continental United States (CONUS) could all see 
the same up-to-date images that depicted both the current state of the 
conflict and the near-term operational plans in varying levels of detail. 
Commanders in the various command and control centers reported 
that the COP made it possible to understand how their own near-term 
plans would intersect with others and to respond rapidly to changing 
events on the ground, thereby enhancing the synergistic effects of the 
various forces’ operations (Ackerman, 2002; Myers, 2002–2003). For 
the first time ever, most of the Army could answer three key questions 
with high confidence: Where are we? Where are our subordinates? And 
where is the enemy? 

Just as important, the Air Force could share that same information. 
While the Air Force has always had relatively better information about 
their plans and fixed targets, this more dynamic, more accurate opera-
tional picture enabled it to improve its support to ground operations 
and to respond more rapidly to developing military opportunities.

The concept of a common operating picture for ground forces first 
emerged in 1997, as the Army sought to improve its own internal inte-
gration between their intelligence and operations branches (Glasser, 
1997; King, 2000). While all the equipment and enabling systems were 
not fully deployed at the outset of Operation Enduring Freedom, the 
rapid successes in that operation led all services to acknowledge the 
importance of the COP capability and to accelerate or initiate efforts 
to develop their own common operating pictures.

The primary benefit associated with most operations-oriented 
common operating pictures implemented during and since Opera-
tion Enduring Freedom is to improve situational awareness, most often 
with databases integrated with a geographic information system (GIS). 
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By depicting the physical location of troops and other key battlefield 
entities, command centers can rapidly task their air and ground forces 
without providing detailed instructions, and the individual units 
can see how their operations interact with neighboring and opposing 
forces. More important, command centers can retask units as the situa-
tion changes, and the units can coordinate their interdependent actions 
more closely without burdening higher headquarters.

From these initial military operations successes, other govern-
ment agencies have begun to develop their own GIS-oriented common 
operating pictures. In particular, the Department of Homeland Secu-
rity has begun to develop and deploy its own COP capability to coordi-
nate federal, state, and local agencies’ responses to natural disasters and 
terrorist attacks. In situations in which the dominant concern is the 
physical movement of forces or materiels in light of distances, terrain, 
changing situational conditions, and physical capacities, a GIS-based 
common operating picture can help planners and operational manag-
ers synthesize a more comprehensive assessment of the entire situation 
than would be possible otherwise. Moreover, by having access to the 
same common operating picture, personnel executing those plans can 
respond more rapidly to a changing situation because they will not 
need to wait for direction from higher authority to take responsible 
actions.

Efforts to develop common operating pictures for other, nonoper-
ational problems have not progressed as rapidly, though they have been 
credited with some successes. In particular, one logistician reported, 
“We didn’t have an iron mountain, we had iron hills, because we could 
lower the number of days of supplies that we needed in theater because 
we had good in-transit visibility to the theater” (Cone, 2003). Other 
logisticians reported that intra-theater visibility still needs improve-
ment (Dail, 2004).

In the sustainment COP designs to date, the vision has been to 
provide total asset visibility for supply items en route to units in theater,1 
so that theater and service logisticians can know where all supply items 

1  In Army parlance, “from factory to foxhole.”
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are, ensure that they are going to the right units, and redirect their dis-
tribution as needed. 

While we believe that the services could develop a total asset vis-
ibility system to rival and extend commercial air express carriers’ sys-
tems, we also believe that the proponents of such systems underestimate 
the decision complexity of managing such a system. It is one thing to 
look up the delivery status and location of a single item in transit and 
track its progress. It is quite another to project how all the items in 
transit will affect military readiness or ongoing operations; make deci-
sions about how best to allocate the limited available assets for each of 
the many thousand items in transit; and allocate the likewise limited 
transportation and port capacities to best support those operations. 

To help address that issue, we turn to the concept of effects-based 
metrics as a framework for understanding the broader implications of 
ongoing operations in a complex system, then we identify actions one 
can take to improve those operations selectively.

Effects-Based Metrics

The concept of effects-based metrics was derived from Air Force writ-
ings on effects-based operations. John Boyd (1986) argued that the 
psychological effects of military operations on an enemy’s ability to 
continue operations were much more important than simple attrition 
of enemy forces. John Warden (1988) identified a hierarchy of target 
classes that, if attacked by air power, would have a greater effect on 
a war’s outcome than simply attacking enemy forces. David Deptula 
(2001) explained how effects-based operations planning in Operation 
Desert Storm had more important effects on the Iraqi forces’ ability to 
continue operations than the direct effects of attrition. 

Of course, effects-based operations are more difficult to forecast, 
monitor, and measure than attrition (Davis, 2001). While many orga-
nizations develop effective measures of performance (MOPs) that indi-
cate whether approved procedures are being followed, most organiza-
tions find it very difficult to develop operationally helpful measures of 
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effectiveness (MOEs). This is because the effects may not be observable 
until long after the key operations are complete. 

Take, for example, a business introducing a new consumer prod-
uct. Research and development activities must be initiated, detailed 
designs and manufacturing processes developed, production initi-
ated, and advertising distribution plans developed and executed—long 
before the first product is sold. It may be months or even years before 
the board of directors or the stockholders know whether that new prod-
uct paid for those initial investments and made a profit. 

Thus most effects-based organizations complement MOPs that 
ask “Am I doing this right?” and MOEs that ask “Have I done the 
right thing?” with measures of effectiveness indicators (MOEIs) that 
ask “How am I doing so far?” 

To return to the business example, MOEIs may take the form of 
customer surveys, prototype mockups, and focus groups during the 
research and design stage, product design and testing during the early 
production stage, and comparisons of actual against forecast sales and 
costs once production commences. None of the MOEIs provides an 
indication of ultimate profitability of the product line, but they provide 
important feedback that can refine the product, sharpen the advertis-
ing and distribution campaign, reduce production costs, or even ter-
minate the product line before more good money is sent after bad. 
MOEIs are important complements to MOEs in those circumstances 
under which an organization cannot directly or immediately observe 
the effects of individual decisions and actions. Thus, the MOEIs act as 
indicators that can signal whether the desired effects will or will not 
be achieved.

Another example of effects-based metrics is the implementation of 
the Balanced Score Card as a strategic management approach through-
out the Air Force. In the materiel management arena, the Balanced 
Score Card reports not only on the overall MOE of aircraft availability, 
but also on MOEIs such as customer wait time that can signal a forth-
coming deterioration in that MOE.

MOEIs can provide important information about dozens or even 
thousands of individual decisions and actions. Does that mean a COP 
that contains all the necessary MOEIs would make it possible and 
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desirable to centralize all decisions in a single control center? After all, 
if there is a single operational picture: Why can’t a single manager or 
control center make all the operational decisions? For the answer, we 
turn to the emerging economic literature on decision rights.

Decision Rights

An emerging area of study in the economics community is the alloca-
tion of decision rights to different entities within or across organizations 
(Bester, 2002; Garvin and Roberto, 2001; Jensen, 2005).2 The central 
question that decision rights address is who (more specifically, which 
agency within an organization or, if an external contractual arrange-
ment exists, which organization) should make each different class of 
decisions. Thus in our business example, the developers may decide 
the product characteristics, the board of directors whether to develop 
and produce the product, the marketing personnel the distribution and 
advertising plans, etc. Decision-rights analysts identify three relevant 
factors for the allocation of the right to make a specific decision:

information availability1. 
decisionmaking capacity2. 
appropriate incentives.3. 

In the ideal circumstance, a single agency might have all three factors. 
Often, they do not.

As hinted above, it may be possible to create a COP that would 
include all the MOEIs about how well an organization is progressing 
toward its ultimate effectiveness goal for a particular class of decisions. 
If that is the case, why not centralize that decisionmaking? The answer 
lies in the three factors identified above. 

2  See the appendix for a summary of the key elements of this research area.
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Information Availability

Even if it has the MOEIs, a centralized agency may not have all the 
information needed to make the decision. In particular, economists 
call this latent information—information that is difficult to move, 
at least for time-sensitive decisions. Latent information may include 
some broad background knowledge of the particular process or activ-
ity being managed, fragile information about the current state of that 
activity and its resources or about other pressures being placed on the 
activity, or a comprehensive understanding of the activity’s ultimate 
value to the end user. In those cases, it may be difficult to acquire the 
latent information in the central agency.

A critical piece of latent information is the diagnostic informa-
tion necessary to determine what has gone wrong and what actions one 
can take to bring the system back into balance. While a central control 
center may be able to reallocate resources to mitigate some shortfall 
in a subordinate agency, it typically does not know enough about the 
underlying technical causes of that shortfall to fix it. Thus, a control 
center may be able to work around a problem, but the subordinate pro-
duction center, because only it has adequate diagnostic information, is 
the only agency that can rectify the problem.

Decisionmaking Capacity

Another factor is whether a central control center has enough people 
and intra-center communications to decide all the detailed issues in a 
timely manner. If it has only a few people, they can easily experience 
information overload as they try to address multiple problems with 
multiple products at one time. If it has more people, there is the issue of 
how to coordinate their actions to achieve a synergistic effect on all the 
MOEs and MOEIs. That is, the central agency would need to develop 
a number of independent decision subagencies in the centralized loca-
tion if the problem were too large, thereby recreating the poorly coordi-
nated decentralized decisionmaking process and organization that the 
central agency was developed to rectify.
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Appropriate Incentives

Of course, simply delegating decision rights to a subordinate agency 
with the appropriate information and decisionmaking capacity may 
run afoul of the appropriate incentives factor. If the subordinate agency 
does not have its incentives aligned perfectly with the overall organiza-
tion goals, there is a risk of what the economists call moral hazard—
that the subordinate agency will perform at less than the optimal level 
with regard to the overall MOEs or MOEIs in order to receive local 
benefits or avoid local discomfort. 

Provided that the central agency is solving a fairly stable problem 
for which the situation changes slowly or not at all and that the prob-
lem can be decomposed into relatively independent parts, the standard 
bureaucratic solution of many embedded central subagencies can be 
very efficient. Each subagency can solve its part in parallel and ensure 
the intended outcome without affecting the other subagencies’ solu-
tions. However, if the situation changes rapidly and there is a need for 
rapid, effective integration of different agencies’ activities, the tradi-
tional bureaucratic solution will not be able to keep up, in large meaure 
because it must process too much detailed information too rapidly to 
respond to the changing situation before that situation changes again.

How, then, can one allocate decision rights to ensure that con-
tinuing field operations can respond more rapidly to a fluid, even tur-
bulent, situation yet still focus the field’s energies toward achieving the 
intended effects? Enter the German Army notion of schwerpunkt.

Schwerpunkt

Boyd (1986) argued that the German Army derived schwerpunkt from 
the physical sciences as an organizational concept for enhancing the 
responsiveness and adaptability of large organizations. Its first widely 
noticed result was the operational concept of blitzkrieg during World 
War II. In physical science, schwerpunkt means the centroid, or center 
of mass, of an object. In its military context, it means the focal point or 
main objective or effect to be obtained in an operation or activity. 
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The idea of a focal point or a center of gravity has been understood 
for some time in military thinking (Clausewitz, 1832). Boyd extends 
that notion when discussing the blitzkrieg approach. In his view, the 
concept was broadened in those fast-moving operations to characterize 
the content of communications between a force commander and his 
subordinates. Implicitly, it was used to delegate broad authority to take 
independent action to those subordinates when unexpected opportuni-
ties or challenges arose. Rather than developing elaborate plans with 
specific actions and informing each subordinate about its role and task-
ings, the commander would communicate the overall objectives to his 
subordinates, along with individual responsibilities for each objective. 
Each subordinate would then review the feasibility of achieving his 
assigned objectives with his available resources, agree or request some 
adjustment in objectives or resources, then turn and allocate objectives 
to his own subordinates. 

Thus, the communications at each organizational echelon down 
to the platoon emphasized what was to be achieved, not how it should 
be achieved. Individual commanders at all echelons were able to 
arrange—and rearrange—the assignment of subordinates’ objectives 
as they saw fit. Thus, there was much more flexibility in the way that 
specific objectives would be achieved.

The main benefit of this flexibility was the ability of the indi-
vidual commanders to react more rapidly to changing situations on 
the ground. Instead of requesting higher headquarters’ permission to 
respond, they could take immediate action to exploit emerging oppor-
tunities or counter unexpected challenges. Thus, the blitzkrieg was 
exceptionally successful, even though the German Army often faced 
numerically superior forces. 

Schwerpunkt enabled the German Army to respond to the uncer-
tainties inherent in a fluid combat situation. While a traditional battle 
plan with excruciating detail would have sufficed if the enemy were 
not a cognitive adaptive entity, the inevitable uncertainties about the 
enemy’s distribution or operational actions made it almost certain 
that any detailed battle plan would not survive the first few hours. By 
adopting schwerpunkt as a communication concept for controlling the 
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forces, the German Army was able to respond more quickly than their 
opponents.

A key element in the concept of schwerpunkt is the notion of a 
shared frame of reference, i.e., shared concepts and values. Especially 
early in the war, every German Army officer shared a similar socioeco-
nomic background and perspective. More important, they shared the 
identical military education from the German military academies and 
early training exercises. From a decision-rights perspective, this latent 
information enabled them to communicate in very succinct language 
both up and down the chain of command—indicating only what 
was unique about a particular situation or indicating the effect to be 
achieved. 

Thus, this communications paradigm reduced the volume of 
detailed information flowing up and down the command channels, 
the distances that each communication had to travel, associated time 
delays before specific decisions could be made, and the amount of 
information that the command centers had to process. By delegating 
the “how” issues to lower echelons, the command centers could better 
focus on the more important issues of “what.”

However, this arrangement has an inevitable internal con-
flict: inconsistencies between the desired objectives and the available 
resources. Infused with the “can do” spirit inherent in most effective 
military organizations, subordinates have a tendency to accept infea-
sible taskings from superiors. While extraordinary efforts can some-
times achieve amazing results with minimal resources, oftentimes they 
cannot.

On the other hand, subordinates may be reluctant to communi-
cate their full capabilities, preferring instead to husband their avail-
able resources and retain them “just in case” something unexpected 
happens. This moral hazard may deprive other units of access to those 
resources, resources that might help them achieve their objectives.

Explained another way, there is a natural conflict between the 
supply side and demand side for any service or good. The demand side 
may demand more than the supply side can provide, or the supply side 
may not deliver all that it has available.
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In many daily situations, one can rely on a market to resolve many 
of those conflicts and maintain a modicum of efficiency in the produc-
tion and consumption of goods and services. In a market, competition 
among sellers (and also among buyers) assures that producers sell their 
products or service at prices near the minimum that sellers will accept; 
if the producers do not, other producers will enter the market and sell 
the product at a lower price, driving the higher-cost producer out of 
the market. 

Of course, there is no market within a large, complex organization 
such as the Air Force. There may be several consumers of a particular 
product or service, but there is typically only one producer of a specific 
product. Adding to the complexity of the situation, the users within the 
Air Force (the squadrons, wings, and major commands [MAJCOMs]) 
and beyond the Air Force (the Air Force forces [AFFOR]) need a deli-
cate balance of goods and services. This is especially true in our exam-
ple problem of depot-level reparable (DLRs) sustainment (discussed in 
Chapter Four), in which a shortage in one DLR asset cannot be offset 
in any way by a surplus in another. 

Achieving Efficient Resource Allocation in a Nonmarket 
Environment

The separation of the demand side from the supply side in a large orga-
nization enables each to concentrate on the technical aspects of their 
respective functions, leading to increased efficiency and effectiveness in 
these functions. However, that separation can lead to conflicts between 
those on the demand side (who care about the amount of product or 
service being delivered) and those on the supply side (who care about 
the feasibility and financial or other resource constraints on meeting 
all the demand side’s desires). While much of that conflict can often 
be resolved by direct interaction between the demand side and supply 
side, as depicted in Figure 2.1, the conflict cannot be resolved through 
direct negotiation when the demand side’s needs exceed the supply 
side’s capacity to meet those needs. Under those circumstances, a neu-
tral integrator is needed to step in and resolve the conflict, perhaps 
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by providing additional resources (often funding, but perhaps other 
resources as well) to the supply side, or by adjusting the taskings and 
expected performance levels for the demand side. 

Note that Figure 2.1 also shows multiple demand-side agencies 
and multiple supply-side agencies. Thus the neutral integrator might 
balance a shortfall for one demand-side entity by rebalancing supply-
side resource allocations in a way that limits the achievable effects for a 
different demand-side entity.

This iterative negotiation would continue until a feasible, opera-
tionally acceptable compromise was achieved. But the neutral integra-
tor’s role does not end with the completion of an agreed-on plan. Instead, 
the integrator also monitors the demand- and supply-side operations to 
ensure that the agreed MOEs are achieved and that the actual demands 
placed on the supply side are consistent with the agreed plan. 

For that purpose, the neutral integrator requires the supply side to 
provide a series of MOEIs that could be used to monitor performance, 
along with a set of MOEI thresholds that, if violated, indicate that the 
system is not performing in a manner consistent with achieving the 

Figure 2.1
Neutral Integrator Mediates Demand-Supply Conflict
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MOEs. Sentinels can monitor these measures continuously to detect 
any unacceptable deviation from planned levels. 

Should such a deviation occur, both the neutral integrator and 
the supply-side managers would spring into action. While the supply-
side managers sought to identify the causes of the unacceptable perfor-
mance and identify actions to rectify the situation, the neutral integra-
tors would seek to identify potential workarounds, primarily adjusting 
resources and taskings, but also alerting the demand side of any poten-
tial shortfall.

Most often, the supply side will probably be able to rectify the 
problem before an MOEI reaches the threshold level or shortly there-
after. Should those efforts fail, the neutral integrator may have limited 
additional resources that can be brought to bear. In extreme circum-
stances, the neutral integrator may need to ask the demand side to 
adjust the MOE targets.

So far, this approach does not address the moral hazard issues. 
A demand-side entity can still demand more than it actually needs, 
and a supply-side entity can promise and deliver less than its actual 
capability. 

Three solutions to the moral hazard problem present themselves: 
competition, experience, and computer models. If there are several 
equivalent suppliers or demand-side users available, the neutral inte-
grator can use competition to ensure that the individual suppliers or 
users are delivering or demanding only those resources needed to meet 
the MOEs.3 If the neutral integrator has access to personnel that have 
previous experience on the supply or demand side, he can draw on 
that expertise to evaluate proposed and actual performance levels, even 
if the users or suppliers differ in some ways. As a last resort, the neu-
tral integrator may be able to use computer models of the suppliers’ 

3  Competition is probably easier to exploit on the supply side than the demand side. For 
example, there are often multiple suppliers of DLR repair and transportation activities. The 
neutral integrator could employ a periodic review of the sourcing decision to help motivate 
the current suppliers of those services to provide the requested services as efficiently as pos-
sible. There are fewer competition opportunities on the demand side, but several MAJCOMs 
share similar fleets, so it should be possible to compare performance and demands on those 
fleets. 
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processes to validate proposed MOEI thresholds and ensure that they 
deliver the required MOEs. In any case, the neutral integrator needs to 
have some independent means of verifying that the supply side is using 
its resources as efficiently as possible.4 

4  Of course, there may be moral hazard on the demand side as well. We do not emphasize 
it in this monograph, but the neutral integrator also needs to verify that the various MOE 
objectives are really the levels needed, and that no MOE objective is overstated, implicitly 
limiting the resources available to meet other MOE objectives. 
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CHAPTER THREE

Method for Designing a Common Operating 
Picture

In this chapter, we outline one way to use the framework from Chapter 
Two to help design a common operating picture for a complex orga-
nization. Specifically, we envision an eight-step process that leverages 
the concepts of a neutral integrator and schwerpunkt to develop a set 
of COPs1 and assign decision rights accordingly. In general terms, the 
process is as follows:

Identify the organization’s broader objectives.1. 
Relate those objectives to effects the supply sides must produce.2. 
Identify measures of effectiveness.3. 
Identify the processes and decisions that can affect each MOE.4. 
Identify practical, comprehensive MOEIs and alarm thresholds 5. 
for each MOE. 
Assign the decision rights for the demand side, supply side, and 6. 
neutral integrator to the lowest-echelon agency with the appro-
priate information and decisionmaking capacity.
Adjust the incentives for that agency to reward performance 7. 
against the relevant MOEIs.

1  We envision two different COPs for most materiel sustainment processes: one for plan-
ning, the other for execution. The planning COP will focus on the overall MOEs to be 
achieved, and identify boundaries that the MOEIs should not pass if those MOEs are to be 
achieved. The execution COP will monitor those MOEIs to assure that those boundaries are 
not violated, and it will act to bring the system back within bounds when needed. 
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Periodically review these steps and adjust the COP and decision 8. 
rights accordingly.

We discuss these steps more fully in the remainder of this chapter.

Identify the Broad Objectives

Almost all large organizations have a vision statement that identifies 
what they aim to accomplish. For businesses, it is a statement of a 
target profit; for nonprofit organizations, it may be the eradication of a 
disease or some social ill; for the military and other government orga-
nizations, it is usually one or more mission statements. Those objectives 
provide the foundation for developing a coherent management system 
that concentrates and coordinates an organization’s efforts. 

A large organization such as the Air Force is necessarily composed 
of many agencies with different technical specialties and local concerns. 
While a vision statement provides only general direction, with little 
concrete advice, it narrows the framework for the intra-organizational 
dialogs about what is to be achieved. While individual agencies may 
have their own concerns, the presence of a vision statement means that 
they must spell out how their concerns may affect the larger organiza-
tion’s ability to achieve its objectives, if they want to receive resources 
or other support from the larger organization.

Relate Objectives to Planned Effects

Of course, it takes more than a vision statement to motivate and chan-
nel the efforts of a large, diverse organization. To provide direction, 
such an organization also needs a plan or a roadmap to identify the 
specific effects it must accomplish to attain its objectives, as well as a 
time frame in which to accomplish the objectives. For businesses, that 
may take the form of annual revenue or cost-reduction targets. For a 
health-related nonprofit, it may require the development or promulga-
tion of information regarding a disease’s cause or cure. A plan or road-
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map further concentrates the organization’s efforts on those few activi-
ties judged most likely to achieve the overall objectives. 

In this process, an organization sets individual agendas for its 
subordinate agencies’ actions. Thus the marketing department may 
strive to increase sales, while the manufacturing department strives to 
reduce cost. 

In most large, diverse organizations, there may be many potential 
plans that might achieve the overall objectives. A roadmap identifies 
to all agencies the single plan that they all must adopt. Thus, a sales 
program to increase the demand for one profitable product line must 
not conflict with a manufacturing cost-reduction program that would 
constrain or limit that product line’s production to a level lower than 
planned by sales. Thus, both marketing and manufacturing need to 
focus their efforts on achieving coordinated effects, so that one depart-
ment’s effects do not limit those of the other department. The presence 
of a plan or roadmap is intended to assist in that coordination.

Identify Measures of Effects

To strike a balance across alternate effects, planners need concrete mea-
sures that gauge how different levels of individual effects may interact 
to achieve the overall objectives. Thus, businesses usually set specific 
sales and cost-reduction targets for individual product lines. Similarly, 
nonprofit health organizations may set specific targets for incidence 
rates and adverse outcome levels by target populations. 

During this planning process, planners must use models ranging 
from the simplest “back of the envelope” estimates to computer models 
with highly differentiated and interdependent variables whose joint 
effects are not always intuitive. That is, they must make at least an edu-
cated guess about what will happen in the future, given their under-
standings of the supply and demand processes, the available resources, 
and different plans for allocating those resources. 

To choose among the alternative plans, the planners and neutral 
integrators must judge which alternative plan’s forecasted effects will 



22    A Common Operating Picture for Air Force Materiel Sustainment: First Steps

best meet the overall objective. To do that, they must have some scales 
for comparing each alternative’s effects against the others’. 

Almost always, planners will need to balance multiple effects 
across all the plans to select the preferred plan. Assuming that dominant 
alternatives2 rarely occur, the planners will need to perform tradeoffs 
across the alternatives to determine the preferred alternative. 

When there are multiple conflicting effects that must be balanced 
in the face of limited resources, the optimum balance may not be com-
putable in the traditional sense. That would only be possible if one had 
both a single utility function that linked all the various effects together 
and high confidence in the forecasts. If there were one single utility 
function that specified what the organization expected to achieve, it 
would be the only MOE needed. While businesses do have a single 
unifying utility function (profit), they do not have high confidence in 
the forecasts: Market uncertainties that they face in each of the com-
ponents of that function make it necessary for them to develop contin-
gency plans and hedging strategies that may not be optimum for how 
market conditions actually develop.

Thus, the neutral integrator would use forecast MOEs to evalu-
ate alternative plans against alternative forecasts of future events, or 
scenarios. Implicitly, alternative plans assume different resource alloca-
tions and process performance levels for the productive processes on 
the supply side—plus anticipated demand levels from the demand side. 
Forecasts would need to use models (perhaps only crude ones) that 
relate resource-demand characteristics (frequency and size), resources, 
and process characteristics (timelines) to the future values of MOEs. 

Once the neutral integrator has determined an appropriate bal-
ance of feasible MOEs, those balanced MOEs become a target level of 
effectiveness that the rest of the organization must strive to achieve. 

2  A dominant alternative would outrank all other alternatives on all measures of effect. 
While such an alternative would vastly simplify the decision process, they occur only rarely 
in the real world.
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Identify the Processes and Decisions That Affect Each 
MOE

Decisions are implicit in each and every demand- and supply-side pro-
cess. The demand side chooses activity levels that generate demands. 
The supply side chooses which of those demands it will honor, how 
it will honor them, and how quickly it will honor them. The neutral 
integrator monitors their mutual progress and chooses when and how 
it may intervene to rectify conflicts or performance shortfalls.

Thus, the MOEs reflect not only the effects of physical processes 
associated with all the contributing agencies and activities, but also 
the effects of the agencies’ daily decisions. As plans are executed, each 
agency chooses to use its productive resources in a particular way that 
may or may not contribute to the MOEs. Even though an agency has 
an appropriate level of resources and effective processes, its perfor-
mance against its MOEs3 also depends on its use of those resources 
and its refinement of its internal processes.

Identify MOEIs and Alarm Thresholds for Each MOE

Each effect being sought usually requires the joint action of multiple 
agencies within an organization. Each agency performs some particu-
lar activity that may consist of several different related processes. 

Many things outside the supply agencies’ control can intervene to 
interrupt even the best-laid plans. Demands can surge in unanticipated 
ways; resources can be diverted to other more important activities; 
processes that once served well can falter and become dysfunctional. 
Thus, MOEIs are needed to verify that actual processes are operating 
in accordance with the demand characteristics, resources, and process 
characteristics that were assumed while planning and setting the target 
MOEs. If something changes, the supply-side agencies need to respond 
or the target MOEs need to be revised accordingly.

3  We note in passing that an agency may have more than one MOEI. Its MOEIs should 
become, in effect, the agency’s MOEs, and it should act to achieve the intended levels.
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As discussed in Chapter Two, it may not be possible to observe 
the MOEs directly, except in very simple circumstances. First, it may 
take some time to achieve the desired effects, so one cannot expect the 
MOE to achieve its target value immediately. Also, it usually takes the 
joint action of many agencies in the organization to achieve the target 
MOE. If one or more agencies falter, it may be difficult to determine 
the cause and take corrective action. Finally, and of special importance 
to military organizations, it may not be possible to measure the MOE 
directly, because the demands of greatest concern do not occur except 
on rare occasions, such as major regional contingencies. In that case, 
the MOEs of interest could degrade below acceptable levels and not be 
apparent to the organization unless MOEIs are used to monitor the 
supply- and demand-side processes.

MOEIs should be closely related to the demand characteristics, 
resources, and process characteristics assumed during the planning pro-
cess. However, they are not necessarily the same as those parameters. 
That is because the MOEIs need to be leading indicators of develop-
ing problems that might affect the MOEs. In particular, demand and 
process parameter changes can take some time to measure. Instead, the 
MOEIs should measure some value that can signal the change as early 
as possible.

Variation in the MOEIs over time is inevitable. Smaller variations 
may have little or no effect on the MOEs, so it should not be necessary 
to take corrective action every time a small deviation occurs. Rather, 
one is concerned with two basic situations: when an MOEI has passed 
some level that is “out of the ordinary,” and when the MOEI’s recent 
values reflect a trend that would jeopardize the target MOE if it contin-
ues. Thus, one can envision two kinds of MOEIs: threshold values and 
trend measures. Trend measures provide an important complement to 
the threshold values, in that they may signal a deteriorating situation 
before the threshold value is reached.

To ensure a system is achieving (or will ultimately achieve) its 
target MOE level, we envision using sentinels that automatically moni-
tor the system’s MOEIs. By comparing those MOEIs to threshold 
values needed to achieve the target MOE, the sentinel could signal 
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operational suppliers, demanders, and neutral integrators of current or 
impending problems that would jeopardize their objectives. 

MOEIs should be composed of measures easily obtained within 
the organization. Ideally, those measures would already be used to 
guide daily decisions. If the necessary measures do not yet exist, it will 
be necessary to construct them.

Allocate Decision Rights to the Lowest Possible Echelon 
Agency

At this point, we appeal to the notion of schwerpunkt. Under that con-
cept, the decision rights for decisions in a rapidly changing environ-
ment are “pushed to the edge” of the organization. With the advent 
of modern information systems and a common operating picture, it is 
now possible—and desirable—to delegate a much wider range of orga-
nizational decision-rights options. While increased information flows 
might support a higher degree of centralized decisionmaking than in 
the past, they also support moving the detailed, real-time decisionmak-
ing outward to the very edge of a large organization. Such a delegation 
of authority makes it possible for the organization to respond more rap-
idly to changing operational conditions (Alberts and Hayes, 2003).

But of course that presumes a shared frame of reference and 
incentives among all the decisionmakers. Thus, some decisions, such as 
choosing overall organizational goals, may require latent information, 
such as the operational value of different effects. It may be difficult to 
delegate those decisions to the very edge of the organization. However, 
it should be possible to identify acceptable levels (i.e., alarm levels that 
sentinels could monitor) for the MOEIs that are consistent with those 
organizational goals, then use those MOEIs to guide daily execution 
and monitor execution agencies’ operations. 

Thus, it is not possible to delegate all decision rights to the lowest 
possible decisionmaker. That would lead to anarchy, confusion, and 
ineffective operations. So where should one assign the rights for specific 
decisions? Students of the decision-rights literature would suggest that 
decision rights be assigned to the location where all the information is 
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available, there is sufficient decisionmaking capacity, and the incentives 
are consistent with the MOEIs and MOEs being sought by the overall 
organization.

The Information Availability Matrix

We use an information availability matrix to allocate the decisions 
across different agencies and to evaluate situations for which a common 
operating picture could improve coordination across those agencies. 
Such a matrix describes the current information available to all the 
agencies that supply, demand, or oversee the allocation of resources for 
some specific set of decisions. For lack of a better term, we call those 
agencies “stakeholders,” because they have a stake in the outcome of 
the process. That is, their performance will be judged by whether they 
achieve the overall organizational objectives. Because they are stake-
holders, they also typically have some voice in determining the level 
of performance to be achieved, either demanders stating their needs, 
suppliers stating what they can achieve, or neutral integrators balanc-
ing needs against capabilities and directing the allocation of resources 
accordingly.

A notional information availability matrix is depicted in Table 3.1. 
In it, several discrete agencies are identified, with one column for each 
agency. Each row in the table shows whether a specific kind of informa-
tion is available to each agency. At the far right of each row is a column 
identifying specific communications issues associated with each kind of 
information. For example, some information may be latent to a specific 
location (perhaps too detailed, too volatile, or unobservable elsewhere), 
or it may only be available as the knowledge internal to a person with 
some specific experience or education. 

Each information availability matrix is devoted to only a single 
decision and the information that may be relevant to that decision. 
If an agency has access to the relevant information at the appropriate 
time, an “X” in the appropriate row and column indicates that fact. 

In Table 3.1’s greatly simplified notional example, we have chosen 
the decision to buy and repair spare parts for a single national stock 
number (NSN) during a fiscal year. The “Maintenance” and “Con-
tracts” agencies are suppliers, the “Operations” agency is demanding 
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Table 3.1
Notional Information Availability Matrix  
(Directly Observed Information) 

Information

Agency Communication 
Issues“Maint” “Contr” “Supply” “Ops”

Planned 
operations 
tempo 
(optempo)

√ √

Total spare-part 
requirement Unknown

Total spare-part 
budget

To be 
determined

Total 
maintenance 
budget

To be 
determined

Previous spare-
part demands √ Latent: data 

systems

Previous 
optempo √ √ Latent: data 

systems

Maintenance 
capacity √ Latent: shop 

manager

Maintenance 
budget

Maintenance 
requirement

Spare parts 
available 
worldwide

√ Latent: data 
systems

Spare-part 
condition 
worldwide

√ Latent: data 
systems

Spare-part 
replacement 
requirement

Spare-part 
budget

Spare-part price √ Latent: 
fluctuates

Previous spare-
part prices √ √

Previous support 
experience √

Latent: item 
management 

specialist
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sufficient spare parts to conduct operations, and the “Supply” agency 
acts as the neutral integrator to ensure that budget constraints are 
honored. 

As one can readily observe, this initial information availability 
matrix is very sparse. That is because it represents the situation before 
any computations are made. If the system had no additional infor-
mation, the decisions about how many of each NSN to purchase or 
repair would naturally fall on the supply agency, whose personnel have 
long experience with the historical demand patterns for the individual 
NSNs.

Of course, the Air Force has invested substantially in computa-
tional support that should significantly augment the supply agency’s 
experience and intuition when forecasting the future need for spare 
parts. Without going into details in this illustration of the matrix, the 
Air Force has a suite of computational systems that compute the total 
spare-parts requirement and apportion that requirement to mainte-
nance and supply, based on the available spares, their condition (ser-
viceable or not), the projected optempo, and the historical relationship 
between optempo and demands for the individual NSN. Once that 
computation is complete, the supply agency has a great deal more (and 
more accurate) information available to help make the decision about 
how many of a particular NSN to purchase and how many to repair. 

That computational suite also provides summary logistics fac-
tors that relate fleets’ optempos to the financial requirements for DLR 
repairs and shelf stocks. Those factors enable the Air Force corporate 
structure to determine a total spare-part purchase budget and a spare-
part repair budget, which is also communicated to the supply agency, 
as shown in Table 3.2.

Because total maintenance and purchase budgets rarely match 
their respective requirement calculations in size, the supply agency 
relies on its previous experience supporting various items to allocate the 
available repair and purchasing funds to different NSNs. As it refines 
its final decisions, the supply agency will also work with the mainte-
nance and contracting agencies to ensure that the planned repairs and 
purchases of each NSN reflect the maintenance capacity constraints 
and the changing prices for new spares. 
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Table 3.2
Notional Information Availability Matrix  
(After Requirements Computation)

Information

Agency Communication 
Issues“Maint” “Contr” “Supply” “Ops”

Planned 
operations 
tempo 
(optempo)

√ √

Total spare-part 
requirement

√ Estimated

Total spare-part 
budget

√ Determined by 
af corporate 

board

Total 
maintenance 
budget

√ Determined by 
af corporate 

board

Previous spare-
part demands

√ Latent: data 
systems

Previous 
optempo

√ √

Maintenance 
capacity

√ Latent: shop 
manager

Maintenance 
budget

√

Maintenance 
requirement

√

Spare parts 
available 
worldwide

√ Latent: data 
systems

Spare-part 
condition 
worldwide

√ Latent: data 
systems

Spare-part 
replacement 
requirement

√

Spare-part 
budget

√ √

Spare-part price √ Latent: 
fluctuates

Previous spare-
part prices

√ √

Previous support 
experience

√ Latent: item 
management 

specialist
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In this example, we show a “before” and “after” snapshot of the 
information available to make a decision for which there is already a 
viable decision process with some decision support computations in 
place. In a more general application, an information availability matrix 
would be developed at least twice, once in a descriptive analysis of 
the current (“as is”) information availability, then again for each infor-
mation distribution (“to-be”) alternative that is under consideration. 
That is, it may be possible to redistribute the information differently so 
that the decision can be made more effectively. Alternatively, it may be 
possible to use modern computational techniques to create new, more 
highly integrated or more accurate information.

In the example, we were able to demonstrate how an existing 
requirement-processing system enabled a more accurate decisionmak-
ing process. In the next chapter, we will suggest how adding a common 
operating picture may enable the organization to move some informa-
tion to a more appropriate agency or even to multiple agencies whose 
efforts interact. 

Of course, a common operating picture will not solve all informa-
tion-distribution problems, because it cannot move latent information. 
However, when that latent information is embodied in a person, it may 
be possible to move the person to a different agency, thereby moving 
the information as well. We will examine both options in the more 
detailed analysis in the next chapter.

Adjust Incentives to Reward MOEI Performance

It may be impossible to fully rectify the mismatches between local 
decisionmakers’ incentives and an organization’s stated objectives, 
but it should be possible for the organization to create and administer 
rewards to individuals or other entities that contribute strongly to those 
objectives. That is, it may be difficult to remove entirely the influence 
of “significant others”4 outside the organization, but it may be possible 

4  In their review of attitude theory, Fischbein and Ajzen, 1975, report that the anticipated 
opinions of “significant others” is the key impediment to taking action based on personal 
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to shift the balance between those external influences and the organi-
zation’s objectives. 

The specific details of such incentives are beyond the scope of 
this monograph, but they could include direct rewards for specific per-
formance levels or less direct rewards such as continued or increased 
long-term workloads for successful agencies. In the case of individual 
employees, it could include promotions or other long-term incentives. 
In the case of external contractors, it could include the development of 
long-term relationships that would enhance their confidence in future 
workloads. It would be incumbent on the larger organization to become 
one of the “significant others” that individuals use as a benchmark for 
judging their actions.

Periodically Review and Adjust the COP and the Decision 
Rights

Organizational change is inevitable. The demand side’s needs will 
change; new supply-side technologies will emerge; the neutral integra-
tor’s strategic views will evolve. Just as important, the organization’s 
understanding of its own processes will be refined as it continues to 
interact with the external world. New information will emerge, deci-
sionmaking capacities will change, the supply-side processes and avail-
able resources will change, and incentives will shift. Thus, the MOEs, 
the MOEIs, the decision rights, and even the incentives will need to be 
adjusted over time to reflect these shifts. 

beliefs and attitudes. Thus, an individual may believe that a given action would be “a good 
thing,” but fail to act accordingly, because a spouse, relative, or friend might disapprove. 
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CHAPTER FOUR

An Example: Common Operating Pictures for the  
Materiel Sustainment System

This chapter has two purposes. First, we illustrate how one might apply 
Chapter Three’s methodology to design a common operating picture 
and the organizational relationships it supports. Second, we develop a 
conceptual foundation for applying the methodology to the full range 
of U.S. Air Force materiel sustainment activities that affect aircraft—
ranging from component maintenance to aircraft depot maintenance 
to aircraft modifications. 

Thus, as this chapter discusses each Chapter Three step in turn, it 
proceeds like a funnel—first describing wide-ranging issues that affect 
all sustainment activities early in the chapter then successively narrow-
ing the context, first to depot-level reparable components, then to the 
activities associated with planning the maintenance and resupply for 
those components, then finally to the daily actions needed to operate 
the DLR sustainment subsystem.

Identifying Broad Air Force Objectives

In Chapter Three, we suggested that the first step for developing a 
COP would be to identify the organization’s broader objectives. For-
tunately, the Air Force has recently documented those in an Air Force 
Roadmap (HQAF, 2006) that identifies agile combat support (ACS) 
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as one of the six capabilities1 that it is striving to develop in support 
of the nation’s National Defense Strategy as further developed in the 
2006 Quadrennial Review (DoD, 2006). As described in the Road-
map, ACS encompasses 26 different functional specialties, ranging far 
beyond traditional logistics concerns to include acquisition, personnel, 
health services, science and technology, and even chaplain services. 

In the Roadmap’s vision, those specialties all contribute to six 
ACS effects: 

a ready force
a prepared battlespace
a positioned force
an employed force
a sustained force
a recovered force.

Of course, those effects reflect activities that create forces ready 
for operations, develop ACS command and control, establish operating 
locations in anticipation of deployments, deploy and redeploy the forces, 
protect the forces and generate operational missions, support the mis-
sions, and recover the force when the mission is complete. As the force 
(or a portion of the force) moves through the phases of force creation, 
preparation, deployment, employment, sustainment, and recovery,2 dif-
ferent functions within the ACS system will play critical roles.

The sustainment of depot-level reparables is critical to all six 
phases. They support the maintenance of aircraft and other equip-
ment that enables the training of aircrews during force creation. Their 
future support during contingencies requires posturing (locating) 
maintenance facilities that can ensure continued, responsive support to 
worldwide operating locations, many of which cannot be determined 
in advance. They must include sufficient serviceable spares to support 

1  The other five Air Force capabilities are air and space superiority, information superiority, 
global attack, rapid global mobility, and precision engagement.
2  In practice, only a portion of the force will be in any given phase at a particular time. 
It takes time to create a force, prepare the battlespace, etc. For example, it is not possible to 
deploy the entire force simultaneously because of transportation resource constraints.
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initial high-intensity operations after deployment. Also, their support 
system must provide the resilient, durable maintenance and resupply 
activities required to continue combat or other deployed operations 
over a prolonged period. Finally, they must recover quickly from peace-
time or contingency deployments in order to be ready to respond to 
future contingencies and other deployed operations. While there are 
many other functions required for agile combat support, DLR sustain-
ment is omnipresent.

Aircraft Materiel Sustainment Measures of Effectiveness

Next, we turn our attention to the second step in the analytic approach, 
which is to relate those objectives to effects the supply side must 
produce.

The first issue one must resolve in this step is to identify the supply 
side and the demand side. In some measure, the entire Air Force is the 
supply side, because they provide the Roadmap’s six capabilities that 
support military operations during contingencies. That is, they seek to 
deliver those six capabilities to the combatant commanders (COCOMs) 
during contingencies and other military operations. 

As a practical matter, the COCOMs cannot devote much atten-
tion to the intra-service sustainment systems, concerned as they are 
with the application of the joint forces to achieve broad military objec-
tives. Each service provides force components that are intended to be 
sustained by intra-service resources and sustainment activities during 
contingencies and other operations. In the Air Force, those force compo-
nents are organized into Component numbered air forces (Component 
NAFs) and, in special cases, Component MAJCOMs (USAF, 2006). 
While operational taskings may be determined by the COCOMs, the 
taskings are carried out by the Component NAFs/MAJCOMs, who, 
in turn, place demands on the Air Force’s MSS during contingencies 
and peacetime deployments. Thus, there is a hierarchically nested array 
of suppliers, where the Component NAFs/MAJCOMs are suppliers of 
forces to the COCOMs but are the demanders of support resources 
and activities from the MSS.
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As a further complication, the Air Force’s major commands and 
their subordinate units are also the demand side during two of the 
operational phases, force creation and force recovery. That is, the Com-
ponent NAFs/MAJCOMs may drive ACS demands during contingen-
cies or other operations, but the MAJCOMs drive those demands as 
they strive to organize, train, and equip the forces for future opera-
tions. Indeed, during peacetime, the MAJCOMs and their subordi-
nate units are the largest demander of MSS support. Even when some 
contingency operations occur in one theater or another, the forces not 
engaged will still continue to demand materiel sustainment, including 
DLR sustainment.

Thus, the MSS within the Air Force is always a supplier. The 
Air Force MSS encompasses several functions—maintenance, supply, 
transportation, engineering, and acquisition—that focus on the “equip” 
activity across all six operational phases. Not only does it acquire the 
combat and combat support equipment needed to deliver those capa-
bilities, it also maintains, modifies, and replaces that equipment. 

Thus, the MSS can be viewed as a supply chain, encompassing 
not only the original acquisition of major and minor equipment, but 
also the maintenance and supply activities at bases and depots, the sus-
taining engineering, the equipment modernization and modification 
processes at depots and contractors, the contractor support to existing 
equipment, and even the DoD agencies that supply transportation and 
distribution services. While that supply chain delivers literally thou-
sands of different materiel and software products to individual units 
worldwide, its real end products are the equipment that support3 the 
six capabilities identified in the Air Force Roadmap.

Thus, the MSS’s effects are not limited to the numbers of each 
type of equipment acquired, but also to the modernization and condi-
tion of that equipment. As shown for aircraft in Figure 4.1, the por-
tion of the Air Force MSS that focuses on aircraft fleets must balance 

3  As suggested in the “organize, train, and equip” mission, equipment is only one element 
supporting each of the six capabilities. 
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five competing effects—operational suitability,4 mission reliability, air-
worthiness, availability,5,6 and cost7—by using modification or main-
tenance activities to counter the deleterious effects of changing threats, 
changing legal constraints, and progressive materiel deterioration. The 
dashed lines in the figure indicate that increases in the originating fac-
tors have a negative effect on one of the five measures, while the solid 
lines indicate that an increase would have a positive effect. For exam-
ple, modifications such as enhancing on-board defensive systems often 
improve operational suitability, mission reliability, or airworthiness, 
but they also temporarily remove portions of the fleet from service (i.e., 
reduce availability) and they cost money to develop, test, produce, and 
install. For aircraft, the MSS must strive to achieve an appropriate bal-
ance among the five competing effects for each fleet over time.8

4  Operational suitability reflects the characteristics of the aircraft design: whether an oper-
ational aircraft could carry out its assigned mission in the current operational environment. 
Mission reliability reflects the ability of a typical aircraft in a fleet to complete that mission, 
once it is begun. Airworthiness reflects whether the aircraft is safe to fly, regardless of its 
operational suitability or mission reliability. Availability reflects the fraction of an operation-
ally suitable fleet that is available to begin a mission. Finally, operating cost measures the 
amount of money spent annually to ensure acceptable levels of operational suitability, mis-
sion reliability, airworthiness, and availability. 
5  Weapon system availability is a total measure of the number of aircraft available for 
operations averaged over a given period of time. Thus, it excludes time aircraft are not mis-
sion capable because of maintenance requirements (NMCM), not mission capable because 
of supply shortage (NMCS), or not mission capable because of both reasons (NMCB) and 
time aircraft spend in depot-level maintenance and modification. 
6  For the purposes of this monograph, we do not include sortie-generation activities as part 
of the MSS. While we acknowledge that a case could be made that generated sorties are the 
“real” effect as seen by the COCOM or MAJCOM, we envision the MSS as the system that 
equips the force, not one that uses the force for operations or training. 
7  Other systems will have different relevant operational metrics for sustainment. For exam-
ple, availability of the Global Positioning System (GPS) is not as important as the ephemeris 
error (the error in the satellite’s information about its own position). 
8  Of course, the MSS supports many other systems and operations, ranging from exotic 
space surveillance and tracking systems to more mundane aerospace ground support equip-
ment and equipment needed to establish and operate airbases. The desired effects for those 
product lines may differ substantially from the desired effects for aircraft.
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One of the more troublesome aspects of the situation repre-
sented in Figure 4.1 is that there is a need for tradeoffs among the five 
effects. Most conspicuously, the Air Force MSS must continually bal-
ance two countervailing forces: demands for increased efficiency and 
lower costs on one the one hand versus demands for increasingly effec-
tive sustainment of combat operations and peacetime training on the 
other. In addition, there are tradeoffs between increasing airworthi-
ness (e.g., through more intensive inspections) and aircraft availability 
(because the added inspections may take longer). Likewise, modifica-
tions remove aircraft from service, diminishing the number of aircraft 
available for operations and training. Thus, there are tradeoffs among 
these five effects for any given fleet. 

Figure 4.1
Air Force Materiel Sustainment System for Aircraft Fleets
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Identifying Measures of Effects

Identifying effects is one thing; measuring them is quite another. 
Operational suitability is particularly vexing because it has so many 
dimensions. For example, an aircraft with no electronic countermea-
sures might be perfectly suitable to carry cargo in a benign environ-
ment. However, it would not be suitable if an adversary had capable 
radar-guided ground-to-air weapons deployed near a cargo operating 
location. On the other hand, that same aircraft might be operationally 
suitable for operations that involved an adversary with heat-seeking 
missiles, provided it had a flare dispenser.

Measuring Operational Suitability

Depot-level reparables have only a loose link to operational suitabil-
ity. While modifications to DLRs can improve operational suitabil-
ity modestly, the major improvements are accomplished through more 
comprehensive modifications that often replace many DLRs. Because 
we focus on DLRs in this example, we set aside the issues associated 
with measuring operational suitability. With suitable measures, the Air 
Force could add it to a future COP. 

Measuring Mission Reliability

Things go wrong, not least with aircraft. Wear and tear, corrosion, 
fatigue cracking, electrical surges, and dozens of other phenomena 
cause complex equipment such as aircraft to fail. Some of the most 
troublesome aircraft failures are those that interrupt the successful 
completion of a mission, whether it be a fighter’s combat mission, a 
transport aircraft’s cargo delivery mission, or a reconnaissance aircraft’s 
surveillance mission. 

Failures can be categorized into three different types, depending 
on which type of aircraft components fail: DLRs, consumable spare 
parts (e.g., light bulbs, o-rings, or valves), or the aircraft infrastructure 
(e.g., surface skins, wiring, or hydraulic lines). Thus, DLR failures are 
only a subset of the factors that affect mission reliability.

To obtain an aggregate measure of mission reliability across all 
three sources, the Air Force collects two measures. Neither is a direct 
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measure of mission reliability, but together they provide some bounds 
on that effect.

The first measure is the sortie abort rate. This measure tracks the 
percentage of times that an aircrew9 cannot undertake an assigned mis-
sion because some mission-essential aircraft subsystem is not function-
ing properly. At that point, the aircrew is said to abort the mission. 

The inverse of the abort rate is an upper bound on mission reli-
ability. Whereas base maintenance personnel judged that the aircraft 
was functioning properly, the aircrew observed some problem (once 
power was applied or takeoff occurred) that the maintenance person-
nel could not detect. The equation expressing how the abort rate can be 
interpreted as an upper bound on mission reliability is

 r au 1  (4.1)

where

ru  upper bound on mission reliability, and 
a  abort rate as a fraction of sorties attempted.

Of course, this is only an upper bound on mission reliability, 
because the aircrew could discover a subsequent failure during the 
sortie. The second measure addresses that subsequent failure by collect-
ing the “Code 3 break rate.” When an aircrew returns from a sortie, it 
reports either that the aircraft performed the mission flawlessly (“Code 
1”), that some minor failure was observed that did not affect the mis-
sion (“Code 2,” e.g., a torn seat cover), or that some failure was observed 
that must be rectified before any future missions are attempted (“Code 
3”). The “Code 3 break rate” is the fraction of sorties in which a fleet’s 
aircraft return in a “Code 3” condition. Taken in conjunction with 

9  Airlift fleets track a related measure called the departure reliability rate. It records how 
often a fleet’s aircraft can depart at the planned departure time, as a percentage of all airlift 
missions flown. It differs slightly from the abort rate in that it includes delays for prolonged 
maintenance that may preclude departing on schedule, whereas the abort rate only includes 
events that occur after maintenance has cleared the aircraft for operations.
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the abort rate, the “Code 3” break rate can be used to estimate a lower 
bound on mission reliability, again as an inverse:

 r a bl 1 1  (4.2)

where

rl  lower bound on mission reliability,  
a  abort rate as a fraction of sorties attempted, and 
b  “Code 3” break rate as a fraction of sorties flown.

Of course, this is only a lower bound on mission reliability, because it 
would include failures that were not discovered until after the mission 
was completed, or failures that did not affect the completion of the 
particular mission but might affect others. 

Of course, the current measures include non-DLR failures, as 
discussed above. To assess the DLR sustainment system’s effects on 
mission reliability, one needs to distinguish the DLR contribution to 
break rate and abort rate from these other contributing factors. With 
some small effort one could use the “action taken” codes from the Core 
Automated Maintenance System (CAMS) to compute the DLR-related 
abort rate and the DLR-related break rate as

 
a

R

SDLR

a
WUCs

 
(4.3)

 
b

R

SDLR

b
WUC

 
(4.4)

where Ra and Rb are removals after abort or breaks, respectively, S is the 
number of sorties conducted, WUCs are the work unit codes included 
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in the measure,10 and aDLR and bDLR are the estimated abort and break 
rates for DLRs. If these values are substituted in place of the traditional 
measures in equations 4.1 and 4.2, they will yield upper and lower 
bounds on how the DLRs are affecting mission reliability.

A simpler, but less accurate, lower bound could be estimated 
from the organizational and intermediate maintenance demand rate 
(OIMDR) currently calculated by D20011 to support the worldwide 
spare-part stock and repair requirement. Unfortunately, that measure 
includes removals unrelated to the abort rate or the break rate. Indeed, 
it includes removals of some items whose cumulative materiel deterio-
ration patterns are fairly predictable or easily observed before failure 
(e.g., batteries, pumps, generators, etc.) and the pre-failure removals 
probably improve the fleets’ effective mission reliability, because those 
near-failure items are removed before they can affect a mission. An 
equation for that simpler measure would be

 
r

d ll
ii

1
1( * ) , 

(4.5)

where rl is the lower bound on mission reliability, di is each DLR’s 
OIMDR, expressed in removals per flying hour, and l is the average 
sortie length, expressed in hours.

As with equations 4.1–4.4, this equation would be applied only to 
those components associated with mission reliability. While this sim-
pler measure may include removals that don’t occur as a direct result of 

10  Specifically, this measure could be applied across the entire aircraft or to a subset of 
DLRs, depending on the scope of the decision being evaluated. In this particular case, we 
suggest that it should be applied to all the mission-related subsystems on the aircraft, not 
systems directly contributing to flying the aircraft. Those latter systems will be addressed in 
the airworthiness measure, discussed next.
11  D200, Air Force Materiel Command’s (AFMC’s) Requirements Management System, 
computes the annual requirement for investing in spare parts and repair actions to maintain 
an adequate level of spare DLRs in the field. To support that computation, AFMC tracks and 
records quarterly DLR removals by National Stock Number. When adjusted for flying hours, 
those removals can be used to reflect the probability that an aircraft will return from a sortie 
with at least one failed DLR.
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failures during aircraft operation, it may be more sensitive to changes 
in the component reliabilities than the abort rate or the break rate. The 
larger sample size, which includes every removal for every component, 
may enable detecting DLR-related mission reliability changes before 
they affect the more subjectively measured abort rate or break rate.

Thus, one could then use equations 4.1–4.5 to estimate upper 
and lower bounds on the number of successful sorties in a forthcom-
ing contingency or other operation. If so, one could use these measures 
to detect component-reliability changes and order by rank the value of 
redesign efforts to improve their reliabilities—based on the operation-
ally relevant measure of overall mission reliability.

Measuring Airworthiness

Airworthiness is the technical term for an aircraft fleet’s inherent flight 
safety, that is, setting aside human errors, such as aircrew or mainte-
nance personnel errors, and setting aside other external factors, such as 
weather. As with mission reliability, there are many airworthiness con-
cerns that lie outside the realm of DLRs and their support. The largest 
non-DLR concern is with unsafe aircraft structure and infrastructure, 
due to long-term materiel deterioration processes such as fatigue crack-
ing, corrosion, and wire chaffing. Those concerns are managed through 
a comprehensive program of base and depot maintenance teams that 
periodically inspect the aircraft indications of such deterioration and 
remedy that deterioration accordingly.

However, aircraft flight control, cockpit indicators, navigation, 
propulsion, and aircrew escape systems include a large number of 
DLRs that may affect airworthiness. For example, the failure or mis-
calibration of an attitude indicator could lead to an incorrect indica-
tion to the aircrew and contribute to a subsequent accident. Of course, 
the most direct measure of airworthiness is the rate at which accidents 
occur. The Air Force counts accidents per million flying hours by mis-
sion design series (MDS) in three categories: A, B, and C. Category A 
mishaps are the most serious, in which one or more human lives are 
lost, $1 million or more damage occurs, or irreparable severe damage is 
done to the environment (AFMC, 2000). Categories B and C represent 
lower thresholds and exclude the higher categories.
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Of course, Category A mishaps are generally lagging indica-
tors because of their rarity. It may take some time before a sufficient 
number of mishaps of a particular type occurs for one to detect a pat-
tern, certainly before one can say with some statistical certainty that a 
particular DLR or suite of DLRs may be contributing to the mishaps. 
While Category B and C mishaps occur more often, they are also best 
viewed as lagging indicators of airworthiness. 

More important, the mishap rate measures include mishaps unre-
lated to airworthiness. By far, the major reported reasons for Category 
A mishaps are aircrew or ground crew errors. One cannot attribute 
such human errors to design or materiel condition issues inherent in 
the fleet, and these errors obscure emerging airworthiness problems. 
So it is exceptionally difficult to analyze the potential contributions of 
a DLR to a fleet’s airworthiness.

Of course, abort rates and break rates will also be imperfect lag-
ging indicators of underlying airworthiness issues in a fleet. Thus, one 
would prefer to rely on measures other than equations 4.1–4.4 to detect 
emerging airworthiness problems related to DLRs. Instead, equation 
4.5 could be applied to the range of components judged essential to 
airworthiness, especially if one were to separate scheduled removals 
from the unscheduled removals that arise out of direct observations of 
materiel deterioration.

Measuring Availability

To be available, an aircraft must be both possessed by the operating com-
mands (including test and training units) and capable of performing a 
mission within its designed capabilities. An aircraft can be possessed 
but not capable for two reasons—it needs a part or it is undergoing 
maintenance.12 The Air Force declares an aircraft not mission capable 
(because of) supply (NMCS) if it needs a part that is not available on 
the base, and it declares an aircraft not mission capable (because of) 

12  Aircraft nominally associated with a unit are frequently sent to depot or contractor facili-
ties for programmed depot maintenance or modification. Those “nonpossessed” aircraft 
affect the fleet’s overall aircraft availability, but the aircraft are returned to the unit with the 
original DLRs (except where the depot may observe a failed component and replace it with a 
serviceable spare). Thus DLRs only rarely affect a unit’s possessed aircraft.
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maintenance reasons (NMCM) if either the aircraft or the part it needs 
are undergoing base-level maintenance. That is, an aircraft is NMCM 
from the time the maintenance technician begins to determine which 
part needs to be replaced until a replacement is provided from base 
stocks, the local component-repair facility repairs a replacement, or the 
facility declares the needed item “not repairable this station” (NRTS). 
Thus, DLR sustainment processes can contribute to either NMCS or 
NMCM in the standard Air Force measures. 

As with the abort rate and the break rate measures, factors other 
than DLRs can contribute to the NMCM or NMCS status of an air-
craft. Consumable parts such as limit switches, o-rings, etc., can cause 
an aircraft to be declared NMCS. Maintenance in response to a Code 
3 break and scheduled maintenance inspections such as phases and 
isochronals13 make an aircraft NMCM until the problem is resolved or 
the inspection is complete. So, NMCM and NMCS include the effects 
of factors and processes other than DLR sustainment.

To further confound the problem, some aircraft can be both 
NMCM and NMCS at the same time. Often, units “cannibalize” 
needed DLRs (and consumable parts, as well) from an aircraft under-
going long-term maintenance such as a phase inspection. This reduces 
the total number of NMC aircraft, improving the unit’s operational 
capability and flexibility. Such aircraft are usually coded NMCB (not 
mission capable, both) in the standard aircraft reporting system. 

Yet another confounding problem is that a DLR’s failure may 
affect only a subset of an aircraft’s missions. Thus, an aircraft with 
a malfunctioning radar that would prohibit using the aircraft for a 
combat or long-range cargo mission can often still be used for less 
stressful sorties such as local familiarity flights, touch-and-go landings, 
etc. Such aircraft are not NMCS or NMCM but instead are coded par-
tially mission capable (PMC). 

Depending on the failed component’s functional characteristics, 
a PMC aircraft may be usable for some combat or airlift missions. A 

13  Phase inspections and isochronal inspections differ mainly in the way they are scheduled. 
Phase inspections use the number of flying hours the aircraft has flown since its last inspec-
tion; isochronal inspections use the number of elapsed days.
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mission-essential systems list for each aircraft mission design series 
defines which aircraft subsystems must be fully functional for each 
kind of mission. For example, an aircraft may be capable of an air-to-
air mission but not be capable of an air-to-ground mission under some 
circumstances. 

To encompass the combination of all three measures, the Air 
Force has sometimes adopted the measure of not fully mission capable 
(NFMC). That is, an aircraft would be NFMC if it were NMCM, 
NMCS, PMCS, PMCM, NMCB, or PMCB.

To measure the effects of DLR sustainment processes on avail-
ability, one needs a measure similar to NMCS, NMCM, and PMC, 
but limited to DLRs. That is, one needs a single measure that encom-
passes the effects of both the base and nonbase component sustain-
ment activities on aircraft availability. Thus, one would like to know 
the NMC and PMC caused by DLRs, without the confounding effects 
of other, non-DLR-related activities. 

Because the DLR sustainment system is generally unaware of 
which missions are most critical at any given time, we argue that the 
DLR-related measure should reflect the all-encompassing scope of the 
NFMC measure. Thus, for measuring the effects of the DLR sustain-
ment system on aircraft availability, we define the measure of not fully 
mission capable because of DLRs, or NFMCD.14

Of course, the definition is not the same as actually measuring 
the value. For that purpose, we turn to the worldwide stock control 
system that measures the number of components (including, but not 
limited to, DLRs) assigned by any unit, and the status of those compo-
nents—serviceable, on-order, awaiting parts, or in local maintenance. 
For most components (those that are not contributing to NFMCD), 
the sum of the four status conditions will add up to the assets assigned 
to the unit. For those components contributing to NFMCD, the sum 
of those four numbers will exceed the number of assets assigned to the 
unit, and their potential effect on NFMCD can be measured as

14  Over time, the Air Force may choose to adopt a multidimensional measure that captures 
the number of aircraft capable of each mission. We believe this initial measure will suffice for 
an initial COP.
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where

NFMCD  number of aircraft not fully mission  
  capable for DLRs at a unit, 
maxi  maximum across all DLRs on the unit’s  
  aircraft, 
Oi  number of component i on order, 
Mi  number of component i due in from  
  maintenance (DIFM), 
Pi  number of component i awaiting parts, 
Vi  number of component i serviceable, 
Si  number of component i assigned to the unit,  
  and 
qi  number of component i installed on  
  each aircraft.

Of course, this measure assumes that all missing components are con-
solidated (i.e., cannibalized) into the smallest number of aircraft pos-
sible. It represents the minimum number of NFMCD aircraft that a 
unit could achieve given the DLRs they have available and their cur-
rent status.

Measuring Cost

All elements of a fleet’s operations and sustainment (O&S) cost need to 
be included in any measurement of cost. This ensures that the apparent 
savings in one area are balanced against the increase in another area 
(e.g., moving base maintenance to a depot). 

The Air Force Cost Analysis Improvement Group (AFCAIG) has 
defined a system of accounts that encompasses these costs. The Air 
Force Total Operating Cost system uses personnel data and base-level 
financial transactions to measure O&S costs and attribute them to spe-
cific aircraft fleets. The Cost-Oriented Resource Evaluator model uses 
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optempo and resource utilization planning factors to estimate a squad-
ron’s future O&S cost.

The major AFCAIG DLR-related cost categories include the 
following:15

1.2 base maintenance personnel
2.2 base materiel consumption (for aircraft repair only)
2.3 DLR depot maintenance and replacement costs
3.0 centralized (off-base) intermediate maintenance
4.1.4 support equipment overhaul
6.1 support equipment replacement.

Through 2007, these costs are measured by calculating base level expen-
ditures. As AFMC’s Centralized Asset Management (CAM) initiative 
is implemented, costs other than base maintenance personnel will be 
measured in information systems related to that initiative.

Identifying Decisions That Affect Each MOE

For the remainder of this monograph, we set aside all but two of the 
five MOEs we have just discussed. While operational suitability, mis-
sion reliability, and airworthiness are important materiel sustainment 
MOEs, DLRs have their greatest effects on availability and cost. Future 
work will attend to other sustainment activities more directly associ-
ated with the other three MOEs.

Interestingly, most broad efforts to improve DLR-related avail-
ability (i.e., decrease NFMCD) across all USAF fleets will necessitate 
increased expenditures. That is, they will require additional invest-
ments or expenses that can be applied to make more DLRs available 
to the operational units. In the distant past, the primary focus was on 
acquiring sufficient DLR stocks to ensure relatively high confidence 
that a certain fraction of each fleet will be fully mission capable. More 

15  The numbers preceding each entry in the list are the AFCAIG codes corresponding to a 
specific accounting category.
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recent innovations have included efforts to improve the process for 
maintaining and delivering serviceable spares to the operating forces. 
To get some idea of where those availability-improving investments or 
expenses might arise, it is helpful to consider Figure 4.2. 

Figure 4.2 shows the various activities required to support DLR 
sustainment in some detail. Broadly, line replaceable units (LRUs—
DLRs readily testable and removable from aircraft) are removed from 
aircraft, replaced by another item from base stock (if available), then 
the reparable LRU progresses through up to three levels of component 
repair, transportation, and distribution. To ensure that aircraft do not 
spend too much time waiting for a spare part, inventories are kept at 
base, centralized intermediate repair facility (CIRF), and depot levels, 
so that items can be issued soon after a demand is made by mainte-
nance at each echelon.16 If a component is not available in base stocks, 
it is immediately requisitioned from higher supply echelons.

Of course, all of those activities take some time. Figure 4.3 shows 
the standard times allowed for many of these processes for one typical 
component (an F-16 head-up display, or HUD) in AFMC’s Recov-
erable Item Requirements Computation System (D200). The supply 
levels at each echelon are intended to provide sufficient spares to cover 
the demands that would occur while waiting for local repair or resup-
ply from a higher echelon. Of course, this number is contingent on the 
reliability of the component and the speed of the component mainte-
nance and resupply system. If there were one worldwide demand each 
day and a failed HUD visited every repair facility (base, CIRF, and 
depot), one would expect 94 components in the entire DLR sustain-
ment system on a typical day.17

Those stock levels are computed with a two-to-three-year lead 
time, and they allow for a measure of safety stock meant to guard 
against modest changes in the reliability or optempo. When the levels 

16  As complicated as Figure 4.2 is, it does not include the supply process for shop replaceable 
units (SRUs) or consumable components that may be required to accomplish the repairs in 
the various maintenance activities.
17  As a practical matter, a substantial fraction of HUDs are repaired at base level and 
returned to stock without visiting CIRFs or depot shops, so the number would be substan-
tially fewer. In addition, there is not a demand each day for F-16C/D HUDs.
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Figure 4.2
End-to-End DLR Process Flow Diagram
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Figure 4.3
DLR Sustainment Process Nominal Flow Times (in days)
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are too few to meet the demands, the available assets must be allocated 
to the individual bases to balance the potential sustainability shortfall 
in accordance with operational needs. 

Five categories of decisions might cause the levels to be 
insufficient: 

funding for DLR spares and repair
number of components acquired
operational tempo (optempo)
component reliability
DLR sustainment system capacity and flow-time characteristics. 

The DLR funding levels constrain not only the number of spares 
the DLR sustainment system can acquire, it also constrains how much 
maintenance can be performed to return failed DLRs to serviceable 
status. Very detailed, part-by-part acquisition system decisions affect 
the NFMCD level by allocating those funds to individual DLRs, striv-
ing to maintain balanced support across MDSs, across DLRs within 
each MDS, and between inventory and maintenance activities. In 
those balancing calculations, the acquisition system must assume spe-
cific optempos and component reliabilities in order to estimate future 
demands. If users choose different optempos to support operations 
and training, that balance will be imperfect at best and the achievable 
NMFCD level will change. If the users change other operating envi-
ronment factors (e.g., changing the sortie length, the mission mix, the 
training syllabus, a fleet’s configuration, or the forces’ worldwide pos-
ture), many component reliabilities (per flying hour) will change and 
the balance across different DLRs will again suffer. 

Finally, DLR sustainment system policymakers and decisionmak-
ers are constantly striving to improve the system’s efficiency by rebal-
ancing transportation and maintenance capacity and flow times while 
simultaneously responding to changing demands within a limited con-
stellation of resources. 

There are different time horizons for those different investment 
decisions. Some decisions may require the entire Future Years Defense 
Program (FYDP—nominally six years) to implement (e.g., adding 
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physical depot capacity), others may be implemented in a single year 
(e.g., increasing the financial resources available to repair DLRs), and 
still others may take a few hours or days to implement (e.g., adding a 
shift or changing repair and distribution priorities).

As a practical matter, DoD separates the longer-term financial-
planning decisionmaking from the near-term decisions that implement 
or “execute” those plans. As part of their biannual planning, program-
ming, budgeting, and execution process, every other year the services 
develop the FYDP, a comprehensive financial program that extends 
over the next six years. The FYDP is communicated in a document 
called the Program Objective Memorandum (POM). Detailed invest-
ment programs are proposed and approved in the POM covering the 
next two years, though limited adjustments can be made in the off year 
to reflect unexpected events. Each year, Congress reviews and autho-
rizes the programs and appropriates funds for the following year’s oper-
ations and support.18 Once those funds are appropriated and the ser-
vices receive the obligation authority, they can obligate those funds to 
execute their planned programs within the guidelines set by Congress. 
For this monograph, we consolidate the first three financial-planning 
activities into a single activity we call financial planning. Thus we dis-
tinguish between two decisionmaking activities and time horizons: 
financial planning and execution of those plans. By planning, we mean 
those decisions made about the FYDP during the POM development 
process. By execution, we mean those decisions made within the finan-
cial constraints created by the POM.

The key decisions made during financial planning include the 
following:

force structure: what resources will be provided, including sus-
tainment resources
force posture: where those resources will be located
fleetwide optempos (mainly for peacetime training)

18  In this monograph, we are concerned only with the operations and support activities. 
Congress also appropriates funds each year for longer-term programs for which some materi-
als or activities require a longer lead time to acquire.
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fleetwide contingency optempos (mainly planning factors for 
nominal major regional contingencies)
cross-MDS NFMCD balance (implicit, not used in the latter 
stages of POM development)
acceptable MDS-wide NFMCD goals (for MAJCOM/A4 inter-
nal use only, not used in POM development)
depot and contractor repair and transportation budget
base-level component shop personnel levels
base-level shop equipment modernization and replacement
component modifications or redesigns
time definite delivery (TDD) standards based on Joint Chiefs 
of Staff (JCS) project code, force activity designator (FAD), and 
urgency of need designator (UND)
cannibalization assumptions for peacetime (none) and readiness 
spare-part (full) calculations
lateral resupply policy (none) for spare-part calculations.

Those decisions depend in turn on a number of long-term strategic deci-
sions and operational characteristics of the DLR sustainment system:

presence or absence of centralized intermediate repair facilities; 
CIRF locations
base maintenance flow time, NRTS rate, and materiel require-
ment estimates by component (i.e., by National Stock Number)
transportation time standards (both peace and war)
depot and contractor flow time, hands-on labor standard, and 
materiel requirement and repair cost estimates by component 
(NSN)
estimated component reliability (or the inverse, operations and 
intermediate demand rate, OIMDR), by NSN. 

The key decisions made during execution include:

actual force structure
actual force posture
actual optempo
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allocation of actual DLR spares and Requisition Objectives to 
units
JCS project codes by unit and activity
FAD by unit
UND by unit and requisition
actual cannibalization policy and actions
actual lateral resupply policy and actions
actual transportation capacity by channel
base and CIRF overtime by base and shop
depot overtime and multiple shift adjustments by shop
contractor premium awards.

While these execution decisions do not explicitly consider 
NFMCD levels, they are key determinants of those levels. To the 
extent that they are not coordinated across the various decisionmakers, 
the DLR sustainment system may not achieve either the maximum 
NFMCD levels possible or the intended NFMCD balance across the 
multiple MDS and force users.

One way to view the two different decision classes is to consider 
that financial-planning decisions set broad, fiscally realistic, force-wide 
goals and constraints for the DLR sustainment system, whereas the 
execution decisions exploit that system’s inherent near-real-time flex-
ibility to reallocate funds and other resources within those budget con-
straints and also address the evolving sustainment challenges. This is 
an example of the principle of Boyd’s interpretation of schwerpunkt, 
according to which broad policies and goals are set for the entire force 
well in advance of the actual execution, but decisionmakers closer to 
the actual events decide what specific actions will best achieve those 
policies and goals—within the available resources.

Today’s Financial-Planning Decisions Imperfectly Address NFMCD 
Goals and Constraints

The individual fleets’ NFMCD goals and the full range of DLR sus-
tainment resources required to achieve them are not spelled out explic-
itly in the current financial process. That process uses pessimistic 
assumptions about the units’ abilities to minimize NFMCD, it uses 
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NFMCD inconsistently throughout the process, and it fails to address 
how repair and transportation resource constraints will affect availabil-
ity. In the very earliest stages of the FYDP development, the Air Force 
uses the Aircraft Availability Model (AAM) to estimate how many new 
and repaired spare parts will be needed to achieve a target peacetime 
level of NFMCD aircraft for each fleet, based on planned peacetime 
activities. In addition, it uses another model to estimate how many 
additional spare parts need to be kept in serviceable status in readiness 
spares packages (RSPs) for major contingencies. 

The AAM calculations make a very conservative assumption 
about the ability of the DLR sustainment system to compensate for 
unplanned deviations in the demand processes—the calculations 
assume that maintenance personnel cannot move broken or missing 
parts among aircraft. In the real world, maintainers routinely canni-
balize serviceable parts from aircraft already not mission capable to 
restore other aircraft to an operational status. As a result of cannibal-
ization and other management actions, units routinely outperform the 
NFMCD levels used to compute the peacetime DLR spare-part and 
repair requirements. Models are available to reflect the effect of canni-
balization policies on NFMCD; indeed, they are used routinely in the 
RSP calculations.

Today, complete calculations are performed only at the outset of 
the POM development process. Once that process begins, the subse-
quent programming decisions must be performed so quickly that there 
is no opportunity to revisit those calculations until well after the inevi-
table budget adjustments have occurred. To get some idea of how some 
optempo adjustments will affect the DLR sustainment costs, the finan-
cial planners use average “DLR costs per flying hour” factors derived 
from previous years’ operations to estimate how changes in the train-
ing flying program will affect peacetime DLR costs, but there is little 
opportunity to adjust planned NFMCD levels during the rapid-fire 
adjustments required in the POM development process.

Finally, the underlying models for computing spares consider 
only the effects of spares and nominal flow times through a network 
that assumes unlimited repair and transportation capacity. Queuing 
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models19 can be used to estimate what additional resources would be 
needed to reduce the flow times, and the additional costs can be esti-
mated from the cost of the additional resources. The resultant flow 
times can then be used as planning standards in existing models to 
estimate the spare-part and repair expenditures required to achieve the 
target availabilities.20

In summary, today’s financial-planning decisions rely on imper-
fect models of the real-world support process. While some parameters, 
such as optempo and spare-part levels, are included, the overly pessi-
mistic assumptions, inconsistent calculation techniques used, and the 
incomplete consideration of other resource constraints inhibit the Air 
Force’s strategic and financial planners’ ability to balance their DLR 
sustainment investments against other critical needs.

Many DLR Execution Decisions Also Address NFMCD Goals 
Imperfectly

Of course, many changes occur in the two to three years between the 
computation of the AAM and RSP levels and the actual execution of 
the final approved program. Not only do the available funds change, 
but so do the various fleets’ priorities, the components’ demand rates, 
and the available spare-part, repair, and transportation processes and 
resource levels. 

Until fiscal year 2007, there has been no formal replanning pro-
cess during execution to evaluate how to allocate the available funds 
across the repair enterprise in light of the changed priorities, evolv-
ing capabilities, and funds constraints. With the advent of Centralized 
Asset Management, the opportunity has arisen to rebalance the funds 
allocations across weapon systems and users. However, the only com-
putational devices to support that rebalancing remain the AAM and 
the RSP calculations. Thus, any replanning will have the same imper-

19  While those queuing models could be detailed, discrete models of each process, such 
detail is not required for the planning process. Loredo, Pyles, and Snyder, 2007, have dem-
onstrated an effective, yet simple, approach to estimating arbitrarily complex shops’ (such 
as a depot PDM shop’s) throughput and flow time. That approach could be applied to DLR 
shops, as well.
20  The computational details of one such approach are described in Hillestad et al., 2006. 



58    A Common Operating Picture for Air Force Materiel Sustainment: First Steps

fect resource allocations as the original planning and not reflect the 
actual processes and resource constraints.

Even the allocation of actual peacetime spares and requisition 
objectives to individual units does not reflect the changing plans. 
Instead, the authority to requisition spare parts is allocated to bases 
based on their historical use of those NSNs. 

Further, the execution decisions are strongly affected by the exter-
nal Joint Chiefs’ assignments of JCS project codes and Force Activ-
ity Designators, but the execution decision rules implemented by the 
Air Force do not allow the DLR sustainment system to translate those 
decisions into NFMCD performance goals for the individual units 
involved.21 An alternative system might recognize that it is well nigh 
impossible to restore the cannibalization aircraft at any unit to a fully 
mission capable (FMC) condition and set unit-specific NFMCD goals 
that would be used to declare more achievable NFMCD goals, even in 
high-priority units. 

Finally, simulation research has shown that management adapta-
tions such as cannibalization and lateral resupply can have a very strong 
benefit on NFMCD—far outweighing the effects of state-of-the-art 
demand prediction techniques (Adams, Abell, and Isaacson, 1993). 
Especially in execution, it is important to consider how the system 
actually operates when planning to allocate scarce resources to multi-
ple operations and activities. Beyond cannibalization and lateral resup-
ply, we would also include the adaptations that address the repair and 

21  The Air Force implementation of JCS project codes and FADs outlines a strict priority for 
distribution and transportation decisions by unit and urgency of need level. This can lead to 
sending serviceable DLRs to units that cannot make good use of the item (i.e., to fill a hole 
in an aircraft that needs many items before it becomes FMC), when sending the same item 
to another unit would make another aircraft FMC. An Air Force Corporate decision has 
mandated that those same priority rules be applied to repair production and induction in the 
Air Force Materiel Command’s own organic component repair shops. While the Air Force 
has only limited influence over the JCS project codes and the FADs, it can affect how units 
state their UND, which should provide some control over the NFMCD that can be achieved 
by different units.
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transportation constraints, such as overtime, multiple shifts, and prior-
ity decisions for component repair, distribution, and transportation.22 

Identifying MOEIs and Setting Alarm Thresholds

We turn now to identifying MOEIs relevant to DLR sustainment. 
We will set aside the MOEIs that one might use to assess progress on 
operational suitability, mission reliability, and airworthiness, so that we 
can examine those that affect availability and cost in somewhat greater 
detail. 

We envision MOEIs that form a DLR common operating picture 
that would be useful for both financial planning and execution. That 
is, the DLR COP would provide feedback about underlying process 
changes that affect how well the DLR sustainment system is meeting 
the intended NFMCD goals. Those process changes would inform the 
long-term financial-planning process for funding DLR spares, repair 
capacity and utilization, and transportation utilization by providing 
information about how changes in those resources would interact with 
operational plans (force structure, force posture, and optempo) to affect 
NFMCD. Those same process changes would be monitored closely by 
the execution system to detect changes that require reallocating repair 
and transportation capacities in near-real-time.

First we discuss the MOEIs that we would recommend, then we 
discuss setting appropriate thresholds.

MOEIs for DLR Sustainment Monitoring

Figure 4.3 (on p. 51) diagrams the DLR materiel flow network in some 
detail. As the figure shows, there are a number of different processes, 
each of which must operate consistently to ensure adequate aircraft 
availability. Some of those processes are mutually dependent (e.g., 

22  The Air Force uses a system called EXPRESS (Execution and Prioritization Repair Sup-
port System) to prioritize the induction, repair, and distribution of many DLRs maintained 
at each of its own organic depot shops. However, there is no consideration of how allocat-
ing funds differently across shops might affect NFMCD rates. Rather, the shops are given a 
target “burn rate” to achieve during a given period.



60    A Common Operating Picture for Air Force Materiel Sustainment: First Steps

depot DLR repairs depend on rearward transportation of the items 
to be repaired), and others may be complementary (e.g., base or CIRF 
DLR repairs may concentrate on items that rarely require depot activi-
ties, or vice versa). 

Optempo, Flow Times, and Inventories

The most important observation that one can draw from Figure 4.3 is 
that changes in any one of a number of different parameters could have 
a devastating affect on aircraft availability. If the optempo, component 
removal rate, base repair time, CIRF repair time, depot repair time, 
inventory at any of those locations, or any of the transportation times 
among those locations were to change, the number of aircraft needing 
a particular part might increase to an unacceptable level. 

Fortunately, any increase in the NFMCD caused by changes in 
any of those factors will take some time to occur. That means it should 
be possible to monitor the individual demand processes and the differ-
ent process flow times to detect an unfortunate change before there is 
an unacceptable effect on NFMCD aircraft.

Nine Causes of NFMCD Changes

We identify nine factors that can affect a fleet’s NFMCD rate: the 
fleet’s optempos, components’ reliabilities (i.e., demand rates), hands-
on repair flow times, repair shops’ parts inventories, repair shops’ loca-
tions, hands-on transportation flow times, transportation capacities, 
component-repair shop capacities, and requisition priorities. 

Some of these factors are under the Air Force DLR sustainment 
system’s control; others are not. Specifically, optempos, components’ 
reliabilities, and transportation capacity are not under the DLR sus-
tainment system managers’ control. Thus, it is critical for those manag-
ers to know about any change in those factors that might threaten the 
NFMCD goals, so that they can take remedial action to compensate 
for the change or at least minimize its effects on the intended NFMCD 
levels. 

We first address the obtaining optempo forecasts. Then we turn 
to predicting future component demands. Finally, we discuss the ways 
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in which the other seven factors interact to affect an aggregate flow 
time.

Monitoring Optempo

While future peacetime optempo may be relatively easy to obtain, 
contingency optempos may be more difficult. Both security concerns 
and the underlying turbulence of contingency operations make their 
optempo predictions less reliable. Nevertheless, the Air Force compo-
nent headquarters have forecasts of future optempos that would be help-
ful in assuring adequate DLR sustainment to projected operations.

Most peacetime optempo deviations from the norm can be fore-
cast well in advance. Many bases have local climate variations that 
affect peacetime flying, with shorter days characterized by reduced 
training operations. The Air Education and Training Command bases 
have seasonal fluctuations that depend on the training syllabus. Finally, 
most exercises are planned well in advance, and their optempos can be 
predicted with some confidence. 

Monitoring Components’ Reliabilities, or Demand Rates

Adams, Abell, and Isaacson (1993) evaluated several different proce-
dures for monitoring how DLR demands have been changing and fore-
casting the implications of those changing patterns for varying forecast 
time horizons. One could apply their preferred procedures to substan-
tially improve the accuracy of demand forecasts, even without address-
ing how different mission types affect demands. 

Basically, they separated the worldwide components into three 
groups:

parts with high worldwide demands (15 or more per quarter)
parts with lower demands that cost less than $2,500
parts with lower demands that cost more than $2,500.

Then, they evaluated the relative predictive accuracy of different models 
for each group. For the high-demand parts, they found that the most 
accurate forecasting model used both the current period’s flying hours 
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and the previous period’s demands.23 The most accurate model for the 
third group was the previous period’s demands, while two models (the 
current flying hours or the previous period’s demands) tied for most 
accurate model for the second group.24 

Of course, it is the first group that should be of greatest con-
cern to the Air Force DLR sustainment system. For any given percent-
age change in the demand rate, it is the parts in higher demand that 
will have the greatest effect on NFMCD. For example, a 50-percent 
demand increase for a component expected to experience 30 demands 
per period will create 15 unanticipated demands in the period; the same 
percentage increase for a component expected to experience 3 demands 
will have only 1 or 2 additional demands. While one might prefer to 
have no unanticipated demands, variations in the higher-demand com-
ponents’ reliabilities portend a greater risk to the NFMCD goal.

Thus, we recommend that the demand-monitoring process imple-
ment a partitioning of the components in a manner similar to Adams, 
Abell, and Isaacson, in which higher-demand components are tracked 
individually and lower-demand components are tracked as a group.25

Measuring Flow-Time Leading Indicators

The remaining seven factors—hands-on maintenance process time, 
repair shop location, maintenance capacity, spare-part inventories, 
hands-on transportation flow time, transportation capacity, and pri-
ority—collectively affect the system’s flow times as depicted in Figure 
4.3. Naturally, any increase in any of the flow times could cause a 

23  This may reflect some latency in the demand-recognition process. For example, some 
component failures may occur because of increased optempo in one period, but only a frac-
tion of those failures may be detected by the maintenance system, causing some failures to 
appear as removals in a subsequent period.
24  The authors note that it is not very satisfying to find that the most accurate demand-fore-
casting model was the previous period’s demands, because that implies one does not know 
the causal process. 
25  The actual partitioning rules will vary with the fleet size and the period selected for moni-
toring. It may also be important to track some high-demand components’ demand processes 
within subsets of fleets, perhaps treating MAJCOMs or deployed units separately. Resolving 
those technical issues will require further research and analysis.



An Example: Common Operating Pictures for the Materiel Sustainment System    63

subsequent increase in a fleet’s NFMCD aircraft, at least for higher-
demand parts. The number of aircraft needing parts might start at a 
“normal,” stable level, then change only slowly until reaching a new 
steady state as the results of the longer flow time take effect. That is, it 
may take some time for enough demands to occur to attain the new 
pipeline steady-state level.

One might be tempted to monitor the individual flow times for 
each system segment directly. However, that turns out to be a lag-
ging, not a leading, indicator of changing flow times because the usual 
measure for flow time involves recording the flow times for individual 
items as they leave the system. When a system changes, that after-
the-fact measurement can only detect the change when the first item 
leaves the pipeline—well after the underlying change occurred. Ideally, 
one would want another, more responsive indicator that a change was 
underway.

The quantity of items in the pipeline is one such indicator. As 
soon as the flow time increases, the number of items in the pipeline 
begins to grow. Thus, one important indicator for all pipelines is the 
pipeline quantity, or the work in process (WIP).

But the beginning of pipeline growth is still not a leading indica-
tor of potential capacity or hands-on process-time problems. At first, 
one could easily misinterpret the initial growth as just another random 
deviation caused by some demand or pipeline anomaly. Where pos-
sible, one would prefer additional direct measures of the factors that 
change those times: actual “hands-on” production time, capacity, and 
(for repair) location. We will return to address the issue of priority in 
the next subsection. First, we will discuss the MOEIs that one could 
use to detect changes in repair capacity and hands-on flow time. 

Monitoring Hands-On Repair Time, Capacity, and Spare-Part 
Inventory Changes

When the repair workload exceeds the available repair capacity, some 
queuing results and some jobs wait for others to complete before they 
can begin (or in complex shops with multiple steps, continue to the 
next job step). If there were only one job in a shop, there would be no 
queuing and the amount of time required to complete that job would 
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be the hands-on repair time. Such a job would be in an “in work” 
(INW) status for its entire time in the shop.

When there are multiple jobs under way, there is a chance that 
one or more jobs will encounter a queuing delay that will cause it to be 
placed in an “awaiting maintenance” (AWM) status for at least some 
portion of its time in the shop, thereby increasing the total time it 
spends there. As more jobs enter the shop, the probability of such colli-
sions at each job step increases and the average job spends longer wait-
ing for others to complete each step.26

Most DLR repairs require at least some new or refurbished mate-
riel to restore the DLR to fully functional condition. Just as some spare 
DLRs are stored to cover the time while failed DLRs are undergoing 
maintenance, some materiels (both consumable and reparable subcom-
ponents) are stored to be able to accomplish those repairs. Just as the 
DLR demands can exceed the available spare DLRs, the demands for 
those consumable and reparable subcomponents can also exceed avail-
able stocks, causing a DLR to begin “awaiting parts” (AWP). The AWP 
condition prohibits completing the repair until the missing component 
is received.

Some Air Force maintenance data systems, particularly the Core 
Automated Maintenance System/Reliability, Equipment and Main-
tenance Information System (CAMS/REMIS) and the standard base 
supply system in the base-level component-repair process, directly mea-
sure the time taken for each component-repair job. Likewise, they also 
directly measure the time in AWP status.

More important, they measure the number of items in AWM, 
INW, and AWP status. By aggregating items across NSNs to the 
maintenance shop level, one can detect whether some basic change has 
occurred. That is, a decrease in the INW with an increase in AWM 
might indicate some potential reduction in capacity, and an increase in 
AWP might indicate some parts shortages for that shop.

26  In very complex shops such as engine repair or aircraft overhaul, queuing may only 
reduce the number of people working on an aircraft at one time. That can affect the labor 
“burn rate”: the rate at which labor hours are actually applied to a specific task. 
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Similar measures are maintained at the depot component-repair 
shops for work in process and awaiting parts, though they are not 
as widely available. In addition, the depots’ component-repair shops 
maintain a formal backlog of items that will not be inducted until both 
funds and sufficient capacity are available to commence work shortly 
after induction into the shop. 

Thus, it should be possible to monitor the number of items in each 
of the three conditions (INW, AWM, and AWP) in a shop and detect 
or resource changes that may threaten the NFMCD goals. 

Special Case: Repair Capacity

As indicated just above, the shops’ pipeline contents may not react as 
rapidly to capacity changes as one might prefer. Thus, it should be 
possible to monitor two complementary MOEIs besides the pipeline 
contents: the number of direct personnel available, and the number of 
test stations in fully mission capable status. If either number declined, 
that would indicate that the shop might have difficulty sustaining an 
output level sufficient to meet the NFMCD goals. 

The Air Force reports the status of some base-level maintenance 
equipment regularly in an equipment status report captured in the 
REMIS system. That existing status report could be used as a lead-
ing indicator for at least some key maintenance activities. Whenever 
the available (i.e., operational) equipment drops below some level, that 
would be a signal that the aircraft availability measure for the affected 
unit or units may be in jeopardy.

Currently, that system is limited to test equipment in avionics 
intermediate shops. It could be easily expanded to cover critical equip-
ment in other shops, such as the engine test cells. Further, that system 
could be extended over time to cover equipment in depot shops. Such a 
comprehensive maintenance equipment status reporting system would 
constitute a large step toward developing leading indicators of mainte-
nance capacity changes that threaten the sustainment system’s ability 
to maintain acceptable aircraft availability levels.

Of course, maintenance equipment status is not the only capac-
ity-limiting resource. Many processes have other resources that may 
constrain repair, particularly maintenance skills and materiels. Neither 
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of these resource classes is currently reported, so it will probably be nec-
essary to monitor the pipeline quantities, at least until reports on those 
resources can be developed. 

Deliveries and Transportation Capacity as Leading Indicators27

Figures 4.2 and 4.3 vastly oversimplify the transportation system that 
delivers repaired DLRs to the operating units. In fact, even the CONUS 
direct deliveries from a depot to a unit require using three different 
modes of transportation.28 Typically, the first is a ground transporta-
tion leg from a depot or contractor shop to an air hub, the second an air 
leg to a destination hub, and the third another ground leg to the unit. 
Any change in the resources allocated to each of those legs will cause a 
change in the capacity and response time for depot resupply.29 

In practice, the ground leg flow times (from the supply action at 
the depot to the delivery of the item to the unit) may vary considerably, 
depending on the frequency of shipments from the source or to the 
destination. For example, a contractor shop whose total output can’t 
fill at least half a truck daily probably would prefer to avoid the added 
costs of sending a mostly empty truck to the supply depot every day. 
Likewise, Transportation Command (TRANSCOM) would probably 
find other uses for a truck or an aircraft that is destined to carry only a 
handful of items to a small unit in a remote location. 

Thus, the quantities in the transportation pipeline may vary 
widely between subsequent deliveries to a unit—even if the unit is get-

27  With the regular use of domestic express transportation carriers for CONUS bases, 
one may have less concern about the issue of transportation capacity for CONUS bases. 
Thus these measures may be more useful for monitoring transportation support to overseas 
MAJCOMs and to theaters in a contingency. However, the USAF may also find it useful to 
monitor domestic ground and air delivery frequencies to detect any developing problems in 
that mode of transport. 
28  The exception is when the unit is collocated at the same base as the depot. For example, 
the 388TFW at Hill Air Force Base, Utah, is collocated with the Ogden Air Logistics Center 
(ALC), which supplies many parts for its F-16 aircraft. Parts do not travel such a tortuous 
route between those two organizations.
29  In the case of contractors performing DLR repairs, there may be four to six total legs: one 
to three from the contractor facility to the supply depot, and another three from the depot to 
the end user. 
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ting an appropriate amount of transportation capacity. One way out 
of this quandary is to track the average number of items delivered to a 
unit over some standard period (say a week or two). If the number of 
items delivered per period suddenly changed, it would be a signal that 
the transportation capacity dedicated to that unit had changed. To 
continue the example above, one would know at the end of the second 
week that deliveries had diminished substantially.

Given that the number of items or the flow time both would be 
subject to large variations, the preferred measure of the transportation 
system would be some more direct measure of the resources devoted to 
each leg or channel. For example, one might use the number of trucks 
or C-130 spaces allocated to a particular supply route per week. 

While the total transportation capacity allocated to each chan-
nel would be sufficient for most items, some extraordinary items 
would need special attention. Classified components require special 
escort arrangements and asset-security arrangements. Hazardous cargo 
requires special political permissions when moved internationally and 
always requires special materiel handling processes. Engines are best 
moved by air ride trailers. Some very large items, such as C-5 engines, 
can only be carried by specific air or ground vehicles. While those items 
constitute only a small fraction of the number of items to be moved, 
they are a large fraction of the overall movement volume and weight.

Component-Repair Location

In general, it is often more efficient to move broken parts to an existing 
repair location than to move the repair location, particularly during 
contingencies when transportation resources are at a premium.30 How-
ever, there are two circumstances when one might wish to consider 
moving repair capacity or at least redirect some repair to an existing 
facility: when either transportation capacity or a site’s repair capacity 

30  The premier example of this situation is the movement of engine repair. While many 
engine repair fixtures are fairly portable, engine repair is performed most reliably in a clean, 
covered workspace with some overhead materiel handling equipment. Further, the activity 
requires a special engine test facility to verify that the repairs were adequately performed and 
that the repaired engine performs up to specification. Preparing such a facility on a bare base 
can require over 30 days.
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is exceeded. In the first case, it may be necessary to move repair closer 
to the units to better utilize the available transportation capacity. In 
the second case, it may be necessary to redirect at least some reparable 
assets to a more remote site with available capacity.

In either case, one must track the available transportation and 
repair capacity and evaluate those resources’ ability to meet the pro-
jected NFMCD targets, despite the unplanned imbalance between 
demands and the DLR sustainment system. In particular, if a capacity 
shortfall is projected to be fairly short (e.g., a temporary diversion of 
transportation capacity to another mission), it may not be necessary to 
change the repair locations, depending on the effect of that disruption 
on the NFMCD goals.

Priority Changes

As already mentioned above, DoD maintains a strict process for priori-
tizing the distribution of scarce materiel and for prioritizing movement 
of those materiels to all services.31 That same priority rule is used in the 
Air Force’s own depot shops to prioritize DLR repairs.32 

Setting MOEI Alarm Thresholds

If the NFMCD goals are set with a fairly high confidence level (e.g., 90 
or 95 percent), one can be reasonably sure that it will take more than 
a random variation from the expected levels of demands or flow times 
to jeopardize achieving the goal. That is, one can anticipate that some 
random variations will occur in the removal, repair, and transportation 

31  DoD’s Time Definite Delivery system relies on units’ FADs and the statement of urgency 
of need to allocate priority transportation and distribution actions among contending units. 
Changing a unit’s FAD would have the effect of changing required transportation flow times 
for an item with a particular level of UND. It is even possible that increasing one unit’s FAD 
would decrease the ranking of other, less well-positioned units’ effective order and ship time, 
because items that would have gone to the other units would now be dispatched to the first 
unit.
32  EXPRESS prioritizes induction and processing of reparable DLRs based on the TDD 
priority process. In addition, it prioritizes induction and repair of noncritical requisitions 
based on the probability of achieving unit specific NFMCD goals, based on the near-term 
optempo and a repair, transportation, and (where applicable) major regional contingency 
(MRC) surge duration.
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processes that do not portend any lasting, systematic change in the 
underlying process. By setting the NFMCD goals with some margin 
for random error, one can avoid overreacting every time some minor, 
temporary dislocation occurs in the DLR sustainment system.

We begin setting alarm thresholds by identifying DLRs whose 
likely future demands have some “uncomfortable probability” that they 
will exceed the unit, MAJCOM, COCOM, or fleetwide NFMCD tar-
gets. In this test, we suggest using the Adams, Abell, and Isaacson fore-
casting approach to estimate the probability distribution of each item’s 
demands that would occur in one complete circuit of the sustainment 
system. (Remember that this forecast also uses the near-term planned 
optempo, so it tests the changing demand rates and the optempo 
together.) By one complete circuit, we mean a weighted average of the 
various flow times for each item. This is equivalent to the steady-state 
pipeline quantity and the associated probability distribution.

Setting the actual “uncomfortable probability” threshold is a 
matter of some art, because there is a tradeoff between overreacting to 
false alarms and missing actual alarms. Fortunately, the large number 
of DLRs with very small demand rates makes it unlikely that most 
parts will ever have an important effect on NFMCD. Thus, it should 
be possible to identify a watch list of parts that have some potential to 
affect NFMCD, albeit fairly remote. While the low-demand parts need 
to be reviewed occasionally to ensure that they haven’t migrated onto 
the watch list, the vast majority of demand-rate changes with some 
potential to affect the NFMCD level will come from items with fairly 
large demand rates.

Traditional approaches to monitoring items on such lists use sta-
tistical tests for deviations from nominal demand levels with proba-
bilities in the range of 90 to 95 percent, representing the probability 
of mistaking a random swing as a significant event. Of course, the 
higher that threshold is set, the greater the chance of failing to detect 
an important demand rate or optempo change early.

Thus, we would suggest comparing the actual pipeline quantities 
against the current planning forecast quantities and their “uncomfort-
able probability” thresholds for only the high-demand components. 
That is, one would use the latest revised planning scenario includ-
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ing the planned optempo and component demand rates to estimate 
the Adams, Abell, and Isaacson probability distributions for the each 
DLR, summing up across all DLRs in the fleet for the each pipeline 
segment. Then the level of all DLRs actually in the pipeline at a given 
time would be compared to that level to detect any broad flow time 
change that affected all parts.

Adams, Abell, and Isaacson defined a process for improving 
predictions of how future optempo and recent demand levels inter-
act to create near-term demands. Using that forecasting process, one 
could identify the DLRs whose demand probabilities pass the opposite 
threshold from the “uncomfortable threshold” used to test the total 
pipeline. For example, if one is using a 95-percent probability in the 
test of the overall pipeline flow time, one might feel comfortable iden-
tifying the “watch list” by selecting those items that have a 5 percent 
probability of surpassing the target NFMCD. Then one would watch 
those items’ pipelines more closely, using traditional statistical tests to 
detect any change that placed them outside the probability threshold 
based on their nominal (planned) demand rate.

When Thresholds Are Exceeded

Should the demand, overall pipeline, or individual watch list items’ 
measures exceed the thresholds, two parallel paths need to be pur-
sued: one to discover and rectify the cause, the other to discover a 
workaround. Discovering the underlying cause may require little 
time or analysis, but rectifying it may take some time if additional or 
repaired equipment, additional training, or additional support materiel 
is required. 

Workarounds would bridge the gap. In general, workarounds 
would reallocate currently available resources to minimize the over-
all effects of the DLR sustainment shortfall. In some cases, existing 
procedures such as cannibalization may absorb some of the effects on 
NFMCD. In other cases, the workaround may only require rebalanc-
ing support activities across all DLRs associated with a particular fleet 
or MDS. In a few cases, it may require reducing DLR sustainment to 
some fleets so that a critical capability provided by other fleets can be 
maintained at acceptable levels. Thus, these MOEIs serve as feedback 
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to both the execution and the planning elements of the DLR sustain-
ment system. While the execution decisionmakers work around some 
problem, the planners can arrange the longer-term process and resource 
adjustments needed to ensure appropriate support in the long run.

The Issue of Cost

With rare exceptions, the execution budgets for DLR sustainment are 
fixed. Thus, the execution decisionmakers operate under a rigid legal 
constraint that does not permit them to spend funds that were not 
authorized by Congress.33 Execution decisionmakers may reallocate 
DLR sustainment funds across fleets or across DLR support activities 
in one fleet, but it will no longer be possible to spend funds this year 
and use future years’ funds to recover the additional expenditures.

In extremis, it may be possible to obtain obligation authority from 
other programs outside the DLR sustainment area, but the execution 
decisionmakers will need concrete information to make such a case. 
Alarms based on the MOEIs suggested here would indicate that some 
planning assumption has been violated in a manner that affects the 
NFMCD goal for an individual fleet. Because those quantities are com-
puted from planned demand rates, optempos, and pipeline flow times, 
one can use the measured quantities to estimate new values for those 
assumptions that could be used to develop a revised DLR sustainment 
plan, including the financial resources needed to maintain the original 
NFMCD goals. If those financial resources can be made available from 
another source, the revised plan could be implemented. If not, the plan 
would need to be revised further to estimate what NFMCD rate could 
be attained overall, then negotiations would need to be made with the 
MAJCOMs and components about which fleets will experience the 
lower (or higher) DLR sustainment level.

33  This has not always been the case for the revolving funds used for DLR and some other 
depot support. The Air Force Materiel Command is implementing a new Centralized Asset 
Management system that is intended to enforce stringent topline annual budget discipline 
on the entire materiel sustainment system. Under that system, it will no longer be possible to 
perform sustainment activities without funds allocated from the current fiscal year’s obliga-
tion authority.
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Allocating Decision Rights

We turn now to the issue of who can and should make those decisions 
if a common operating picture containing the NFMCD goals and the 
MOEIs were available. Clearly, the decisions outlined above are being 
made now, but they are being made within a system that does not have 
a COP. It is useful to consider how those decisions are made today, and 
by whom.

Current DLR Planning Decision Rights and Available Information

Of course, it is the purpose of the planning activity to define the level 
of DLR sustainment to be achieved. Unfortunately, none of the plan-
ning decisions that affect the potential level of NMFCD even evaluate 
that performance parameter after the fact, let alone make any decision 
in light of the potential NFMCD tradeoffs. 

As shown in Table 4.1, the closest the current system comes to con-
sidering NFMCD is in the initial D200 spare-part and repair require-
ment calculation of (no cannibalization) aircraft availability, based on 
nominal peacetime optempo, the worldwide fleets, historical demand 
rates, and average flow-time standards. That calculation is then used as 
an upper bound to guide financial programming decisions that develop 
the Program Objective Memorandum, which reflects the proposed Air 
Force budget for the coming five to six fiscal years,34 during the Plan-
ning, Programming, Budgeting, and Execution process. That process 
has recently been streamlined to develop the POM in five to six fewer 
months (Gallagher, 2007). 

Almost without exception, the actual funding allocated to DLR 
sustainment during the POM development process falls short of the 
level computed in the D200 process. In large measure, that is because 
the Air Force Programming process must balance many competing 
demands for funding and often must reduce the authorized training 
optempo below the nominal optempo levels assumed during the D200 
calculations. To estimate the financial consequences of those reduc-

34  For example, the fiscal year 2009 program that will be included in the President’s Budget 
(PB) submission to Congress in February 2008 is based on the Air Force POM being devel-
oped in February–August 2007.
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tions, the Air Force uses DLR cost-per-flying-hour factors for each mis-
sion design series that permit a rapid reestimation of the required fund-
ing levels.

Unfortunately, the current method for estimating those factors 
is probably inadequate to ensure a given NFMCD level, because the 
demand process constantly evolves. For the last decade, units have not 
been permitted to requisition DLRs for which they do not have ade-
quate funding, so they may have accepted a lower NFMCD level at the 
end of some years when actual demands exceeded the predicted levels. 
If so, the cost-per-flying-hour measure would underestimate the req-
uisitions (and funding) needed to maintain the same NFMCD level. 

Table 4.1
Current DLR Planning Decision Rights

Decision Decisionmaker Information Used

Fleetwide optempo  
levels (peacetime)

HQAF MAJCOM advice about 
required training, available 
O&M funding

Fleetwide contingency 
optempos 

COCOM, adjudicated 
by SECDEF

Required operations

Cross-fleet NFMCD  
balance 

HQAF Available funds, $/flying hour 
factors, optempo and initial 
D200 calculation (i.e., no 
explicit NFMCD recalculation)

Acceptable fleetwide  
NFMCD goals

MAJCOM, within 
financial constraints

Historical NFMCD levels (i.e., 
no explicit NFMCD calculation)

Repair and transportation 
expenditures

HQAF Available funds, $/flying hour 
factors

Pipeline flow-time  
standards (initial,  
peacetime, and war)

OC-ALC/CSW, OO-
ALC/CSW, WR-ALC/
CSW

Historical standards

Repair capacity HQAF AFMC advice

Spare-part investments HQAF AFMC advice

Planned component  
reliability

OC-ALC/CSW, OO-
ALC/CSW, WR-ALC/
CSW

Recent history, technical 
advice

NOTES: HQAF = Headquarters, Air Force; SECDEF = U.S. Secretary of Defense; 
OC-ALC/CSW = Oklahoma City Air Logistics Center Combat Sustainment Wing; 
WR-ALC/CSW = Warner Robins Air Logistics Center Combat Sustainment Wing.
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(The cost-per-flying-hour factor is computed by dividing the cumulative 
exchange price35 for all DLRs requisitioned by the cumulative flying for 
the same recent historical period.) Of course, the opposite effect would 
arise if the unit’s funding were more than sufficient to maintain the 
initial NFMCD level, because units would strive to achieve the highest 
possible NFMCD. Not only is that measure poorly linked to the actual 
changing DLR demand rates, but it reflects an entirely different under-
lying variable—the DLR funding available to the units.

In 2008, the Air Force will introduce Centralized Asset Manage-
ment (McCammant, 2006), which will remove the financial respon-
sibilities for DLR funding from the MAJCOMs and units. In effect, 
DLR sustainment will return to a free issue system where cost data 
will be collected by AFMC and units’ requisitions will no longer be 
restricted by the DLR funds they have available. Even so, the initiative 
is intended to adjust depot and contractor DLR inductions and expen-
ditures to available funds during execution, regardless of changing 
demands (Kirby, 2007). If it is successful in that effort, the cost-per-
flying-hour metric will still reflect the available funds, not the units’ 
actual DLR demands per flying hour. 

In either the current or the revised financial system, there is no 
way to ensure that a given level of NFMCD sustainment as program 
adjustments are incorporated in the POM. If the POM and the CAM 
are intended to ensure any particular level of NFMCD support, they 
will need to compute that value explicitly during POM development. 
A model could inform this process.36 

35  The exchange price is intended to be the net of the value of the broken asset and the 
original purchase price, accounting for inflation. As a practical matter, it includes both the 
average direct labor and materiel expenditures needed to repair the component, plus sev-
eral maintenance and supply overhead and administrative charges. Prices for items with a 
replacement program underway also include a replacement charge.
36  We note that non–Air Force agencies (the Office of the Secretary of Defense, the White 
House Office of Management and Budget, and Congress) make additional budget adjust-
ments in the period between the POM completion and the allocation of funds to the Air 
Force during the annual budget. To the extent possible, agencies making those adjustments 
should also be made aware of the relevant operational consequences. Their understanding of 
those consequences will necessarily be limited by their experience.
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Of course, those calculations depend on the characteristics of the 
demand and supply sides of the organizations. Currently, the demand 
rates and flow-time standards used in the D200 requirements cal-
culation are based on a mixture of (mostly) standard flow times and 
(mostly) historically recent observed demand rates that are assembled 
by personnel in AFMC’s three air logistics centers’ (ALCs’) combat 
sustainment wings (CSWs). 

Ultimately, the NFMCD goals depend on how accurately the 
assumed D200 demand rates and pipeline time predictions, which are 
based on previous historical experience, match the actual demand rates 
and pipeline times that will occur in the near- or longer-term future. 
While the CSWs expend considerable efforts to monitor the demand 
rates and even adjust the forecasts of those rates based on information 
from technical experts, considerably less effort is devoted to adjusting 
the various pipeline time parameters to reflect changes in the DLR 
sustainment network. Thus, DLR sustainment planning has not been 
able to reflect the effects of different funding levels on NFMCD or any 
other availability measure. One can hardly imagine how it could be 
otherwise, given the very large volume of detailed information; its dis-
persion across multiple bases, MAJCOMs, and ALCs; the difficulty of 
collecting and revising the details for each DLR based on a combina-
tion of recent history and technical experts’ advice; the huge decision-
making capacity required to integrate the detailed information into 
measures suitable for adjusting the POM financial allocations; the lim-
ited decisionmaking capacity available; and the time pressures for rapid 
financial adjustments to the POM (on the order of hours, not days). In 
the past, computational power did not permit revisiting the lengthy 
D200 calculations more than two to four times per year, and only one 
of those calculations (the “March Scrub”) is viewed as having authori-
tative, validated data. 

Table 4.2 illustrates why this situation exists. All columns except 
the last represent the various agencies that have a stake37 in the out-

37  We view a stakeholder as an agency whose concerns may be affected by the outcome of a 
decision. Thus, a demander may find that a particular decision allocating DLR sustainment 
resources may or may not meet his needs. Alternatively, a supplier may find that same deci-
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come. Those agencies include demanders, including the combat com-
manders, the Air Force component commanders, the Major Air Com-
mands, and the units; the suppliers, including the commodity support 
wings, the MAJCOMs’ logistics support centers, depot maintenance 
wings, the centralized intermediate repair facilities, the bases’ repair 
and supply activities, and Transportation Command; and the poten-
tial neutral integrators, including Headquarters, Air Force, and the Air 
Force Materiel Command. The rows represent the information each 
may have that is relevant in the POM context. The last column identi-
fies constraints on communicating that information.

Earlier in this monograph, we identified NFMCD as a key MOE 
that the Air Force would like to minimize. Indeed, Table 4.2 shows 
that MOE is not even calculated during today’s POM process.38 The 
main reason is that no one has all necessary information—the opera-
tors (COCOMs, AFFOR, and MAJCOMs) all have latent, hard to 
move, hard to share, knowledge about the value of higher optempos 
and additional aircraft in their particular context. However, they have 
no idea of the feasible operational tradeoffs in the face of financial and 
the DLR sustainment system’s constraints. The CSWs, maintenance 
wings, contractors, CIRFs, bases, and TRANSCOM all have consider-
able information and data about the spares, repair capacity, and trans-
portation capacity available, but it is widely dispersed. Those data are 
very detailed and voluminous, but they could be easily moved and 
shared with today’s technologies. While the D200 process can relate 
the voluminous spare-part information to NFMCD, the only models 
of the repair and transportation capacity effects on process times are 
very cumbersome to use and demanding to keep current. Thus, it is 
beyond the DLR’s current decisionmaking capacity to effectively esti-
mate the repair capacity or transportation capacity needed to ensure 
the pipeline segment flow time needed for a given NFMCD level.

sion may or may not provide sufficient funding to meet those needs, support his work force, 
cover his costs, or overburden his available capacity. 
38  As discussed above, a related measure, (no cannibalization) aircraft availability, is 
calculated once, but it is not used for decisionmaking during the rapidly evolving POM 
development.
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Table 4.2
DLR Sustainment Planning Information Availability
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Optempo (planned)

Optempo operational value Latent

NFMCD (planned)

NFMCD operational value Latent

NFMCD and funding tradespace Capacity

Funding constraints

Spares constraints Detailed

Repair capacity constraints Detaileda

Transportation capacity constraints Detailed

Nominal demand, NRTS values Detailed

Nominal pipeline times Detailed

NOTE: MW = maintenance wing.
a May be latent for contractors.
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Thus, there is little existing ability to assemble and process all the 
available information and turn it into an operationally relevant trade 
space to evaluate alternate funding levels or sustainment investments 
across fleets. The problem is just too complicated and time-demand-
ing for the rapid decisions made during the POM development pro-
cess, with thousands of different part designs per fleet and hundreds of 
organic and contractor DLR repair stations, many different transpor-
tation configurations and resource allocations, and with thousands of 
personnel. 

The presence of two potential neutral integrators is a matter of 
some concern. At a minimum, they might hold two different views 
on the outcome, and any resolution of those differences will introduce 
delays in a very time-constrained process. That is, they each might 
envision a different balance in the DLR sustainment level across differ-
ent fleets. Given the time it would take to rerun the D200 system with 
different goals, it would not be possible to recalculate the achievable 
NFMCD level within the POM decision cycle. 

The fact that the final intended balance is not explicit also intro-
duces the possibility that the intended balance will not be achieved. 
That is, the final obligation authority allocated to each of the depot 
shops through the AFMC chain of command may reflect the views 
and concerns of various decisionmakers within that chain instead of 
the balanced support envisioned in the POM. We now turn to discuss 
the execution of the financial plans developed in the POM and modi-
fied in the final budget approved by Congress.

Current DLR Execution Decision Rights

Even if the POM process settled on a target NFMCD rate for differ-
ent fleets, the current DLR execution system would find it difficult 
to achieve those goals in practice. Table 4.3 summarizes the current 
allocation of decision rights for the DLR execution decisions outlined 
earlier in this chapter. As shown in the table, a fleet’s optempo is rarely 
conditioned on the availability of DLRs. Rather, the optempo is driven 
by the need to train aircrews in peacetime and the operational require-
ments in contingencies. Cannibalization is managed locally by the 
unit, which tends to consolidate all mission parts into as few aircraft 
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Table 4.3
Current DLR Execution Decision Rights

Decision Decisionmaker Information

Actual optempo Unit, COCOM Operations and training 
requirements

Cannibalization policy 
and actions

Unit MICAPs

Lateral resupply policy 
and actions

Unit, CSWs MICAPs, DLR availability

Cross-contingency 
NFMCD levels by fleet

CSWs Repair, distribution, and 
transportation priorities

Contingency versus 
operational NFMCD levels 
by fleet

CSWs, TRANSCOM Repair, distribution, and 
transportation priorities

Cross-MAJCOM 
peacetime NFMCD rates 
by fleet

CSWs Repair, distribution, and 
transportation priorities

Cross-unit NFMCD rates 
within MAJCOM and fleet

CSWs Repair, distribution, and 
transportation priorities

Transportation capacity 
allocation

TRANSCOM JCS guidance

Repair priorities AFMC FAD, UND, UMMIPS, quarterly 
workload negotiation, carcass 
and parts availability, EXPRESS 
prioritized list

Transportation priorities TRANSCOM FAD, UND, UMMIPS

Distribution priorities DLA FAD, UND, UMMIPS

Unit FADs JCS COCOM priorities

Requisition rules and 
UNDs

USAF, units Supply Manual Chapter 24

Base, CIRF, and depot 
overtime and multiple 
shift adjustments

ALC/DMAG Funding, workload availability

Contractor premium 
awards

ALC/SMAG Funding, workload availability, 
contractor capacity

Replanning execution ALC/DMAG Funding, workload availability

Adjusted flow-time 
standards (near term)

N/A N/A

NOTES: MICAP = mission impaired capability, awaiting parts; DLA = Defense 
Logistics Agency; UMMIPS = Uniform Materiel Movement and Issue Priority 
System; ALC/DMAG = Air Logistics Center Depot Maintenance Activity Group; 
ALC/SMAG = Air Logistics Center Supply Maintenance Activity Group.
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as possible. Often, a unit may be able to reduce the number of aircraft 
missing serviceable DLRs, when they can locate that item at another 
base with similar aircraft. If so, that lateral resupply action may be per-
formed through a base-supply-to-base-supply transfer, or the item may 
be directed to move by the responsible item manager in a commodity 
support wing.

The relative and absolute NFMCD levels are not used directly to 
decide what items should be repaired first, nor where they will be sent, 
nor how fast they will be sent. Rather, the units’ achieved NFMCD 
levels are the result of the Time Definite Delivery system’s rules to pri-
oritize those activities’ actions, described earlier. This means that some 
DLRs are sent to high-priority units that would not decrease those 
units NFMCD (because of aircraft missing other DLRs), while the 
same DLRs would decrease a lower priority unit’s NFMCD.

The allocation of air and surface transportation capacity occurs 
entirely outside the Air Force. In contingencies, that allocation depends 
on the different combatant commanders’ operational needs; in peace-
time, on funding. In contingencies, at least some large fraction of the 
transportation system relies on DoD transportation assets. In peace-
time, a greater percentage relies on traditional commercial carriers, 
especially for DLRs. 

Even in the most generously resourced contingency, there is rarely 
sufficient transportation capacity to meet all users’ needs simultane-
ously. As a consequence, the TDD priority scheme determines which 
items move faster, and to which units.39 Likewise it determines which 
units’ requisitions are filled first from available stocks and which items 
are repaired first in the depot. 

In contrast to the transportation and distribution activities, 
whose primary limitations arise from their own resource constraints, 
the repair system is also constrained by the availability of broken car-
casses to repair and the availability of spare parts (both bits and pieces 
and other DLRs) with which to accomplish the repair. Thus, it is quite 

39  As a practical matter, most cargo destined for the same location is combined onto the 
same pallet. Thus, at least some lower-priority cargo enjoys faster movement to the high-
priority units than its TDD priority might indicate.
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possible for the repair system to repair lower-priority items when high-
priority requisitions exist—just because the materiel and repair capac-
ity exists.40 

The NFMCD level is implicitly determined by the FAD and the 
UND during execution. While the FAD is assigned outside the Air 
Force, the rules for declaring a UND level are controlled by the Air 
Force and are documented in Chapter 24 of the Supply Handbook. 
The current rules permit units to declare the highest-level UND for 
any aircraft DLR for which there is no serviceable DLR in peacetime 
stock or in local base repair, even though receiving that asset will not 
increase the number of available aircraft at all (e.g., because of other 
cannibalized parts on the same aircraft).

The decisions to increase depot maintenance41 or transportation 
capacity rely almost solely on the availability of additional funds and 
workloads, not on the level of NFMCD being achieved. That is, shops 
can work overtime and contractors can receive additional funding to 
work on a backlog, provided sufficient funds exist. In most cases, those 
additional funds come from outside the original DLR repair budgets, 
because diverting those funds from planned workloads would dis-
rupt existing workload and labor allocations. Obviously, supplemental 
contingency funding is one source of additional funds, but other pro-
grams’ funds may be diverted to DLR repair if a serious DLR sustain-
ment problem arises.

Guiding DLR repair production based on available funding that is 
not linked to DLR sustainment goals by fleet can lead to serious imbal-
ances in support within a fleet. Thus, some depot DLR repair shops 
can surge items for a few selected fleets while others surge for differ-
ent fleets—leading to a situation in which no fleet’s NFMCD rates are 
materielly affected because those repair surges were not synchronized. 

40  That practice cannot be considered wasteful, unless carried to extremes. The arrival of 
materiel for the higher-priority DLRs may allow their NFMCD levels to “catch up” with 
the levels that were achieved by repairing the lower-priority DLRs while the higher-priority 
DLRs were awaiting parts.
41  As mentioned earlier, the decisions to temporarily increase base or CIRF DLR repair 
capacity are much less constrained by funding considerations. Rather, they depend on 
whether the shops are able to achieve a satisfactory NFMCD level.
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There is no system in place to monitor, manage, or revise repair, 
distribution, or transportation flow times. Thus, while all the flow 
times in Figure 4.3 are used to compute the spares, there is no system 
to monitor whether those flow times are actually achieved. Instead, the 
only adaptation the system exhibits is to buy more stock or to induct 
more carcasses during a subsequent quarter.

In summary, it is remarkable that NFMCD goals have little direct 
influence on depot repairs, distribution, or transportation priorities or 
capacity adjustments. While that measure is commonly watched care-
fully at the base and MAJCOM, the TDD system that guides depot 
and other worldwide activities has only a crude indicator of NFMCD 
to guide its actions—the requisition UND, which often implies that 
meeting a high-priority UND demand will increase the unit’s capabil-
ity, even though no such outcome will occur when other missing DLRs 
prevent restoring an aircraft to a mission capable configuration.

Again, the lack of relevant information in the right hands is the 
main reason that the system has difficulty achieving the intended 
NFMCD level. Thus, Table 4.4 displays the limited information avail-
able to decisionmakers during execution. There are no MOEIs such 
as pipeline quantities or demand trends that one could compare with 
alarm thresholds to detect whether the system is operating as intended. 
Ultimately, there are only FAD and UND statements about individual 
requisitions that the MAJCOM logistics support center or commod-
ity support wing can use to judge priorities and allocate scarce items. 
Worse, those measures are only available after the fact. The DLR sus-
tainment system needs better indicators—indicators, such as those 
listed below the dashed line in Table 4.4, that can detect changes in 
system performance that will lead to unacceptable NFMCD levels.

Using the DLR MOEs and MOEIs to Guide and Monitor DLR 
Sustainment

As envisioned here, the DLR MOEIs and MOEs provide a common 
operating picture with which the DLR sustainment policy- and deci-
sionmakers can improve DLR sustainment to the Air Force’s aircraft 
fleets. We envision those MOEIs and MOEs as critical information that 
can support a closed-loop planning and execution system. As shown in 
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Figure 4.4, we envision an integrated DLR planning and execution con-
trol system that would allocate available DLR sustainment resources to 
various activities on the basis of the needed military capabilities. That 
process would take into account the operational capabilities of different 
fleets and the materiel sustainment processes and resources to allocate 
the materiel and productive (in this case, DLR sustainment) resources 
to those activities that make the greatest contributions to the Air Force 
fleets’ capabilities. Specifically, we envision the planning process devel-
oping target MOEs (in this case, NFMCD levels) to be achieved for 
each fleet. During that process, there would be a need to identify the 
affordable cross-fleet MOE tradeoffs and decide what NFMCD level 
each fleet should receive.

Of course, that raises the question of who should decide. To 
answer that question, we turn to the twin notions of decision rights 
and the neutral integrator, first for planning, then for execution. But 

Figure 4.4
A Closed-Loop Planning System
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Table 4.4
DLR Sustainment Execution Information Availability
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Optempo (planned)

Optempo (planned, unit)

NFMCD (planned, overall) Capacity

NFMCD (planned, unit) Capacity

Funding constraints

Spares constraints Detailed

Repair equipment available Detailed,a Volatile

Repair personnel available Detailed,a Volatile

Repair parts available Detailed,b Volatile

Repair carcasses available Detailed,b Volatile

Transportation capacity worldwide Capacity

Transportation capacity theater Detailed,a Volatile

FAD Detailed

UND Detailed,a Volatile

Demand alarm levels Detailed

Pipeline alarm levels Detailed
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Demand levels Detailed, Volatile

Pipeline quantities Detailed, Volatile

Demand trends Capacity

Pipeline trends Capacity

Demand alarms Capacity

Pipeline alarms Capacity

Demand workarounds Capacity

Pipeline workarounds Capacity

Demand get well dates Capacity

Pipeline get well dates Capacity

Fleet alarms Capacity

Fleet workarounds Capacity

Fleet get well dates Capacity

a May be latent for contractors.
b May be latent in CLS contracts.

Table 4.4—Continued
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first, we summarize an important technical computation development 
that makes it possible to integrate the effects of alternate funding levels 
on the NFMCD MOEs that can be achieved for each fleet during the 
tight decision cycles inherent in the POM development. We envision 
the results of that improved computation becoming a common operat-
ing picture used during the POM development to communicate the 
range of feasible, affordable DLR sustainment levels across fleets.

Further, we envision that the system parameters associated with 
the final financial allocation achieved during that improved POM devel-
opment process will provide the information needed for more detailed 
measures that sentinels can monitor to detect when the MOEIs may be 
approaching unacceptable levels. 

A Common Operating Picture for DLR Planning

As described above, the current planning system for DLRs is limited 
by the lack of a rapid process for determining how different optempos 
and investments in spares, repair, and transportation would affect the 
NFMCD level each MDS might be able to achieve. To address that 
problem, Hillestad et al. (2006) developed a capacity-sensitive com-
puter model of the depot repair and distribution process that one can 
use to quickly examine a wide range of options. Their model addresses 
two key financial-planning and programming issues:

how adding funds to the spares or repair program would affect 1. 
individual fleets’ near- and long-term NMCS levels and contin-
gency support levels
how moving funds from one fleet to another would affect those 2. 
MOEs, while holding other fleets’ support constant.

Given its rapid response time, the model could also be used to support 
decisionmaking beyond the POM deliberations and to replan DLR 
sustainment after the final budgets are adjusted by Congress. 

Table 4.5 demonstrates how the new information content from 
the Hillestad et al. model could be made available to a wide range of 
DLR sustainment stakeholders to form a common operating picture 
viewed by all. 
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Table 4.5
How a DLR Common Operating Picture Could Improve DLR Planning
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Optempo (planned) New

Optempo operational value Latent

NFMCD (planned) New New New New New New New New New

NFMCD operational value Latent

MFMCD and funding tradespace New New New New New Capacity

Funding constraints New New

Spares constraints New Detailed

Repair capacity constraints New Detaileda

Transportation capacity constraints New Detailed

Nominal demand, NRTS values New Detailed

Nominal pipeline times New Detailed

a May be latent for contractors.
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The table also incorporates an organizational change that is under 
way that would move more of the planning and execution responsi-
bilities for DLRs to a new Global Logistics Support Center (GLSC). 
Under that concept, the MAJCOM logistics support centers and the 
ALC CSWs would be realigned organizationally under the administra-
tive control of the GLSC, which would report in turn to AFMC. That 
administrative change is part of the much more comprehensive changes 
envisioned in eLog21 (Expeditionary Logistics for the 21st Century), a 
new Air Force initiative (Zettler, 2003; Bearing Point, 2005) that will 
provide new integrated information systems to guide and monitor the 
entire DLR sustainment enterprise from the bases to the depots and 
the contractors. The LSCs and CSWs will remain in their current loca-
tions, at least initially, and the GLSC will rely on virtual collaboration 
to ensure that the efforts of all parties remain synchronized.42

But the new information distribution across those agencies reflects 
more than just the results of using the Hillestad et al. model. To run 
that model, an agency must have access to all necessary data. Other 
agencies might be chosen, but we have selected the GLSC, because 
portions of that organization are collocated with the MAJCOMs and 
therefore may have access to latent information about operations that 
is not available elsewhere. In addition, those agencies include military 
personnel with previous field-level experience supporting operations 
and training activities who will certainly have latent information about 
how DLR shortages may affect those activities.43 

While the GLSC might run the model, the headquarters AFMC, 
with its emerging CAM office, will serve as the neutral integrator, as 
shown in Figure 4.5.

The first step in this process would be to develop the trade space 
to provide information about a base case and how changes in funding 

42  See Wainfan and Davis, 2004, for a review of some of the challenges the dispersed agen-
cies within the GLSC will face as they rely on videoconferencing, audioconferencing, and 
computer-mediated communications to synchronize and integrate their efforts.
43  Of course, other agencies may be able to perform the same functions ably, provided they 
have personnel with similar experience and access to operations experts. 
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for individual fleets would affect the NFMCD level for each MDS.44 
That would require assimilating information provided by the demand-
ers (optempo) and the suppliers (demand rates, NRTS rates, and pipe-
line times) using the Hillestad et al. model. To ensure that the fore-
cast is based on a solid empirical foundation, we recommend using the 

44  In some cases, such as the F-16C/D fleet, there are substantial block number differences 
within a fleet. The GLSC/LSC may find it necessary to develop a more detailed breakdown 
than MDS, so that operations experts can judge the operational value of different funding 
mixes. In some cases, the different uses of the same aircraft across different MAJCOMs may 
make it useful to develop the trade space, so that different commands may have different 
NFMCD levels for the same fleet.

Figure 4.5
The AFMC Centralized Asset Management Office Is the Neutral Integrator 
for DLR Sustainment Financial Planning
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experience of previous years’ suppliers as the base case. That will ensure 
that recently achieved flow times reflect any queuing or other delays.

The next step would be to provide the boundaries of the initial 
NFMCD and funding trade space to the demanders (AFFOR and 
MAJCOMs). That is, the suppliers would provide the demanders 
with data that expresses how changing (increasing or decreasing) the 
funding would affect the NFMCD rate for each fleet. The demand-
ers would then use those data to consider the consequences of fund-
ing changes for each fleet. Depending on the financial constraints, the 
neutral integrator (HQAF) might require the demanders to negotiate 
the NFMCD allocations with some fixed total budget in mind or allow 
the MAJCOMs to express specific needs that require funding over and 
above that initial level. In either case, the demanders could use the 
trade space of NFMCD versus funding for each fleet nearly instantly 
to examine the effects of different funding (by fleet and total) on the 
forecast NFMCD for each fleet. 

If the original funding proved satisfactory to meet the demand-
ers’ requirements, the NFMCD goals would then be used to set alarm 
thresholds for monitoring the execution process, as described below. 
If not, the suppliers would need to revisit their analyses to verify that 
there is sufficient capacity available to meet the higher demand levels. 
That is, they would need to verify that the pipeline times originally 
used for the analysis can actually be achieved with the available repair, 
spares, and transportation resources—in the face of higher demand 
rates.

A variety of computational tools can be used to estimate the 
effects of changed workloads on DLR flow times for depot, CIRF, and 
base repair shops. These range from simple analytic queuing models 
for single-stage diagnose-and-repair processes to more general analytic 
queuing models of more complex repair processes such as PDMCAT 
(Loredo, Pyles, and Snyder, 2007) to still more complicated discrete 
simulations akin to the Logistics Composite Model.45

45  The Program Depot Maintenance Capacity Assessment Tool (PDMCAT) uses simple 
mathematical calculations to estimate the dynamic production behavior of the very complex, 
multistage production processes inherent in aircraft Program Depot Maintenance, provid-
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We anticipate that the physical capacity (facilities and equipment) 
will be sufficient in many cases but that additional labor and materiel 
may be required if workloads increase. Those factors, of course, are 
built into the cost-NFMCD trade space. That is, overtime or a second 
shift can enable the system to meet the pipeline times with little or 
no additional capital investments. If additional equipment or facilities 
were needed to meet the workload and maintain the planned pipe-
line times, the GLSC would identify the requirement for those capital 
resources and identify feasible workarounds (e.g., contractors, reduced 
optempo, or NFMCD adjustments) to bring the system back in bal-
ance. Those new workarounds (which should be few, if any) would be 
communicated to the affected demanders (through the neutral integra-
tor), who would choose one alternative as an acceptable compromise 
until the required capital investment can be realized.

Computing the flow times through contractors’ DLR repair shops 
would require information about those production processes, which 
may not be available to the Air Force in some cases. However, it should 
be possible to include a requirement in future contracts to provide that 
information or contractually binding throughput times for different 
workload levels.

Likewise, the Air Force may not have sufficient information 
to estimate how a changed distribution workload might affect the 
TRANSCOM flow times. This is especially true during major and 
minor contingencies, when transportation to or within a region may 
be disrupted or already burdened with other cargo. However, it should 
be possible to convert the demands into daily C-130 or C-17 equivalent 
loads by region and then ask TRANSCOM to estimate the delivery 
flow times. 

Thus, the operational optempo, demand rates, and pipeline times 
become the foundation of a DLR sustainment plan for the execution 
year and beyond. Of course, for any number of reasons, these optem-

ing estimates on the number of aircraft in work and the annual production rate, based on 
relatively simple measures of total resources and production. The Air Force’s own Logistics 
Composite Model uses a highly detailed simulation of the detailed sortie-generation tasks 
performance times and occurrence factors to estimate sortie production rates for a given 
array of maintenance personnel skills.
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pos, demand rates, and planning flow times may not match perfor-
mance levels achieved during execution. Therefore, we now turn to 
how one might monitor and adjust the execution of this DLR sustain-
ment plan.

A Common Operating Picture for DLR Execution

During execution, the various DLR sustainment stakeholders need 
conformation that the system continues to operate as planned. When 
some part of that system deviates enough from the plan that it may 
ultimately threaten the attainment of the NFMC goals, one would like 
to detect the deviation early and determine the underlying cause as 
soon as possible. Thus it will be necessary to monitor the optempo, the 
demand rates, and the pipeline quantities, as outlined in the MOEIs 
described earlier in this chapter.

Also described there, it should be possible to set alarm thresh-
olds around each of those parameters to detect when an unacceptable 
change has occurred that will ultimately jeopardize NFMCD, even 
though the current NFMCDs have not yet breached acceptable levels. 
Once those values have been computed, one can use the Adams, Abell, 
and Isaacson forecasting approach to compute demands, use those 
demands with the pipeline times to forecast likely quantities in each 
pipeline, and use the Adams, Abell, and Isaascson distribution to esti-
mate confidence levels on those pipelines and set appropriate alarm 
thresholds. 

At that point, the DLR sustainment system can use sentinels to 
monitor the MOEIs that may affect NFMCD. Initially, those sentinels 
may be people within the GLSC who periodically review the values 
of the MOEI for critical DLRs. Over time, we envision an automated 
system that could perform those monitoring tasks, alerting GLSC per-
sonnel when an MOEI was approaching or had surpassed its alarm 
threshold. 

We envision a common operating picture would enhance that 
monitoring and reaction process. We expect the current information 
distribution across DLR stakeholders would change to resemble the 
one depicted in Table 4.6. 
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We envision the GLSC would compute, set, and promulgate the 
alarm thresholds throughout the DLR sustainment system. Over time 
one may find it desirable to set different alarm levels for different agen-
cies in the material sustainment system. For example, individual base, 
CIRF, depot, and contractor repair shops might have explicit NSN-
specific thresholds for each item they repair. TRANSCOM and the 
Defense Logistics Agency (DLA) might not have NSN-specific levels, 
but they would have sentinels that total quantity pipelines by location 
and channel. Those agencies would monitor their own pipeline quanti-
ties, in addition to the monitoring performed by the GLSC. 

In particular, we suggest that the various repair and transpor-
tation (supplier) agencies monitor the trend values closely and detect 
many underlying problems well before they emerge as normal alarms. 
That is, we expect they would detect a potential trend early, extrapo-
late to determine when it might reach the alarm threshold or even 
affect some fleet’s NFMCD goal, then take action to control that trend 
before it reaches either of those levels. This is possible because most 
shops only repair parts for a single group of similar commodities or a 
handful of fleets.

In contrast, the GLSC, serving as a communication conduit 
between the demand side and the supply side (see Figure 4.6.), would 
monitor only the MOEIs for all fleets. This is for two reasons. First, the 
individual shops may be able to detect and remedy many, or even most, 
problems (e.g., a repair equipment outage or a parts deficit) well before 
the NFMCD goal is threatened. Second, it is doubtful the GLSC will 
have the information-processing capacity to monitor and take inde-
pendent action against every minor dislocation that may occur within 
the repair and transportation system. Rather, it must concentrate its 
information-processing capacity on problems beyond the capability of 
the individual repair shops or transportation providers.

Of course, the GLSC would monitor both the supply side and the 
demand side MOEIs, alerting the supply side if demands are expected 
to take a turn for the worse and alerting the demand side if supply is 
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Table 4.6
How a DLR Common Operating Picture Could Enhance DLR Execution
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Optempo (planned)

Optempo (planned, unit) N N

NFMCD (planned, overall) N N N N N N N N N N N Capacity

NFMCD (planned, unit) N N N N N Capacity

Funding constraints N

Spares constraints N Detailed

Repair equipment available N Detailed,a Volatile

Repair personnel available N Detailed,a Volatile

Repair parts available N Detailed,b Volatile

Repair carcasses available N Detailed,b Volatile

Transportation capacity worldwide N Capacity

Transportation capacity theater N Detailed,a Volatile

FAD Detailed

UND Detailed,a Volatile

Demand alarm levels N N Detailed

Pipeline alarm levels N N N N N N N Detailed
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Demand levels N Detailed, Volatile

Pipeline quantities Detailed, Volatile

Demand trends N N Capacity

Pipeline trends N N N N N N N Capacity

Demand alarms N N Capacity

Pipeline alarms N N N N N N N Capacity

Demand workarounds N N Capacity

Pipeline workarounds N N N N N N Capacity

Demand get well dates N N Capacity

Pipeline get well dates N N N N N N Capacity

Fleet alarms N N N N N N Capacity

Fleet workarounds N N N N N N Capacity

Fleet get well dates N N N N N N Capacity

NOTE: N = New.
a May be latent for contractors.
b May be latent in CLS contracts.

Table 4.6—Continued
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about to falter.46 Because the measured demand swings may be due to 
either changes in the optempo or some variation in the removal rate, 
the GLSC would use the information about the recent optempo to 
discover the cause. Likewise, the GLSC would focus on those pipeline 
MOEIs that the sentinels indicate have exceeded their alarm thresh-

46  Remember that the Adams, Abell, and Isaacson calculations lead to a forecast of future 
demands based on forecast future optempo and recent demand patterns. Thus, the CSW 
could determine the extent to which a changed optempo might contribute to a future 
NFMCD problem by calculating the demands with the original planned optempo. 

Figure 4.6
GLSC Is the Neutral Integrator for Execution
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olds, and they would determine the extent to which demand swings 
and supply side disruptions like parts shortages or equipment outages 
contributed to the alarm.

For their part, the demanders (MAJCOMs and AFFOR) may be 
content monitoring only the NFMCD levels and comparing them to 
the original planning goals.

Note that we do not advocate that the GLSC take on a full neutral 
integrator role during execution. Rather, it acts only within the bound-
aries of the original long-term plans laid out by the Air Force during 
the POM development process. However, the GLSC may find that 
some predicted demands do not arise and that the resources allocated 
to those predicted demands can be used to meet other, unexpected 
demand surges. Alternatively, supply-side initiatives and workarounds 
may achieve efficiencies that free up additional resources to meet the 
changing demands. In that case, the GLSC should have the authority 
to reallocate resources across the supply-side activities to maintain that 
originally planned NFMCD level in the POM.

However, when those original resources and total force demands 
cannot be brought into balance by such technical adjustments within 
the supply-side activities, the GLSC would play a supporting role to the 
various parties, developing a new near-term sustainment trade space 
and alerting the neutral integrator (still the Air Force corporate struc-
ture) of the impasse. If direct negotiations between the supply side and 
the demand side could not resolve the conflict directly, the Air Force 
corporate structure would then have to decide whether to provide addi-
tional resources, or direct the demanders’ optempo and NFMCD goals 
to be reduced. 

Adjusting Incentives

As already discussed, adjusting the incentives that may affect all the 
agencies is beyond the scope of this monograph. However, we would 
be remiss if we failed to note that publishing goals and measures in an 
organization invariably causes behavior changes in the organization. 
Even when those measures are irrelevant to the production process, 
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they induce changes oriented toward them. When the measures are 
accompanied by perceived or real rewards for improved performance, 
the reaction is even stronger.

Therefore, we propose no specific incentive changes here other 
than those that are intrinsic to the measures themselves. In the future, 
it may be appropriate to investigate how changes in the incentives for 
all participants from base repair to the depots and contractors might 
further enhance the performance of this closed-loop planning and exe-
cution system.

Periodic Review and Refinement of the COP and Decision 
Rights

As the technical understanding of the DLR sustainment system changes, 
as the information (both sharable and latent) available changes, as the 
decisionmaking capacity evolves, and as the incentives change, one 
should periodically review the COP design and the decision-rights 
allocations. One of the most striking changes that occurred during 
the 20th century was the widespread increase in educational attain-
ment. As just one example, many manufacturing organizations were 
able to implement statistical process-control techniques in production 
shops by the end of the century, while typical shops at the beginning 
of the century had many workers with only rudimentary grade school 
educations. 

Other, subtler, changes may arise if people within the DLR sus-
tainment system agencies obtain more field-level experience. The knowl-
edge they may gain through a COP that gives them greater insights to 
operations will give them a stronger (albeit latent) understanding of the 
different kinds of fleet capabilities that the Air Force values and the 
effort and resources needed to deliver those capabilities.
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CHAPTER FIVE

Conclusion 

This monograph represents an initial attempt to develop a new process 
for assuring more effective, more responsive, more efficient materiel 
sustainment for the U.S. Air Force. We have integrated and described 
the concepts of common operating pictures, effects-based measures, 
schwerpunkt, decision rights, and the neutral integrator to outline how 
one might improve the Air Force Materiel Sustainment System. We 
have illustrated how one might apply those concepts in a specific con-
text, DLR sustainment.

No doubt, there are many ways to improve the specific DLR 
sustainment system design proposed. After all, it has not been tested 
in actual operations. We expect that portions of the design may be 
explored as GLSC’s responsibilities and operating processes evolve. 
Further, we acknowledge that this end-to-end design cannot be imple-
mented as a turnkey change in the operations of DLR support. Rather, 
it represents a conceptual goal toward which the DLR sustainment 
system might strive.

At the same time, the document does indicate some enabling 
mechanisms that could speed the system’s evolution toward that goal. 
If implemented, the Adams, Abell, and Isaacson method of demand 
forecasting might enable much tighter control and earlier warning of 
potential surprises. The Hillestad et al. technique for examining the 
NFMCD and funding trade space across multiple MDSs could make 
it possible to create operationally relevant, concrete, achievable, and 
affordable NFMCD goals that reflect Air Force priorities. Finally, sen-
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tinels could detect potential problems before the MOEIs increase to 
levels that would affect those goals.

We anticipate that this design will be gradually refined as it is 
incorporated within the Air Force DLR sustainment system. 

Some Foreseeable Implementation Challenges

This monograph has not dealt with all the potential implementation 
challenges that a COP-based system might face. Many of these are pro-
cedures that, while they make sense in a system without a COP, limit 
the DLR sustainment system’s ability to respond to changing optem-
pos, demand rates, or process changes. Crawford (1988) and Pyles and 
Shulman (1995) outline the deep uncertainties that have plagued previ-
ous attempts to improve DLR sustainment forecasting and control. As 
described in Chapter Four, the current Air Force use of MICAP-based 
UND definitions could be replaced by NFMCD-based rules that hold 
the potential of improving force-wide mission capability. Also, the cur-
rent financial constraints on repairing DLRs based on two-year-old 
NSN-specific demand forecasts prevent those same repair resources 
from being applied to meet actual current demands.

If some variant of this end-to-end, NFMCD-based DLR sustain-
ment control system design were adopted over time, it should be pos-
sible to improve the Air Force’s control over NFMCD rates, improve 
the NFMCD balance across fleets to better match operational needs, 
and ultimately improve those rates force-wide.

That increased flexibility may also require changes to make the 
DLR sustainment supply chain more flexible and responsive, as well. 
One reason for adhering to a longer production forecast is that mate-
riel requirements can be predicted with some confidence. If one wants 
to make the DLR mix more responsive to changing demands, it will 
be necessary to have the right spare parts available. While the repair 
process itself can provide some parts responsively—e.g., shop replace-
able units on a line replaceable unit—consumable components pro-
vided from outside sources are often required, too. To avoid carrying a 
large inventory of low-turnover repair parts, the Air Force has already 
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begun to investigate ways of improving supply-chain responsiveness in 
its eLog21 initiative.

Beyond DLRs

We anticipate that the process used in this design may be adaptable to 
other Air Force materiel sustainment activities such as vehicles, equip-
ment, and ammunition acquisition, storage, and maintenance. Those 
activities contribute to the six overall Air Force agile combat support 
objectives identified in Chapter Four in different ways than the activi-
ties in support of DLRs. Even so, we anticipate that one could apply 
the approach outlined in Chapter Three to design common operating 
pictures to support planning and execution for those activities. Hope-
fully, these changes will clarify our view that this approach could be 
used effectively to improve the management of other combat support 
resources. 
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APPENDIX

How Decisions Occur in Organizations

At some level, organizations exist to make decisions. Almost every-
thing that occurs inside an organization involves a decision of some 
kind. Asking how decisions occur in organizations comes close to 
asking how organizations work. That is not our goal in this appendix. 
Rather, we seek to identify the basic factors that are relevant to making 
any particular decision and then explain the factors one would consider 
when assigning decision rights to specific agencies.

In this appendix, we first outline the resources (information and 
decisionmaking capacity) and influences (incentives) that affect the out-
come of any single decision. Then we suggest how one might use those 
factors to assign decision rights within a large, complex organization.

Information 

Any decision typically benefits from information on many different 
factors. In a large organization, the issue is whether the relevant infor-
mation is at the right place at the right time. To apply relevant informa-
tion to a decision, an organization typically has three choices:

move information from one organizational location to another 
assign the right to make the decision to an organizational location 
near the most relevant information 
break the decision into smaller decisions, each of which the orga-
nization can address at one or more locations near the relevant 
information.
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Some information is latent, that is, it is very difficult to move, at 
least in time to make the required decision within a meaningful time 
window. Examples range from the current needs for a part just removed 
from an aircraft to the deep understanding of the how the complemen-
tary operational characteristics of different fleets interact to deliver a 
military capability. On one hand, information may be latent because it 
requires direct observation and immediate action. On the other, it may 
require extensive education or experience that is not widely available 
throughout the organization.

In many organizations, advances in information technology have 
made it possible to move much more information more readily and 
rapidly. In addition, increased access to education over the past century 
has also made some previously scarce deep information much more 
widely available, making it less necessary to move.

These technological and educational shifts have increased the range 
of options available to assign decision rights to different organizational 
elements. In many cases, organizations have exploited those changes 
to decentralize the rights to make various decisions. Yet, those same 
organizations have maintained a considerable degree of centralization 
for other decisions. The reasons for these different organizational design 
choices lie in the incentives and the decisionmaking capacity available.

Information Processing Capacity and Incentives

A decision settles a question. Within an organization, a decision in 
effect chooses one course of action and sets the organization on that 
course. Thus, every decision in an organization occurs in a specific 
place at a specific time. A decision may be the product of many dis-
cussions and interactions, among many organizations and individu-
als within organizations, over a long period of time. But somewhere, 
at some point in time, settlement occurs, changing or clarifying the 
direction of future actions in the organization. 

Given any particular decision of the kind listed above, who should 
have authority to make or influence the decision in an organization? 
Presumably the person or activity in that organization most likely to 
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make a decision that advances the goals of the organization should 
have the authority to make the decision. If other individuals or activi-
ties can provide input to making the decision that is likely to promote 
the organization’s goals, they should have some authority to provide 
that input. 

A decisionmaker is more likely to benefit the organization if the 
decisionmaker

knows more about what sets of outcomes of a decision are most 
desirable from the organization’s perspective, or most likely to 
benefit the organization 
knows more about what sets of outcomes alternative decisions can 
achieve, or what is feasible
has an incentive to choose the set of outcomes that benefits the 
organization most.

Put another way, the more relevant information the decisionmaker has 
and the more incentivized the decisionmaker is to use that information 
to advance the organization’s goals, the more likely that decisionmaker 
is to benefit the organization.

The quality of the information available to a decisionmaking pro-
cess at any organizational location depends on two things:

How good is the information received from relevant sources—
monitors of strategic priorities, the military situation, the general 
environment, and the status of resources and processes?
How good is the local capability to integrate information from all 
these sources in a way that creates an image relevant to the orga-
nization’s strategic goals? This capability depends on the level of 
decisionmaking skills and the methods and tools available at the 
location—that is, the decisionmaking capacity.

The information that a decisionmaker can actually use is information 
that the decisionmaker and his or her staff have processed and absorbed 
locally in a way that prepared it properly for application to the decision 
at hand.
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Assigning Decision Rights

Organizations exist to create synergies among many different kinds of 
specialists. Specialist communities within an organization nurture and 
promote different perspectives on the relative importance of various 
strategic organizational goals and information on how firm or binding 
the different constraints may be. 

Effective incentives to promote the organization’s goals also differ 
from location to location. The mechanisms used to motivate individ-
uals often reflect local values, and individuals typically retain some 
autonomy to pursue their own interests, even if they depart from the 
organization’s interests. The degree of this autonomy often differs at 
various locations in the organization. 

Who, then, should the organization give the authority to make 
specific decisions? The answer depends on which information about 
strategic values and specific constraints is most relevant to a specific 
decision. The better the relevant information and decisionmaking 
capacity is at a particular location, the more desirable it is to place a 
decision at that location. The answer also depends on how good the 
incentives are at different locations in the organization. If the informa-
tion relevant to a location is perfect, incentives that do not constrain 
pursuit of local or individual interests there can make that location an 
unattractive place to make a decision. Similarly, even if the incentives 
at a location perfectly align a decisionmaker’s values with the organiza-
tion’s values, that location may be unattractive if information relevant 
to the decision is missing. 
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