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DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL OPERATIONS

WASHINGTON. D.C. 20350
IN REPLY REFERTO

Ser 96/594021

• JUL 01980From: Chief of Naval Operations

To: Distribution List

Subj: Relating Resources to Readiness Study Report; promulgation
f of

i Encl: (1) CNA Report 1, September 1979

1. The Congress has directed that the Services provide estimates
of the effects that funds requested for material support are
likely to have on material readiness. The Relating Resources to

A Readiness Study was undertaken to investigate the feasibility of
developing a system that relates funds, resources, and readiness,
and to determine the courses of action available to the Navy.

2. None of the indicators that are now used to evaluate expendi-
tures are a complete measure of material readiness, nor will it be
possible to accomplish this with a single indicator. In only
narrowly restricted areas has previous analysis developed quanti-
tative relationships existing between resource expenditure and
force readiness. The Study Group developed a conceptual model of
how resources could be related to readiness and readiness to
effectiveness. It examined the applicability of existing analyses,
models, and reporting systems to the conceptual model and also
conducted a partial survey of research firms to learn how they
could help develop a resource to readiness system. Lastly, it
formulated several options that are available to the Navy.

3. The study concludes that it is feasible now to begin modeling
the relationships between the resources available to units and the

readiness of those units to carry out their missions. This would
initially involve a difficult and lengthy process showing how
resources affect the material condition of equipment. Relating
budget changes to the resources available will be even more diffi-
cult, however. A sizable body of work in these areas has been
produced, but it has not been managed or monitored systematically.
The study outlines several options for relating resources to
readiness and makes recommendations for funding and managing future
resources to readiness research.

4. Enclosure (1) is Forwarded.

M. S. HOLCOMB
Vice Admiral, U.S. Navy
Director, Navy Program Planning
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SUMMARY

The primarv objectives of the study were to:

* Determine the feasibility of developing a meaningful
system to relate resources to readiness,

o Describe alternative ways the Navy might proceed to
develop and manage such a system, if it is feasible,
considering costs and benefits,

* Recommend the alternative which would most likely satisfy
requirements for developing resource-to-readiness
relationships.

A diagram of flows of resources into readiness was developed. This
illustrated the general flow from operations and supporL dollars
into functional areas impacting on Navy-wide resources and into
unit (ship or aircraft squadron) resources. These determine the
state of personnel, training and supply at individual units, which
influences the availability of the units' equipment. The units'
material readiness, crew readiness, al.d design canability influence
its effectiveness, which also varies with the threat, scenario,
strategy, etc. This conceptual model is presented as a framework
rather than in mathematical terms; it was not the purpose of the
study to develop a mathematicai description or to quartify Links
between resources and readiness.

The study surveyed previous research and existing data systems to
determine the likelihood of developing and implementing a quantita-
tive model. On the positive side, there are many examples of
analytic efforts which have developed relationships.between some
aspect of a unit's resources and its readiness. On the negative
side, most of these examples do not include the cost of improving
readiness. Nor did the study find successful analyses of relations
between more aggregated variables, such as budgeted funds, readi-
ness levels, and force effectiveness. There also appears to be a
lack of models or data systems which could track the effect of
budget changes to a unit's resources, particularly at the rission

The study concluded that development of a resource-to-readiness
system consisting of a set of independently developed relationships
is feasible. A more unified approach is probably not feasible now
and would be a risky and costly effort.

It is recommended that the Navy establish a readiness analysis
office to:

a Monitor and manage future research on resource-to-
readiness relationships

-vii-



e Keep track of readiness trends

o Coordinate responses to readiness questions

e Act as an advisory board to the CNO on readiness matters.

This office should fund a decentralized research program concen-
trating on material readiness with some exploratory work on opera-
tional readiness. The study concluded that this represents the
best compromise beLween comprehensiveness, cost and feasibility.
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INTRODUCT ION

In FY 1978 the Navy spent $11 billion on operations and main-
tenance, largely to maintain or improve the readiness of the ships
and aircraft in the fleet. This expenditure is only the tip of the
readiness iceberg, since large portions of the manpower and
training costs borne by the services are really expenditures to
improve readiness.

If the Navy had an explicit, quantitative method for showing the
effect of spending money on readiness, it would be able to evaluate
decisions better and make the right choice more often. Realizing
this, Congress wrote a requirement for increased attention to
relationships between resources and readiness into the FY 78
Defense Authorization Act. Section 812 of the Act states that,

"The budget for the Department of Defense submitted to
Congress... shall include data projecting the effect (on
readiness) of the appropriations requested for material
readiness requirements."

The Act also called for "a report setting forth quantifiable and
measurable materiel readiness requirements."

OSD immediately recognized "a few little minor problems standing in
the way of complying with this tasking... Among them:

"* in general, we have not agreed upon 'quantifiable and
measurable materiel readiness re 4 uirements';

* although several services specify standards or goals for
operational readiness.., those goals generally are not
relatable to any analysis of the combat capability needed
to accomplish specified wartime missions; and

o worst of all, we currently have no ability to 'project'...
Sthe effect of appropriations requested for materiel
readiness requirements. "1

The purpose of our study is to delve into this last problem. Our
primary objective is to determine the feasibility of developing a
system to relate resources to readiness. Since this is a feasi-
bility study, we do not develop such a system here. Rather, we
examine whether and how the Navy should proceed in developing such
a system.

A conceptual model describing relationships between resources and
readiness is developed. A review of previous work relevant to

4 •! OSD Memorandum on Readiness Analrsis, 28 Jun 1977.
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T

relating resources to readiness is performed to allow an assessment

of how existing cost and readiness information systems and models

could be used to support the conceptual model. We determine what

kind of work needs to be done to develop an acceptable resource-to--

readiness system, and roughly estimate the cost of several alterna-

tive approaches to this work. Finally recommendations for Navy

action are made.
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FEASIBILITY OF A RESOURCE-TO-READINESS SYSTEM

A GENERAL MODEL

The reason for being interested in readiness is concern that theI Navy be able to perform successfully if it is called on. Figures 1
and 2 put resources in a framework that reflects this ability. On
the right in figure 1 we find the notion of expected effectiveness,
which has been defined as "the ability of a force, unit, weapon
system, or equipment to achieve a specifically defined wartime
objective."I Expected force effectiveness depends on the size of
the force, on the capability (modernization level) of the units in
the force, on the specific threat they face, on the decisions of
the command structure regarding strategy and tactics, and on the
ability of units to operate their equipment, as well as their
ability to keep it operable.

Expected unit effectiveness is a less encompassing notion than
expected force effectiveness. It still depends, however, on both
threat and capability.

Moving to the left in figure 1, we find.the notion of unit readi-
ness. This has been defined by the DoD Readiness Management
Steering Grou-p as "the ability of a force, unit, ship, weapon sys-
tem or equipment to perform the function for which it is organized
or designed." As the figure shows, unit readiness depends on the
availability and reliability of the equipment needed to perform t 1he
mission -- material mission readiness -- and on the ability of the
unit to operate the equipment -- operational mission readiness.
The feasibility of modeling readiness is contingent on the exist-
ence of data to measure or quantify these terms.

The Navy spends money on many things in order to improve readiness.
These include expenditures on personnel, training, maintenance,
design enhancement, and supply. Many of these affect readiness by
affecting resources available at individual units; that is, by
affecting what we will call the state of the unit. Thius, for ex-
ample, expenditures on recruiting and training influence readiness
by improving the availability and performance of unit personnel.
Similarly, expenditures on transportation and supply should affect
readiness by increasing the availability of spares at the unit
level.

Other expenditures, such as reliability and maintainability en-
hancement programs, do not directly affect the resources available

"Force Readiness," prepared by DMIA #11, Industrial College of the
Armed Forces, Jun 1978.
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at the unit level. Rather, they assist a unit with a particular
level of resources to reach higher readiness levels.

Figure 2 illustrates flows between general resources, unit re-
sources, material readiness and operational readiness. It adds the
notions of budget and resources to figure 1.

This conceptual model has se-eral shortcomings. It doesn't show
which categories of budget expenditures affect what resources. It
does not categorize resources in detail. Recruiting expenditures,
for example, conceptually include advertising, recruiters'
salaries, and the level of pay offered to prospective recruits.
Similar decompositions are possible for all the resources shown in
the figure. It fails to illustrate some important relationships
between resources and readiness. For instance, the resources that
affect crew performance and availability probably influence mate-
rial condition through their impact on operator-induced failures.
It does not capture leadership and morale explicitly. Our approach
assumes that the effect of resource use on leadership and morale
will be implicitly picked up by quantification of more objectively
verifiable relationships. 1 This may cause us to miss some oppor-
tunities to improve readiness by improving morale through resources
not addressed in the model. Finally, it is not quantitative. One
might say that it just shows that everything influences everything
else. Acceptance of that truism does not constitute development of
a system zelating resources to readiness. That development re-
quires the functional links depicted in the general model to have
"numerical sensitivities attached to them.

ADEQUACY OF EXISTING DATA AND RESEARCH

Present Sources

Readiness

Several existing information systems may be used as indicators of
the effect of a unit's state or resources on its ability to carry
out a mission. SCIR, TIGER, and FORSTAT are all examples of
systems which can be used directly to document this link.

The SCIR (Subsystem Capability and Impact Reporting) system links
the non-availability of an aircraft's subsystems to its mission
capability. Mission-essential subsystems are identified and

For example, expenditures on retention that increase the propor-
"tion of senior enlisted men ought to improve readiness in part by
improving leadership. A relationship between retention and readi-
ness will include this effect, even though leadership cannot be
measured explicitly.

-6-



associated with required mission capabilities through the Aircrz.ft
Operational Capability Matrix, as illustrated by table 1. When
SCIR is implemented on operational units, information on subsystem
downtime will be used with this matrix to produce a report showing
the time a given mission could be performed.

The TIGER model applies a similar concept to ships.1 The model
divides a ship's mission into phases, as shown by table 2 for the
FF 1052. The matrix associating mission phases with various sys-
tems is illustrated for the FF 1052 by table 3. The ability to
perform each of the mission phases is related to the availability
of these systems. The availability of a system is determined by
the availability of its subsystems or equipment through logic[ idiagrams of equipment configurations. 2 An example showing part
of the configuration of the steam generation and propulsion system
is shown in figure 3. This diagram indicates redundant items as
well as the nurber required for various mission phases.

Thus, TIGER and SCIR model the link between equipment availabili.ty
and mission material readiness.3 However, these systems do not
treat contributions of personnel, training and supply to overall
readiness for a mission.

FORSTAT, on the other hand, explicitly incorporates the effects of
all these resources on readiness. 4  (Further, all units file
reports.) Units now report only their readiness ratings by these
resource categories and by overall mission category. However, more
detail could be reported because the unit must analyze the status
of each resource for each mission as illustrated by table 4. Logic
schemes or decision trees are provided by type commanders to guide
units in filling in the matrix. Figure 4 is an example of a
SurfLant instruction to relate equipment status to readiness status
for imobility.5

ITIGER was developed by the Naval Ship Engineering Center to

evaluate reliability, maintainability and availability of new ship
classes during contract design. Many of these ship classes are now
operational.
2The logic diagrams can also be represented mathematically by
structure functions.
3 SCIR is being implemented for all aircraft; TIGER wiring diagrams
4have been developed for most ship classes.
The way in which personnel training and supply readiness is

measured in FORSTAT is extremely arbitrary. FORSTAT material
readiness is fairly closely tied to CASREPs filed by ships.

Most FORSTAT logic schemes are much more complex than this
•. aexample. -
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TABLE 1

AIRCRAFT OPERATIONAL CAPABILITY MATRIX

FOR TEST PURPOSES ONLY
ITTEMS ITEREDERIVED FROM VEDA
COR.P. STUDY

I.4 - 1
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TABLE 2

FF 1052 MISSION PHASE DESIGNATORS

% UNNDERWAY
PHASE DESIGNATORS/CONDITIONS ENROUTE WITH ESCORT

01 - EN ROUTE - 12kt, 1 BOILER 25

02 - UNDERWAY - 12kt, 1 BOILER 7.5

03 .- EN ROUTE - 20kt, 1 BOILER 75

0 04 - UNDERWAY - 20kt, 1 BOILER 19

i5 - UNDERWAY - 20-25kt, 2 BOILERS 33

06 - UNDERWAY - FULL POWER, 2 BOILERS 0.5

07 - UNDERWAY - ASW HELO - 20-25kt 10

08 -: UNDERWAY - ASW EXER - 20-25kt 18

09 - UNDERWAY - ASU EXER - FULL PWR 2

010 - UNDERWAY - AAW EXER - 20-25kt 3

011 - UNDERWAY - SUW EXER - 20-25kt 7

012 - IN PORT, 1 BOILER - LESS TILVNI 10 DA'LS

013 - IN PORT, COLD IRON - 10 DAYS OR IMORE

Fleet and unit exercises represent another potential data source.
These include the recurring fleet exercises listed in table 5 andthe FXP series of individual ship exercises which are administered
and controlled by the type commanders. CNA field representatives
have also recommended Operational Readiness Evaluations as a
fruitful source of data for analyzing tactical readiness.

Effectiveness

S'It should be possible to link unit readiness to force effectiveness
through the models used for war games and campaign analyses. Con-
versations with researchers at the Naval War College and Naval
Underwater Systems Center indicate that readiness levels are
incorporated in these models.

-9-
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TABLE 3

FF 1052 SYSTEM UTILIZATION MATRIX

MISSION PHASE.S • Y S TM11 2 31 1 i • 61 7' 8 911o01111-211-3i

-AUIR ONIT42IONN AEREjl',7I 3

V IVI IVJ I V1 V V V I /I /
AIR CONDITIONING I I ///,:

ELECTRONICS COOLING WATER• V I/ IV IV IV" IV, v, IV IV
FRS AE _ V V I VI , V V

REFRIGERATION V v IVIj VIVI V IV l I 1

STEERING V/ v V V V IV'V AI R IV 7
SEA WAI V IVVVI/ V IV-I IV IV IV iVi i

AVIATION

ELECTRICAL V iI/ I V/ 1V I I 1 I

STEAM CE*,:RAT' '.'~' ' I I

"__"_PRA RIEVIMAIKER11 I
"V 

"TIlill

E____! __..__. 
...

NAVIGATIONown si VI VI VI' VI/ VI VI I V I1 VI i

H2ELO AID--

EXTERIOR COQM.f5'NICATIONS Ij/ I//
______-"_I V I V I VI V.. I ~ I _

SI - - -... . .

COMBAT SYSTEM V IVi- V
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TABLE 4

SAMPLE FORSTAT REPORTING MATRIX

RESOURCE AREAS-" MISSION

MISSION I AREA

AREAS PERSONNEL SUPPLY EQUIPMENT TRAINING M-RATING

AAW M2 M2 M3 M1 M3

ASW M2 M2 MI M2 M2

SUW M2 M3 M2 M3 M13

CAC M1 M14* M1 M2 M2

MOB M2 M2 M3 M3 M3

R RESOURCE .
AREA OVERALL

C-RATING C-2 C-3 C-3 C-3 C-3

Ii
SSAT•REMAIN UNDERWAY MAKE NbBOILERS W,3

ON OWN POWER ? FULL POWER AVAILABLE?

F IS SHAFT LIMITED

M4 TO LESS THAN A

SFI.4"FULL BELL?FIL

! ~FIG. 4: FORSTAT LOGIC DIAGRIAM FOR MOBILITY
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TABLE 5

SUMMARY OF EXERCISES

Primary
2

Exercise Frevuency Sponsor Scope1  Duration Type

SrAP.E4M Series SIDG/3rd Fleet Small Few days a,d
CSTEX Series 2nd Fleet Medium Few days cSConpTUEx Series 2nd/3rd Fleet Medium 2 weeks/ c .

"• ~1 week
Cai~- Semi-Annual 2nd Fleet Medium Month C

, Solid Shield Annual CinCLant Large 2-3 weeks b"

Northern CinCHan
Wedding Annua3 SacLant Large 2 weeks b

Missilrx Series 6th/7th Fleet Small Few days d,a
NatWk Semi-Annual 6th Fleet Med-Large Week b
Display

Determination Annual CinCSouth Large 1 week bI. Dawn Annual CinCSouth Large 2 weeks bcPatrol

ReadiEx Quarterly 3rd Fleet Med-Large 1 w1ek C
FleetEx Semi-Annual 3rd Fleet Mad-Large 10 days b,a
-Rl'-!Pac Annual 3rd Fleet Med-Large 2-3 weeks b
Read--x Quarterly 7th Fleet Large 1 week b,c
Ocean Safari Annual SacLant/CinCHan Medium 2 weeks b
Safe Pass Annual CirCwlestLant Medium .1-2 weeks b
MIultiplEx Series 7th Fleet Small-Med Few days C
Team Spirit Annual CinCUNC Large 10-14 days b
iScope: Small scale refers to less than CVTG size. Medium scale refers to one CVTG size

or group size. Large scale reZers to multiple CVTGs, or 1 CVTG with an amphibious ele-
ment or .CVTG with allied forces.
2 Primary Types: the categories (a,b,c,d) refer to the following exercise objectives:

a. System performance measurement and evaluation
b. Fleet comand, control, and operational effectiveness
c. Ship/squadron deployment readiness
d. Tactics development and evaluation

I iK

S~-13-
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Budget Changes

So far we have treated the problem of relating changes in the level
of a unit's resources to its readiness and perhaps then to effec-
tiveness. The system could be partially completed by costing out
the unit resources and aggregating these back to budget categories.
This might help in justifying some budget requirements. But it
would not answer questions about the impact of more general budget
changes. To the extent that Congress is concerned about knowing
the expected impact of changes in the budget on readiness, there is
an additional link to be modeled. It is necessary to know how
changes in funding aggregates visible at the budget level relate to
changes in resources. It isn't always obvious what the implica-
tions of a budget change are for the nature, quantity, and location
of resources being bought.

There are three ways of dealing with this problem. First, the
tracking of resources in the budget could be improved to the point
that one could identify budgeted funds at the same level as re-
sources in the resource-to-readiness system adopted. Second, an
approximate allocation procedure could be developed. This might
assume that changes in a budget aggregate would be spread around
proportionately among the items making up the aggregate. Such an
assumption would often be wrong, but it is an approximation.
Third, an ad hoc procedure could be used. This means that every
time Congress (for example) identified a budget change of interest,
the Navy would have to identify the resource implications of that
change in a way that would allow an estimate of the readiness
implications to be made. Drills like this are often performed
today in the programming and budgeting process. The choice among
these procedures depends on feasibility and accuracy.

The second procedure would allocate overall resources to units and
missions. But existing data bases will not support this activity.
The Navy Cost Information System shows funds aggregated across
units and missions. And although VAMOSC, the Navy Resource Model,
and the Logistics Resource Annex may help at the unit level, they
do not have mission detail.

* t A further problem with measuring the impact of a budget change is
that implementation affects the impact. The impact of a cut in theS~training budget, for.-example, depends on where the cut is taken.
An across-the-board cut wi11 have a bigger impact on readiness than
a cut. tailored to avoid critical ratings. For this reason, every
budget change of interest must be examined individually to deter-
mine what resources will be affected. Logic diagrams to aid this
task can be developed. But developing a system that automatically
relates budget changes to readiness is severely limited by the

k• uncertainty about where the change will really be made.
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Research on Model Links

The study team reviewed the literature (see appendix A) to deter-
mine the scope of past research relating resources to readiness.
The Navy Readiness Analysis Study (NRAS) was the only effort which
had as its goal development of an all-encompassing model. The 1969
development plan for this system called for three groups which
would collect operational performance data, provide information
about the data bases, and analyze the data. The analysis groups
would be staff elements of the CNO, fleet CINCs, and type com-
manders. The proposal estimated that the total cost (including
hardware) would be over $100 million and that almost 500 people
would be required. The plan was never fully implemented.

While NRAS was the most ambitious effort, many others have investi-
gated some aspect of resource use, readiness, or a relationship
between them. We summarized 76 such studies in references 2 and 3.
Few studies addressed effectiveness (or capability as opposed to
availability). Those which did either were conceptual models or
applied to aircraft. About half considered multiple resources.
"Resources" ranked by frequency of use as variables are: spares
(most frequent), personnel, equipment availability, training, and
operating tempo (steaming hours). About half the studies con-

* Isidered dollar cost; most of these concerned spares. About 55
percent used data; the rest were methodological or were proposals
for systems, etc. The methodologies veried. Simulation was the
technique used most and appeared (either alone or in combination
with other methods) in about one-fourth of the models. More of the
studies examined ship logistics than aircraft logistics. Most
research applied at the unit (ship or squadron) level but about a
third treated individual missions. Many more addressed relation-
shins between unit resources and unit material readiness than
between any other two general areas of the conceptual mrodel.

Research, then, has not produced a unified mod.el covering the path
from the budget to effectiveness. This could be due to high cost
(as estimated by the NRAS), high risk (implied by the weakness or
lack of data for parts of the conceptual model), or lack of
priority (there were too many current issues with higher priority).
Nevertheless, past and current work could be used to construct
modules of such a system.

But, although many links of the general model have been investi-
gated, it is clear much work is still needed. Some areas not
covered would probably be very difficult to quantify. For example,
the effect of formal training on a person's contribution to overall
mission readiness has not been shown. Some studies address cost
but more work needs to be done in this area as well as the area of
allocating the impact of funding changes to missions. The objec-
tive for a comprehensive model is to evaluate the impact of all

* - -*-i*,-,



allocating the impact of funding changes to missions. The objec-
tive for a comprehensive model is to evaluate the impact of all
support funding changes on readiness. However, before it could
actually serve this purpose, the whole system would have to be
quantified and information derived from one link would have to be
usable by the next. Such a product can be envisioned only in the
long term. For the interim, there is a potential payoff to con-
tinuing the attack on specific areas.

INFORMAL PROPOSALS FROM RESEARCH ORGANIZATIONS

In order to get an independent assessment of the feasibility of
continuing work, the group surveyed 12 organizations about their
ideas for performing additional research on relating resources to
readiness. Eight of them suggested areas of research and submitted
rough cost estimates. Since our estimates of the costs of various
options presented in the next section are based somewhat on these
proposals, we have listed them in table 6, together with the
proposer and estimates of the time and total cost required to do
the work.

The organizations that responded to our inquiries have proposed
work that covers a wide range of topics. Improved measurement of
material readiness was addressed by MathTrých and ARINC and
implicitly by CACI and NavSec. Work on the impact of funding for
central supply, aircraft intermediate maintenance, and ship depot
maintenance on subsequent material condition has been proposed by
CACI, ISI, and CNA. Readiness models that incorporate personnel
and training have been suggested by two organizations: Pugh-
Roberts' proposal for an aircraft simulation model would focus on
material readiness for aircraft while TRW suggested an operational-
readiness-oriented model for ships. ORI has shown interest in
developing logic diagrams to analyze the budget allocation process.
All of these respondents proposed research on a particular part of
a resource-to-readiness system; none suggested a unified effort to
solve the entire problem.
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A NAVY PROGRAM FOR RELATING RESOURCES TO READINESS

OPTIONS

There are five alternative ways in which the Navy might proceed
next in its efforts to relate resources to readiness. (There are
really an infinite number of options available but these five

represent the range.)
The first option is to continue current practice. One charac-
teristic of current efforts to relate resources to readiness is the
absence of central awareness of the overall research program.
Research projects are undertaken in an uncoordinated way. Funding
offices typically (and properly) commission work to help them do
their particular jobs. Resource-to-readiness models are developed,
but nobody outside the funding office is responsible for keeping
track of all of them, gathering them into a library, or using them
to build a coherent set of tools.

Option one would not cost anything above what's being spent now on
readiness research, but it is probably insufficient to satisfy
Congressional demands. It would perpetuate the current difficulty
of routinely tracking readiness trends using multiple data sources
and it would not improve the use of existing resource-to-readinessN models and research for centralized program planning. That's not

ON.W to say that the Navy wouldn't get smarter as time goes on.
Resources-to-readiness research is being done, and some of the
results of this research would eventually be adopted fqr use by
future decision-makers.

The second option, representing the least ambitious change to
current practice, would be to designate a readiness analysis office
(RAO) to monitor the resources-to-readiness work funded by other
offices. In addition, this readiness analysis office could be made
responsible for tracking readiness trends. Currently nobody in
OpNav performs this vital function for all the available indicators
on a routine basis. This has caused difficulty in giving the CNO
an up-to-date perspective on the readiness of the fleet and on the
impact of expenditures.

Perhaps two officers or fairly senior civilians would be assigned
to the readiness analysis office, with two enlisted men or civil-
ians to help with data handling. Monitoring the work funded by
other offices would entail minimum cost and lead to an accumulation
of tools as time went on. Some unnecessary duplication of research
would be avoided. Accumulating an identifiable tool bag from -

existing models and on-going research would increase the visibility
of readiness considbrations in planning, and might satisfy Congres-
sional requirements. Better use would be made of existing models,
but the development of new ones would still be largely accidental.

1 *-18-



Options three and four would provide for a program of decentral-
ized research funded by the RAO in areas it felt were being
neglected by other offices. Option three takes a modest approach.
In addition to monitoring work funded elsewhere, the readiness
analysis office would promote research on material condition and
the resources that affect it. Relationships would be derived for
illustrative units. Complete fleet coverage would not be attempted
until the research program was well established. An attempt would
be made to focus on the material readiness of units to perform
various phases of their primary missions -- the kind of readiness
measure used by TIGER and SCIR. Following a rule-of-reason
approach, work using less direct measures of material condition
(like CASREP downtime, FORSTAT ratings, or mean requisition time)
would be funded in areas where use of a better measure proved im-
possible. Several contractors would be selected to do analyses
involving different resources. (This is what we mean by a decen-
tralized research program.) Funding of more than one contractor in
the same area is not ruled out because of the risks of failure
inevitable in this kind of work.

Option three would require increasing the staff of the office to
perhaps four officers. Adoption of this alternative with a re-
search budget of about one to 1.5 million dollars a year would
probably fulfill Congressional requirements and provide an exten-
sive set of resource-to-material-readiness models within five
years. Two shortcomings would remain. The Navy would have limited
ability to defend expenditures that support operational rather than
material readiness. This has been a problem in the past. Second,
even after five years, gaps would remain in the resource-to-
readiness system. Models would still not exist for all resources
and all kinds of units. We would expect, however, that at least
illustrative models would exist for most resources that alfect

material readiness.

Option four broadens the scope to include research on the effects
of resource use on operational readiness as well as on material
condition. Getting into this more speculative area might require
an additional million dollars a year and one additional officer in
the readiness analysis office. Successful execution of this option
not only would be likely to satisfy Con ressional requirements, but
would more fairly represent the relative contribution of different.
resources than option three would. It would still only supply a
growing kit of analytic tools after five years rather than a
unified resource-to-readiness system.

It might be feared that the decentralized research described for
options three and four would yield unnecessary duplication of ef-
fort and would produce disparate resource-to-readiness models that
didn't really fit together. To eliminate this problem, the fifth

y 1 1option proposes a unified effort run by a single contractor. Some
of the work could be done under subcontract. The aim would be to
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develop resource-to-readiness models for all kinds of units. A
consistent set of readiness indicators, perhaps from TIGER and
SCIR, would be used. This option would cut down both the manage-
ment burden and the degree of control of the readiness analysis
office.

Perhaps the most striking thing about the list of proposals pre-
sented earlier is that nobody proposed developing such a resource-
to-readiness system. Of course, there are many firms who might
conceivably be interested, and a formal request for proposals to
develop a unified system would probably generate some interest.

Nonetheless, failure to find such interest highlights the problems
of the fifth option. 1 Different organizations have different
strengths and one may not be strong enough across the board to
accept responsibility for a unified resources-to-readiness system.
A complete, unified system would definitely meet Congressional
requirements, but we think that at this point it would be risky.
This option also has the highest cost; we estimate it could cost
three times as much as option three.

RECOMMENDATION

Although it may eventually be possible to develop a system based on
an effectiveness-oriented measure of readiness, experience has
shown how expensive efforts to develop resource-to-readiness sys-

,w tems can be. For this reason we believe a relatively modest
approach is called for. This entails limiting our present sights
to a system that predicts changes in unit mission readiness or unit
material readiness.

There are obvious advantages to having a resources-to-readiness
system oriented toward force effectiveness. It would allow the
Navy to compare the value of procurement and modernization with the
value of operations and support in producing increased effective-
ness. However, both practicality and responsiveness to Congres-
sional requirements have caused us to favor unit mission readiness.
Since support and operating expenditures influence total force
readiness largely through their influence on unit readiness, not
much is lost by evaluating such expenditures using the latter kind
of indicator.

The choice between overall mission readiness and material mission
readiness is more difficult. Overall readiness is harder to quan-
tify; and the Congress has mandated only that attention be paid to

1 One respondent subsequently told us they didn't realize we were
interested in such grandiose proposals, that they would have given
us one had they known, but that they didn't think it was a good
idea.
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material readiness. On the other hand, the problem with focusing
on material readiness is that the contributions of personnel and
training, which play a role in operations as well as maintenance,
will be understated.

We believe that a modification of option three -- the institution
of a readiness analysis office funding a decentralized research
program focusing on material readiness and also entertaining modest

Wproposals to do exploratory work on overall readiness -- represents
the best compromise between comprehensiveness, cost, and feasi-
bility in the Navy's efforts to manage its support resources with
an eye to their readiness implications. While no fixed date would
be set forcompletion of a unified resources-to-readiness model, the

' continuing research program would allow progress toward that goal
without excessive risk. Some projects would, no doubt, fail, but
there would be enough progress to provide a pretty large tool kit
after five years. The cost of this effort might be in the range of
6 to 9 million dollars over a five-year period.

We use five years for illustrative purposes. We think that a
level-funded research program will encourage more researchers to
dedicate themselves to this area. Even after five years, con-
tinuing research will be necessary to fill in gaps and to update
relationships based on old data.
If this alternative is felt to be too costly, option two could
improve the management of readiness analysis at a lower cost. This

would still involve the development of an RAO.

The RAO should keep track of readiness trends. It should receive
data on a priority basis from the offices responsible for r'ain-
taining the relevant data files. It should design and publish re-
ports on readiness indices gathered from a variety of sources.
These might include summary reports on: CASREPs, FORSTAT, Insurv
MCI and PEB series from Op-04; personnel distributional or shortage

v indicators, training indicators, retention rates, etc. from Op-01;
and supply time, inventory distribution, and transportation availa-
bility from NavSup. It should monitor (and perhaps provide
guidance to) changes in resource or budget reporting for support
cost.

The RAO should be apprised of all work developing tbeoretical or
quantitative relationships between resource use and the result.

V This requirement holds both for work done in-house and for contract
work funded by other Navy offices. It encompasses cost estimating
relationships for resources that contribute to readiness; studies
focusing on the proximate output of increased resource use;

1 E.g., how much does shorter transportation time improve spares
availability?
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studies of the determinants of equipment availability; and studies
of the determinants of operational readiness. The RAO should be
consulted before studies in these areas are undertaken in order to
determine their degree of redundancy with other work. A repre--
sentative of the RAO should sit on all advisory committees in these
areas .

For both ships and aircraft, the RAO should adopt a general model
of the kind developed in this study. Existing studies that ade-
quately quantify links in the general models should be identified
and used by the RAO in answering questions about how resource
changes are likely to affect readiness. ADP support should be
provided for this purpose where necessary.

The RAO should encourage studies in areas where no existing studies
adequately quantify links in the general model. (This may entail
funding material-readiness-oriented studies out of its own research
budget.) Studies on improved measurement of material readiness are
included.

The RAO should be responsible for developing or coordinating all
OpNav responses concerning long-term readiness levels and the
likely effect of changes in resource use on readiness.

The option chosen by the Navy for pursuing the relationships of
resources to readiness should satisfy both short-range and lony-
range objectives. Developing m-dels to improve management and
fulfill Congressional requirements is a long-range effort. in the
interim, questions on readiness will have to be answered on an ad
hoc basis. hn office dedicated to the problem would make both jobs
easier.

S-22-
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LIST OF STUDIES REVIEWED

1. TACAIR Readiness Study, Center for Naval
Analyses, Study 1020, 1973.

S2. Final Report: Material Readiness Index
System (MARIS), Technical Manual, General
Electric (TEMPO), 1969.

3. A Study of Aviation Resources and
Readiness Relationships, vol. 1-Summary,
Conclusions and Recommendations, Center
for Naval Analyses, Study 32, 1971.%S

4. Reliability and Availability Program,
Naval Ship Engineering Center, Ship

Design Division, 1974.

5. Measuring and Reporting Aircrew Readiness
for Operational Fleet Air Units, Weapons

* Planning Group, Naval Weapons Center, 1977.

6. Final Report: Development of the Navy
Readiness Analysis Methodology, vol. 1,

* 'CINCLANTFLT, Readiness Analysis Group,
1971.

7. Ship Material Readiness, The George
Washington University Logistics Research
Project, Serial T-145, 1962.

S8. "Military Essentiality of Naval Aviation
Spare Parts," Management Science, vol. 13,

no. 8, pp. 439-53, 1967.

9. Navy Readiness Analysis System Study,
vol. 1, Center for Naval Analyses,
Study 27, 1970.

low Readiness Measurements via Subresource
C-Ratings, The George Washington University
Logistics Research Project, Serial T-216,

11. The MProethdolog y for ImproNved Inspecton

1968.

•I i Ii. The Methodology for Improved Inspection

Procedures by the U. S. Navy Board of
Inspection and Survey, The George Wash-
ington University Logistics Research
Project, Serial T-160, 1964.
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12, Possible Methodologies for Relating
Individual Material Support Programs to
Fleet Readiness, Center for Naval Analyses,
(CNA)1815-75, 1974.

13. Material Support Budget Trends, Center for
Naval Analyses, (CNA)76-0092, 1976.

S14. CNO Program Analysis Memorandum (CPAM)

on Fleet Support and Mobility Forces,
Office of the Chief of Naval Cperations,
Systems Analysis Division, 1975.

15. Estimates of Readiness for Selected Surface
Escorts, Center for Naval Analyses,
(CNA)76-0529, 1976.

16. Final Report: A Study to Determine the
knnualized Maintenance Cost and Feasibility
of Adopting an Extended Overhaul Cycle
for Destroyer-Type Ships, ARINC Research
Corp., 1974.

17. Alternative Aircraft Readiness Evaluation
Through Simulation Modeling (a briefing),
Information Spectrum, Inc., (no date).

18. Estimating U. S. Navy Support Costs,
Center for Naval Analyses, Research
Contribution 180, 1971.

19. Notes on Research Strategies for the
-- Material Readiness Project, Logistics

Management Institute, 1978. ~1
20. Readiness System Study, Phase II, Readiness

Indicator Model Prototype Development,
U. S. Army Concepts Analysis Agency, 1976.

21. A Briefing on Operating Tempo Versus
Readiness of Surface Escorts, Center for
Naval Analyses, (CNA)77-990, 1977

22. Analysis of Material Readiness for Several

Surface Escorts, Center for Naval Analyses,

(CNA)76-0529, 1976.
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23. Relating Material Support to Material
Readiness, Center for Naval Analyses,
(CNA)76-0093, 1976.

24. Readiness and the Optimal Redeployment of
Resources, New York University School of
Engineering and Science, Technical Report
no. 4, 1972.

25. An Analysis of the Navy Development Program,
Center for Naval Analyses, Research
Contribution 174, 1971.

26. An Approach to the Measurement of the
Short Term Readiness of Military Systems,
New York University Graduate School of
Public Administration, Technical Report
no. 10, 1975.

27. VP ASW Readiness Study, Center for Naval
Analyses, Study 72, 1973.

28. Ship Overhaul Cost Estimating Relation-
ships, Center for Naval Analyses CNS

* 1034, 1974.

29. Manpower Requirements for Planned and
Corrective Maintenance; Navy Manpower
* and Material Analysis Center (Pacifi.c)
and B-K Dynamics, Inc., 1978.

30. An Investment Model for Repairable Assets:
S¶ The F-4 Case, Center for Naval Analyses,

Research Contribution 31, 1969.

"31. Analysis of Fleet Operational Readiness
and OPTEMPO, Information Spectrum, Inc.:
1977.

32. Pilots, Aircraft, and Carrier Elements
Study, Center for Naval Analyses, Study 65,
1970.

4-, .Spares, Repair, and Cannibalization, Center

for Naval Analyses, Professional Paper
26, 1970.

34. A Dynamic Inventory Model with Delivery
Lag and Repair, Center for Naval Analyses;
Professional Paper 3, 1969.
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35. Crew Characteristics and $hip Condition,
Center for Naval Analyses, Study 1090,
1977.

36. NORS Rate Determinants Study, Center for
Naval Analyses, Study 1112, 1978.

37. The Material Condition of Ships and its
Improvement, Center for Naval Analyses,
1978

38. User's Guide to the NARF Workload Planning
and Budgeting Model, Center for Naval
Analyses, Research Contribution 212, 1973.

39. METRI Personnel Readiness Measurement,
Clark, Cooper, Field and Wohl, Inc., 1965.

40. Max-Cap Allowance Model (Revised),
ARLAND Report 48A, 1966.

41. investigation of LAMPS Reliability, Main-
tainability and Supply Support, Naval
Weapons Systems Analysis Office, 1973.

42. Re3ults of a Simulation of the Sparrow III
Logistics Pipeline, Naval Missile Center,
Pt. Mugu, Ca., 1972.

43. Utilities Estimated from Actual Decisions
in Readiness Measurement, New York Uni-
versity, Technical Report no. 14, 1975.

44. "A Stochastic Constraint Optimal Replace-
ment Model: The Case of Ship Replacement,
Operations Research, vol. 20, pp. 327-34,
1972.

45. Assessment of the Reliability and Main-
tainability Characteristics of the SSBN 627
Class Submarine ASW Combat System,
Anti-Submarine Warfare Systems Project
Office, 1970.

46. Allocation of Units to Naval Missions
Considering Fleet Readiness, Anti-
Submarine Warfare System Project Office,
1970.
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S47. Study of Effects of Alternate Allocation
of Army Dollar Resources at Various Budgets
Levels-Phase II, U. S. Army Concepts
Analysis Agency, 1978.

48. Back-up Factor/Organizational Maintenance
Aid Analysis for Sea Control Ship, Naval
Air Development Center, 1972.

49. A Continuous Time Markov Process Model of
Naval Operational Readiness, The George
Washington University Logistics Research
Project, Serial T-214, 1968.

50. Bayes Adaptive Estimation of Current
Operational Readiness Parameters, The
George Washington University Logistics
Research Project, Serial TM-61018, 1969.

51. Assessment of the Reliability and Main-
tainability Characteristics of the Pre-594
Class Submarine ASW System, Anti-Submarine
Warfare Systems Project Office, 1970.

52. SHORTSTOP Maintenance Personnel System
Analysis, Naval Personnel Research and
Development Office, 1970.

53. Maintenance Personnel and Training Require-
ments for the DDG Junior Participating
Tactical Data System (JPTDS) Integration,
Naval Personnel Research and Development
Laboratory, 1972.

54. Evaluation of Personnel and Training Re-
quirements for a 40-Aircraft TF-9J
Training Squadron, Naval Aviation Inuegrated
Logistic Support Center, 1973.

55. Evaluation of Personnel and Training
Requirements for the T-2B/C Aircraft
Under the Advanced Training Command, Naval
Aviation Logistic Support Center, 1973.

56. Marine Corps Readiness Air Wing (CRAW)
Training Costs--TACAIR, Center for Naval
Analyses, (CNA)01990-72, 1973

57. Escort Cost Model (ESCOMO), Center for
Naval Analyses, Research Contribution 253,
1973.
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58. Aviation Common Ground Support Equipment Policy

Investigation, U.S. Naval Postgraduate School,thesis, 1977.

59. An Analysis of Maintenance Factors on Selected
U.S. Navy Ships, U.S. Naval Postgraduate School,

thesis, 1977.
60. Measurements of Military Essentiality, Logistics

Management Institute, 1972.

61. A Multi-Echelon Markos Model for Relating Supply
System Performance to Fleet Readiness, TEMPO,

~ JGeneral Electric, 1967.

62. Estimation of Military Support Activity Costs,
TEMPO, General Electric, 1960.

63. Impact of DoDINST. 4140.42 on Strategic Weapon
System Support, Navy Fleet Material Support
Office, 1975.

64. Second Interim Report: Ships Supply-Support
Study Group, 1972.

65. "Application of Programs with Maximin Objective
Functions to Problems of Optimal Resource
Allocation," Operations Research, vol. 22,
no. 4, pp. 802-07, 1974.

66. Analysis of Supply Support Impacts on Equip-
ment Operational Availability, CACI, Inc.,
Systems and Logistics Division, 1977.

67. FF 1052 Class: DDEOC Risk Analysis/Assessment
Model, Naval Ship Engineering Center, Report
No. 6112B-028-77, 1977.

L 68. Ao Allocation Model, CACI, Inc. 1978.

69. A Manning and Maintenance Effectiveness Model
Applied to th~z Communication Division of a
"Knox" Class Destroyer Escort, U.S. Naval
Postgraduate School, thesis, 1975.

70. Point Process Problems in Reliability, U.S.Naval Postgraduate School, 1971.
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71. Maintenance Support Functions: A Structure
for Improving the Ship Maintenance Resource
Allocation Process, American Management Sys-
tems, Inc., working paper, 1978.

72. An Analysis of Required Functions for Mid-Level
Management of the Ship Maintenance Program,
American Management Systems, Inc., 1978.

73. Performance Measurement of Maintenance, Air
Force Human Resources Laboratory, 1977.

74. Overview of Advanced Systems Division, Criterion
Research (Maintenance), Air Force Human Resources
Laboratory, 1977.

75. A Model for Predicting Operational Readiness
Evaluation (ORE) Scores for Surface Escorts,
Center for Naval Analyses, (CNA)77-0154, 1977.

76. Marginal Cost of Aircraft Spare Parts Stowage
and Intermediate Maintenance on CVs, (CNA)
1172-74, 1974.

t 77. Final Study Report: Training Exercises--Costs,

Benefits, Problems and Planning, Center for
Naval Analyses, (CNA)76-3150, 1976.

78. Improving Operational Readiness through Increased
Reliability and Maintainabilty, Defense Systems
Management School, 1973.

79. Program Budgeting Model, Center for Naval
Analyses, Research Contribution 179, 1971.

80. A Recommended Procedure for Measuring and
Assessing Ship Material Condition, ARINC re-
search Corp., 1974.

81. A Personnel Readiness Training Program: Oper-
ation and Maintenance of the 1200 P.S.I. Steam
Propulsion Plant, Naval Personnel Research andDevelopment Center, 1977.

82. Proposed Procedures for the Development of
Ship Manning Documents, Naval Personnel Research
and Development Laboratory, 1969.
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83. Automatic Testing: A Tool for Improving Fleet
Readiness, Automatic Test Equipment Management
and Technology Office, Naval Material Command,
1968.

84. Electronic Warfare Maintenance Training Analy-
sis, Naval Training Equipment Center, 1974.

85. Procedures in Reducing PMS Aboard NAVAIRPAC
Carriers, Navy Manpower and Material Analysis
Center (Pacific), 1972.

86. Reliability and Maintainability vs. Fleet
Readiness, Defense Systems Management School,
1974.

87. Sea Control Ship Integrated Logistic Support
Plan--Seventeen Aircraft Complement: Con-
ceptual Phase, Naval Air Development Center,
1972.

88. Sea Control Lead Ship: Aviation System In-

tegrated Logistic Support Plan, Naval Air
Development Center, 1973.

89. Reserve Component Study, vol. 1, Office of
the Secretary of Defense, 1971.

90. System Maintenance Analysis, DDG-37 Class
Firemain and Auxilliary Machinery Cooling
Water Systems, ARINC Research Corp., 1978.

91. Assessment of Current Sonobuoy Support System
Ability to Satisfy the Integrated Logistics
Support Concept, Operations Research, Inc.,
1967.

92. 1981 Force Levels, Deployments, Basing, and
Logistic Support Information Used by the
Seamix Study, Center for Naval Analyses,
(CNA)001783-73, 1973.

93. MAFTEP (Methods for Analysis of Fleet Tactical
Effectiveness and Performance) Conference of
Fleet Operatibnal Analysis and Naval Effective-
ness, Office of Naval Research, 1973.

S94. On the Determination of the "Closeness to
Complete Readiness and of Dynamic Readiness",
New York University School of Engineering and
Science, Technical Report no. 2, 1972.
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95. A Production Function Approach to the Measure-
ment of Short Term Readiness of Navy Units,
New York University School of Engineering and
Science, Technical Report no. 1, 1972.

96. Spares Provisioning for Repairable Items:
Cyclic Queues in Light Traffic, The George
Washington University School of Engineering
and Applied Science, Serial T-346, 1977.
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