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Today, there seems to be general agreement on the need to strengthen our
military. There is also considerable debate over just how this ought to
be done. Defense Facts of Life is an attempt to make a constructive
contribution to this debate. Before proceeding, I would like to make a
few introductory comments.

(Slide 1) First, and foremost, this briefing presents an {ndependent
minority view. My colleagues and | bel{eve that our nation faces 2
tong-term defense problem of fundamental {mportance and our objiective is
to stimulate informed debzte over the need for, and the shape 07, basic
changes in the collective process of defense deciSion-making and planning.
In this spirit, this briefing 1s an attempt to determine the realism of
our current plans, and to articulate the le2dership challenge facing
defense decisfon-makers over the coming decade. To do this, we will
focus on the evolution of Air Force tactical fighter aviation. It would
be a mistake to view this problem as being peculiar to the Ai{r Force or
solvable by the Air Force. A cursory review of the other services
revealed similar, if not worse, problems.

A1l levels of decision-making {n the executive branch, the legislative
branch, and the private sector contribute to the pattern of behavior
discussed in this briefing. Consequently, everybody 1s at faylt and
nobody is at fault. This lack of a neat structure, and an awareness

. that the problem has been building up for many years, Tead to the con-

clusion that there are no easy solutfons, quick fixes, or managemant
gimmicks to make it disappear, The fundamental need {s for strong
informed leadership and a collective will to change. We hope that this
can be achievesd thicugh a rigorous above-board self-examination.

Secondly, for the past two years, this briefing has been presented many
times, and at many levels, within the defense department. Our experience
has been thet it is contentious and often evokes strong emotion. On
occasion, in the heat of the moment, it has been interpreted as 2an
argument for smaller budgets, or as an argument against advanced technologv.
This view is totally dincorrect. We need more money to strenjthen our
military; however, we DeTieve that unless we change the way we do business,
more money could actually make our problems worse, Inextricably combined
with the brocd issue of how we spand our monev, is the {ssue ¢f how we
should use our superfor technology--specificaily, should we continue to
increase the technological complexity of our weapons? Do the positive
qualities of high complexity weapons outweigh thei{r negative qualities?
Advanced technology and high complexitv are not Synonomous.

There may be ominous precedents for our current delemma. Would increased
defense budgets in the mid-to-late 1930’'s have made any difference to

the French in 19407 Frgmce entered the war with more tanks than the
Germans, the wo 1d's most technologically sophisticated trench, and a
fatally flawed strateqy based ypon a stagnant appreciation of World War

I's Tessons and an emphasis on using emerging technology to solve old
problems.
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‘:) Overview

(S1ide 2) To discuss this complicated issue, we will start by articu-
lating the basic nature of the planning task in terms of the uncertaintfes
that must be faced by decision-makers. WNext, we wi{ll take a genera)

view of the pattern of change {n our budgets, costs, and force struc-
tures over the last thirty years to gatn insight into our actual decisions
in an uncertain world. We will then examine the case of Afr Force
tactical efrpower in detafil to show that budget {ncreases do not change
the general pattern. Next, we will examine the uncertainty surrounding
our fnvestment plans in order to see how our desired future compares

with past reality. Fina11{. we will examine our perceptions of military
capability and evolve the long term consequences of continuing fncreases
in the cost and complexity of our weapons.
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I Nature of the Planning Problem

(S14de 3) The plans that we are concerned with in this briefing primarily
consist of our financial plans (specifically the Five Year Defense
Program or FYDP); and secondarily, those plans that 1ink our war plans -
to the FYDP (specifically, the Air Force War and Mobilization Plan or
WMP). These plans are intended to provide the forces in being needed to
prosecute our war plans. To do this in the real world, decisions and
plans must reconcile the tension between percefved threats and limited
resources. Uncertain and menacing threats generate a long menu of
requirements that can only be funded out of a 1im{ited pool of resources.

The bureaucrztic process for reconciling the tensfon between desires and
resources culminates in the publication of the January FYD®, The FYDP
{s the only document published by DoD that {ncorporates all the hard
decisions between two covers; and consequently, it is the authoritative
statement of defense policy. We are not saying that budgeting should
shape policy; budgeting should reflect policy. If {t does not reflect
stated policy, then budgeting is determining real policy, and formal
polfcy statements are meaningless. During our discussion, we will
attempt to uncover what the FYDP says our policy is by examining the
future consequences of today'’'s decisions.

GOAL

PROVIDE A SUPERIOR FORCE

REALITY

DECISIONS AND PLANS MUST RECONCILE TENSION GENERATED BY

® PERCEIVED THREAT
o LIMITED RESOURCES

NOTE: ~ PLANNING {S CONCERNED WITH THE FUTURE CONSEQUENCES
OF TODAY'S DECISIONS

- JAN.FYDP IS THE AUTHORITATIVE STATEMENT OF DEFENSE
poLICY

Slide 3
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(Slide 4) Although the defense debate tends to focus on hardware procyre-
ment, 2 superior military force is a synthesis of men and machines. We
want to develop and field technology that blends harmonfously with the
patterns of human behavior under conditions of war. ldeally, this blend :
should be the fundamental criterfon for evaluating the potential of an i
emerging technology. Unfortunately, as our hardware increases in complexity,
this blend of the man and machines becomes rore difficult to understand

or predict primar{ly because the man-machine relation has also increased

fn complexity. We will see that this problem is compounded by unrealistic
perceptions of weapons capability--e.g., perceptions that fgnore human
contributions.

A SUPERIOR FORCE IS A SYNTHESIS OF:

e PEOPLE

® IDEAS

® MOTIVATION AND PSYCHOLOGY
® SKILLS

® MACHINES

NOTE: MACHINES DON'T FIGHT WARS — PEOPLEDO Y

B )
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(S11de 5) HWoreover, we often do not have enough resources to simultaneously
fund both our hardware needs and our people needs--3 fact that raises

the general question of how we should value our people and machines when

we have to make this difficult chofce. Only successful cormmanders can
provide us with insight into the answer to this question,
said: "The moral {s to the material as three to one."“
and fifty years later, General Bruce Clarke, one of the finest armored
cormanders of World War II, made the statement shown in this slide to
Congress. We note with interest that General Clarke's exper{ence was in
"industrial war" while Napoleon's was not, yet he is making the same
basic observation: Machines are important, people are more {mportant.
Our historfcal research indicates that this observation seems to be 2

dominant attitude among successful commanders.

Napoleon once
Over 2 hundred

Unfortunately, we will

see that this profound truth can be forgotten in a decision process that

tends to focus on hardware procurement.

QUR COUNTRY PRODUCES?
1 BELIEVE THERE ARE THREE FACTORS:

TRANSPONTATION

COWFIDENCE IN THEIR falssiOns

THEM WISELY AND EFFECTIVELY

*WHAT CONSTITUTES THE EFFECTIVENESS OF THE ARMED FORCES

FIRST:  THEIR STRENGTH, ARMS, EQUIPMENT, SUPPLIES AND

SECOND: THEIR MORALE, ESFIRIT, TRAINING, LEADERSHIP,
INFORRATION, MOTIVATION, COMMARD, AND

THIRD: TIE ABILITY OF THE!R ERNMENT TO EMPLOY

THE SECOND AND THIRD FACTORS ARE FAR MORE IMPORTANT

THAN THE FIRST™

Slide §




(S1ide 6) Since we will be using the term “complexity” throughout this
priefiny, it {s appropriate that we define 1t precisely. This slide
stztes our operational definition. The implications of increasing
complexity are clear: increasing complexity runs up the number, increzses
the variety of arrangements, and complicates the coordination of the
parts--and, thereby, decreases one's abi1ity to comprehend the whole.
Increasing complexity 1s a cost because 1t decrezses our ability to
understand, and consequently, makes 1t more di{fficult for us to adjust
to, or shape, internal or external change. Put 2nother way, increasing
complexity increases our rigidity in a game where survival of the fittest
rakes flexibil{ty a paramount virtue.

We have been willing to pay this cost of increased complexity because we
believed that we were getting an increased capability that compensates
for this increased cost. During the first part of the briefing, we will
attempt to articulate the accummulating cost of complexity in terms of
fts impact on men and machines; {n the latter part, we will discuss the
nature of this perceived Increase in capability, This discussion will

be imbedded within the overall examiration of the realism of our planning
process. We will see that the two subjects are inseparable.

OPERATIONAL DEFINITION

COMPLEXITY IS A QUALITY OF THE WHOLE THAT

® RELATES THE NUMBER, ARRANGEMENT, AND
COORDINATION OF THE PARTS

TO

® ONES ABILITY TO COMPREHEND THE WHOLE

Siide 6
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o ' (S1ide 7) We face increasing difficulty in reconciling the tension
- between desires and scarce resources because our philocophy for using
emerging technology has generated a cost structure that is growing at a

. much faster rate than our budget.
T THE PROBLEM

4

TENSION IS MAGNIFIED BY INCREASING COMPLEXITY

BECAUSE:

COSTS ARE RISING FASTER THAN INCOME

Slide ?




(S11de 8) Uncertainty fs compounding our problem of coping with the

cost income squeeze. Although today's decisions can impose rigid burdens

far into the future--e.g., we are likely to be facing the 0&5 costs of
the TRIDENT SSBN appropriated in FY 80 in the year 2010--we face great

' uncertainty in predicting the future. To understand the planning problem,

it is necessary to understand the impact that these uncertainties have
on our perceptions and decisions.

The central {mpact of threat uncertainty to the planner {is that when

this uncertainty {s combined with proliferating technological opportunities,
it {s easy to generate a virtually unlimited menu of desires or perceived

needs. From a practical viewpoint, there will never be enough money to
fund all these desires. As will be seen later in the presentation, the

{ncreasing complexity of our hardware increases our sensitivity to the
' Tong term threat uncertainty because the interaction of our emerging

cost structure with our budgeting process leads to low readiness; and

therefore, makes us more vulnerabie to short-warning threats.

UNCERTAINTY COMPLICATES DECISIONS

TGDAY'S DEC!SIONS IMPQSE RIGID BURDENS FAR INTO THE FUTURE

™
[
!
! HOWEVER

IT ISDIFFICULT TO PREDICT:
! - FUTURE THREAT

- FUTURE INCOME
1 - FUTURE COSTS
L
Slide 8
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(S1ide 9) Turning to the budget uncertainty, today there appears to be R
8 natfonal consensus to increase the defense budget. The crucial question ) ]
facing decision-makers 1s how long this consensus can be maintained. In 1
8 democracy, consensus can chanoe quickly and unpredictably. Moreover, ~ ]
; this normal uncertainty 1s 1ikely to be magnified over the coming decade
4 by our economic problems. Our current plans for unprecedented peacetime

growth in the Defense budget must be financed ultimately by a national
economy that 1s in cerious trouble. The GNP is growing more slowly than
in the past and s becoming more unstable. The economic uncertainty
that we face today may be greater than at any time in the post-war era.

4 Our nation faces 2 very serious long term productivity prcblen--the i
e~ solution of which will entafl a large investnent of private capital. !
; There is even talk of a nation2) reindustrialization program. Since

poor productivity performance implies that our sbility to .generate the

E needed investment dollars out of an increasing income is limited, there

8 is 1ikely to be increasing pressure to cut personal spending or government
L . spending in order to free up the required capital. Compounding this
problem are many disincentives compliczting both private decisions ¢o

save and invest and government decisions to control spending and taxetion--
this sl{de 1ists a few. ' 1

—— -

_ In the near term, the b2sic uncertainty facing defense planners revolves 4
; around the question of how constraints on thé growth of Federal spendina
¢ will be allocated among legitimate competing needs. A squeeze orn government
: spending will increase the constituent pressure on Congress, the President, -
. and DoD and there is no guarantee that the pattern of constituent pressure

will correspond to the neads of national defense. In other words, even

{f we obtain our overail DoD budget goal, we may have externally imposed

constraints on our pattern of epeniing. For examrle, the constituent

pressure for rajor hardware procurenents 1s 1ikely to be higher thzn

pressure for {ncreases in the training budget. If such pressures prevail,

the effect would be an yrcontrolled trade of combat skills for tncreased

hardware procurement. This may be good or 1t may be bad--the point is

that it {s externally imposed.

We 1ive in an uncertain worid. Since we can not control this external

uncertainty, our planning system should recognize 1t and hedge against

it. In particular, our decisions arnd plans should anticipate the need

to change and provide a strategy for reducing the real costs of responding

to budget change. Admittedly, this is an abstract concept. During this

briefing we will try to make ft more concrete. The real costs caused

by our pattern of short-term change are accummulating; they take the .
form of lost opportunities--e.g,, reductfons in trairing, reductions in

supplies, deferment of maintenance, etc.

B R e




. REAL WORLD OF BUDGET UNCERTAINTY

® OBSERVATION: PLANNED BUDGET GROWTH MUST BE FINANCED BY AN
ECONOMY THAT IS GROWING MORE SLOWLY AND IS
\R BECOMING LESS PREDICTABLE

- BAS!IC PROBLEM: DECLINING PRODUCTIVITY REQUIRES LARGE INFUSION
OF PRIVATE CAPITAL

— COMPLICATICNS: DECLINING SAVINGS RATE, PERSISTENT INFLATION,

d- OPEC, TRADE DEFICIT, TAXPAYERS REVOLT, UNSTABLE INTERNATIONAL
FINANCIAL SYSTEM, DEMOGRAPHICALLY AGING POPULATION, PERSISTEN™
1 FEDERAL DEFICIT.......

-~ NEAR TERM: UNPREDICTABLE IMPLICATIONS OF EMERGING CONSENSUS
TO REDUCE FEDERAL DEFICIT

‘
S i — HOW CO WE ALLOCATE CONSTRAINTS ON SPENDING AMONG COMPETING
s NEEDS? o

b —HO DO WE COPE WITH INCREASING PRESSURE TO “PORK BARREL" IN A

POLITICAL APPROPRIATION PROCESS?

DECISIONS AND PLANS SHOULD REDUCE THE
] REAL COSTS OF ADAPTING TO UNANTICIPATED
g : CHANGES IN THE BUDGET.

Sitde 9




i (S14de 10) We will see that the increasing complexity of our weapons is
k. magnifying this real cost of adjusting to change by: (1) increasing
4 {nvestment, operating, and support costs; (2) increasing the uncertainty
surrounding our cost structure--particularly for our operating and
support costs; and (3) stretching 6ut the time horizon for the cost

consequences of current decisions.

IMPACT OF COMPLEXITY ON FUTURE COSTS

" ® INCREASING COMPLEXITY INCREBASES COSTS

® INCRZASING COMPLEXITY DECREASES THE
PREDICTABILITY OF FUTURE-COSTS

| INCREASING COMPLEXITY MAGNIFIES

' THE REAL COST OF ADAPTING TO

UNANTICIPATED CHANGES IN
INCOME

iltde 10




(Siide 11) Within the Pentagon, the bureaucratic mechanism that {s {ntended
to cope with these uncertainties is the Planning, Programming, and
Budgeting System (PPBS)--a system that assumes certainty. Each year, we
make a specific projection of overall budget orowth for five years into

the future. We 21so project deta{led dollar costs five years into the
future for over 2000 program elements. The PPES has become so cumbersone
and infected by bureaucratic gaming, that as we get nearer to the January
budget deadline, we are responding more to the bureaucratic constraints
imposed by the system rather than using the system as a tool to adjust

to changing circumstances. This chart shows the PPBS results (in

current dollars) from the FY 81 President's Budget--note the smocth
growth in the outyears,

DEFENSE
TOTAL DIRECT PROGRAM

THEN-YEAR DOLLARS - BILLIONS

AR FORCE
OTHER
L 1 2 J . 2 J
74 20 e 82, 83 4 as
FISCAL YEAR
$iide 11
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(S11de 12) Thus, we have a planning system that assumes certainty in
future budgets and costs to cope with an uncertain real world of budgets
and costs. This naturally raises a question concerning the realism of
the plans produced by this system,

RAISES QUESTION

ARE CURRENT PLANS FOR SMOQTH GROWTH REALISTIC
IN THE PRESENCE OF THESE UNCERTAINTIES?

[ ] SIGNIFICANCE OF BUDGET UNCERTAINTY
L MEANING OF COST GROWTH

[ ] THE IMPACT OF INCREASING COMPLEXITY AND COST UNCERTAINTY ON
PERCEIVED VERSUS ACTUAL CAPABILITY

S)ide 12




-—I A General View of Change {n the Post-World War Il Era

(S1ide 13) 1In this section we intend to analyse the varfability of the
DoD budget over the last 30 vears. We need to understand how our budgets
have changed in the past becausé the pattern of behavior will provide

X insight into how our planning/budaeting system copes with the uncertainties

» discussed in the preceding section. We can then compare this historical A

g pattern with the future pattern implied by our plans to gain an historical

v perspective of the realism of our plans.

L This chart displays the DoD budget in constant dollars (i.e., the effects
k. of inflation have been removed) since 1951, The major categories are:
b (1) O&S--or operations and support--this category represents our operz¢ing
B budget and it consists of the operations and maintenance accounts plus
the military personnel accounts; (2) investment--this category consists
of all the procurement and military construction accounts; (3) RDT&E--
the sum of all the research, development, test, and evaluation accounts;
and (4) retirement--the military retirement account. Concerning the J
behavior of this budget over time, the following observations are {mportant
for our analysis:

-
—

° There has been no tendency towards long term growth.

) The budget charces qufte dramatically in the short term; some
: changes have been very abrupt; other large changes have taken place
i over a somewhat longer period,

S )

® The causes of these budaet changes fluctuate over time. We can
Toosely identify these changes with fluctuating political/economic
conditions--e.g., Korea, the strategic bufld up in the mid-50's,
the ICBM/SLBM build up and the improvement of the general purpose
forces of the early 60's, Viet Nam, etc. Many of these causes are
inherently unpredictable,

The budoet has a short term tendency to increase and then decrease.
In this regard, the longest period of sustained real growth since
the end of WAIl has been three years. We haven't been able to
correlzte this pattern of behavior with any particular factor, it
Just appears that there s some type of internal compensating
mechanism 2t work. It may suggest that consensus in a democracy is
Quite variable in the short term.

Today's budget levels are, in part, determined by past budget levels--
the more recent past being more important than the distant past. We
know where we are today, our real interest is how we get to our desired
ievels in the future. Therefore, in the next glide we will look 2t how
the budget changes from year to year.

18
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(Slide 14) This slide presents a time track of budgetory changes; each
year, the PPBS process precisely predicts an almost flat five yeer
future growth pattern (averaging 5% per year for the FY 81 budget) for
this curve. The norm in plotting this curve is as follows: the point
at FY 55 indicates that the FY 55 budget total was approximately 5%
greater than that of FY 54; FY 56 was approximately 6% higher than FY
55, etc. The experience of our last 30 years shows frequent sharp
charges in the rate of budget change; however, {f we look at the smooth
growth of our PPBS planned budgets, we see that we are planning for
small changes in the rate of change. For example, 5% growth projected
over five years would be a horizontal line. Plans tend to emphasize the
horizontal dimension, reality tends to emphasize the vertical dimersior--
an observation that suggests a mismatch between plans and reality.

ANNUAL CHANGE IN DeD BUDGET
(CONSTANT $s)
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k\J *FY 80 1S BASED ON ESTIMATED INFLATION
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(S14de 15) Changes over time don't seem to have a predictable pattern.
This slide ranks these changes fn order of their magnitude from the
smallest (on the far left) to the larcect (on the far right), indepencent
of when in time the changes occurred. The horizontal axis measures th
positive and negative magnitudes of the changes. Since we are 1ook1ng

at 30 years, there are twenty-nine annual changes; rather than numbering
the vertical axis from one to twenty-nine, it 1s numbered in terms of
percentiles. The 50th percentile (i.e., the median) is the point at
which there are an equal amount of larger changes as there are of smaller
changes. It 1s analogous to an average and {t represents the long term
growth of our overall budget. The chart states the obvious: over the
Tong term, a median of minus .4% growth means that the budget has shown
no tendency towzrds sustained growth.

The interquartile range is the range of budget changes that represents

the middle 50% of the data. The {nterquartile range distinguishes the

more normal mid-range of values from the more extreme values (note: the
middle 50% s an arbitrary choice, we could have just as easily selected

the middle 80% without changing the essence of our analysis and conclusions).
The central idea of a rational planning strategy designed to cope with

these changes would be to expect and hedge against unpredicted change as
large as this mid-range in order to reduce the "real cost" of adjusting

to "normal" change.

We will now present a similar analysis for the different budget categories.
Taken together, these different patterns of behavior are the key to
understanding the {ntimate relation between the question concerning the
realism of our plans and the question of how we should use advanced
technology. The following s1ides have also had the effects of inflation
removed.

CUMULATIVE DISTRIBUTION: OVERALL DcD BUDGET
REAL GROWTH IN TOA: FY §1-80

100

o

MEDIAN: -.4%
INTERQUARTILE RANGE: -3.9%. +5.2%

PERCENTILE
8

N
[3)]

€2
s

» 1 | } l ] Ly
-40% <-30% -20% -10% 0 +10% +20% +30% +40%
ANNUAL CHANGE—-PERCENT
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(Slide 16) Taking the fnvestment budget first, we note the following
important observations:

Investment is a large account, generally running between 40 anc 50
billion dollars (FY 81 §) annuaily.

Annual change can fluctuate wildly from year to year. Each year
the PPBS predicts a precise five-year projection of this curve,

Over the long term, this account has shrunk more than the overall
budget)(i.e.. the median = <2.4% versus -0.4% for the overall
budget).

Notwithstanding the long term shrinkage, the imbalance in the
interquartile range indicates short term attempts to arow the
investment account--there are occasional years large growth.
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(S1ide 17) Turning to the 0&S budget, we note the following observations:

. It is another large account-approximately twice the sfze of the
investment account.

° Its fluctuations are more moderate than the {nvestment account
changes.

e  The median growth rate (-0.8%) 1s not apprecfably different from
the overall median growth rate (i.e., -0.4%). 0&S has remained
relatively constant over the long term while investment has shrunk
and this has occurred despite the fact that DoD's total forces have
shrunk significantly in terms of people and equipment over the long
term. In other words, relative to the investment budget, and
relative to each force unit, the 04S budget is growing.

‘ (] The imbalance ir the interquartile range indfcates short-term i
\ attempts to shrink the 0&S budget--there are occasional years of

major cuts.
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(S1ide 18) Regarding the RDTAE budget, we note the Yollowing observations:

Relative to Investment and 0&S, it is 2 small account--although its

leverage on Investment and 0&4S 1s, of course, enormous.

RDTAE grew from around 1951 to 1964, then generally declined until

1971, and has remained roughly constant since 1972.

The RDTAE account determines the type of technology and the resulting
costs that we have to 1ive with in the Investment and 045 accounts.
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(S1ide 19) Turning to Retirement we note:

level that 1s approaching the RDTAE account.

low percentage by historical standards, {s compounded on a much
larger base than in earlier years.

OoD RETIREMENT KISTORY (TOA)
({CONSTANT 3s)

W——__/
L. I d L N

%0 3 «® ™ » ™ ne

FY 81 4o — BULIONS

ANNUAL CHANGE IN DoD RETIREMENT TOA
[CONSTANT $sl

+& + ¢
d 2 2 B8 B

&

PERCENT CIH{ANGE FROM PRECEDING YEAR
o

-5 *FY 33 IS BASED UPQN PROJECTED INFLATION

] ' CUMULATIVE CISTRIBUTICN: DoD RETIREMENT
} REAL GROWTH IN TOA: FY 51- 80

.. mr /

b, |
g MEDIAN: +7.3%
5 < INTERQUARTILE RANGE: +4.7%.
. -4 *10.9%
' ¢
=
1 L L Ul [ J
- -30% ~20% =10% 0 +10% <N W%
ANNUAL CHANGE - PERCENT
* Slide 19
]
.. 25

,
LLN‘ et O

() This account has grown steadily from an insignificant level to a

. The rate of increase has declined over time; but, we should note
that we are still seeing significant positive growth, which while a




(S1ide 20) This slfde summarizes the interquartile ranges and the

medians for the overall budget and its different categories. The left

end of the bar 4s the 25th percentile, the right end is the 75th percentile,
the arrow indicates the median, and there is a line 2t 2ero to provide
perspective., There is a cricial mismatch between the long-term and
short-term dynamics of the 04S and Investment budgets. In the short-

term we try to shrink 08S and we try to pump up Investment; however,

over the long~-term, Investment 1s shrinking relative to 0&S. In other
wor#s. we have not been converting our short-term desires into long-term
reality.

In a general sense, this pattern refiects a tendency to reduce our

current readiness to fight in order to modernize for the future; however,
because of rising operating costs, the price of even low readiness is
rising inexorably over the long-term. We will see that this is happening
despite a long term decline in the overall quantity of people and equipmert.
Moreover, modernization is being slowed and forces are declining because
(a) the cost of replacement is increasing and (b) because the long-term

. budget constraint has made it necessary to squeeze_total investment
growth_in order-to relieve the unavoidable long-term growth pressures in
the 04S and Retirement accounts. We should also note that, because of

{ts large size, & smaTl percentage of {ncrease in the 04S account can

put enormous pressure on the Investment account. This pattern of pressures
my also explain the apparent cessation of growth in the RDT&E account,

We have uncovered a pattern of destructive growth--when some parts of

the whole start growing faster than the whole {tself, they start eating

up the remaining parts. One could think of this as a form of organizational
cancer. The short-term strategy of trying to hold down growth in the

0&S account to pump growth into the Investment account does not cure the
problem because although we have been able to hold 0&S growth to a level
approximating overall growth, we have reduced force size and we are
accumuiating 2 current readiness bil1l (in terms of deferred people und
mterial costs) that is not reflected in the budget data. Sooner or

later, this bf11 will have to be paid.

This pattern of behavior can be expected to continue as long as costs,
particularly operating costs, grow faster than the budget. We need more
money, but a planning strategy that degends on steady increases in

budgets over the long-term to solve this problem is a high risk strategy
because: (1) it fgnores histor{ic patterns of budget growth--f.e,, it
requires the occurrence of unprecedented and continuing budget increases:
and (2) it ignores the long-term impact of the growing economic uncertainty,
The challenge facing decision-makers is to shift the long-term and
shori-term behavior patterns depicted in this slide towards a more
harmonious interaction--regardless and {ndependent of overall budget
levels. It is 2 leadership challenge because 1t requires the {nspiration
of a8 collective will to impose the interests of the whole on the activities
of_the parts. It §c a bipartisan problem with no e2sy solutions because
this pattern of behavior has built up over & long period of time and 1t
will take a long time to change {¢t.
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The remainder of this briefing is desfgned to: (1) support the points
made in the preceding three paragraphs; (2) to show that budget growth,

by itself, 4s not a solution; (33 to show that current plans for historically
unprecedented growth {(averaging 5% per year for five years after inflation
1s taken out) still display the same unrealistic short term tendency to
hold down 0&S while pumping up Investrent--i,e., the same pattern of
desires that we have been unable to convert {nto long-term reality in

the past; and (4) to show that the way we are applying our superior
technology (i.e., the RDTAZ account) is a central cause of the continuing
prodblem--{.e., the undesireable consequences of increasing technological
complexity can be expected to grow if we continue in the direction

implied in our plans.
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(Slide 21) Before proceeding with the rest of the briefing, this 1s the
appropriate point to introduce and explair an analytical tool that we
will use later on. This set of investment growth percentages for 2
five-year period was computed in the same way that the bars of the
preceding slide were computed. The top bar on this slide is {dentical i
to the investment bar of the preceding slide--i.e., 1t displays the

{nterquartile range and the median of the year-to-year budget changes. :
The second bar Jisplays the {nterquartile range and median growth percentages N
for the group of two-year budget changes--i.e., for the set of data:

(51-53, 52-54, 53-55, ..., 78-80). The third bar displays similar data

for the three-year changes--1.e., (51-54, 52-55, ..., 77-80). The

fourth and fifth bars display sim{lar data for the four-year and five-

year changes. These data describe the postwar historical pattern of

growth for a five-year period. We will use this data to compare our

five year investment plans to past reality. For example, {f the third

year of today's investment plan is at the 75th percentile of the group

of three-year growth percentages, this would indicate that, in the past,

only 25% of the time did we experience enough three-year growth. to

achieve the third-year investment level we are planning today. 1t says

nothing about the first or second year of the plan.
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(S1ide 22) Essentially we have found that our overall budget has been
relatively constant over the tong-term, while 1t increases and decreases
sharply in the short-term. Now, we will take a quick look at costs to
gain a perspective on the magnitude of long-term cost growth, We will
defer the discussion of the increased capabi1{ty that we are getting for
this increzse in cost until the last section of the presentation,

First, the cost of a tank. Note, that the cost 1s in constant-dollars
to take out the impact of inflation and 1s normalized for a constant
quantity to take out the impact of learning in a production process. It
was not possible to take out the effects of overhead for different
production rates, so it is not 2 strict "apples versus apples” comparison.
As a practical matter this abstraction does not affect the pattern of
growth. Also, for the newer systems (e.g., in this case the Xi=1] costs
are tased upon early production estimates and experience suggests they
are likely to grow over the planning projectisns. The essential point
i{s: costs are increasing at high, and perhaps increasing, rates.

SYMPTOM — COST OF THE TANK
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xﬂm 23) Next, the cost of o mmr‘ $00 the same
8in, the costs are normsiised for Inflition énd md:st
Although there are some exceptions, this séme pattern
applies to ships, helicopters, Mhms. srmored personns) sarriers,
missiles, etc, Horeover, as we stated sariisr, operating coits are
following 8 similar pattern of growth, For exsmple, we Wi1) soe that
}20 F-15 costs simost twice a8 much to opsrate psr hying hour as she F»
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(Slide 24) Turning now to the interaction of a relatively constant
budget and rising costs, we see that the Air Force has reduced its
active inventory of aircraft dramatically. Now we have had a changing
mix of aircraft--e.g., many bombers and transports have dropped out-and
ballistic missiles, which are not shown, have entered the inventory. So
we are not saying anything about capability, we are just saying that
overall numbers have declined dramatically, HNote also, that oyr plans--
i.e., the dashed 1ine beyond 1980--indicate a slight reversal in this
trend. '

AIR FORCE ACTIVE AIRCRAFT INVENTORY
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(Stide 25) Looking at the Navy's fighter/attack forces, we see a similar
decline. Note again, our plans for the future imply a change for the
better in the rate of decline.
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(Slide 26) The story is basically the same for ships. This concludes
our discussion of the gereral patterns of change in the post-war era.
We are now going to do a more detailed case study of Air Force tactical
fighter aviation to {1lustrate the general interaction of readimess and
modernization,
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—-— Impact of Relative Budget Growth on Readiness and Modernization:
%' The Case of Air Force tac Air

(S14de 27) The case of Air Force tac air {s particularly important to
: our understandinx of the general problem discussed in the preceding
i section because Air Force tac air has been relatively free of the budget
’ constraints affecting DoD as a whole. Even so, this section will show
: that tac air's problems today are qualitatively the same as other categories.
E. . This suggests that higher defense budgets, in themselves, are not the
L answer to our problems.

- This slide displays the evolution in the Air Force force structure (for
B the moment we will neglect the ICBM) during the post-war era, We see
= that a profound shift has occurred. Up until 1960 or so, the Air Force

was a strategic air force; today, as far as afrcraft are concerned, it
{s a tactical air force. Tac air has avoided mssive force structure
i3 declines by increasing its share of a shrinking pie. For whatever
y. reasons--and this is a neutral statement--tac air has not been subjected
3 to :h: degree of budgetary constraint affecting the Air Force and Dch as
: a whole.

ACTIVE AIR FORCE MANNED
AIRCRAFT SQUADRON STRUCTURE

a0 {

3 MOBILITY
] SQUADRGNS
: 300 |-
1 "
g 2
3 Q

«
. [-]

[ 4
4 =2

a

o

g ;

- AIR DEFENSE TACTICAL AIR ;

5 SQUADRONS FORCE SQUADRGNS :

]
STRATEGIC 80M8 SQUADRONS
. ! | | { i 1
1950 1985 1960 1965 1970 1975 1980
recaL YeaR
sci08 27

23




s o diiudrg STCEE L S S

[ RS

Lot o g

T T

s =

(S1ide 28) Turning our attention to the {nput side, we see that this !
shift in force structure was accompanied by substantfal increases in tac
air's share of the total Air Force budget (and now we are including
IC3Ms)--over the last 19 years, tac air doubled fts budget share. That
share is projected to decline in the future due primarily to planned
strategic increases. The budget went up and down during this period;

this chart says that when the Air Force budget increased, tac air generally
increased at a faster rate; and when the Air Force budget decreased, tac
air generally decreased at a slower rate. In other words, tac afr was
generally less constrained than the Air Force as a whole--it had relatively
higher budget growth.

- TAC AIR PROPORTION OF AF TOA
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(S1ide 29) Turning to investment, we see this relation between changing
budget shares and changing budget levels more clearly. In 1962, tac air
had 21% of the A{r Force budget; 1t was 58% in 1980. Although the Air
Force as a whole declined precipitously after Viet Nam, tac air has made
an fmpressive recovery. Between 1973 and 1980, tac air investment
sustained an average annual real growth rate of over 10% per year, The
current {nvestment program ({.e., the FY 81 Budget) is planned to peak
in FY 1982. So, by any reasonable measure, tac air has had a much
stronger budget growth pattern--particularly in investment--than most
budget categories.
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(S11de 30) We will now examine readiness; we should recognize from the
first that this is probably the most confusing area of defense to evaluate.
There is no simple measure, and there never will be a simple measure, of
combat readiness. Ultimately, when you talk about readiness to go to
war, you're talning most importantly about esprit de vorps, leadarship,
willingness, combat skill--that 1s.to say, first &nd foremost the readiness
of our soldiers; and secondzrily, the readiness of our machines. The
ambiguity surrounding readiness forces us to look at it from several
perspectives. Our general, although by no meanc complete, picture of
readiness includes perspectives of pilot readiness, material readiness,
and readiness of the people and material in the support structure.
READINESS OF P/lLoTs

Wars are fought in the present, not in the future. Generally, readinesc
should be viewed from a short term perspective. If there is one thing
the crises in Iran, Afganistan, and the one brewing in Poland, should
teach us, it is that we should be ready to go to war on short notice.
Therefore, a crucfal question in any assessment of readiness 1s: How
long will it take to gear up our people and our machines for wer?
Although we can not answer this qQuestion in det2{l, the trends and
patterns discussed in the following slides should be viewed in the
context of this question,

In the case of tactical fighter aviation, aircrew skill and tactical

ecumen are probably the most important contributors to combzt effectiveress.
They are 31so the most difficult to evaluate. We know frorm historical
analyses that pilot ski{lls have generally dominated material differences

in air war since World War ]I. We also know that we will never be able

to predict the future environment of an air battle; and therefore,

success lies in the pilot’'s ability to survive, learn, and adapt in an
unpredictable changing environment, These thoughts suggest that we

should train as much as possible, as rezlistically as possible, and in

as great a variety of circumstances as possible. Finally, we know that
realistic training is also an essential ingredient in the developmen: of
those moral qualities that contribute $o0 much t0 success on the battlefield--
e.g., leadership, esprit de corps, the spirit of self-sacrifice and
soldierly virtue, etc.

The important factors when assessing aircrew readiness are the intancibles.
This s1ide shows that since the Viet Nam peak in FY 19€9, the opportunity
to train has declined; 1t says nothing about the quality or vnrgety of

the training. It shows flying hours and sorties per afrcraft. Since

the number of aircrews per afrcraft is grezter than one, it overstates
aircrew flying hour and sortie rates. Certain aspects of training
{mproved during the seventies. For example, the initfal Red Flag exercises
i{ntroduced new aspects of realism {nto training. However, the average
pilot caly fiew around 8 or 9 Red Flag sorties in FY 79, 1In air ¢o 2ir
training, our pflots seldom get the opoortunitv to practice in afr

battles of greazter than 2 versus 2 dimensionality. Yet, we know from

the AIMVAL/ACEVAL tests that an increasing number of participants changes
the rature of combat and the tactics required. And almost al) combat
{nvolves 2 versus 2, 4 versus 2, 4 versus 4, or sti1) larger numbers.

Let's ask the pilots how they feel about current training.
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(S1fde 31) This slide shows the results of an a{rcrew opinfon survey

taken by the Air Force in FY 1978, It is not the most scientific survey;
this slide depicts the cummulative response of aircrews to the question:

How many flying hours per month do you require to maintain combat re- .iness’
In 1979, the average fighter crew member flew approximately 16 hours .=
month--generally, this represents 11-12 sorties per wonth. WNow flyt. . ’
hours are not the best measure--one hour of cross-courtry flying doe

not have the value of one hour of air combat reneuvering. Even sc,

is clexr that less than one-third of the {nterviewees were satisfiec

swith 16 hours per month or less. In contrast, during FY 69, pilots in

the United States training for Viet Nam were flying twenty-gix hoyrs pe-

month--2 rate than was sustained through FY 73. For purposes ef comperigor,

it is our understanding that the average Israeli fighter piiot tries tc

fly somewhere between 25-30 hours and 35-40 sort{es per month. Moreover,

even on 2 cross country, lsraelis are in a combat training situation ant

subject to being engaged shortly after their wheels are off the grounc.

AIRCREW OPINION SURVEY
HOURS PER MONTH REQUIRED 70 MAINTAIN
COMBAT READINESS

PEACENT OF CREWS
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(S1ide 32) We also know that we face a serfous pilot retention protiem,
this sl{de shows an increasing cumulative loss rate for those pilots
with between six and eleven years experience (it fs our underst2ncing,
although we have been unable to verify {t yet, that the loss rate wus
somewhat lower in 1980). It s often argued that low combat rezdiness
can be rectified in short order; however, when faced with this situatior,
we are forced to recognize that 1t takes eight vears tc get eight vears
experience. While a person can be trzfned to fly and fight in less ¢har
eight years, 1t often takes longer to develop the moral qualities merticned
earlier. We are losing hard to replace resources. Why are the piiots
leaving the service?

USAF FIGHTER PILOT LOSS RATES
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(Slide 33) Again we have to turn to surveys--and surveys have seridus
problems. Often 3 word--such as “prefessionalism”--connotes different
things to different pcople; hovever {naccurate, they are 3 mejor source
of insight into what s essentially 2 ncn-quantifiable human prodlem.
This slide displays the results of & survey sponsored by the Air Force
Office of Scientific Research (it expanded the research of two Air force
Academy instructors) that was summarized by the Air Force Times newspeper
in November, 1980. It indicates that there may be much more to the
retention problem than pay and benefits.

AirForceTimes

s ta’:3zelne Nowrs:.per Sorving An forse Poupls
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Why AF Pilots Resign:
They Don’t Fly Enough

Pilots' Reasons For Leaving Atr Force, {n=950)

e
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maTsRAL READ/NESS

( S1ide 34) Shifting our focus to material readiness, this slide displays
sever2l FY 79 (the FY 80 data is in preparation) btzse leve) material
readiness indizatcrs for both tha Air Force and tRe Depzrtrent of the
Navy. We have arranged the aircraft in approximate categories of relative
complexity. Recalling that we defined complexity as & quality of the
*whole,” these categories account for more than the aircraft; they 2lso
account for the material and people in the support structure at the base
Tevel and at the depot level.

RTIES/ MO -
®52I{ s appropriate that we make some general comments on this data before
discussing {t in detail. _First, these indicators_describe peacetime
conditions; they_do_pot represent what is possible in war. However, in
a relative sense, the patterns are probably indicative of the relations
¢hat would prevail in war. For examplie, 1f one aircraft {s consistently
better than another in terms of & set of maintenance measyres, we would
expect that relationship to hold at higher levels of flying activity
unless there are specific reasons to indicate the contrary. 1In addition,
fnstitutional fncentives can materially affect the way certain data is

JACRIR MATERIAL READIRESS IKDICATORS
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generated and reported. For example, 4f an organization's management
were interested in maximizing peacetime sortfe rates and mission capalle
rates (calculated on a seven day, 24 hour basis), this value syster
might affect the weekly activity pattern as follows: fly as much as
possibie in the early part of the week to run up the sortie count,
decrease flying flying to reduce breakage and emphasize fixing during
the latter part of the week, and then let the fully mission capable
planes sit all weekend. It {is probably a universal military fact of
14fe that career maintenance personnel rapidly develop an exquisite
talent for understanding and manipulating such institutfonal value
systems. So, the data may be significantly affected by subtle influences
that are imperfectly underst.od. Finally, it 1s very difficult to
compare these data over time; definitions and incentives can change over
time, and often these changes are not traceable.

With these reservations in mind, we will now describe the general patterns
revedled by the data:

(@2 NMC(%). This factor measures the sverage percentage of afrcraft
that were "Not Mission Capable” during FY 1979. It is calzulated
on a2 twenty-four hour clock, seven days a week. It means that the
aircraft type in question, e.g., an F-111D, was nct capabie of
performing one of its primary missfons; for that fraction of time,
it may still have been flyable or capable of flying its missions in
8 degraded mode. As a practical matter, each afrcraft has 8 list
of mission essential equipment and this measure says that at lezst
one of the items on that 1ist {s broken.

These 1ists can change over time and they can arbitrarily vary
between similar aircraft for similar missions. For exzmple, the F-
111D and F-111F would perform similar conventional missicns in 2
European scenario; however, for the F-111F, a radar warning receiver
(RWR) is a missfon essential piece of equipment but the RWR {s
currently not on the mission essential 1ist for the F-1110. Thus,
the F-111D can be fully mission capable without an RWR, whereas the
F-111F would be partially mission capable. The reason for this
contradiction is that there are not enough RWRs to go around.

Since the F-111F {s higher priority than the F-111D, the RWRs were
taken out of the F-111Ds and put in the F-111Fs. RWRs for the F-
111Ds are now programmed for procurement in the future. In effec:,
the F-111D's definition of “Fully Mission Capable" has been materially
affected by resource constraints.

The NMC data indicates a rou?h relationship between complexity and
N¥C. It is not a perfect relationship, but 1t does seem to sugoest
that as planes get more complex, they tend to break more often--
there are more things to go wrong on a compliex aircraft.
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o(:) MFHBF. The numbers in this column are actually the mean flying
hours between maintenance events; we are using them as a surrogate
for Mean Flying Hours Between Faflure. It is 2 measure of reliability.
It 1s an average measure that {s der{ved from the total number of
events and the total hours. The number does not mean that something
breaks on an F-15 every 30 minutes; an F-15 my fly for a long tine
with no maintenance events; then suddenly, several can occur. The
number represents the average for a year, As we would expect, we
gsee an inverse relationship between complexity and reliabdility.
Simple planes tend to have & greater overall rel{abili{ty than
complex planes.

@ Maintenance Events Per Sortie. This measure is roughly equivalent
t0 the average number Of maintenance actions needed to prepare an
airplane for another flight once 1t has landed. Again, one sees 2
general relationship between increases in this number and increases
in complexity.

e/ MMH/S. Mainterance Manhours Per Sortie. This factor represents
The total! workload required to prepare the afrplane for {its nex:
fi{ght after it has landed. Again, we see the same general rels-

. tionship. We also note that, in general, the Navy factors(partic-
ularly for low and medfum complexity afrcraft) are higher than the
Air Force numbers. In part, this may reflect the increasea stress
of carrier operations, sea corrosfon, and the more cramped workirg
conditions of carr{ers. These numbers suggest that using tectmologly
to increase complexity may aiso {ncrease the labor intensity of our
equipment, In the agoregate, rather than substituting capitsl for
lator, we may, in fact, be {ncreasing the relative proportion of
labor by converting to more complex hardware. In other words,
{ncreasing complexity may be contributing to a declining “tooth to
tail” ratfo. We will come back to this point.

o@ Cann-WR/100 Sorties. Cannibalizations and War Reserve Withdrawals
Per 100 Sorties. 1his factor measures relative shortages of spare
parts. If operating stocks are short, maintenance personnel have
the option of temporari{ly obtafning the spare parts from the war
reserve spares kits (i.e., the WRSK) or of taking the parts off a
afrcraft that {s temporarily undad (1.e., cannibalfzation). For
the Alr Force the number displayed in this column is the average
number of times either of these activities occurs per 100 sorties.
The Navy numbers are just the average number of cannibalizations
per 100 sorties. Since cannibalization contributes to maintenance
manhours, this difference may contribute, {n part, to the higher
MMH/S numbers for the Navy. .
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Even shortages of spares appear to be related to increasing complexity.
Several factors contribute to this phenomenon; however, we shou'd
first note a factor that does not relate to complexity., That

factor s the age of the aircraft. Older aircraft (e.g., A-7s and
F-ds), that are going out of the inventory, tend to have sufficient
spares. On the other hand, newer afrcraft (e.g., F-15s and A-10s)

can be short of spares because we tend to defer procurement of some
spares until we get experience with faflure rates--the 1des being

that we can build a sounder inventory strategy over the long-run 4f

we wait until dermand patterns stabilize. Unfortunately, our experience
has been that this deferral tends to e extended for a very long
time--the F-111s being a case in point-~an observation sugoesting

that “resource constraints" contribute to the deferral.

Increasing complexity contributes to spares shortages in the following
ways: (lg'The tendency to overestimate & system's reliability
increases as complexity increases, and consequently, the tendency
to underestirate spares requirements {ncresases, - This happens
because the relfabii{ty calcuiation mathematically assumes that
each part of a system has an independent failure pattern: however,
in reality, interactions between the parts materially affect their
faflure patterns. The net result s that faslures occur more often
than expected and this generally gets worse as the number of inter-
actions (f.e., complexity) increase. (2) Failure patterns tend tc
be more unstable over time for complex equipment than for simple
equipment, consequently, it becomes more difficult to establist a
stable inventory policy. For example, the semi-annual rates for
the F-111 have fluctuated bestween 6.1 2nd 21.0 maintenance events
per sortie; the less complex A-7 has fluctuated betweer 1.5 and
4.0. For the newer aircraft, the F-15 has fluctuated between 2.8
and 7.0 events per sort{e while the relat{vely simple A-10 has
smoothly declined from 4.7 to 1.2. (3) Finally, spares for complex
aircraft are generally more expensive and therefore, the impact of
funding shortfalls tends to be higher.

o@t‘M/Acft. Maintenance Manning Per Aircraft. This is the number of
mintenance people per aircraft assigned at the base level. Aqein
we see increasing labor intensity for more complex aircraft. There
is also an increase in ski11 requirements. We see a big difference
between the Navy and the A{r Force. In part, this difference
probably refiects the space constraints of the carrier.

¢’D) Workload. This number s calculated from the data on this slide.
I 15 2 measure of the burden on the individual. It 1s caleulated

Ox® . @by mltiplying (sorties per month) by (maintenance manhours per
TR "</ sortie) and dividing this by (maintenance manning per aircraft);
1 Cf) the product (f.e., workload) has the dimensfons of maintenance man-
i hours per man-month, Now this does not represent the total activities
; of the individual, 1t represents his sortie-related maintenance
' activities. We see that the burden on the individual increases as
: complexity increases. This is particularly striking for the Air
, Force when one views the sortie data--the A-10 with a low workload,

Tlew the highest sortie rate; the F-111 with the hghest workload,
flew the lowest sortie rate. s
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It 1s clear from the relations displayed on this chart that increasing
complexity embodies increasing support costs. In peace, these increases
translate to higher readiness costs; {n war, these costs take the form
of a more intricate/less flexible support structure--a support structure
that {s more vulnerable to disruption when the unexpected occurs. This
peacetime cost/ wartime vulnerability does not exist just at the base
level; increasing complexity ties us more closely to stateside depots
and makes us more vulnerable to disruptions in the relationship between
the base and the depot.

To get an idea of this emerging relationship, we will examine what
appears to be a persistent anomzly in the general pattern of the base
level material readiness indfcators. The high complexity F-15 looks
better than the medium complexity F-4 in many base level measuyres-~i.e.,
MFHBF, Maint. Events/Sortie, MMH/S and Workload. It turns out that the
F-15 embodies technology, that in effect, transfers some maintenance
from the base to the depot. - To get a view of the {mpact of complexity
(remember: complexity is a quality of the “whole") on readiness, we
have to include an examination of the relationship tc the depot. We
will use the example of the F-15 to {1lustrate a general phenomenon of
high complexity systems--particularly high complexity electronics. We
will discuss, first two specific relationships between the base and the
depot; and second, & mire general view of the impact of increasing
compliexity on the depot.




(Stide 35) The high complexity avionics of the F-15 was designed around
the remove and replace concept of maintenance. This concept intentionally
transfers some base level maintenance back to the depot. In a general
sense the “black box" idea works as follows: The F-15 has onboard

“built in test equipment" (i.e., BITE) that tells the pilot or the Crew
chief that a fafilure has occurred in 8 particular "1ine replaceable

unit"® (i.e., LRU). The flight 1ine crew chief then removes the LRU--a
simple task--and takes it to the Avionics Intermediate Shop (AIS) for
repair; he then goes to supply and gets another LRU, puts in the F-15,

and the F-15 {s ready to fly. This concept enormously simplifies flight
line maintenance of the F-15; and if supplies are available,it s possible
to generate very high sortie rates.

If we are to understand the full impact of this maintenance concept, we
must lock first to the AIS, then to the depot. The F-15 contains 45

LRUs that require & computer to diagnose the fault in the LRU. Each of
these 45 LRU's can be diagnosed on one, and only one, of three computers
making up a set of automatic test stations. Moreover, each computer can
only check out one LRU at a time. Physically, the LRU 4s a rack containing
so1id state electronic circuit cards. These cards are known as Shop
Replacable Units (f.e., SRUs). In theory, the computer {dentifies the

SRU that §s the source of the LRU's problem; the technician then removes

COMPLEXITY MAGNIFRES MAINTAINABILITY PROBLEMS

EXAMPLE: IMPACT OF BLACK BOXES AND AUTOMATIC TEST

EQUIPMENT
MontiLy Rave: Dec, 79 - Juwe 80

CANNOT_DuPLIcATE “LOWEST TEDIAN HIGHEST
BASE LEVEL AlS: F-15 CND RATE 252 282 412
DEPOT LEVEL TEST '
EQUIPMENT: F-18 ﬂE/T\OC RATE 242 262 292

E-TEST OK
RESULT

-~ INCREASED SPARES REQUIREMENTS

- RISING CANNABILIZATION

—~ INCREASED MANPOWER AND SKILL REQUIREMENTS
= RRR WRSX CONCEPT

= INCREASED VULNERABILITY
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the bad SRU and replaces it with a good SRU obtained from supply. The
SRU 1s then shipped to the depot for repair--there is no capabiiity to
prepare SRUs at the base level. A wing of 72 F-15s (contatning 72 x 45
= 3240 LRUs) is currently assigned two sets of three computers; a single
deployed squadron of 24 F-15s would have one set of three computors to
maintain 24 x 45 = 1080 LRUs.

: While the concept Yooks simple and efficient on paper, 1t results in

o many subtle complexities {n the support structure (at the AIS and the

;. depot) that enormously complicate peacetime and wart{me maintenance.

) First, the readiness of the F-15 is critically dependent upon the readsi-

ness of the computers in the AIS. 1In add{tfon, the computers' maintenance

and operation {s very dependent upon highly skilled people--people that

; are almost impossible to retain because their skills are in great demznd

2 by civilian companies. Military technicians are often able to double or

- triple their salaries on the outside. It fs our understanding (we hzve
not yet obtained the official data to confirm this) that {n the last
quarter of FY 1980, out of a population of 33 eligibles in the TAC F-15
force, no AIS computer technicians reenlisted.

The availability of the computer test stations are a critical bottleneck
to F-15 operations. (In FY 80, the computer was "mission capable" 80:
of the time--yp from 50% in FY 79.) Moreover, when the computer breaks,
{t can be very difficult to fix because of maintenance and supply problems.
e First, maintenance appears to be very dependent on the skill of ths

operator--skill that is in short supply. @ Second, although the computers

b have self-diagnostic capabilities, malfunction isolation is a difficult

g and time-consuming task. On occasion, it 1s only possible to tdentify

N the general location of the malfunction., If there are no shop standards
available, the time consuming task becomes one of randomly changing the
circuit cards until the fauity card is {dentified. ®Third, the computers
are quite reliable; they contain a very large number (over 130,000) of
extremely relfable parts. So when failures occur, they tend to take on ﬁ
8 random pattern that is difficult to predict and stock against. Moreover,
the parts are very expensive. The net result is that high costs preclude
a low risk inventory policy when risk viewed from a peacetime money
perspective at the base level; and often the computers cannot be fixed
immed{ately because the spares are not available. Put another way, high
costs generated by complexity has forced a h1?h risk {nventory policy

. when risk is viewed from a wartime operational perspective.

Given that the computers are working, the mai{ntenance task {s aggravated
by long test times and the "Cannot Duplicate" (CND) problem. To hook up
an LRU to the computer, the LRU must first be plugged intu an Interface
Test Adapter (ITA) and then the ITA is plugged into the computer. This

- can be & time consuming task in {tself--sometimes taking up to 30 minutes.
The computer then checks out the LRU--again a time consuming task,
averaging about three hours, but sometimes taking as long as efght

hours. gincc the computer {3 1imited to hooking up and checking one LRU )
at a time, no other LRUs can be checked out during this perfod. Compcunding

this 1imited productivity problem is the fact that the LRU checks out-0K

8 significant percentage of the time. In other words, the computer

could not duplicate the fault Indicated by the afrcraft BIT and the test
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time was, in effect, wasted: during the seven month period of December
1979 through June 1980, the monthly CND rate for the entire F-15 fleet
fluctuated between 25% and 41%, the median monthly rate being 28%. In
this situation, the operater generally puts the LRU back Into supply. A
small percentage of the time, a particular LRU will repeatedly exhibit

zhe 2ND problem (repeat and recur); in such cases the LRU {s sent to the
epot.

We face the equivalent of the CND problem at the depot where the SRUs
and "repeat and recur” LRUs are testec and repaired. This is known as
the Retest OK or RETOK rate; and for the same seven month period, the F-
15s monthly RETOK rate fluctuated between 24% and 29% of the time. In
most of these cases, the SRU or the LRU is sent back to the field. In
short, the spare part has traveled through the pipeline for no reason.

These support problems have the following impacts:

CI} Spares requirements are increased, if only to account for AIS down-
times, long test times and the pipeline effects; but because the spares
are so expensive, shortages ifnduce increased cannibalization. Moreover,
increased cannibalizaticn can fncrease the failure rates--those boxes
‘that are working fly more sorties( failures tend to be sortie related)
and cannibalization itself can increase breakage--and $o the process can
magnify itself,

While skills at the flight 1ine are somewhat reduced, there s an
ncreased dependence cn hard-to-retain”skills in the AIS.

@) Originally, the black box concept was justified in terms of peace-
time econoriies and a standard 30-day war reserve spares kit (WESK) was
to be configured for war., In essence, this meant that we planned to
stock 30 days worth of remove and replace (RR) spares; and theoretically
we would not become dependent ori the computers until the 31st day. -
However, in reality, high spares cost makes the cost of this option
prohibitive, so a 30 day RRR (remove, repair, and replace) WRSK concept
was adopted. Under RRR WRSK, only five days of RR spares are stocked,
and the corputer (and its support tafl such as airconditfoning and power
generation equipment) must be deployed to, and set up at, the wartime
operating location by the fifth day. Under the assumption of computer
availability, enough SRUs would be stocked for twerty-five days operation.
The cost incentive for adopting this increased ear.y dependence on the
corputer is considerable--the 30 day RR WRSK kit for an F-15 squadron
costs approximately $128, whereas & 30 day RRR WRSK kit cost around
$32M. We estimate that it would cost an additfonal $1.2B to convert
nine CONUS based F-15 squadrons and two F-111D squadrons to RR WRSK.
Moreover, RRR WRSK increases operational risk because: 20 there is
Tess margin to absorb the unexpected at the base level; (b) dependence
on a timely well regulated flow of parts from the depot 1s fncressed;
and (c) the AIS is a high value point target. RRR WRSK has been exercized
in two overseas deployments (one involving 18 F-15s and the other, 18 F-
1110s) and the aircraft did, in fact, fly high sortie rates for a period
of one-month at their overseas locations. These exercizes however did
not represent the variety of stresses attendent to combat operations,
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(S1ide 36) The use of technology to transfer base level maintenance
back to the depots 1s not limited to avionics, it can alse occur in
engines. For example, this slide depicts the F-100 engine's (i.e., the
f-15's engine) fuel control to the equivalent fuel controls on the J79
engine that fs used to power the F-4., The numbers speak for themselves.
The only row needing explanation {s NRTS/MTBF which {s an acronym for
Not Repairable This Station/Mean Time Between Failure, NRTS/MTIBF {s the
average time batween those fallures that can not be repaired at the base
Tevel, There {s very l1ittle base level capability to repair the F-100
Unified Fuel Control or UFC. When the ftem can not be repaired at the
base, it is necessary to ship it to the depot. Consequently, NRTS/MTBF
1s a measure of the operating time between trips to the depot. This
chart shows that the F-100 UFC s more closely tied to the depots and it
11lustrates the general operational cost of transferring maintenance
back to the depot. We become more dependent upon the well reguiated
flow of high value {tems through lTogistics pleplines connecting a geo-
graphically dispersed support base. These logistics pipelines are very
vulnerable to disruptfon resulting from enemy attack or from that always
present villan in war--the unexpected.

CONPLEXITY GRIVES P DEPOT REPAIR LOSTS

LW
£-100 WNIFIED FUEL CONTROY, 2379 COPARASLE CONTROLS
© UNIT REPAIR COST $ 9,956 $ 2,298
® KR, INTERNAL COMPONENTS 4,50 999
©® NATSMTBF 388 s 3,049 MRS
© STANDARD WH TO REPAIR 28 ms 7.3 s

® 3-79 COMPONENTS (MATW FUEL COMTROL, AFTERSURNER FUEL CONTROL ** § NOIZLE AREA COWTROL)
= AFTEASUMMER FUEL CONTROL 100% BASE AEPAIR
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(Stide 37) We can get a2 more general idea of the impact of increasing
complexity on our support structure by relating depot costs and spares
costs to the flying hour program in order to come up with a comprehensive
measure of operating cost per airplane. To estimate these variable
costs, we must allocate the overhead accounts (i.e., depot maintenance
and replenishrment, spares) to each atrcraft. This slide displays Air
Force estimates of these variable costs. There is a strong relationship
between the replenishment spares and depot maintenance categories with
increasing complexity. In a general sense, this {mplfes an {ncreasing
dependence on the smooth functioning of the supply mnagement system and
the depots. It also {mplies a decreasing tocth-to-tadl ratio. Moreover,
our abiiity to forecast this burden over tha five-year planning period
appears to decrease as complexity increases. In other words, the uncer-
tainty surrounding the planning of readiress-related activities (e.q.,
flying hours, spares support, etc.), and by inference, readiness {mprove-
ments, appears to increase as complexity incre2ses. To get an {dea of
this problem, we will compare the stability of these aircraft flying
hour cost factors for the F-15 and the A-10.

COMPLEXITY INCREASES
OPERATING COSTS
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(Slide 38) Each year, the Air Force Program Oblective Memorandum (AF
POM) projects the denot costs and rerlenishment spares costs five years
into the future. The AF POM, published in May, s the initial draft of
the AF budget that {s finalized the following January. For example, AF
POM 79 is the first estimate of the FY 79 budget. The POM'S cost factors
(they are known as the “POM Typicals") are calculated by relatin
projected depot maintenance and replenishment spares budgets to the
projected flying hour program. Cost factors are in terms of dollars per
afrcraft flying hour. The cost factors are not true costs: they are
derived by allocating overhead budgets--a process that is subject to
considerable arbitrariness. It is clear from examination of the data
that cost factors change considerably from year to year and, most importantly,
these changes appear to be much larger and more unpredictable for the
more complex afrcraft.

FLYING MOUR CDST FACTORS (CIMRENT $)

Fiscal Yo
T T8 E R

F-15 Depnt Maintenmance
R D W B 267 300 306 N3 krd | - - -
fY 80 pou: un 1531 1616 Y707 1803 1904 -
FY 81 POM: - 94 954 98s 1020 1058 1096 i

1522 1609 1668 1731 1778 1827

- A=10 Depot Maintenal
] (1B 229 256 261 268 274

FY 82 POM: -

FY 80 POM: 309 330 n9 368 89 o - - ;
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FY 82 PON: - - 55 375 k] 404 LA H 426
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[R%:iB §91 615 639 665 692 - - -
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FY 82 POM: - - 1290 1412 1506 1603 1 1806
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Several patterns are evident from the data in this slide:

. The data §s in current dollars, so year to year changes in the
estimates reflect uncertainties in projecting inflation. AN
things being equal for a specific year--say 1983--we would expect
to see a gradual increase in the numbers as we went down a colum
because we tend to underestimate inflation; and as we get nearer to
the year in question, we have to increase our estimates to account
for the emerging inflation differential, Rowever, it is clear that
ail things are not equal.

° F-15 Depot Maintenance: The estimate of future depot ma{ntenance
requirements changes dramatically from POM to POM, Each POM fore-
casts a smooth profile that grows slightly in current dollars
during the out-years. However, the following year, the PO fore-
casts an entirely different profile. Clearly, it has been difficult
to predict the future depot burden of the complex F-1S.

o  A-10 Depot Maintenance: In contrast to the F-15, the relatively
??Tnpr'i_fﬁ_ﬁa___e - s nuch Tess variability from POM to POM. The A-10's
future depot burden appears more predictable.

° F-15 Renlenishment Spares: There was a big change between POM 80
and POV 81 because, in part, the formula for the spares calculation
changed; however, the F-15 was affected more than most aircraft.
Also, comparing the FY 81 POM to the FY 82 POM for the years beyond
FY 81, we see that POM 81 predicts declining spares requirerents
and that POM 82 predicts increasing spares requirements, Clearly,
it 1s difficult to predict F-15 spares consumption,

0 A-10 Replenishmant Spares: Each POM predicts smooth growth during
the Ougyears; there has also been a gradual decrease in requirements
over time.

1f we compare the cost factors for two older, more logistically mature,
aircraft--e.g., the high complexity F-111D to the medium complexity F-
4E, we see the same, albeit less stark, general pattern,

We now summarize our discussion of the impact of complexity on material
readiness: Base level data suggest a general réiationship between
increasing complexity and decreasing mater{ial readiness. Increasing
complexity increases depot costs, and appears to tie base level activities
more closely to depot activities. Increasing complexity also appears to
increase our dependence on responsive, well regulated distribution-of
high cost spares through the supply system. -Since high value items are
in short supply, the supply system (the informal as well as the formal)
tends to track them {ndividually and flows tend to be in response to
precise demand requirements--th{s requires precise regulatfon based upon
detailed data. Thus, we see an evolving support structure--from base to
depot--exhibiting an fncreasing variety of more intricate man-machine
relations that are becoming more d4fficult to coordinate. As one would i
expect from our defin{tfon of complexity, there s evidence sugqesting i
that ~ur ability to comprehend these amerging relations, and to predic: '
future needs, decreases as complexity fncreases.
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(Siide 39) The Warsaw Pact threat is the main threat to be countered by
our tactical air forces; however, the basing structure {n Europe {s not
adequate to support the deployment planned in the AF WMP, Base support
consists of our permanent European bases--1.e., the Main Operating Bases
or Mlds--and European bases that normally do not support US aircrafte-
{.e., the co-located operating bases or COBs. This chart compares the
scheduled (2s of FY 85) WMP deployment to the current MOB and COB support
capability as a function of time. It gives an idea of the increased
support that is needed to support the deployment, The COB support {s
increased after M-day by moving 1imited supplies to designated COBs.

The decline in support after D-day is due to consumption of COB stocks.
We estimate (roughly) that it would take an additional {nvestment o*
$1.6 billfon to buiid up and harden the COB/MOB {nfrastructure to &
point were it can support the deployments in the AF WMP,

In addition to spare parts and infrastructure shortfalls, we are short
of munitions. The full furnding of the munitions objectives (goals that
are determined, in part, from the activities embodied in the WMP sortie
r:%::) would require an additional investment of approximately $4.4

b on.
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(Stide 40) The capability to repafr battle damage fs a major contributor
to tac air readiness. During Viet Nam, the ratio of damaged aircra‘t to
lost afrcraft fluctuated between 3 to 1 and 6 to 1l; in the 1973 Arad
Israel{ War 1t was 3 to 1. Rapid battle damage repair is a major contrib-
utor to the Israeli AF's combat capability. During Viet Nam, the depot
backlog of damaged aircraft reached a point where 1t took two-years to
get an F-4 repaired. As equipment becomes more complex; battle damage
becomes more difficult to repair. However, with the exception of the A-
10 battle damage repair kits, this major contributor to combat readiness
currently funded at an unrealistically low level. The battle damage
repair problem is generzlly not considered (with the exception of the A-
1o§ in the design of our afrcraft.

This concludes our discussion of material readiness. We will now turn
to our final readiness category; namely, the readiness of the people in
the support structure. We will focus on maintenance personnel,

AT

o AF PLANS LIMITED AIRCRAFT BATTLE DAMAGE REPAIR CAPABILITY

- IF POM-82 $-MiLLIONS
R 8 M £ 8 loa
v A-10 B
Repatr KiT: 21.6 s 9,6

v A Omier A/C: 30 30 30 30 30 15
s11,6M

o  INCREASING COMPLEXITY MAGNIFIES B/D REPAIR PROBLEM
o  DAMAGED AIRCRAFT MAGNIFY REAL LOSSES
- E.G.. DURING VIET-NaM, F-Us REACHED A TwO-YEAR B/D mEPAIR TURN AROUND TiME

= E.G., DURING 1373 AraB-{SRAEL! WAR, FOR EVERY ATRCRAFT LOST, IMAEE WERE

DAMAGED
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(Stide 41) The number of people needed to support a fighter is increasing
over time. This chart displays the change in direct and indirect manning
per fighter over time. Indirect manning is an allocated estimate of the
contributions of those people in the overhead activities. The change

over time {s more important than the absolute magnitudes. We note the
following patterns in this chart:

The WMP assumes a short warning war, and projects a surge to very high
monthly activity rates for the first month, As we have seen, the labor
intensity of our force is fncreasing and we are becoming more dependent
on the smooth functioning of a geographically dispersed support base,

In view of these trends, this chart raises a general question of whether
or not we have enough people in our system to satisfy the short term
demands of the WMP.

Looking at the endpoints, and neglectfng the Viet Nam hump, we see
that manning has increased by a8 factor of about 40%.

When we went to war in Viet Nam, a huge increzse in manning occurred.
Part of this increase was caused by the pipeline effects of the
rotation policy 1imiting Viet Nam tours to one year. Nonetheless,
§t is clear that the increased wartime activity required more

people per aircraft.

The reduction fn activity after Viet Nam {s accompanfed by reducticrs
in manning. :

Although not shown, we note that, notwithstanding general increases |
in direct manning per fighter (i.e., maintenance personnel), the '
requirements for technical specialists have increased at & faster |
rate during the 1970s.
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(Siide 42) 1In addition to nesding more people per aircraft, we notec
that our force is becoming more skill {ntensive; however, during the
1970s, we cut training times significantly, Training hes become more
task oriented, with less general theory; and, although the {ndividual

may be initially more productive in routine activity, he has less generai
background to fall back on when the unexpected occurs.

Training reductfons in the presence of increasing skill requirements are
concrete examples of how the real costs of adapting to budgetary change
can be magnified by increasing hardware complexity. This 1s a specific
example of general short term tendency to reduce growth in the OLS
account by shifting the costs tc non-budgetary catecories--i.e., reduced
perzgnne1 readiness, and, because 0JT {is less efficient, reduced materia)
readiness.

CRCASING COMPLEXITY REQUIR HER SKILLS
: &t
¢  FORMAL TRAINING TIMES HAVE DECLIMED
AYG CORSE LETH (WS}
s Ak T)

- CAREER FICLOD CHANGE
JIrXx Msl, flec. laiat. b+ 14 -44%
32x1% Avionics Systems 23 18 «22%
34X4X Training Cevices 32 20 -38%
39AXX Vaintensace fgt. 7 7 -
42%XX Atrcraft Systems 13 11 =158
431X Afreraft Maint. 1 9 -318%
46XXX Mun.Npn. Maint. 13 9 -313

o  FOCUS IS NOW OR PROVIDING SKILLS FOR FIRST JOB QHLY
o  TRAINING IS MORE JASK ORIENTED, WITH LESS GENERAL THEORY
e  OJT HAS BEEN INCREASED

1MPRESSION

INTRODUCTION OF QUESTIONABLE
ECONOMIES TO SLOW GROWTH OF
TRAINING BUDGET

*ROTE:  FY 75 VORKDAY: 6 CLASSROOM HOURS, 2 NOURS STUDY
FY 80 WORKDAY: 8 CLASSROOM HOURS
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(S1ide 43) Declining experience levels are compounding the problems
caused by reductions ftn training, This chart summarizes the declining
reenlistment rates for the three tactical air forces--{.e., TAC, USAFE,
and PACAF. Loss rates are much worse than implied by this chart because
reenlistment rates quantify the reenl{stments as a percentage of those
eligible to reenlist. It turns out that eligibility rates may run as
Tow as 50% of the entering population. The decline in second term
reenlistments {s particularly disturbing because these are experienced
people making career decisions. The impact of these declines is being

- magnified by the increasing personnel requirements increasingly complex
equipment and the need to fi11 out a growing force structure.

In contrast to the pilot retention problem, it appears that pay is a
crucia) issue in the retention of maintenance manpower. Highly skilled
maintenance technicfans are doubling and in some cases tripling their
salaries when they go to the private secter; mereover, this salary
increase {s combined with better working conditions, higher status, and
shorter hours. Often they get jobs doing contract maintenance on the
same equipment they were working on while in un{form,

TAF EXPERIENCE LEVELS ARE DECREASIHG
o  MAINTENAMCE MANPOKER AUTHORIZATIONS ARE INCREASIHG
@  FIRST AND SECOND TERM REENLISTMENT RATES ARE DECLINING-FASTER THAN OVERALL

AIR FORCE RATES
REELISIPENT RAIES BY PISCAL YEAR
Avionics Sys. AL S Kaln! Mun, TOTAL
Fiscal Yesr e 1177 Tgﬁﬁ"’ m%'ﬁ‘ &
First Term b i 2.9 %.7 9.9 3.0 0.1
76 n.9 3%.4 45.2 3.4 7.8
n 2.8 8.9 3.7 un.] 9.0
78 2.8 41.8 3.4 38.2 41.1
79 3.6 %.8 n.2 ® | 80
Second Tern 75 8.6 n.e n.y 0.7 75.4
26 66.6 n.a “%.5 2.3 €1.8
; n 65.0 7.0 9.3 5.6 €8.9
: % 88,2 8.5 - 683.3 74.0 4.7
i 7 51.0 61.1 6.8 6.2 $0.1
|
-
: Source: AF/WPPP, Aor{l 1980
[
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(Slide 44) Declining retention offsets part of the expected savings
from reductions in training time by increasing training quotas. We ere
currently short of technicians in the hicher skill levels. Over the
1zng terr:, this retention problem will be compounded by demographic
changes.

To summarize, we face an incre2sing scarcity of people and skills that

is being magnified by shortages in the present and by increasing demand in
the future. Throughout the 1930s, the tactical air forces will embody
labor intensive technology (when viewed from the perspective of the

total support structure); corseguertly, we should expect personnel and
training costs to increase significantly during the coming decade. We

see how the 0&S budget can increase over the long term, even though we

try to cut it in the short term.

TION - N

o  DECLINING RETENTICN INCREASES TRAINING QUOTAS (i.e., COST*
o  SHCRTASES IN MIGH SKILL LEVELS

L OF AUTHORIZATIONS ©
Skity, Lever EL - E=16 A-10
0 .{lmsmn {_,_;___,_____-_,_,“_,1
9 ) 221 swORT 371 swoRrt 197 swort '
7 ! 112 swory 2% snoar - '
5 R 28 swory _ _ _ MO swoRt
3 10Z oven 2% oven 172 over

e OUTLOOK: DECLINING RECRUITMENT BASE (18-26 YEAR-OLDS)

I¥PLICATION

INCREASING SCARCITY WILL DRIVE UP
MAINTENANCE COST

® May 1980
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(S1ide 45) We will now summarize our entire discussion of AF tac air
modernization and re2diness, and relate it to our plans for the future.
Cempared to other DoD catecories, AF Tac Afr has been relatively free of
budget constraints. In particular, tac afr has underoone 8 vigorous
post-Viet Nam modernization program. Between FY 73 and FY 80, the tac
gir investment budcet gre~ at an average annual rate of 10.4% after the
effects of inflation were taken out. During the last efght years (i.e.,
FY 73-FY 80), the AF tac air investrent program totaled approximately
$52 billion (in constant FY 81 $); this compares to a tac air investment
of $68 billion (in constant FY 81 $) during the eight years of Viet Nam
(FY 65-FY 72). This comparison is particularly impressive when one
considers that much of the Viet Nam investment was in consumables,
military construction, and other war-specific programs; whereas, the
post-Viet Nam investment has been concentrated in the procurement of
weapon systems,

The 1970s were also characterized by steady reductions in personnel and
material readiness. Readiness related investments in spare parts,
infrastructure, and munitions stockpiles were deferred and training
tempos were reduced. This slide summarizes some of the trends we have
discussed, Our modernization program has resulted in a force that is
more costly and difficult to operate--particularly when viewed from the
perspective of the entire support structure. Increasing complexity has
increased also the uncertainty in our support cost structure.

When one considers that the emerging tac air force {s more expensive to
operate in terms of people and material costs, that we are currently at

2 Yow level of personnel and mater{al readiness, and that the force 1s
programmed to grow in size, 1t 1s clear that {ncre2ses in combat readiness
require major {ncreases in the funding of readiness-related {nvestments
and particulerly in the O3S budget. This gives us a simple policy
question to 2sk the FYDP: What 1s our policy towards increasing tac air
readiness? Tc answer this question, we will look at the funding growth
thet §s programmed for the next five years in the FYDP. 1In this sense,
the FYOP {s an authoritative statement of our intent.
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SUMMARY

FLYING HOURS AND SORTIE RATES ARE DOWN

® AIRCREWS FEEL CURRENT TRAINING RATES SHOULD
BE INCREASED 70 ACHIEYE COMBAT READINESS

® SPARES STOCK LEVELS APPEAR TO BE INADEQUATE

e COSTS CF ENGINES AND BLACK BOXES HAVE
INCREASED

E e MANNING PER AIRCRAFT HAS RISEN

: e REQUIRED SKILL LEVELS HAVE INCREASED
ﬁ e TACAIR FORCE STRUCTURE IS INCREASING

INCREASING COMBAT READINESS REQUIRES
LSIGNIFICANT INCREASES IN THE 0&S BUDGET
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(Slide 46) Turning first to the tac air OS budget, this chart shows

the historical track and future 0&S program ({,e., FY 81-85) in consiant
FY 81 dollars., We note that there is an average annual real growth rste
of roughly 4% programmed into this account for the next five years. The
total Air Force budget is expected to grow at about 5% per year-so te¢
air 045 is not quite staying even in terms of budget share. More imuortantty,
this budoet s only programmed to get pilot flving hours up to an everess
of 20 hours per month fy FY 84, In addition, this funding profile

assumes no real growth in operating costs per plane--clearly an optimistic
assumption in view of the uncertainties we uncovered in our discussion

of the support base, particularly the flying hour cost factors. Signifi-
cantly, twenty hours & month and 4% re:1 growth drives us to the sz=e
Tevel of resources (in constant dollars) that was required in FY 77 to
fight a war in Viet Nam, fly 26 hours a month in the states, and fiy
somewhat less in Europe.

AF TACTICAL AIR OPERATING AND SUPPORT PROGRANIS
FY 81 President’s Budget, Jaruary 1980
(Constant Budget ¢}
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(S14de 47) The O4S increases were new in the FY 81 budget as evidenced

by the five year funding profile programmec in the FY 80 budget. In FY
k- 80, we prograrmed no significant growth for the outyears even though the
. overall AF budoet grew at an average real growth of 3% per year. This
S no growth pattern was also reflected in the preceding five year plan of :
. - the FY 79 budget. In other words, the five year programs of the past 1
g4 three tac air 085 budgets all refiected a desire to hold future 085
. growth to 8 lower level than that programmed for the total Air Force
o . budget.
SO AIR FORCE TACTICAL AIR
! OPERATING & SUPPORT PROGRAMS
3 FY 80 PRESIDENTS BUDGET
{ (FY 80 CONSTANT $) -
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(SYide 48) Looking at investment, this chart shows that although the
{mpressive post Viet Nam growth 1s tapering off; the budget 1s programmed
to rerain at a high level for the next five years. Despite this high
level of funding, this investment program underfunds the replenishment
spares required to support the flying hour program because 1t assumes
spares will be delivered with one year lead time. Delfivery lead times
are currently averaging two years, and because the flying hour program
is growing, delivered quantities will fall short of those needed to
support the planned increases. The annual funding totals do not reflect
these 1ead time induced shortages nor the additional funding required by
the inflation differential. This problem will become particularly acute
with regard to the large fncreases in flying hours now prograrmed for FY
84 and FY 85. In these circumstances, implementation of the growing

flying hour program (an effort to {mprove pilot readiness) is 1ikely to
reduce material readinecs by increasing cannibalization or war reserve
withdrawal rates. This budget also does not fund the deferred readiness
related investments in infrastructure or munitions stockpiles. (Note:
air-to-air missile stockpiles are an exception. Current plans program
very large increases in these particular stockpiles.)

The FY 81 five year {nvestment plan peaks in FY 82--1.e., §t peaks in
the year after the budget year--but it stays at a high level for the
entire program period. This behavior occurs in an overall environment
of 5% real growth programmed for the Air Force. '

AIR FORCES TACTICAL AIR INVESTMENT PROGRAMS
FY 81 President’'s Budget, Jenuary 1380
(Conzttat Budget $)
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(S1ide 49) Last year, in the FY 80 budget, the planned five year {nvest-
ment peaked in FY 8l--again, the year after the budget year--and the
{investment budget declined in the years after the peak. The FY 80 Dol
budget was prograrmed to grow at 3% per year. In the FY 79 budget, the
peak occurred in FY 80, The moving peaks and the overall {ncrease in

the investment budget between FY 80 and FY 81 depict the {nvestment “bow
wave"--a phenomenon characteristic of investment programs. The “bow
wave" is a reflection of the interaction of the short term tendency ¢o
pump up the investmert budget with the long term tendency to shrink
{nvestment: Growing operating costs are squeezing the investment budaet
over the long term; we don't fulfill a1l our near term investment desires,
so we defer some of them until next year, This process of deferral *~
§lows production and is 2 source of cost growth in the out-years of the
investment budget. A further complication arises because we are continually
adding new items to our menu of desires, but we seldom cancel existing
programs. The net result is that we are continually under pressure to
gﬁx,to grow the investment budget. This process is being magnified by
the growth in our operating and investment costs. If our plans assume .
that the out-year overall growth rate increases (as it did between FY 80
and FY 81), the investment budget tends to expand into the “"vacuum.” It
1s significant that tac air still exhibits the “bow-wave" phenomena--the
continued existence of which suggests that “budget constraints” may not
be the source of its existence.

Even after the impressive modernization of the mid-to-late 1970s, tac
air plans still do not contain major increases in readiness-related
investments and the DES budget. In view of tac air's emerging cost
structure, 4% 04S growth in an overall budget that {s planned to grow at
5% does not represent a major financial commitment. It does represent a
large quantity of money. Twenty hours a month 1s less than our pilots
were flying in FY 73. Furthermore, given the uncertainties in flying
hour costs, support personnel readiness, and in the {ncreasing complexity
of the support structure, it appears that 4% real growth is a very
optimistic estimate of the resources needed to move from our present
state of 16 hours per month to 20 hours per month. Finally, readiness-
related investments in spare parts are {nsufficient to support 20 hours
d month and the shortfalls in war reserves and infrastructure will
persist through 1885. This evidence suggests that the price of low
readiness has increased dramatically and that a high readiness posture
will be very expensive.

1t therefore appears that the FYDP does not embody a policy comm!tment
to significantly increase the readiness of the AF tactical a{r forces
during the next five vears. The impact of 4% real growth s dfluted by
increasing operating costs. The downstream consequences of increasing
complexity are not being faced by our planning system. This observation

raises the question of what we expect our forces to do iT we have to go
towar during the next five years. =~ -

8
o
b - Ao



AF TACTICAL AIR INVESTMENT
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(Siide 50) 1If a NATO/PACT war were to occur in FY B2--{.e., next year--
the Air Force WMP lays out the activities we would perform in general
terms of forces deployed, sortie raies, and loss rates over time,
’ Recall that the WMP is the link that translates our war plans into .
. financial "reality." This chart {s an attempt to put these WMP projecticns
1 for FY 82 into perspective by comparing them to the two "best" months of
k- performance in the European theater of World War II., June, 1944 represente?
3 the most intense month of operatfons in the ETO in terms of soriies per '
aircraft; March, 1945 was the month of maximum total effort in the ETC.
) Since we are making 8 gross comparison of very different confiicts, it
- is e2sy to read too much into this chart. Interpretation of this chart
P~ should be limited to the following points.

. The WMP assumes a short warning war; in contrast, June 1942 was 3C
months, and March TB2T was 39 months after the decleration of war.
In WWII the national economy was mobilized for total war; during
the first month of a NATO/PACT war the US economy will not be
mobilized for total war. ‘

0 The WP plans to have less aircra®t in theater for the first month
than were in the ETO in either June or -~rch.

o The WMP also plan: for higher attrition in the first month than we !
suffered in either June 1944 or March 1945 Since damaged aircraft
3 outnumber lost aircraft; presumably, this differential implies that
& the WVP plans for a greater occurrance of battle damage in the
first month than occurred in either June or March 1944,

- -

¢  Notwithstanding @ smalier force, a shorter preparation time, and 2

higner loss rate, the W“" envisions that we wi y more sorties in
e Tirst month of 8 Eurupean war than ﬁg_a1a 1n either June 1942 or

Parch 045 anc it envisions that we will be able to do this by next
ar!

Our historical research suggests that the ma{n reasons for the low
sortie performance in WWII were lack of spare parts and an inability to
repair battle damage--problems that will exist next year. Sortie rates
were 21s0 lower in WWIl because of the longer fighter escort missions--
missfons that lasted up to 9 hours as opposed to 1 to 1 hour average of
today's sorties. On the other hand, during World War 1I, depots were
located in theater and we were operating from secure bases-~luxuries we
probably would not have in a NATO/PACT war. Caveats such as these could
go on for ever; however, they do not change the central point: the WMP
envisions a near-term capatility to conduct an §ncredible numbar of
sorties on very short notice.

: Thus, Tac Air financial plans embody short term decisions to hold down

, growth in the readiness accounts, yet, we see that these plans are

, linked to a WVMP that assumes very high current readiness. This obser-
vaticn suggests a planning system that 1s not tied to reality,
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(Side 51) Looking at the overall financial plans of each of the services,
we see the same general short-term pattern projected for the next five
years. Each service {s trying to hold down 0&S growth while pumping

growth into {nvestment. Moreover, the weapon systems planned in these
programs are much more complex than the wespons being replaced.

To understand why the Tac Air OLS account 1s held to 4% real growth wher
the overall Air Force budget is growing at 5% per year (after infliation),
we 81sc need to ook at modernization in other mission arezs. Duri:?

the 1970s, modernization of the strategic and mobility forces was deferrel;
most of the budget growth went to tac air. This was necessary to 2bscrd
rising Tac Air investrent costs. Consequently, as we enter the 15¢5's,

we need to modernize these other mission areas. In general, these
modernization plans in these other mission areas envision to modernizzzicn
with more complex systems; and therefore, we are faced 8g2in with increzsging
unit costs as well as the downstream support problems that come with

high complexity equipment. Althouch, AF plans for 5% per year annu2l ir
the total budget growth for five years, overall AF Q&S growth is held to
2% per year bdecause these hich cost modernization programs require 10%
annuzl growth. This §s the environment in which tac air was able to
squeeze out &% 08S growth.

The Army and Navy plans show the same general pzttern of trying to holed
down 08S in the short term while pumping up investmert, albeit at different
budget levels. There s slight evidence sugoesting that as budget

growth increases, the disparity between short term 0&S and investment
{ncreases. Furthermore, both services are in & state of low readiress,

are experiencing increasing personnel and operating costs, ans are faced
with growing complexity in their support structure. Conseauently, there

is reason to expect long term increases in their operating costs--
{ncreases that are not accounted for in these plans.

The Lehavior pattern depicted in this slide is evidence of our desires
and we see that these desires match up to our historicel short term
pattern. Unfortunately, our budget analysis revealed that we have not
been able to convert our short-term desires into long-term reality. Is
there any evidence to suggest that the future will be any different from
the past? These plans, 1f implemented, ensure that readiness wil)

remain at & low level for the next five years because the 0&S accounts
and the readiness-related investment accounts do not reflect the in place
and emerging growth pressures in our support structure.

The $ncreasing complexity of our hardware has generated the growing cost
structure that stimulatec the mismatch between our short-term and long-
term behavior, Notwithstanding the short-term tendency to pump ud
{nvestment and hold down readiness, the fncreasing complexity of our
hardware leads to long-term growth in the cost of low readiness--i.e.,
unavoidable costs--which, in effect, squeezes the modernization budget.
Modernization is further slowed because the cost of replacement s
{ncreasing so rapidly. Finally, overall growth in the {nvestment budoet
has not come to pass over the long term due to an uncertain, but real,
budget constraint.
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Many argue that the answer to this di{lemma 1s a budget that increases
continually and reliably--a budget that must grow at least as fast as

the cost of replacement wezpons plus the cost of operating them. Unfor-
tunately planning on this solution is not realistic in the long-term
because the budget is dependent on an unpredictable long-term factor--
the democratic political consensus. Furthermore, even if it were possible
to ensure long term growth, our review of tac air does not support thre
belTet that a growing budget will solve our problem. In the last five
years Tac Air {mplemented & budget profile that is very similar to that
shown in this chart (5% overall real growth, 12% investment growth, and
0.3% 0&S growth) for a total investment of $38.5 billion (in FY 81
constant $). Although growth of the modernization budget has now tapered
off, the budget is prograrmed to remain at a high level. In fact, in

the next five years, the tac air {nvestment budget {s programmed to

spend $44.3 billion (FY 81 constant $) or 15% more than was spent in the
preceding five yczrs. In other words, the successful implementation of

a budget profile similar to that depicted in this slide--a budget profile
that effected a drawdown of other mission areas--did not solve tac air's
modernization problems: we are still trying to hold down readiness-
related expend{tures i{n order to modern{ze

The short term strategy of reducing readiness and pumping up investment
treats the symptom, not the cause, of our planning problem. Our bias
towards short term investments in weapons of increasing complexity {s
the cause of the long term cost growth. The interaction of long-term
cost growth with lono-term uncertainties in the budget (a reaiity of our
politicaT process) and the threat (a reality that makes an increasing
menu of desires psychologically acceptable), when combined with special
fnterest pressures, has resulted in short-term behavior patterns that
magnify the long-term readiness-modernizatfon squeeze. The case of tac
air is more one of how we spend our money than one of how much money we
spend. 1he Uepartment of Bg?ense needs more money in the short-temm,
But 1f it is spent {n the same way, our problem could get worse.

10~ AVERAGE ANNUAL REAL GROWTH: FY 80-85

i FY 81 Presidents Budget, January 1980
et
N o
| | .
AIR FORCE NAVY/mMC ARMY
) OVERALL [Jwvestment [ ORERATIONS
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———E The Uncertainty Surrounding Investment Plans

i The interaction of the short-term bfas towards {nvestment in high complexity
| weapons with the long-term budget uncertainty 1s a central feature of
our discussfon. We can examine this interaction by comparing our short
' term desires (as depicted by our {nvestment plans) to the long term
! pattern of change uncovered in our budaet analysis. This historical
§ perspective will enable us to perceive the distance between our desired
X future and past reality. The question of planning realism then becomes
| one of judgrment as to whether or nct 1t {s reasonable to assume that
i current factors will generate enough pressure to overcome this distance.
f

We intend to ignore two major factors affecting the uncertainty surrounding
our investment plans.®The first 1{s inflation: we will examine the
uncertainty in terms of constant dollars. However, the Congress aporo-
priates current dollars and our plans exhibit a chronic tendency to
underestimate future inflation. Consequently, when the true inflation
emerges, our budget is smaller in real terms than was anticipated.

Since inflation is currently high and unstable, this problem is getting

y worse, Moreover, the inflatfon estimation problem {s magnified in the

SO more compiex weapon systems because these systems generally have loncer
, spend-out periods.

@ The second factor relates to the current state of low readiness. The
{nvestment uncertainty calculated {n the budget analysis reflects an
{nteraction with readiness changes. However, the 1970s witnessed 2

' steady draw-down of readiness. We are currently in a state of low

' readiness, we have fielded equipment that 1s much more difficult to

maintain (when viewed from the entfre support base) at a high level of
material readiness, and we face unprecedented manpower problems--partic-

, ularly in the high skill areas, Although in the past, short-term moderni-

zation growth could be "financed" out of short-term readiness reductions:
this may be much less feasible {n the future. Even ¢f low readiness

were deered acceptable for the next five years, the risina cost of Jow

readiness could require efither decreases in {nvestment growth or unplanned

{ncreases in the overall budget.

Inflation and low readiness combine to make the planning problem worse.
Because we will ignore these two factors, the ensuing discussion should

be viewed as being optimistic in the sense that the degree to which we
perceive our investment plans as being unrealistic is underestimated.
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(S1ide 52) This slide overlays the p]anning range that we developed in
the budget analysis (i.e., the dashed lines) on the five-year {nvestment
program projected in the FY 81 President's budget. The solid lines are
budget lines that depict each service's budget and they gre additivs-the
top 1ine of the Air Force budget is also the sum of the three budgets.
The planning range is projected from FY 80 because at the time of this
charts' construction, FY 80 was the latest appropriation. In essence,
FY 80 tells us where we are, the top solid 1ine tells us where we want
to go, and the dashed lines tell us how we moved forward in the past.

Recalling the budget analysis, the planning range summarizes the historical
pattern of DoD's investment budget growth over a five-year period. To
understand its meaning, we will describe the 75th percentfle line (the
same interpretation applies to the median--i.e., 50th percentile or the
25th percentile):

(] FY 80 is the startingc point--it represents an achieved budget
Jevel, We want to estimate the chances of change from this level
if history were to repeat ftself.

) The 75th percentile point at FY 81 represents the 75th percentile
of the historical groups of year-tc-year percentage increases,
based on the last 30 years' budoets. It has been normalized to FY
80 so that the dashed line at FY 81 depicts a budget level thet
corresponds to a “75th percentile change” from the FY 80 level. In
other words, if history were to repezt itself over and over, we
could expect that, 75% of the time, the actually achieved level for
FY 81 would be less than or equal to the dashed 1ine level indicated
on the chart.

. The 75th percentile at FY 82 represents the 75th percentile of the
distribution of the historical groups for two-year percentage fncreases.
Recall from the budget analysis that this change makes no assumption
about the intervening first year change. This point has also been
normalfzed to the FY 80 budget level. It should be interpreted as
follows: 1If the changes of the last 30 years were tc repeat themselves,
we should expect that 75% of the time the actually achieved FY 82
level would be less than or equal to that indicated on the slide

) Similarly, the 75th percentile at FY 85 represents the 75th percentile
of the group of five-year percentage increases. This point makes
no assumptions zbout the intervening four years and it is normalized
to the FY 80 level. If history were to repeat itself, 75% of the
time the actually achieved FY 85 level would be less than the point
{ndicated by the 75th percentile.

) This portrayal is ootimistic in the sense that it reduces the
distance betveen our pians and past performance because it fgnores
the short-term tendency to increase and then decrease. It s very
unlikely that a 75th percentile increase would be followed by
another 75th percentile increase.
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This understanding of the plannina range enables us to use it as a nomm
to evaluate the investment pressure of each service's budget as well as
the total investment budget. We are going to ignore inter-service
patterns, and apply the DoD-wide planning range to each service. This
pressure can be viewed as being directly related to the distance by
which the budget top 1ine exceeds any one of the percentile lines.

Looking at the DoD Investment Program as & whole, we see that we are
under less pressure in the near term than we are in the far term. Al
years are well above the 50th percentile and the pressure builds up
steadily over the five-year period. This is another reflection of the
“bow wave" phenomenon; and from a histor{ical perspective, 1t means that
our plans embody very optimistic assumptions about future budget growth,
Towards the end of this section, we will calculate the percentiles of
each service's budget top-line. We will now examine each service budget.

DoD INVESTMENT PROGRAM
FY 81 PRESIDENT’'S BUDGET, JANUARY 1980

(CONSTAWT BUTEET §)
. = ’ ” Lo X Y L n'..
z ' - el L - =« PERCENTILE
<« L - oo S S st MEDIAN
8 AIR FORCE ———
- —
|~ = / —_ .
[ ]
o == = rencenTiLe
s | NAVY/MC
Q
-
> —
* ARMY
| ] | [
7 0 [ 3] 2 [ -] - [ ]
FISCAL YEAR
S1tde §2

77




(Slide 53) %a see that the Army is under high pressure over the entire
period. The Army is planning major increases in the complexity of its
hardware; it faces severe readiness problems, particularly in the area

of skilled manpower; and it does not have the tradition of handling
complex equipment that the Air Force has. In view of the pattern revealed
in the case of AF tac air, these observations suggest that the Army may
be layiny the foundation for similar, {f not worse problems, and that
these problems are likely to persist well into the 1990's.
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(Sl1ide 54) The Air Force is under less near term pressure than the
Army, but Air Force investment pressure explodes in the outyears. The
main source of this growth is the M-X program which has funding implica-
tions well beyond FY 85. Note that this program contains no investment
funds for a new manned bomber or a new fightsr. =
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(S14de 55) The Navy is under less near-term pressure than the other

services, but the pressure builds up steadily in the outyears. In fact,

this depiction is somewhat misleading because {t does not raflect the

long-term impl{cations of the Navy's modernization program. Whereas the !
Army investment program {is smaller than those of the Air Force or the

Navy and the source of the Air Force pressure can be traced to a few

causes, the Navy has the largest investment program &and there are many '
sources of long-term pressure. In particular, we will see that the

pressure to grow the shipbuilding and fighter procurement accounts {s

Tikely to remain with us into the 1990s. The Navy currently also faces

severe personnel and material readiness problems, oerhaps even more

serious than those of the Air Force. Moreover, the Navy {s modernizing

with high complexity hardware, so we should expect that long term {ncreases

in the cost of Navy readiness will continue for the forseeable future.

These comments suggest that even {f the Navy implements its current

modernization plans, its readiness-modernization squeeze could worsen

during the coming decade. This issue will become clearer in our discussion

of aircraft procurement and shipbuilding accounts.
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(Slide 56) We will now examine some interactions between these accounts.
It 1s important to realize that there are no simple cause and effect
relations governing these interactions. The overall investment account
{s under enormous pressure. There are all sorts of individual programs
competing for limited funds; and since we exhibit a tendency to avoid
hard decisions to cancel programs, this bureaucratic competition results
in what might be character{zed as a “leveling process.® Consequently,
individual programs or entire budget categories can change quite unpredictably
from year to year, We will observe this interaction (at a very super-
ficial level) by examining the aircraft procurement programs of the DoD
budget. To start, we note that the overall aircraft procurement program

1: timder.considerab'ly less pressure than DoD investment taken as a
whole.
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(S1ide 57) Army aircraft procurement s under very 1ittle pressure in
FY 81, but it explodes in the out-years. The source of this explosive
growth is the Advanced Attack Helicopter (i.e., AAH or AH-64) program.
Although the UH-60 program appears to be winding down in FY 84 and FY
85, we should note that only about one-half of the planned UH-60 force
structure is procured by FY 85. This low level of UH-60 funding in FY
84 and FY 85 will result in an unrealistically low production rate.
Note also that replenishment spares are funded at a very low level for
the entire five-year period.
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Slide 58) 1f we compare the FY 81 Army afrcraft procurement program
shown in the previous slide) to the FY 80 program, depicted in this )
slide, we see a very different profile. (Note: these programs hav:

been aggregated differently; this difference does not affect our discus-
sion.) In the FY 81 budget, major funding for the AH-64 begins in FY

82; there 1is very little funding planned for FY 81. However, we see in
this slide that the FY 80 budget projected major funding in FY 81. The
UH-60 program has also changed quite dramatically: 1n the FY 81 budget,
there was a major draw-down of funding in FY 83 and FY 84; however, this
slide (i.e., the FY 80 budget) shows that no such draw-down was envisioned
as recently as a year ago. So, plans are subject to considerable year- :
g to-year change over the entire five-year planning horizon. i
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(S1ide 59) This-slide gfves us one reason why ¢t may be necessary to
hold down the near-term pressure in the afrcraft account. The weapons

: and tracked vehicle procurement program is under enormous near-term

f < pressure; this observation also applies to the Army's missile procurement
pt account. 1Aga1n, note the level of replenishment spares funding depicted
o in this slide.
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(S1ide 60) Turning to Afr Force aircraft procurement we see that it is
under much less pressure than the Air Force {nvestment program as a
whole--only medest growth is planned. The source of Air Force growth 1s
in the missile account.
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(S1ide 61) In contrast, last year's budget planned for steady declines
in aircraft procurement after FY 8l. Recall that the FY 80 DoD budget
assumed 3% annual re2l growth and the FY 81 budget assumed 5% annual

real growth, This relief of the five-year top-line constraint enabled
the out-year aircraft account to expand via near-term FY 81 budget
decisions. The C-X was added in the FY 81 budget, there were major
fncreases in aircraft support equipment and facilities and spares were
fncreased (recall however, that spending assumptions sti11 underfund
spares). Notwithstanding this overall increase {n the five-year prograr,
the procurement plan for A-10s and F-155 was slowed and stretched in the
FY 81 budget. The A-10 has had an {nteresting history of programmatic
changes: The FY 80 budoet projected the last year of .the 733 aircraft
procurement program would be in FY 81, In the FY 81 budget, the rate
was slowed and extended to FY 84; however, an additional 96 airplanes
were procured to compensate for higher than expected peacetime attrition.
In the FY 82 budget (currently in preparation), it appears that there
will be no procurement in FY 82 (and beyond): the total buy s now
reduced to 687, (Note: 94t 4s possible that 24 aircraft could be addec
in FY B2 bringing the total to 611.) Increased budget growth does not
necessarily stabilize investment planning; the Air Force changes 11lustrate
the short-term tendency to add new programs wher planning pressure on
out-year expenditures is eased. '
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(S1ide 62) The Navy/MC aircraft account is under modest near-term
pressure, but it buflds up in the outyears. The average annuzl real
growth for the fivz-year period 1s 10.4%. Note that this account does
not contain the AV-8B; and with the exception of the F/A-18, this program
tends to focus on low-rate procurement of a large variety of corplex
, aircraft. Although the F/A-18 {s currently planned for high rate procure-
- ment, it is also a high complexity aircraft.
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(S14de 63) Even with 10.4% rea) growth, the Navy is not procuring
enough aircraft to maintain its force structure. The dashed lines on
this chart are estimates of the upper and lower bounds of the number of
aircraft required annually to make up for losses through aaing or peace-
time time attrition. The bars depict the nurber of afrcraft procured in
_ each year of the FY 81 budget. In spite of the fact that the Navy's

2 aircraft procurement plans are extremely optimistic from a historical

o perspective, the successful achievement of these plans will s¢411 result
in an accumulating shortage of airplanes until the mid-1980s.
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pressure in the Navy budget. This pressure is one reason why the Navy
cannot pump more growth into the aircraft account. Althouch in the rear
K | term, it is under very 1{ttle pressure, it builds up s<ezdily in the
g, out-years. Moreover, the declining size of the Navy fleet couprled with
i the concentration of modernization funds in srall nymbers of very complex
ships (e.g., Trident, and Aegis) imply a long-term Navy force structure
problem., The rising operating costs of high complexity aircraft and
, ships can be expected to magnify the Navy's readiness-modernization
X squeeze for the forseeable future.

(S11de 64) The shipbutlding account i;k: major source of long-term
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(Slide 65) The five-year shipbuilding program is also subject to short-
term change. The FY 80 program {s markedly different than the FY 8]
program.

Thus we see that our five-year procurement programs have changed markedly
from year-to-year, that increases in out-year funding do not guarantee
program stability, and that funding profiles appear optimistic in an
historical perspective. This short-term tendency to change our five-
year program raises two questions concerning the uncertainty surrounding
our current plans, ®First, what is the 11kelfhood that current plans

will change markedly in the near term? @Second, what form might these
changes take?
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(Slide 66) This slide addresses the first question by translating the
percentile of the investmert top-line for each service into 2 historical
probability of achieving our planned growth., For example, 4f the invest-
ment top-l1ine {s at the 95th percentile of the historical pattern of
change, then assuming history repeats itself, there is a 0.05 probability
that sufficient funds will be available to fund the program in the
particular year in question. This chart displays these probabiiities

for each year of each service's five year program. In simple terms,

this slide says our investment plans are historically very optimistic--
to the point of being unprececented. If hictory repeats ftself, the
1ik1ihood of not obtaining the funas required by our plans is so great,

a conservative planner should assume it 1s {nevitable.

Do foreseeable factors warrant this planning optimism? Car we reslisticelly
make short-term decisions to commit ourselves to programs having long-

term consequences when this commitment presumes a long-terr. future

Budget environment that is so different from that of the past 30 years?

Perhaps current political externalities have generated a consensus to
increase the defense budget in the near term; however, the curves in

this slide embody the long-term "budget growth" effects of similar -
political externalities in the past such as: the Korean War, those
perceptions leading to the strategic buildup of the mid-50s, the Hungariarn
Revolution, Sputnik, the missile gap, the Berlin Wall, the Cuban Missile
Crisis, the Viet Nam War, and Czechoslovakia., It is obvious that the
cumylative effect of these political externalities has not been able to
generate a growth pattern that is compatible with the growth pattern in
our plans. Other factors alsc influence the defense budgat. For exampie,
our nation faces severe economic problems; and if solutions to these
problems conflict with defense expenditure plans, it 1s quite conceivable
that defense plans would be adjusted according to the needs of the
national economy. Finally, internal defense-related factors may affect
{nvestment plans. For example, even {f we received our planned overall
budget growth for the next five years, the current low state of personnel
and material readiness coupled with the rising cost of increasing readiness

could dictate s substantial shift of funds from {nvestment to readiness
related accounts.

We are dealing with an environment that is prone to change; our problem
is that we have a rioid g1ann1n§ svstem that assumes we can gred?ct the
yture. e problien 1s corpounded by the fact that the future we predict
1s racically different from the past, and by the fact that we do not
formulate 2 hedging strategy to cope with an emerging reality that is
different from our predictions. Since we do not plan for change: when

1t occurs, we respond on an ad hoc basfs. This brings us to the question
concerning form of the changes that we have to face in the future.
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INVESTMENT PLANS:

HOW DO FUTURE DESIRES COMPARE TO PAST REALITY?
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(S1ide 67) This siide corpares the FY 81 budget to the November 1, 1980
estimate of the Basic level of the FY 82 budget. (Note: Although
current estimates are somewhat different due to the ongoing budget
process, the overall pattern is unchanged.) These changes assume a
budget level of $204 billion (FY 82 §) level in FY 82--represents 10%
real growth over the FY 81 budget. It compares constant dollar and
quantity changes projected for the four common years of both budgets.
This slide depicts how a five-year program can decrease when the budget

grows,

The procurement quantities of helicopters and tactical aircraft are
prograrmed to decline by 20%-30%, this will result in less than a 10%
reduction in total program cost and growth in the program unit costs of

20% to 40%. Tracked combat vehicles, ships, and precision guided munitions
(PGMs) costing less than $50,000.00 a1l show quantity reductions, total
program cost increases, and substantial program unit cost growtn,

Although PGMs costing greater than $50,000.00 appear different, the

cause of this anomoly is a large quantity increase {n the procurement of
missiles at the lower end of the price spectrum. The chang‘ng mix 1s

the principle cause of the depicted change pattern.

We have uncovered one form of change: Projected budget increases are
accompanied by reductions in procurement quantities and growth in unit
cost. Tt is important to rezlize that these changes occurred after the
effects of inflation were taken out. One reason underlying these changes
is that individua) programs tend to grow in cost over time--this year's
cost estirates for the next five-years tend to be higher than last

year's estimates. The effect of cost growth in time {s one of underfunding
out-year procurement quantities in a given five-year program. When the
out-years get clcser in subsejuent budgets, {t becomes necessary to

either reduce quantities or increase overall funding. Furthermore,

overall funding increases do not guarantee 2 solution because, as we

have seen, there is a tendency to initiate new investment programs when
our-year planning constraints are changed in the direction of increased
future growth. In this way, short-term decisions (with long-term consequences)
in the presence of cost growth and uncertainty are a source of continual
pressure to expand the investment budget.

Summarizing this discussfon, we have seen that our five-year investment
plans can fluctuate unpredictably from year to year. These plans project
overall growth requirements that are exceedingly optimistic from a
historigaT perspective; moreover, they are accompanied by unrealistically
Tow projections of growth in the readiness accounts. Finally, the
uncertzinty surrounding the magnitude of the future cost growth implies
an investment funding requirement that is even larger than the one
prcjected in our investrment plans,

In effect, our desires are exoandino unpredictably against a constrained
environment that is changing urpredictably. Even though our short-term
decisfons try to pump up the investment budget, the leng-term interaction
of these internal and external uncertainties result in reduced procurerest
quantities--i.e., slower modernization--and declining force structure--

as well as low material and personnel readiness.
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S—— ! The 6rowth {n Complexity and Perceived Capability

Our percentions of uncertain future threats are factors shzping our :
forces over time., However, these perceptions are not determined solelv
by the threats facing us; our perceotions are also influenced, in part,
by the generally held beliefs of our institutions. Since the end of
World War II, the dominant influence shaping growth and change in the US
mil{tary has been the view that our military superiority should be based
upon technological superfority. We have seen that our strategy for
technological supremacy has resulted in a force that continuously increases '
in complexity anc cost over the long-term, Our genuinely superior

technology has been directed towards increasing a quality known as

“capability"--a quality that seems to embody the continual need to

increase complexity.

(S11de 68) The F-16 §s a good example of how 2 weapon System can grow
in complexity and cost over time. From the viewpoint of cost management,
the F-16 has a relatively good record; there are no horror stories
assocfated with its cost history. Nevertheless, the constant dollar
cost of the F-16 has grown substantially over the initial developmental
estimate made in 1972. In this case, most of the cost growth {s attrib-
utable to increasing complexity--such as the addition of complex air-to-
ground avionics and the AIS to support the avionics--and furthermore,
these increasas are likely to continue with the planned addition of the
AMRAAM and Lantirn. What started off as an sustere high performance
within visual range air-to-air fighter will be transformed by the late
1980s into a lower performance radar missile afr-to-air fighter with
evionics intended to attack ground targets in night or sdverse weather.
These increases in the complexity of the F-16 imply downstream cost and
supportability consequences that were not imagined when the decision was
made to develop the F-16 in 1972--consequences that, although still
imperfectly understood, we will have to live with in the year 2000.
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- the cost growth. F-86's using machine guns in Korea got about 8 10 ¢2 1

Looking at general trends of growth in the complexity and cost of fighter
technology over the last thirty years; we find that in constant dollars,
avionfcs costs have grown by a factor of about 40-50, engine costs have
grown by a factor of about 15-20, and airframe cost by about a factor of
5. In avionics, most of the cost growth has been assocfated with trying
to obtain the ability to shoot down enemy fighters at very long ranges
and in all wezther conditions, and associated with trying to obtain a
night/all-weather air-to-ground capability, Often engine technology
appears directed towards purely technical goals such as higher pressure,
temperature and by-pass ratios. Airframe cost growth has resulted from
the complex fnstallation requirements of the fncreased avionics and the
expensive materials and complex inlets associated with speed regquirements
beyond Mach 2.

Up to this point, we have viewed increases in complexity fin terms of the
accumulating cost to readiness, force structure, and modernizatior.
However, we also have to ask what this increzsed cost is buying in terms
of increased military capability. At best, combat exper{ence s ambiguous
on this point.

For example, in the case of afr-to-air combat, 1t s not clear that
fncreasing avionics complexity has yielded combat dividends that warrant

exchange ratio over Korean Mig-15s. In contrast, 15 years later, the F-
4 in Viet-Nam, with its complex all-weather beyond visual range (BVR)
radar missile capability only achieved about a 2 to 1 exchange ratio
against the clear weather, within visual range Mig-21. The lethality of
the Sparrow missile, .08 to .13, turned out to be at least a factor of 5
Tower than predicted. In the 1967 and 1973 Arab-Israell wars, Israeld
Mirage I1I's (a mid-1950's technology day-visual fi,hter) achieved
better than a 20 to 1 exchange ratfoc against Arab Mig-21ls. In the 1971
Indo-Pakistani War, Pakistani F-86 MK VI atrcraft got better than a 6 to
1 exchange ratio against Indian Mig-21, SU-7, and Hawker Hunter aircraft,

Many argue that the visual rules of engagement in Viet Nam precluded the
F-4 from maximizing 1ts BVR capability, and that Viet Nam results are

not {ndicative of BVR performance i{n 8 European war because the rules of
engagement will be different. Even {f this argument were true;-and the
evidence isnot clear on this pofnt; we now find that the benefits of

the complex BVR capability are contingent upon precise rules of engagemrent
in an uncertain future war--namely the author{zation to fire at a target
before it has been positively identified.

The picture is also ambiguous with regard to the benefits of increasing
complexity in propulsion technology. The chart depfcting the variable
cost per flying hour (in the discussion of AF tac afr) sugoests that the
afterburning turbofan of the F-15 uses less fuel per flying hour than
the turbojet in the F-4; however, the complexity of the F-15 s engine
nakes it much more expensive to support logistically--a cost difference
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that in a1l probability will swamp any fuel savinas. Although many of
today's fighters have a top speed of Mach 2, we can not expect to use
this perforrance in the vast majority of plausible combat scenarios
because most of the fuel is consumed while accelerating to Mach 2.

Thus we see that the benefits of increasing complexity are not self-
evident or clear-cut. There is no argument about whether or not we want
increased capability. The relevant questions are: How should we perceive
capability? Does increasing complexity increase capability or decrease
capability? This section discusses these questions by examining the
impact of three generally accepted preconceived notions that shape our
perceptions of capability. For the sake of brevity, we will refer to
these preconceived notions as: (2) the faith that emerging technology
will revolutionize capability and cost; (b) the mechanistic attrition
mind-set, and (c) the idea of war being a manipulatable deterministic
process that can be centrally controlled. These notfons will be explained
as they are introduced.

We can not answer questions about capability by analyzing an individual
weapon's effectiveness in isolation. Capability, 1ike complexity, 1s a /
quality of the "whole" and i1t can never be described by 2 single number.
Recall from Gen Clarke's and Napoleon's statements w..t the synthesis of
men and machines into a military capabili{ty involves vervy imoortant
intangible considerations--e.g., moral strength, esprit de corps, skill,
etc. Any evaluation that ignores these fntangibles is at best a very
partial and, by necessity, an ambiguous view.

eapamiLI Yy

The acid test of war {s uitimately the only unambiguous indicator of
capability. Moreover, the lessons of combat continue to be difficult to
interpret. A1l other indicators or mezsures are ambiguous becausec they

are based upon speculation about a future interaction between forces

whose self-interest and survival dictate that they act and react unpredictably.
(Note: 4f you are predictezble,ycu are vulnerable.) Now we can reduce

part of this uncertainty through testing and training, but we can never

remove {ts dominant aspects. Perceptions of capability will alwavs be
shrouyded by 38 veil of speculation and arbiouity. For example, how does

one compute the effectiveress of esprit de corps?

Our definition of complexity and our discussion of material readiness
revealed that increasing complexity increased the uncertainty in our
support structure. This ambiguity combines with the inherent ambiguity
surrounding any discussion of capability to soften resistance to the
seductive promise that advancing technology will simultaneocusly provide
revolutionary increases in capability and revolutionary improvements in
supportability, We know that on rare occasions, technology has revolu-
tionized war, How can one prove ahead of time that a nsw, imperfectly
understood techrology will not revolutionize the ambiguous conditions of
a future war?




The preconceived notion that advancing technology will provide revolu-
tionary changes in cost and capability plays upon these uncertsinties.
It {ncreases our toleration of the mismatch between the short-term and
Tong-term budget behavior because {1t suggests that the future will be
different from the past. Let us examine how this argument works.
First, we will consider two cases (1.e., the F-111D and the F-15) where
it was predicted that increased complexity would be accompanied by
{mproverents in supportability, then we will examine a current case
(1.e., PGM's) where more capability 1s being promised for less money.

The first case concerns the F-111D and the Mark Il avionics. In the
late 1960's, advocates of the Mark Il avionics system predicted that
highly sophisiticated all-digital technologqy would provide a revolu-
tionary increzse fn systems reliabilfty., At that time, it was argued
thet daspite its complexity the mean time between fa{lure (MTBF) would
be in excess of 60 hours. On October B, 1968 the Secretary of the Air
Force (in a letter to the Deputy Secretary of Defense) predicted that
the Mark I1 avionics would require less maintenanze manhours per sortie
than the less complex avionics in the A-7D--i.e., 1.42 MVH/S for th2
Mark II versus 2.79 MMH/S for the A-7D's avionfcs. Despite the complexity
of the Mark Il system, 1t was argued that emerging technology would
significantly improve maintainability-i.e., the future burden of the F-
1110 would be quite low.

In actual fact, quite the opposite has happened. For example, during FY
80, the Mark II's MTBF was wel) under three hours and the MMH/S averaged
33.6--1,e., over twenty-three times as large as the predicted M4H/S.

On April 1, 1974, Aviation Wesk and Space Technolocv published an zrticle
entitled "Simplicity Is Stressed In F-15 Uperations and Maintenance"

(pp. 50-53). The article indicated that the F15 would require less
maintenance and fewer maintenance personnel than any other high speed
fighter in the USAF {nventory. The F-15 was guaranteed to require no
more than 11.3 MMH/FH (compared to 24 MMH/FH for the F-4E), that the
MTBF would be a factor of 4.3 greater than the F-4 (i.e., 5.6 versus 1.3
hours), that the F-15 would require no new skills bevond those already
found on fighter bases, and that the F-15 would require 15» less manpower
than the F-4E. During the last two fiscal years the F-15 required 26.7
MV4/FH and the F-4E required 29.9 MMH/FH. These numbers do not include
depot labor. In FY 75, our table on material readiness indicators
suggests that the F-15 MTBF is much closer ¢o the F-ds--the ratio of
MFHBFs is 1.25 to 1 (.5 versus .4), our discussion of the AIS indicated
there {s an enormous increase fn skil1l requirements, and the F-15's
maintenance manpower requirement §s virtually {dentical to the F-4.
Taking depot costs and replenishment spares costs into account, current
AF budget data indfcztes that the F-15 costs about twice as much as the
F=4 per flying hour to support.
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(Slide 63) Our third case concerns the revolutionary promise of precision
guided munitions or PGMs. These weapons are currently very expensive

and over time the{r cost and complexity have steadily increased. This
slide depicts this evolution for five famil{es of these weapons: the
AIM-§ {s the heat seeking Sidewinder afr-to-air missile; the AIM-7 {s

the sem{-act{ve radar guided Sparrow 8ir-to-afr missile--AMRAAM {s {ts
fully active follow-on; AGM-65 is the Maverick anti-tank missile--9ts
guidance has evolved from TV (A/B) to laser (C) to imaging tnfrared (D):
GBU-8 and 15 are TV guided bombs; AGM-45 and 88 are the Shrike and HARM
ant{-radiation missiles-missiles that home on air defense radars,

On August 11, 1980, Business Week published an article, entitled "The
New Defense Posture: Missiies, Missiles, and Missiles,” suggesting that
the next generation of "missiles so smart they will change the face of
warfare" (p. 76) will be in the hands of our military forces by 1985 or
$s0. Historically, the general pattern of evolution has been that once a
particular srart weapon is fielded, some unpredicted i1imitations or
problems crop up and a more complex or "capable" follow-on version is
developed, presumably to overcome these untoreseen 1{mi{tations. In the
case of air-to-air missiles this evd>lution has been going on for aimost
3C years. The following exerpt taken from the BusSiness Week article
(pp. 77-78) describes this pattern for the case of the Faverick missile:

“Maverick went into development 10 years ago as an electro-
optically guided missile that carried a tiny television camera
in its nose. The theory was that its camera would photograph a
potentia) target, and the missile would then lock onto it. But
the camera did nct werk well in clouds or at night. So, three
years 890, the Air Force turned instead to the development of
an infrared guidance system for Maverick.

The infrared device helped make Maverick an all-weather

missile, but it also Yeft a ot to be desired. 1ts sensors
spotted targets imprecisely, and 1ts signal-processing computers
were too often uncertain about where to steer it. Sometimes

the hot spots it saw turned out to be flares fired as decoys.
Because 1t did not see full shapes or images, Maverick s¢ill
could not distinguish among real and spurious targets well
enough to make a truly one-gshot weapon.

Evolutionary developments in infrarad and radar guidance systems
have made the latest models of Maverick, as we'l as miss{les
known as Sidewinder and Sparrow, better than their predecessors.
But the air-to-ground Wasp and &8 new missile called AMRAAM (for
advanced mediym-range air-to-air missile), now in development,
should be vastly better systems.” (emphasis added)
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Now our slide indicates that the imaging infrared Maverick (AGM-65D)
will not be operational for some time,yet the Wasp is already being
advocated on the basis of the AGM-65D's deficiencies. Later on in the
article (p. 78) one advocate predicted "that by the end of the decade,
the computers in miss{les will come very close to comparing with the
human brain. ‘'Our missile' he says ‘will be mot just smart but brilldant.
The article goes on to predict that although Wasp is vastly “"scarter”
than Maverick, 1t should only cost about $25,000 (p. 80) or about one-
third the price of the infrared Maverick. The case of the Wasp {llustrate

the two-sided seduction of promising more for less. We tolerate an S
{mperiect present because we perceive a brignt future.

It 1s also important to understand that the revolutfonary capability of
smart weapons (and high complexity weapons in general) is very narrowlv
defined. We are willing to pay the high cost per trigger squeeze bec2use
the predicted weapons lethality,coupled with the predicted increase in

the survivability of the launching vehicle,promises to make these weapons
cost-effective--i.e,, under these assumptions, smart weapons are justified

as the cheapest wav to ki1l targets. Quoting again from the Business Week
article (p. 78): . ——

*Fired from air, sez, or Yand, the new missiles should be adle
to spot and distinguish among targets with near-human perception,
tracking them with speed and maneuverzbility from which there

will be no escane, and destrovino them with deadly, one-shot
accuracy." \(emphasis added)

THE INCREASING COST OF AIR-DELIVERED ORDNANCE
(1000TH UNIT IN FY 80 $)

ﬂ 10C K _"l _lgc_ $K
AGM-S5A/B 1973 27 AIM-98 1958 24
AGM-65C 1082 59 AIM-9) mwmmn 20
AGM-850 n AIM-9¥ 173 44
AGM-88X 1 1 AlM-SL 1978 52

AIM-IM 1981 L <]
GBU-8 1968 24
GBU-1S 1980 142 AIM-TE 1968 S4

AIM-7F 1978 118
AGM4S 1063 53 AlM-IM 1082 130
AGM.88 ? s AMRAAM ? 154
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This brings us to the secord preconceived notion (i.e., the attrition

mind-set) that shapes our view of capability. The attrition mind-set .
shapes our perceptions by assuming that meaningful differences in capability

can be entirely distinguished through calculable differences in attrition.

1t encourages the view that war is a quantitiable interaction. We view .
capability through the perspective of mechanistic attrition models that

require precise predictions of lethality, survivability, and patterns

of combat interactions such as rules of encounter and shooting to compute

E outcomes thet are measured by casualties or some derivetive thereof. This '
X deterministic perspeztive does not view “capability" as a quality of the

a "whole" because it does not consider the unpredictable human aspect of

{nteraction.

The attrit{on mind-set views war as an fnanimate {nteraction between two .
mechanical forces that act and react predictablv. Even {f one were willing I
to accept this severe limitation, it turns ocut that attrition {s often a

misleading indicator of capability. The following examples {llustrate

this point.

. In the Civil War, WWI, and WII, the winners had more casualties
o than the losers. At the level of a war outcome, attrition measures
¥ would fndicate the winners lost and the losers won.

] In WNII, the Germans cons{dered the allied tactical fighter-bomber
to be the best anti-tank weapon emploved on the western front., The
afrcraft in question had very low lethality against tanks. However,
q the allies had presence--in the last eight months © (4ncluding
F the famous Europezn winter), the allies flew over 700,000 fight
‘ sorties against targets in France, Benelux, and Germany--over
250,000 sorties were air-to-ground. In contrast, during the same
period the Germans flew les. than 30,000 fighter sorties. The
3114ed domiration of the skies virtually cuaranteed that the German
panzer forces would be attacked {f they tried to move during flyable
weather. The fighters' effectiveness was not so much their lethality
as their presence--their constant pressure destroyed and disrupted
the German's mobility, and mobility 1s an essential element of
. armored warfare. There was not enough bad weather or night to make
up for this German disadvantage in the afr, High complexity aircraft
and weapons give up presenze (because high cost reduces nurmbers anc
supportability problems reduce sortie rates--i.e., numbers in the
airg in an atterps to get lethality--a quality whcse v2lue s
maximized in ar attrition model.

o In 1935 and 1940, the German bl14tz through Poland and the West left
the Germans with between 200,000 and 250,000 casualties--virtually
all killed or wounde2. In contrast, the allies suffered between
3,300,000 and 3,500,000 casualties--of which about 3,000,000 were
prisoners. An attrition mocdel would give no 1dez of the enormity
of the German victory. The allies were utterly defeated and the
huge priscner of war bag was more of an indicator of this collapse
than the dead bodies. Ater1tion models cannot calculate the “probe-
bility of capture"--the decision to surrender is a distinctly huran
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fntangible that no sane analyst would dare try to compyte or predict.
Even Clausewitz, who is often regarded as the leading theoretical
exponent of atirition warfare, has written that prisoners and
captured material are much better indicators of success than dead
bodies. Captured live bodies are generally {ndicators of the
enemy's declining moral strength.

° In the 1973 Arab-Israeld War, the Israelis decisively defeated the
Egyptians (a victory that was not explofted for political reasons)
whan they captured the entire Egyptian 3rd Army and held them
hostage. Again, live bodfes were a more important indicator of
success than dead bodies.

° Then there is Viet-Nam, we "managed” the Viet-Nam war sccording to
the attrition model. Measures of effectiveness were the body
count, truck k111, etc. The fact that we often thought we were
winning indicates that these measures can be misleading. Viet-Nam
started off as a guerrilla war and Mac has written that in the
early stages of a guerrilla war, the guerrillas should avoid fixed
patties. Only when the war {s reaching victorious culmination does
Mao advocate participatfon in conventional battles. When the
guerrilias are willing to stand and fight, their body count 1s
1ikely to {ncrease; however, their overall strategy suggests the

disturbing thought that this body count may be messuring thefr
success, not their failure.

Although the deterministic attrition mind-set shapes our perceptions of
revolutionary capability, we see that attrition is not the only indicator

of a2 weapons qua]it{. Attrition is at best a partial description, at
worst it can be misleading, '

Even if one were willing to accept the attrition view of effectiveness,
attrition models are generally based upon unconfirmed assumptions con-
cerning the combat interaction (e.g., rules of encounter and shooting)

and weapons performance. The following subparagraphs consider these
1imitations.

First, we will consider assumptions concerning the form of inter-
action, For example, afr-to-air models aenerally assume that
visual 1dentification is not require’ ~*“her because theater wide
rules of engagement permit shooting jantified targets, or
because of the existence of a high relia. ity/noncooperative
{dentification friend or foe (IFF) systeme-a System that has defied
development for years and 1s sti1l only projected to exist.

In general, attrition models do not account for human elements that
can shape the form of the encounter--e.g., Surprise, confusion,
fear, etc. We will discuss the impact of this limitation fn more
detafl during our discussion of force multipliers.
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(Slide 70) Second, we will consider assumptions concerning weapon
performance. By necessity, one of the most important weapon per-
formance assumptions in the attrition model is weapon lethality--a
quality that often is dependent upon the specific form of encounter
and shooting as well as technical performance. A critical factor
affecting performance and firing tactics 1s the assumed relfability

of the missile. A 10% change in reliability changes the proba-

bility of kill by 10%. Recall from our definition of complexity

and from our discussion of spares reliability (in the tac air

material readiness section) that reliabil{ty is more difficult to
predict for complex systems than for simple systems because increasing
complexity increases uncertainty surrounding the fnteractions

between comporents. Consequently, the best way to estimate relia-
bility 1s through a 1ive firing program conducted under realistic
combat conditions. Moreover, as the complexity of a weapon {ncreases,
{ts number of failure modes increases. Therefore, 2 sound reliability
verification program should increase the number of firings to - '
maintain the same level of confidence in the reliability estimate.

However, 1f we look at the missile firing program shown in this
slide (note: the projected program for FY 86 was selected to
{1lustrate intentions when large {nventories are available), we see
that as cost and complexity increase, less missiles are projected
to be f{red--an observation 1mp1y1n$ cost 1s a major factor in
shaping this program. This conclusion suggests that although the
increased costs are justified in the attrition view by promised

increases in lethality; the increased costs lead to less confidence
in predicted lethality because our plans do not absorb the increased
total cost of the missile firing progrem. This is one more example
of the short term tendency to hold down readiness costs.

This is a defense wide phenomena--as weapons get more expensive, we
tend to fire ther less--and less realistically--in training and
testing. For example, the current front-line air-to-air missile

that is fired the least is the AIM-54 Phoenix missile--{.e., the

most complex and expensive air-to-air missile in our inventory.
Although this missile and its parent aircraft were designed to have

&8 multiple firing capability against a mass air attack with electroric
jamming, it has never been tested this way against numerous targets.
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(Slide 71) Summarizing the deterministic attrition mind-set, we see

that it shapes a perception of capability that: (1) does not consider
human elements; (2) is based upon an ambiguous or misleading measure ¢f
merit, and (3) embodies speculative or uncertain rules of engagement and
performance. Quantitative attrition analyses suppress the visibility of
these Yimitations. Precfse, yet ir rezlity unce-sain and specuiative
assumptions are buried deep in the calculation. 1In 8ddition, the appearance
of scientific method combined with computational complexity discouraces
critical review. Consequently, debate and decisions tend to consider
outputs only, and these outputs are what often underly perceptions of
revolutionary increases in capability, The case of the AIM-BZ missile
11Tustrates this point, 15 slide was used in an Air Force briefing to
describe the results of a quantitatfve attrition analysis predicting the
effectiveness of the AIM-82 missile when fired from an F-15 fighter. At
the time of this chart's construction, the AINM-82 was a paper missile

and the .purpose of the analysis was to determine whether or not to

proceed with the program. The analysis “predicted” an exchange ratio of
955 to 1 in favor of the F-15. In other words, for every F-15 lost,

this analysis predicted that we would shoot down 955 enemy fighters,

Now recall that the F-4 achieved 2 to 1 in Viet Nam, so 955 to 1 represents
a rather revolutionary improvement. What {s significant about this

result 1s that 1t reached the "four star” level of the Air Force before

1t was seriously questioned. The central point of this example 15 that
speculative “evidence" of capability revealed throuch such attrition
analyses can be intimidating and thus "persuasive,” even to the inftiatec.
What might normally be put into the category of pure hyperbole acquires
the aura of scientific re2soning; "brillfant weapons” do seem plausible.
As a footnote, the Air Force subsequently cancelled the AIM-82 on its

own initiative.
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(Slide 72) The mechanistic attrition mind-set encourages the third
preconceived notion--i.e., the idea of war being a manipulatable determin-
istic process that can be centrally controlled. The focus is on lethality,
and the enemy is treated as an inventory of {nanimate targets to be
processed at least cost. (Note: 4n Pentagonese this is known as “target
servicing.”) Complex attrition calculations amplify this view by lending

respectability to speculations about the "capability” of increasingly
complex weapons. Since,in this view, the only way to defezt the uncertzin
threats facing us is by fielding weapons having the increasing "capability"”
to service targets, lono term growith in weapons complexity and cost s
unavcidable and therefore low numbers must be accepted.

ol
The principle physical dimension shaping our perception of the Soviet
threat is its size. In the attrition perspective,this perception is
magnified because it translates into 8 requirement to “service" a large
number of targets. Moreover, this "servicing requirerent" {is perceived
as all the more awesome because, as we have seen, rising cost (perceived
as a necessary consequence of the increased capability to service targets)
has led to force structure reductions. Consequently, we perceive 2
growing need to "optimally manage" our scarce attack assets when servicing
this superior number of targets. To do this, 1t is argued, we need

“force multipliers.”
IMPACT

LONG TERM WEAPONS COST GROWTH
PRECLUDES MAJOR INCREASES IN FORCE
STRUCTURE:

RESULT

WE PERCEIVE INCREASING PRESSURE TO
DEVELOP A MECHANISM TO “EFFICIENTLY
ALLOCATE SCARCE ATTACK ASSETS”
AGAINST A NUMERICALLY SUPERIOR
ENEMY--,

’—

4

‘.1 1.E.,, WE NEED FORCE MULTIPLIERS

Slide 72
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(S1ide 73) Force multiplication, {nvolves first identifying our enemies
*critical nodes"--1.e., targets--and then concentrating attacks cn these
critical nodes. To do this, it is necessary to collect vast quantities
of sensor data, analyse {t, uncover an enemy activity pattern, and
synthesize that pattern into an appreciation of enemy intentions that
can be quickly digested by the human mind. Speed dictates that this
process be mechanized as much as possible. The appreciation would then
quickly be communicated to the central{zed manager for high-speed target
servicing decisions and these decisions would be quickly implemented
through a det2iled command, control, and communication system. A funda-
mental requirerment s a survivable communicaticns system with the qualities
indicated in this slide. Such a system currently does not exist.

FORCE MULTIPLICATION

e NEED A THEATER SURVEILLANCE SYSTEM
TO SEE 8IG PICTURE

-- MUST ACQUIRE, PROCESS, AND INTERPRET
VAST QUANTITIES OF SENSOR DATA

NEED A BATTLE MANAGEMENT SYSTEM TO
CENTRALIZE DECISION-MAKING

NEED A DETAILED WEAPON ASSIGNMENT
AND ENGAGEMENT SYSTEM

NECESSARY
CONDITION:

SECURE, RELIABLE, JAM-RESISTANT,
HIGH-CAPACITY COMMUNICATIONS
SYSTEM

—
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(S1ide 74) Force multiplicaton in combat must be "well-ofled"--the
comp1ex.intefection of sensors, data links, processing and fusion centers,
geo-positioning systems, cormand guided weapons, etc.--an¢ people--must '
work smoothly in the chaotic stresses of combat. This STide shows a .
very partial 1ist of the types of systems used in force multiplication.
Ary 6 these systems are exceedingly complex and have virtually unknown
dovnstream supportability implications, Military maintenance concepts
have not even been specified for some systems. Force multipliers intend
to solve a problem caused by complexity--i.e., low numbers--by pumping
in more complexity, not only at the "bits and pieces" level; but more

. 1mpor§ant1y. by pumping fn complexity at the organizational level. Our

o emerging communication linkages 11lustrate this crucial point.

FORCE MULTIPLIERS - (Continved)

TO FORCE MULTIPLY IN COMBAT WE WILL NEED
A WELL-OILED TECHNOLOGICALLY SOPHISTICATED
COMPLEX INCLUDING ~—|NTER ALIA--SENSORS,

- DATA LINKS, COMPUTERIZED PROCESSING AND

' FUSION CENTERS, PRECISE GEO-POSITIONING

, SYSTEMS, STAND-OFF COMMAND GUIDED
WEAPONS. -

T e e e L TR T Y e 121 -

SYSTEMS REQUIRED; PLSS, AWACS, QSR, JTIDS,
PAVE MOVER, GPS, LORAN,

BETA, TR-1, GBU-15.......

SOLUTION: MORE COMPLEXITY
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(S1ide 75) This slide, taken from an official briefing, lays out the
comunications linkages perceived necessary in a modern force multipli-
cation schere. It is important to appreciate that this siide {s the

result of a serfous ana?yais of the NATO Cormand, Control and Communications,
and Intelligence (i.e., C’°1) system. Note the JTIDS (Joint Tactical
Information Distribution System) links--often they are followed by an
ambiguous "7" indicating a possible linkage. Lets look at the linkage
capability of JTIDS a bit more closely. '
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(Slide 76) On paper, JTIDS has a phenomenal capability to transmit

data. Whether such data can be turned into information and absorbed by
the human brain during conditions of combat is another matter., This
slide was taken from an analysis having the purpose of defining JTIDS'
operational concept. The analysis was intended to support DSARC delibera-
tions over the future course of the program so it also represents the
results of a serfous effort. Proliferating data communications such as
JTIDS raise a question concerning our ability to absorb the information
being comnunicated.

Thus, we see that in addition to increasing weapons complexity, the
mechanistic attritfon mind-set and the idez that war is a manfpulatable
deterministic process lead to increasing hardware and organizutional
complexity in command, control, and communications. However, we have
also seen that the attrition perspective abstracts out unpredictable
human actions. Since command and communications are meaningless concepts
without people, we are forced to squarely face the intangible fssue
concerning the impact of this increasing technological complexity on
soldiers in combat.

7 INFORMED PILOTS KILL MORE AND LIVE LONGER

Siide 76
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(S1ide 77) One of Clausewtiz's enduring contributions s his studv of
huran behavior in war. We can use his concept of friction to helo
crystalize this issue. This s1ide displays one of his most famous
statements.

4

.:
2,
Y. -

EVERYTHING IN WAR IS VERY SIMPLE, BUT
THE SIMPLEST THING IS DIFFICULT. THE
DIFFICULTIES ACCUMULATE AND END BY
PRODUCING A KIND OF FRICTION THAT
IS INCONCEIVABLE UNLESS ONE HAS |
EXPERIENCED WAR. :

CARL VON CLAUSEWITZ

Slide 77
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(S1ide 78) Clausewitz's concept of friction describes why things naturally
go wrong in war. Friction includes some of the factors underlying the
material readiness patterns discussed earlfer. Friction is bad weather
during the Battle of the Bulge, contagious panic fn France in 1940, an
empty prison at Son Tay, and the dominant characteristic of the Iranian
rescue mission, A famous response to friction is the WWII phrase:

"Keep it simple, stunid.” Clausewitz considered friction to be the

central factor that distinguished real war from theoretical analyses.

The existence of friction means that war is not a deterministic process.
The clarifying question concerning the impact of cormplexity on the man-
machine relatfonship in combat 1s: Does increasing complexity increase

or reduce fricticn?

By necessity, we need to look at real war so this question can only be
answered through historical research. Col John Boyd, USAF Ret., signifi-
cantly enriches Clausewitz's concept of friction in his thought provoking
briefing "Patterns of Conflict.” This briefing summarizes Boyd's research
on conflict from 4008C to the present. According to Boyd, Clausewitz
had a 1imited one-sided view of friction. Clausewitz was concerned
about reducing his own friction (a valid concern) but he failed to see
the opportunities for increasing his enemy's friction. Boyd observes
that the writings of the Chinese mil{tary theorist, Sun Tzu, sStress
these opportunities and that the extraordinarily successful operations
of Genghis Khan and Tamerlane exploited these opportunities. Boyd then

CLAUSEW!TZ ON ERICTION 1§ Wi

FRICTION IMPEDES TME SMOOTH FUNCTIONING CF THE MILITARY MACHINE
FRICTION IN WAR INCLUDES:

- FOG OF WAR: DECIS!IONS MUST BE BASED OM IMPERFECT INFORMATION
- PSYCHOLIGICAL PRESSURE

- PHYSICAL STRZSS ON MEN AND MACHINES

- THE UNEXPECTZD

FRICTION DISTINGUISHES REAL WAR FRON VAR ON PAPER

ONLY ONE LUBRICANT REDUCES FRICTION:

CGNMBAT EXPERIERCE

® SQUESTION: EOES INCREASING COMPLEXITY INCREASE OR REDUCE FRICTION?
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synthesizes these two views with the operatfons of Genghis Khan, Napoleon,
the successful German blitzkrieg commanders, and successful guerrilla
comranders into 2 general theory of conflict--a theory that he supoorts
with historical analvsis and observations from rezl war, In sharp
contrast to the deterministic view Of the attrition mind-set, the central
consideration in Boyd's theory is human behavior in conflict. In this
context, he suggests that increasing complexity works on our mind and
makes mental operations more difficult. It causes cormanders and subor-
dinates 8like to be captured by their own internal dynamics--i.e., they
must devote increasing mental and physical energy to maintain {nternal
harmony--and hence they have less energy to shape, or adapt to, rapidly
changing external conditions. In Boyd's perspective, the idea of decreasino
complexity to diminish our friction and free up our operations gives us
the opportunitv to megnify our enemy’s friction and impede his operatfons.

Force multipliers use emerging technology to central{ze decision-making

and control. There {s precedent for a centrally directed war of attrition,
Basically, WWI was a "big logistics” war of attrition requiring deteziled
coordination of large masses that moved over a limited transportation
system. Centralization was perceived as desirable and communications
technology--1.e., telephone--enabled the centralization of command and
control in what quickly became a static war of attrition., A)) major
beiigerents evolved centrally directed forces.

Late in the war, the Germans began to appreciate that this centralization
was a major source of weakness. The allies had exploited their communica-
tions and the centralized system had increzsed their rigidity. For
reasons that are not relevent to our example, the Germans failed to

break the stranglehold of centralization during the war. However, after
the war a former signals (i.e., cmnnunicat1onsg officer named Heinz
Guderian had a8 br{ll{ant innovative conception to restore modbi1{ty and

to get away from the effects of deb{litating attrition.

Guderian's conceptfon resulted in the blitzkrieg, and a central ingredient
of his idea was to use emerging cormunications technology to decentralize
command and communications. In this regard, his brilliant {nnovations
were

. Put 2 radio in every tank

. Set up a division communications net so that the commander could
command from any point in the division

. Commanders forward, always be at the decisive point of action.
ResuTt: on the spot decision-making 1s quicker and clearer, orders
were radioed back to Chief of Staff who was empowered to over-rule
his superior 1f necessary, and personal leadership set a superd
moral example

) Verba) orders only, convey only general {ntentions, delegete authority

to JTowes: possibie level and give subordinants broad lattitude to
devise their own means to achieve commander’'s intent. Subordinants
restrict communications to upper echelons to general difficulties
and progress. Result: clear, high speed, Yow volume communications.

e




These brilliantly simplifying ideas, as embodied in Bl{tzkrieg, “force
sultiplied” against the French In 1940--1.e., 1n addition to the Maginct
Line, the French had a larger number of equal or better quality tanks

than the Germans. When 4t wzs allowed to operate unfettered in the

€ast, the blitzhrieg approach “force multiplied" successfully against
Russfan numeric2! superiority. We should not let the fact that the

Germans lost Wwll(together with excesses and evils of the Nazi regime)

blind us to the lessons that can be lezrned from this impressive performance.

We have seen that attrition can be a misleading iIndicator of success or
failure; we should 2lsc realize that the specific form of attrition
assumed in force multiplier modeis--and quantitztive attritior analyses
{n general--is a form that rarely occurs in combat. These modals assume
that attrition takes the generz] form described by Lanchester in his
famous paper (circa 1917) analysing air-to-air combat during World War
1. Actually, Lanchester hypothesized three alternative forms of attrition;
however, his "concentratfon of firepower" or "Square Law" {s the most
widely used form. The “Square Law" hypothesizes that the attrition rate
for a Blue force 1s a constant (determined by Red's {ndividual weapens
effectiveness) miltipiied by the surviving strength of the Red force.
Red's attrition rate {s calculated in an identical fashion,
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(Slide 79) Given Lanchester's equations, the starting size of the
opposing forces and their weapons lethality estimates determine the
probability of battle outcomes. Unfortunately, real world combat data
does not support the Square Law's hypcthesis. The dashed "S$" curve in
the left hand chart of this slide plots the Lanchesterian probability of
2 Blue victory as a function of Blue-to-Red force ratios. The solid

by curve represents the results of 8 wide range of historfcal battle outcomes.
: Lanchecterian predictions are extremely sensitive to force ratios--
hence, since we sceT to be outnumbered, the belief in the need for force
muitipliers., Actual combat outcomes suggest that force ratios are far
. 1752 influentfal--numbers are relevant but they are not the magic answer
-~ either,

One reasor why Lanchester{an predictions fail 1s that they assume lethality ;
{s constant. Even 1f we ignore the speculative assumptions underlying §
weapons lethality discussed earlier, it turns out that lethality fs :
determined, in large part, by external combat circumstances. Lethality |
{s not constant in real war, the right hend chart plotting exchange !
ratTos versus force ratios fllustrates this point. Lanchester (i.e.,

the dashed 1ine) predicts that lethality is {ndependent of force ratios.
Analysis of real war shows that exchange ratios (the relative lethality
of the defenders' weapons to the attackers' weapons) change dramatically

(note the logarithmic vertical scale) with the attacker to defender

force ratio. In other words, the more the defender is outnumbered by

b the attacker, the more lethal the defenders weapons are. The defender

M may still lose but he is going to take a Tot of attackers with him.

. There are many plausible reasons for this pattern when human considera-
tions are added. For example, when greatly outnumbered, the defender is
1ikely to know he is in deep trouble and consequently he may be more
willing to take risks, he may be resigned to “die 1{ke a man" taking as :
many of the enemy with him, and he doesn't have much of an IFF problem-- j
he can shoot at just about anything that moves. On the other hand, the
attacker may be confident of success--why take chances, and he may face

, a8 tougher IFF problem., Evidence and common sense suggest that the ‘

; %anchester “concentration of firepower" effect is swamped by other !

actors. ‘

By assuming that individual weapons lethality is constart, the Lanchesterian
perspective abstracts out the unpredictable human element, and tends to b
becorme preoccupied with weapons “capability"” and force size. This |
directs attention away from the decisive contribution of human skill,
For example, Lanchester ignores the impact of suorise (an effect that is
by definition unpredictable). He assumes that 17 Blue fires the firs: !
shot and per chance misses, the probability of ki1l for the second shot
1s unchanged--1.e., Red is too stupid to duck behind cover. History {s ¥
filled with examples of surprise being the major effect shaping outcomes. !
For example, since WWI, 60%5-80% of the air-to-air kills tn all wars have ’
been against an enemy who was surprised, Lanchester also fgnores the ‘
increased friction caused by the distinctly human effect of confusion.

18




As engagements increase in numbers of participants, they become more
difficult to understand and rmuch harder to handle with automated systems,
The AIMVAL/ACEVAL tests reveal that exchange ratios changed as comrlexity
of the engagerments increased--gven when force ratios are held constint.
As engagements went from 1V1 to 2V2 to 4V4, exchange ratios changed
significantly. On a much grander scale, Boyd has uncovered extensive
historical evidence suagesting that ambiguity and fear can be exploited
to undermine the enemy's mental operations to the point of bringing
about his collapse as a functioning military force.

Erample:
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(Stide 80) One final, and perhaps most important comment on the attritien
mind-set. If we are going to allow the mechanistic attrition perspective
to dominate procurement and operational planning, we Should ask whether
this is a sensible strategy for the US to use against the USSR. More
than any nation in history, the USSR has demonstrated that 1t can take

3 enormous attrition and win. Although a strategy of attrition plays

2 right to a principle source of Soviet strength, the US has never experi-

;. enced a level of attrition that even remotely compares to the Soviet
experience. Our ability to play the game on the Soviet scale 1s mot
demonstrated. This chart depicts the combat deaths of the beligerents
in WhII. By our measure of merit, we were minor combatants having less
casualties than the Rumanians. The bar at the far right depicts the

: total number of combat deaths since 1776 including both sides of the War

?, Between the States. It fs interesting to note that the Russians were

¥ completely defeated in WWI--to the point that society collapsed--yet
they suffered less than one-third the casualties suffered in WWll.

Sumrarizing this section, we have discussed the excessive influence of
three beliefs shaping our perceptions and decisions. ®The first {s our
faith that advancing techno]ogé will make the future different from the
past. This faith is reinforced by the ambiguity surrounding perceptions
of capability and the future performance of emerging technologies. The

result is a subtle permissive influence stimulating the mismatch between
our short-term and long-term budget behavior.

® The second influence shaping our gercegﬂons and decisfons 1s the mechanistic
attrition mind-set. The attrition mind-set shapes our perception o
capability through 1ts excessive focus on individual weapon lethality.
Decisive elerments of combat effectiveness are fgnored, and its deterministic
perspective encourages the belief that war §s quantifiable via body
count and number of targets destroyed. Weapons of increesing complexity
and cost can be easily justified by predicting high lethality. Moreover,
our faith that high technology weapons offer revolutionary capabilities
(i.e., the first belief) amplifies these perceptions.

@ '][}_\g third belief shaping our dehavior is the 1dea that war 1s 3 manipy- f
atable deterministic process thet can gersra ongr . This |
perception 55 amp11?¥es by our faith In revolutionary implications of !
emerging technology and by the attrition mind-set. By ignoring humar :
elerants and the concept of friction (in Col Boyd's sense), this notion
of war leads naturally to the speculative concept of "force multipliers"--

2 ::raaucratic buzzword that subtly implies one is getting something for
nothing. .
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- THE STRATEGY OF ATTRITION
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——-———M Dbservations and Conclusions

We have examined the realism of defense decision-making and planning by
relating uncertainties and variatiors in the real world to cur decisions
and plans. Our discussion revealed the following {nterccnnected impres-
sions:

The bureaucrztic mechanism producing our financial plans establishes
conditions for a mismatch between plans and reality by assuming
certainty in future budgets and costs when in fact the real w?rld

is characterized by uncertain budgets and costs. Our country's

economic problems suggest that the problem of budget uncertainty is
likely to get worse over the coming decade and the increasing

complexity of our hardware suggests that the problem of cost uncertainty
will get worse. A sound planning system must recognize these
uncertainties 1f a comprehensive strategy addressing the future

consequences of current decisfons {s to be produced. (Note:

recently it has become fashionable to argue that the solutfon to

the p1annin? problem is to have efght-year planning instead of
five-year planning. This recommendation misses the central issue

of uncertainty and fn al1 probability will make matters worse

because then we would be saddled with producing eight-year plans

one year at a tire. Tying up more people by increasing dabilitating
out-year “square- filling”exercises is not a solutfon, The central

need is for a flexible planning system--you don't increase flexibility
by lengthening the straight-jacket.)

I ¢  The historic mismatch between short-term and long-term budget

behavior {s evidence that we have not been able to convert our
short-term desires (which continue to be reflected in our plans)
into Tong-term reality. In the short-term, we try to hold down
readiness expenditures and pump up modernization expenditures;
however, despite long-term savings from quantity reductions in
people and force structure, the rising cost of low readiness has
squeezed modernization over the long term,

Lo The increasing compiexity of our hardware is an inseparable part of

this destructive pattern because it s the source of the long-term
fncreases in the magnitude and the uncertainty of both investrment
and operating costs. The sharply increasing cos: of replacement
slows modernfzation and the rising cost of low readiness ({.e.,
operating costs that must be absorbed) squeezes the overall {nvest-
ment budget, in effect magnifying the process by leaving less money
to modernize with more expensive equipment. Growing operating
costs have overwhelmed the savin?s accrued from the significant
long-term reductions {in personnel and force structyre.




The case of AF Tac Air suggests that budget constraints are not the
source of the problem. The problem is more one of a collective
decision and planning process that does not consider the future
consequences of its decisions. During the 1970s, Tac Air implemented
a budget profilc similar to that projected in current plans. The
vigorous post-Viet Nam equipment investment in Tac Afr was accomplished,
in part, by readiness reductions and deferred investment in other
areas. However, as we enter the 1980s, we find that Tac Air's
{nvestment requirements for the next five years anc the rising cost
of low readinecs has made 1t, once again, too expensive to plan
signiticant readiness improvements over the next five years.
Notwithstanding these plans and the current low state af personnel
and material readiness, this budget {is justified by a War and
Mobilization Plan that projects a near-term readiness for an across-
the-board surge to incredibly high sortie rates in a short-warning
European war, _

In general, our current plans for high peacetime budget growth
project the same historical tendency to pump up fnvestment and hold
down readiness. Investment plans change dramatically from year to
year and the pattern of these changes indicates that these plans
embody optimistically low esimates of future investment costs.
Moreover, these investment plans are accompanied by unrealistically
Jow projections of operating costs. In general, it appears that
ourip}ans do not account for the future consequences of current
cdecisions.

The amplification of three questionable belfefs seems to have put

us into a mental strafght-jacket. No altiernative to increasing
complexity can be conceived when perceptions are shaped by: (1)

the perpetual faith that a technological revolution in cost and
*capability" 1s right around the corner; (2) “capability” as deliaed
by the attrition mind-set; and (3) the {dea that war s & manfpulatable
deterministic process that can be actually controlled. 8y {gnoring
decisive human elerents and the concept of friction, these percections
stimulate decisions that accelerate the growth in complexity--i.e.,
fncrease our dependence on a strategy that s not working.

These general {mpressions enable us to make some statements about institu-

tional factors impeding realistic planning.




: {S1ide 81) The planning process Jacks overall discinline, The PPBS
directs attention to the “bits and pieces” making up the “whole,” and as
- a result, decision-makers are swamped with detat), The administrative
complexity of the PPBS compounds the ambiguity, in effect, softening up
the decision process to the excessive influence of narrow interests.

These narrow interests take the form of unbalanced {nvestment advocacy

o pressures. We have seen that our plans are dominated by these pressures:
- planned overall investment budget growth is unrealistically high, predicted
- {nvestment costs are understated, there is the tendency to add new

Lf; investment programs when budget constraints are eased, and the operating
accounts are underfunded.

33

Investment decision-making focuses attention on individual procurement
3 programs. Since the general problem of the cost-budget Squeeze cannot
K: . be ignored, it takes the form of arbitrary budget constraints and the

¥ sponsors of individual systems bureaucratically compete for Jimited
funds. This competition is intensified by rewarding the program sponsor
in accordance with how successfully he moves "his" program through the
"pureaucratic wickets.” The advocate depends, in part, on the contractor
for cost informatfon. The attritfon mind-set measures capability in
terms of thecapacity-to-kill-per.dollar~so the advocate 1s under continuous
ressure to maximize the decision-maker's perception of this measure.

he case of the AIM-82 is only an extreme exampge. Consequently, we

have the ingredients for an incentive structure that is 1{kely to be

biased towards befng optimistic when predicting future costs and "capability.”
Increasing complexity magnifies the impact of any bias because the costs
are more difficult to predict and the stakes are greater.

OBSERVATION

DECISIONS AND PLANS LACK DISCIPLINE: FOCUS 18 ON “BITS AND PIRCES”, NOT
THE “WHOLE"
©® PLANNWG 13 DCOMINATED BY IIVESTIENT ADVOCACY
« Rasswree Expentitions Ass Sptiminie
= Oyorsting Asssotts Ave Sutiorfadud

© NARROW FOCUS IGNORES “NEAL WORLD " UNCERTANITY

@ FIXED FORCE STRUCTURE PLANWING SENERATES INCENTIVE TO MARNNZE
PERCEIVED UMIT CAPABILITY

© UNSALANCED ADVOCACY PRESSURES IN A MIGHLY VIBISLE - YETWRAK -
ADVERSARY PROCESS PROVIDES LITTLE PRESSUNRE TO REMOVE CONTRADICTIONS
PRESENT I THE “WNOLE~

AESULT
¥ Poor Cormmpondents of Plans with Reslity
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A system that {s dominated by individual program advocacy cannot cope
with these uncertainties. The {mpact of unplanned cost growth fs viewed
in terms of an individual weapon's cost rather than in terms of the
{mpact to overall force effectiveness. Since the majority of favestment
programs exhibit cost growth and since we have a tendency to absorb cost
growth in liey of cancellation, short-term {ndividual decisions to
apsord fncremental growth accurrulate imperceptibly through gradual
quantity reductions and readiness reductions. Unplanned budget varia-
tions contribute to this pattern, and also provide a8 convenient source
of blame for the problem.

Fixed force structure planning directs attention away from the "whole"
(why Yook at the "whole" since it {s fixed?) and provides an arbitrary
incentive to increase the complexity of the parts--{.e., to maximize
their perceivad "c2pability." The services should at least have the
option (and incentive) to consider larger numbers of lower complexity,
higher effectiveness systems. '

Finally, the PPBS centralizes a highly visible, yet in reality weak,
adversary process that provides the {l1lusion of overall control and thus
directs attention away from the probliem of program discipline. The
excessive influence of {nvestment advocacy that {s evident {n our plans
confirms the observation that there i1s 1{ttle pressure to remove internal
contradictions, For example, we advocate increased budgets because we
perceive a growing threat, yet at the same time we project low readiness
to meet the same growing threat.

Finally, the domination of plans by narrow interest leads to the fallacious
belief that a growing budget will solve our problems. The probler o

cost growth 1s erroneously attributed to arbitrary budget constraints.

This is why the case of tac air is so important--Tac Afr has the same
genera] problems as the rest of the defense categories, the difference

{s that tac air has not been constrained 1ike the other forces.

We believe the establ{shment of program discipline is fundamentally a
leadership challenge. Management gimmicks have been tried and they do
not werk. Moreover, management gimmicks (e.g., zero based budgeting,
Blue Ribbon Panels, Defense Resources Board, etc.) have the effect of a
placebo rather than a cure--in effect they contribute to the problem by
conveying the false {mpression of a solution. What {s {red 1s
leadership that can maks real natianal defense precedence over the
component interests involved in defense.




(S1ide 82) The planning of {ndividual investment programs is dominated
by the absolute thinking of the formal requirements process. Uncertain
future threats are precisely defined and this becomes the basis for a
rigid specification of an operational need. Once these "needs” are
¥ bureaucratically blessed, they tend to become cast in ccncrete, and only
3 rarely are they subsequently questioned. Finally, the implications of
t resource constrzints are not addressed--requirements are viewed to be
absolute entities, independent of actual cost and manpower constraints.

. Theoretically, requfrements are supposed to be {ndependent of solutions;
- however, this rarely if ever, turns out to be the case. Since the
L operational requirement is 8 major factor affecting successful program
o advocacy, inevitably requirements become tied to and confused with
y specific systems. In reality, requirements are most often written with
. specific hardware systems in mind. Absolute requirements tied to specific
3 systems that are competing for limited resources under the pressures of

: institutionalized program advocacy {s a prescription for intolerance.
The system is perceived to be absolutely needed, there are no alternatives
to the preferred solution, organizational commitment must be mobil{zed
to insure successful competition for limited funds. Result: an atmosphere
that discourages critical review naturally evolves. For programs with a
: high degree of organizational identification, the atmosphere usually
_; evolves to 8 point where objective criticism gets confused with disloyalty.

The symbiotic effect of the institutfonalized program advocacy and
formalized requirements process results in enormous resistance to change,
particularly program cancellation, and one of continuous pressure to add
new programs. Very few programs are cancelled and new programs tend to
be added whenever budget constraints are eased. In the presence of
rapidly growing unit costs, the net effect fs one of acrocs-the-board
reductions in procurement rates, even when budget constraints are eased.

(OBSERVATION

INVESTMENT PLANNING IS DOMINATED BY ~ REQUIREMENTS PRACESS THAT:
®  CLEARLY DEFINES AN UMCERTAIN FUTURE THREAT
®  RIGIDLY SPECIFIES THE OPSRATIOMAL NEED
o Dots NOT ADDRESS IMPLICATIONS OF RESOURCE CONSTRAINTS

RESULT: AmsOLUTE TMINKINA LEADS T8 INTOLERANCE
® ALTERNATIVES AR:Z ELIMINATED
@ CovMITHENT TO PREFERRED SOLUTICN IS STRICTLY ENFORCED
[ ] O3JECTIVITY, CREATIVITY, AMD CRITICISM ARE DISCOURAGED
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(S1ide 83) Although we buy technology to support soldiers in war, plans
and decisions do not use the criteria of actual combat to evaluate the
potential contributions of emarging technology. Technology is evaluated
within 2n artificial framewcrk derived from the faith in technological
revolution, the attrition mind-set, and the idea that war 1s a manipu-
latable deterministic process subject to central control, We have seen
that this framework considers neither the decisive effect of the human
elements nor the central characteristic of actual war--i.e., friction.

This pattern of decisfon-making {s made easfer by the institutional fact
that there is no senfor Pentagon staff organization chartered to study
war--particularly, how soldiers act in war and how we can use emerging
technology make these actions more effective. The criteria of actual
combat can only be derived from the study of combat history and the tactics
and strategy of real war., A fundamental value of Boyd's research in

this area is that it demonstrates what {s possible. He constructs and
validates a frame of reference that can be used to evaluate the contribu-
tions of new technologies to the effectiveness of real soldfers in real
wars, :

We heve seen that program decisfons are supported by hypothesi:ed mechan-
{stic attrition models that ignore the friction of combat er4 zre bazed
upon unvalidated speculative assumptions. Further, it is =araly possinle
to even define combat data that could be used to test thesz theoretica’
wodels. This is the antithesis of the scientific method.

Although the study of history can be carried too far; history is the
only "evidence” of real war, and to 1gnore §t completely leads to a
modern form of medieval scholasticism--i.e., the religion of wmiracle
weapons. Hitler provides an ominous precedent for this unrealistic
faith in technology--an observation suggesting a disturbing question:
Was Hitler's faith {n miracle weapons apparent between 1939 and 1941

7he? hﬁ was winning, or was it apparent in 1944 and 1945 when he was
osing?

By fgnoring the real world, we have evolved a self-reinforcing--yet
scientifically unsupportable--faith in the military usefulness of ever
increasing technological complexity. We tand to think of mil{tary
strength in terms of wonder weapons that are in reality mechanistic
solutions--the concept of force multiplication being the latest example.
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Y A Soir.Reinforcing ~ Yet Scientificaily Unsupportable — Foith in the
Milizery tsetuliness of Ever increseing T

memMMwWﬁw&rhm
0 Prucrse Enginesring Specs
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(Stide 84) 1In the real world of uncertain budgets and rising costs, we
have seen that our decisions and plans have resulted in a force having
the qualities 1isted on this slide. These are qualities of complexity---
and they take the form of costs. The costs of increasing complexity can
be generalized into low readiness, slower modernization, and declining
forces. The crucial question is: Are there positive qualities of
complexity to outweigh these negative qualities?

INCREASING WEAPONS COMPLEXITY REDUCES COMBAT READINESS

® DEGRADES COMBAT SKiLLS BY CAUSING INADEQUATE AND UNREALISTIC TRAINING
© INCREASES REALIABILITY AND MAINTAINABILITY PROBLEMS

© INCREASES COST OF MAINTENANCE

@ INCREASES DEPENDENCE ON LARGE VULNERABLE SUPPORT BASE

® INCREASES ECONOMIC INEFFICIENCY OF PLANS

© SLOWS MODERNIZATION BY INCREASING DEVELOPMENT PROCUREMENT LEAD TWAES
© MULTIPLES MAGNITUDE AND LIKELINOOD OF IIBASTER

©® INCREASES VULNERABILITY TO COUNTERMEASURES

© CUTS FORCES, SUPPLIES, AND MUNITIONS T INADROUATE NUMBERS

QUESTION

Do the Distinctive Cherscteristics Genersted by Wespons Complexity
Compensate for thase Negetive Quelines?

Supe 8¢
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(S1ide 85) Our objective has been to determine the realism of our
plans, this slide depicts our finding,

FINDING

PLANNING APPEARS TO
BE INDEPENDENT OF:

o THREAT
e BUDGET

=




(S1ide 85) Planning does not relate to future decisions; rather 4t
relates to the future consequences of current decisions. In a nutshell,
Pentagon economics discount the present and inflate the future.

..OR PUT ANOTHER WAY, THE FUTURE
CONSEQUENCES OF TODAY’S DECISIONS

ARE: |
? ?

ECONOMICALLY UNREALISTIC PLANS
THAT REDUCE OUR ABILITY TO MEET
THE THREAT IN ORDER TO MAKE ROOM
(HOPEFULLY) FOR FUTURE MONEY
ADVOCATED TO MEET A HYPOTHETICAL
THREAT

Slide 26
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(S1ide 87) We do not see how we can avoid this painful realization.
The across the board thrust towards ever increasing technological com-
plexity just is not working. We need to change the way we do business,
and in particular, we should use our superior technology in a positive
way. Technology should and can increase readiness, not draw it down.

PRY b 25

o THUS WE ARRIVE AT THE PAINFUL REALIZATION:

THE EVIDENCE PRESENTED REVEALS THAT:

QUR STRATEGY OF PURSUING EVER INCREASINS
TECHNICAL COMPLEXITY AND SOPHISTICATION

HAS MARE HIGH TECHNOLOGY SOLUTIONS AND 3
COMBAT READINESS MUTUALLY EXCLUSIVE. j

sLioe 87
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