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SUPPT Y RATE AND EQUILHSRIUM INVENTORY OF AIR FORCE ENTISTED PERSONNLL
ASIMUTTANEOUS MODET O THE ACCESSION AND RETUNTION MARKETS
INCORPORATING FORCLE THVE CONSTRAINTS

L INFRODUCTION AND SUMMARY

Research centering on estimating the supply ol enhstees to the mihtary began assuming increasing
importance as early as adecade prioe to the climination ol the diatt. Amid the current suggestions that a
ceturn to sonte form of draft may be necessary . this research onee again takes on an important role. The

sblem is basically one of msing the pecessary Ianpowel for the militury at a direct cost that the
Av-erican public is willing to bear. s well known that the draft rediees the direct cost of raising the
required manpower by forcing those conscripted to pay anndirect tas. The dratt also raises other issues
the most important ot which is how to decide whois dratted.

Asswining  that the all volunteer force (AVE)Y is to continue w1 wuperative that complete
anderstanding of - the nilitary manpowet market be developed. The past work on this subject  has
concentrated on the cateer choice problem. That s, potential enlistees have been viewed as making their
decisions based on a comparison of the present values ol career carnings in the military versus civilian tife.!
Given tastes for the military it is argued that anindividual opts for a military carcer when the present value
of military carnings relative to the present value ol civilian earnings 1s larger than some entical value. This
critical value depends on the individual's tastes foy the miditary

This traditional theory results in prediction statements which can and have been tested ® In these
tests, the rate of enlistment has been related to relative wages, the qualificd military avinlable (a population
estitmate). unemployvnteat, and recruiting effort. The results obtained from the effort have been mixed but
on the whole, at least frorm outward appearance, satisfactory for the period betore the end of the draft. Ina
highly cited post AVE study. Cooper found what seem to be reasonable rosnlts using semi-annual data.?

This present study considers the market for Air Foree enlisted personnel. The approach taken, though
well grounded on economic principles, departs substantially from the existing literature on military
manpower supply. This existing literature has attempted to estimate the relation between supply and its
determinants - prime consideration has been given to the effect of wages and unemployment on the supply
of enlistments through attempts to estimate supply elasticities. The problems with this literature are
manifest to a careful reader; wage supply clasticities, as estimated, obey no orderly principles. The effect of
the military wage on enlistments is as often negative as positive: it exhibits no stability over time, place,
service or manpower pool, and is extrenely sensitive to the form of the chosen estinating equation. Tt is
literally possible, through judicious selection of the study dited, to find a magnitude and direction to
support any point of view.

This unsatisfactory state is due to a well-known problem — the identification problem. bxisting
studies have failed to account for the fact that observed enlistments are jointly determined by demand and
supply considerations and therefore have failed to identify the supply curve. What has been estimated is an
improperly specified reduced form equation which represents the equilibrium of demand and suppty. While
some authors have realized they have an identitication problem in their studics, it has never been clear how
to specify the demand and supply sides ol the military manpower market in order to resolve the problem.

Tgee the excellent paper by Fisher [1969) for a discission of this view,
25 Fisher (1969).
3gee Coaper (1977).



Another important prohlem with the previcus wortk 1esults trons the treatment ot the mbitany enlistient
decision as o decision concerning career chowee. In tactoandy sl percentape ol enhistees ever nake the
military a carcer or ever intend to do saga fact well hnown to A Foree recniters who emphasize the
civilian value ot Air Foree training in their recnnting, proguams

This study attempts to advance the analy iy of these issues through tormmlation of a new model tha
links torce level requurenents, peisonnel mventones aned the retention and aceession nurkets ane
simultancous system In addinon, a new model of the enbistiment decision wlneh treats the duration ol

service as part of the enhistment deaision process has been developed.

This report conisists of $ix sections. Section I contains an muoduction and a sumnuy of the project.
In Scetion 1 the theory of the enlistment deciston 18 developed. In Section 1 the results ot Section 1are
used to develop a general model ol the equmibibrinm mihtary foree. In Section IV, the theoretical struetue
(developed in Section 11 and 1B is related to the Al Foree manpower expericnee. In Section V. the
empirical evidence relating to previous work onthe supply of enlistees is presented. Section Vicontuns

o

tramsition from theoty to empitical work and reports the cmpirical work.

Summary

I The Air Force ealistrient decision. Phe trdional cneet choice theotetic approach to the An
Force enlistment deciston fails to account tor the fact that the mean length of service is from 4.5 to 8.2
years. That is, the mean ot the time from enhstment to separation from the Air Foree, for whatever reason,
has ranged from 4.5 to $.2 yews for the 1969 1o 1970 period. Thus, the median enlistee treats the Air
Foree not as a carcer but as a sggnificant work oxperience in a working lite cycle. A maodel of individual
choice is formalized in this ieport whicl, Wb rhe optimal distribution of total working life between
military and civilian alternatives. In this oo bothe typical individual has a planned working life that
encompasses both mititary and civilian employ ment,

The theory has two important propertics in explaining observed enlistment behavior, First, it makes
the enfistment decision more than just a matter of companng the present values ol altermative carecr
carmtings. I fact, given that an individual has a positive desired level of military service his enlistment
decision depends on the relation between his desired length ot stay and the miminnm enlistment period.
Any individual with a desired length of military service preater than the minimum will supply his scrvices.
Those individuals with desired fengths of military service Iess than the minimum cnlistment must niake an
all or nothing decision between no military service or the minimum enlistment pertod

The second important property of the theory s its ability to explam the mean length of military
service. This aspect of the theory is impartant becaus: of the crucial role played by the mean service time in
the determination of the demand tor enhstees. In fact, it is shown it the mean length of service is
positively related to the military wage and negatively related to civilian wapes and the probability of finding
civilian employment. The greater the mean feneth of service, the smaller the flow ol new enlistiments
required to maintain any given foree fevel

I The Air Foree manpower marhes, The A Force manpower investory is jointly determined in
iwo markets  the accession market and the rerentier mk L stochastic process model is developed
which characterizes cach ot the markets. Viewing the allow e Coree ss the number of servers i the
process allows the mean length of service to be treated as the inve o ot the service rate: e one over the
mean length of service is the expected number ot Gos e particud: Dosion WIS OVer 1N any given year.
For the Air Force cach position turms over approvic atel (1.2 timres et ccar pnplying a five year expected
length of service.

The mean fength of service, as pointed out above s deter cned by military and civilian wages. The
allowable toree fevel, on the other hand. is mandas-d by Congress. These two factors tagether determine
the Air Force demand tor enlistees. That is, the total rrnsber o witions times the number ol times pet
year cach position tums over vields the number of new eristees that i Che found it the foree Jevel s to
be maintained.
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crupirical counterpart. In doing so the importance of the level of military wages relative to cvilian wages for
the level of net accession is demonstrated. Through some simplitying assumptions the ento ¢ planned
working lite camnings pattern can be collapsed into a tunction depending on only the beginning military and
civilian wages. Thus. the supply of enlistees can be derived as a function of the military and civilian wage,
the refevant population of entry-age individuals and the employment rate. Inaddition. the expected length
of military service is a function ot these same variables with the exception of the poputation variable.

Using the steady state results, derived in Section 1V the theoretical work can i transtormed ito its
cimpirical counterpart. As i result ot this transtormation the relation between the vt ced coetiicients of
the equations describing equilibrium and supply and denand schedules is apparent. b fact, it can be shown
that the coetticient of. for example, the military wae in the usual supply equation ts actually the result ol
two off-setting forees. One, the tende: oy of higher military wages to inciease the mean foree level die to
mereased supply . Two. the decline in the demand for accessions because of increased retention ol
personnel.

The actual estimates were perforned on three measures of the accession rate each of which has
slightly different interpretation. First. accessions were measired as the rate at which individuals (whose
pavdate was the same as their service date) entered the Air Foree. Tins measure of ac.essions is ony a
fraction of all those who enter the Air Force and s the closest thing we hw ¢ to measuring the proportion
of the time the systent s not fulliie. there is no wait for enlistment. Scernd. acceessions were measured as
the rate ot which individuals signed up for the An Force regardiess of their service dute. The second
measure is the best estimate of the net supply ot enhistees, Third. accessions were measgred as the raee al
which individuals entered the A Foreeo This Jast measure is the best estimate of the Air Foree replucement
demandd,

Becatse these three estimates are fundamentally different. we would expect the empirical results to
ditfer and indeed this is the case. For oxamples the effect of changes in the wage ratio (Air Foree wage
divided by civilian wage ) onaceessions s consistently negative for the paydate = serviee date and service
date regressions but positive tor the paydate regressions. In general. however, the results are as expected and
contirm the tact that the cuations estinuted represent cquilibrium cquations. Thus. the estimates cannot
be used directhy as supply or demand cquations. The procedures developed do. however. provide a basis for
attempts to estunate supply and demand. but a good deal more work is required to accomplish s

Condlusions

This work has developed o signiticant class ot models which provide a new Wway ot looking at military
manpower markets. Fmpirical estimates reve 1 that the observed accession rate can be expliined by these
models. but only by viewing enhstments as a result of interacting demand and supply forces.

This wotk has emphastzed the importance of the demand side in the determination of the net rate of
accessions. One maor tactor in the demand side i the toree fevel. In fact, the empirical results indicate thal
changes in the foree level ure one of the primary sourees of explanation for the Air Force manpower
experience during the AVE period. The second major fuctor on the demand side is the retention rate which
is retated to the mean length of stay in the military. Our empirical results confirm the importance of this
aspect of demand i that even atrer the offects of foree Tovel changes are removed the effect of an increase
in (he military wage on accesssions is negative.

it is clear from the empirical results and the consisieney of the theory developed that the returns to
additional work usiny this arproach will be substantial, The preliminary empircal work makes it ¢lear that
a joint estimating techoigue must be used to otimate the retention and the accession markets. With the
results of this joint estumavon. reliable estimates of the supply and demand wage ceffects. without which a
sensible Air Force manpower policy cannot be devised. should be available.
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1L THE THEORY OF CAREER CHOICE AS APPLIED
TO THE ENLISTMENT DECISION

In this section. the thearetical work is begun by modeling the problem of career choicz. This is a
necessary first step in developing the supply side of the Air Force enlisted personnel market. Moreover, this
analysis is required because the existing theory of the civilian-military career choice is deficient in several
respects and not adequate for purpases of the simitraneous consideration of the accession and retention
markets. Of particular concern is the fact that the overwhelming bulk of Air Force eniistees do not spend
their entire working life in the Air Foree. It one fooks at the distribution of departures from the Air Force
by length of service. the mean of the length of service at time of separation in the Air Force has ranged
between 4.5 to 5.2 years (see Appendix A), and less than 0.04 percent of individuals in the Air Force
continue through the nandatory retirement age.? Thus, anv analysis of the military-civilian choice must
confront the fact that virtually all individuals who enlist will spend a substantial part. and in most cases the
dominant part, of their working lives in the civiliun sector. - '

Another issue that must be addressed (it a realistic analysis of the enlistment decision is to be
obtained) is the fadt that enlistiment contracts are for a definite minimum tour of duty. Those individuals
for whom thig mirimum is an eifective constraint will be influenced by the level at which the specified
mininmum s set. For some. the minimum enlistment will induce them to enlist for longer than they
otherwise would For others, the minimunm may be so high as to make them elect not to enlist. Lastly. the
amount of traiming to be received and its eventual uselulness in the civilian sector enters into the enlistment
decisien. Clearly. training is relevant as an enlistment inducement only to the extent that the prospective
traince intends to apply that training later in civilian employment. Therefore, it is essential that the military
enlistment decision be treated as constituting a choice of enlistment duration to be followed by a civilian
career, rather than treating it as an all ur nothing career choice. The retevant choice is the optimal
distribution of the working years between both military and civilian employment. not between exclusive
military or civilian careers.

The problent can be treated analy ticatly by assuming that individuals muke chaices over goods, years
in the military and years as a civilian. Assume that an individual's ranking over nis choice space can be
summarized iin the following indireet ntility function.

U = Ulp M. O) (1)

where g is interpreted as the stream of goods available for consumption over the individual's lifetime, M is
years of military service and C is years in civilian t:mploymcnt.S Expression (1) is a short-hand way of
presenting the idea that individuals can rank various bundles of goods. years in the military and years as i
civilian as to which bundle they prefer. In this decision it 1s assumned that consumption of goods represents
the same level of consumption for every year of the individual’s life. For convenience this level of
consumption is labeled as permancnt consumption. For any given level of permanent goods consumption
the locus of conthinations of military and civilian years of employment for which the individual is
indifferent can be constructed. These loci. or indifference curves. are concave to the origin. In Figure 1.2
set of such curves for various levels of permanent consumption is depicted. In the figure the horizontal axis

.'g‘

Fven those individuals who continue to the mandatory retirement age pencrally pursue civilian careers upon
retirement.

Herein goods consumption is treated as a4 pernmanent consumption stream. That is any planned variation in
consumption expenditure i irnored. Such planned variation could be accounted for by expressing g as the present value of
planned consumption cxpeaditures. This approach does not attect the analysis to follow except to add to its complexity.
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Figure 1. Indifference curves between years in the military and as a civilian.

measures years in the civilian fabor force and the vertical axis measures years in the military. llach
indifference curve represents, for a given level of consumption, various combinations of military and civilian
employment which the individual finds ure equivalent. Since total years of work is a “bad™ rather than a
“good,” the greater the distance from the origin a given inditterence curve lies, the greater must be the
permanent consumption level since the greater is the total number of years of work.%

The concavity of the indifference curves implies that the individual believes that “variety is the spice
of life.” These curves imply that the mdividual is willing to devote more of his life working if he can divide
his years between two occupations than if he specializes in eitherone. An individual. who has a distaste for
variety, would have convex indifference curves for given levels of goods consumption. The intercept of the
curves gives us an idea of the indiviaual’s relative teclings toward the military versus civilian life. The greater
the civilian intercept is relative to the military intercept, the greater the preference for civilian tife and vice
versa.

Given the wage structure in the military and civilian occupations we can construct the relation
between military years, civilian years and goods consumed. Let this relation be summarized by the implicit
function

4+
g M.C) = 0 (2)

where the signs of the partial derivatives of 11 are indicated above the appropriate argument. From (Ditis
easily shown that increases in cither military or civilian work years increase the level of goods consumption.

A given level of goods consumed per year will require a present value of carnings that will yield the
revenue required for the woods consumption. Given the interest rate, the tevel of goods consumed will be
proportional to the present value of the litetime carnings stream. Thus, (2) can be written as

6:This relation between utili'. and number ot vears worked follows beeause around the equilibrium value leisure
must bave positive marginal utility.
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+ o+
g = Yh(M, ) (3)

where h(M, C} is present value of income and ¥ > 0 is a tactor of proportionatity.” The positive signs above
M and C in (3) indicate the assumption that increases in either military or civilian working years increase
goods consumption.

Now if civilian and military wages are fixed and equal. then M, C) will be linear in M and C. On the
other hand, if training in the military raises civilian alternative wages then h(M, C) becomes strictly convex.
Théstrict convexity of h(M, C) implies that the total fubor input required for a given present value will be
smaller than if an individual specializes in civilian employment.®

In Figure 2, an indifference curve for given permanent consumption g” and an opportunity locus,
which consists of the combinations of years of military and civilian work required to generate the present
value necessary to purchase the consumption stream g” have been superimposed. For purpose of
illustration. it has been assumed that the present value function is lincar in M and C. It will beuseful to
relax this assumption in the following analysis.”

Fivure 2. The optimal military-civilian labor choice.
~ ~
The equilibrivin in Figure 2 is at a point A with M years of military service and C years of civilian
work. Note tiat the budget line (opportunity locus) reprecents the lowest number of working years
necessary to allow consumption g”. There are two irﬁportant features to be noted. First, the number of
years in the military depends on the relative wage in the military. In particular, the greater the military
wage relative to civilian wages, the flatter the budget line and, accordingly . the greater the panned number

~

7 B . ..

In other words 4 is 2 number such that a dollar amount equal to h(M, ) invested at the market rate ol interest
would just be exhausted at the individual's expected time of death.

8, . . . I L .

If the military wage is smaller than civilian wages then the constraint is concave and training has the effect of
reducing concavity with the same result that it both M and C are positive, totat labor input required for a given present
vatue will be smaller than it the individua specializes in either M oor C.

The Lneartty assumption is not necessary for any of the results derived but simply makes the figures casier to
follow. What is required is that the constrrint be less oncave than the indifference curve  an interior solution, e, o
solution with positive values for both M and CL s to result, ‘
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of years of military service. Second, the individual’s preferences for military versus civitian life are reflected
in the slope of the indifference curve. The steeper the initial slope at the horizontal axis, the greater will be
the number of military years chosen, if cverything clse remains the samne.

Before proceeding further with this analysis an important issue should be addressed. This issue
involves the effect of changes in the tevel of wages, which change the opportunity locus. These changes have
two effects. an income and a substitution effect. Because the problem deals with a three-good world of
permanent consumption, years in the military, and years as a civilian, the indifference map in Figure |
represents a single level of utility. To clarify this point consider Figure 3.

Figure 3. The effects of wage changes.

in Figure 3 the indifference curves are drawn for a single level of permanent consumption.
Accordiugly. the nearer the origin is any indifference curve. the greater the level of utility. That is. it is
assumed that over the relevant range that work is a “had” or that leisure is a “good.” The opportunity locus
in Figure 3. BB. is the combination of years in the military and years as a civilian that will yicld the present
value of income required to purchase the level of permanent consumption assumec in the construction of
the indifference map.

Consider now an increase in the military wage. Such an increase results in the opportunity locus BB
becoming flatter; that is. the number of years of military service required to yield the assumed permancnt
consumption strcam has been reduced. This new opportunity locus is line BB’ in the figure. If the optimal
level of permanent consumption remains unchanged. then the individual moves to point A’ and increases
military service while reducing years as a civilian.

The implication of this equilibrium, however. is that the individual has consumed all of the change in

\his opportunity set as increased leisure. It should be expected thatin reality the change in the opportunity

set will be used up in increased goods consumption and leisure. Accordingly the relevant opportunity sct
musi be consistent with a higher permanent consumption level. This new opportunity locus is denoted as
line B"B” in the Figure 3.
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Since the ongmal difference map was constructed Tor a constant level of permanent consumption, a
new indifference map must now be drawn. 1t s assumed that the dashed indifference curve is the relevant
one for the new higher level of permanent consumption. Accordingly. the new cquilibrium is at point A"
with greater years in both civilian and military than point A Point A”. howcever. still retains the
substitution of military time for civilian time relative to the original equilibrivia point A.

What has been developed above is a theory which deterniines the optimal mix of military and civilian
iife. Fundamentally this optimal combination is a function of the opportunity focus. The opportunity locus
s itself a function of the wage stnicture in military versus civilian occupations. In fact, as shall be shown
betow., certain aspects of military training can result in an opportunity locus that is particularly conducive
to the equitibriun choice containing a positive amount of military service.

The theory so far has concentrated on the desired length of stay in the military for those who desire a
positive amount of military service. Equally mmportant to the military -.re the determinants of the number
ot individuals who desire a positive level of military service. To discuss this question the previous discussion
of the choice funetion (1) as it relates to individual tastes for military versus civilian life must be extended.

Figure 4 illustrates two sets of preferences for military versus civilian life. Both the indifference
curves are concave and constructed for the sume fevel of permanent consumption but there the similarity
ends. ' ? Indifference curve 11 depicts an individual with high preterence for the military as indicated by
the tact that the number of years this individual will spend in the wilitary, if he specializes, is
approximately four times the specializing civilian years. Indifference curve 11 1 depicts an individual with a
retatively tow preference for the muhitary since it shows the opposite specializing preferences. Given equal
wages in the two sectors, the opporimity focus will be a 457 fine. The individual with high preference for
the mititary will specialize in the military while the relatively low military preference individual specializes
in civihan fite. :

tigure 4. Indifference curves with contrasting military propensity.

Consider at this point the enlistment decision. First. the only candidates for enlistment are those with
a positive level of desired military service. But. will all individuals with positive desires for the military

10 this figure bears out o point made carlier. Namely. the concavity of the indifference curves does not determine
the tastes tor military vis-a=vis civilian fife. Rather, the relative preterence for these two occupations is represented by the
ratio of the intercepts ot the indifference curves.
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enlist? Cleaily not, since the military imposes certain minimum enlistment periods. Thus, if a minimum
enlistment is four years, an individual with a desired military service of one year might not be expected to
enlist although all those with desired military service of four or more years will enlist.

Figure 5 Illustrates this problem. The graph depicts an individual whose desired military service M, is
less than the minimum enlistment M (for pedagogical reasons M was made quite large). The individual must
now make an all or nothing decision. He opts for some military service; i.¢., moves to point B in Figure 5
and is on indifference curve 33, or specializes in civilian life and is on indifference curve 22. Since
indifference curve 33 lies above indifference curve 22, it represenis a lower level of utility and the optimal
decision is to specialize in civilian life at point D.

M
I

- T3

A
s e e, e —
: ™~ \

Figure 5. The enlistment decision and minimum terms of enlistment.

It is clear that the lower the minimum enlistment period the fewer the number of individuals that are
forced to make the decision to specialize. In fact. for the individual (Figure 5) any minimum enlistment
period smallc. than M* will result in enlistment since the minimum enlistment, even though it is greater
than M,,, will still put the individual on a lower (therefore preferred) indifference curve than indifference

Ccurve 2241

An alternative to lowering minimum enlistment is to pursue pclizies which affect the opr-.tunity
locus. The most obvious of these is increasing the military wage structure. As has been pointed out above,
an increase in military wages flattens the opportunity locus and increases the number of individuals with
positive optimal military service. This case is illustrated in Figure 6. In Figure 6, the opportunity locus B'B’
represents a higher ratio of military” wage to civilian wage than opportunity locus BB. In equilibrium with
opportunity locus BB the individual specializes in civilian empi¥yment while with opportunity locus B'B’
he chooses a positive level of military service.

Alternatively, the military can oft:r training which can affect the individual’s future civilian earnings.
Such training will change the relative wige in ravor of civilian occupations after it is received. Accordingly,
this training makes the opportunity locus convex to the origin. Figure 7 illustrates the effect of the military
training individuals in skills which have civilian value. Consider point A in Figure 7. This point is the

11 Note that indifference curve 22 represents the indifference curve the individual will be on if he speciatizes in
civilian employment.
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Figure 7. Military training and optimal military years.

optimal combination of military and civilian years, given the linear opportunity locus. Now introduce
training which, after its completion. enhances civilian carnings. In effect this training reduces, for any given
number of years of military service, the number of civilian years necessary to maintain the desired
permanent consumption level. Accordingly, the training opportunity locus is represented by the convex
opportunity locus and the new cquilibrium is at point B on indifference curve 22. Now the individual

optimizes by choovsing a positive level of military service ! ?

120 effect of military training on the constraint i« discussed further in Section VIof thisteport.
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The tmpact of the nunmmum enlistment can be superimposed on the traming ctfect captured in Fignre
7. tn Figure 8. the relevant aspects of Figure 7 have been reconstructed and added to the minimum
enlistment period con. raint. As is readily discernible from Figure 8 the minimum enlistment required 1o
indice the individual pictured to enlist is MF with traintng, and M* without. As expected. the intraduction
of training that has value in civilian lite increases the probabilty that any wven individual will enlist it his
desired level of military service is below the minimum enistinent period. Of course. all those whose desired

service periods exceed the miniimum enhstiment period will enlist in any casc.

Figure S, Training and the enlistment decision.

1 view ol the above theory military recruiting etfort serves tv o functions. First. it alters tastes for
the military: i.e.. it alters the relative intercepts of the indilTerence curves by disseminating information
concerning the military. The umpact of such information is a function of the pereeption individuals have of
the military. Second. it alters the shape of the opportunity locus by pointing out to individuals the
advantages of the military including the value ot the non-pecuniary aspects of military life and the value of
the training received.

What has been done above is to deviate from the accepted view ol the enlistment decision making
process. Past studies have concentrated on the career choice aspects of the enlistment decision. This
approach, while yielding fruitful implications. does not account for the fact that for almost all its members
the military  is not a litetime occupation. The approach developed here has been to view the relevant
choice set as the distribution of the expected working hite over military and civilian vears. This allows the
simultancous discussion of the enlistment and fength ot -ervice decisions.

The ultimate number of individuals who present themselves for enlistiment. the supply ot enhstees.
and the expected length of military service depend on the distribution of individuals by tastes und
opportunities. As the theory has shown, the greater the military wage relative to the civilian wage the more
fikely is any individual to have a nonezero desired fength of military service. Thus, the supply ot enlistees
will be positively related to relative wages. Increases in the military relative to civilian wage also increase the
desired length of stay in the military. The importance of this latter result will be shown in the subsequent
sections of this report. Suffice it to say here that the increased desired length of stay decreases turnover and

thereby reduces demuand tor enlistees.
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Mathematical Appendix to Section Il

Consider the utility function ’ P
U = UM, Q) (\_ (4)
and the opportunity set
g = H(M. C) (5)
The maximization of (4) subject to (5) requires that
U, = A (6)
mo —Aly )
G, = ~-AH,. (8)

where A is the Lagrangian multiplier. In this cuse A has the interpretation of being the marginal value of
permanent consumption. Thus. (7) and (8) can be interpreted as requiring that the marginal disutility of
military or civilian time equal the marginal gain in utility from the additional permanent consumption
available because of the additional military or civilian time. In addition it is required that the matrix of
second derivatives of the augmented function bordered by the first derivatives of the constraint (the
bordered tlessian) be negative definite

U U U -1
[:3*4 pm gC
D= + Al U + A0 H (9

meg mim mm mc me m

U +AH U +2aH H
C¥ cm cm cC [ C

-1 H H 0
m C

whete Uj; and Hjj are respectively the second partial derivatives of the utility function and opportunity
locus.!?

From the system (5) through (8) the equilibrium values for permanent consumption, desired years of
military service and years in civilian life as function of the parameters of the system can be derived.
Assuming that the function H is simply the present value of the military and civilian income stream, (5) can
b \written as

M - M+C
M, ) = fe—“wm(tﬂ)dt + fc“'nwc(t;m,(t))dt (10)
M

0

where 1 is the rate of interest and 8 and ¢ are shift parameters to be used to reflect wage changes. If it is
assumed that 0 and ¢ are proportional to the initial military and civilian wages then g, M and C can be
written as

g = gWo,. W) (1)

13The reasan for the second derivatives of the constraint appearing in the Hessian proper is because {he constraint is
non-linear,
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M MW, W) (12)

¢

]

C(wm'wc-) (13)

The derivatives of (11) through (13) can be obtained by totally ditferentivting the first order
conditions and the constraint and solving for the derivatives. These denvatives arc

aaw_xi ML Dy, et (14)
- ) + y O k
j Woor YD

where i = g, M, C ;j = M, C; Dj; is the co-factor of (9) associated with the ith row and jth column and D, is
the co-factor associated with the border row and the jth column. In effect the derivatives can be separated
into two effects, a substitution effect and an income effect.

The substitution effect consists of the term [—AH;; Dij/iDI] and for i = j mus? be positive since “aWJ
>0,A>0and (DijllDl) < 0 by the negative definiteness of D). The income effect consists of the term (HWJ.
D, i/ID1) which is negative for ij = M,D anu positive for i = ¢ and j = M,C. The signs of the income terms
require the assumption that permanent consumption and less years working in either occupation arc normal
goods. That is, it is assumeri that as individuals become wealthier they consume more and work less if their
alternative costs remain unchanged.

To illustrate, Figure 9 shows a graphical representation of the income and substitution effects. In the
figure the initial equilibrium is point A on constraint baybo. Let the military wage rise so that the new
constraint is b,b2. Now the substitution effect i, the movement from point A to point A’ on the original
indifference curve.

bl

Figure 9. Income and substitution effects.

The constraint at this point will purchase a higher level of permanent consumption than riginally
consumed. This higher level of consumption represents an increase ir income and will be consumed partly
as an increase in leisure: i.c.. a shortening in working life, so that both military and civilian years decline.
This decline is shown as the movement from point A’ to A". The inditference curve associated with point
A" has greater permanent consumption and lower working years than the original equilibrium position. This
higher consumption follows because the constraint on which point A" lies (b, b, ) intersects the € axis to
the right of by which, with constant civilian wages. impiies greater present value of carnings.
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Now if it is assumed that substitution etfects dominate income clfects, ther the Jderivatives are

dy ag
T‘é‘ >0 — 0
dW OW
m U
EhS! M
— e ) e (15)
JW ALY
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oC ol
—_— L0 >0
. aW W
ni .

The distinction between the approach developed here and the usual career choice theory is now apparent.
In the life cycle approach an increase in military wages icreases desired time spent in the military vis-a-vis
civilian employment. Additionally, an increase in the military wage increases the proportion of ull
indivicuals who have non-zero desired military time and therefore are possible enlistees. Finally. an increase
in the military wage increases the probability that an individual with a positive level of desired military time
will enlist for any given minimum enlistment period.

In contrast, the usual way of viewing enlistiment is as a career choice. In this approach the present
value of military wages is compared to the present value of civilian wages. Once the military present value
relative to the civilian present valuce exceeds some critical number, the individual enlists; i.e., chooses a
military career. The career choice approach does not explain why the mean length of stay in the military is
+ small portion of the expected working life and accordingly the approach is in need ot amending.

1L A M()',)l-’lL OF THEF AIR FORCE ENLISTED PERSONNEL
ACCESSHON AND RETENTION MARKETS

The Air Yoree inventory of personnel s determined through demand and supply forces in two
inter-connected markets - the accesston market and the retention market. The overall demand for
personnel is detennined by force level requirements. Thisis a stock demand; i.c., the demand that a certain
personnel inventory be maintained. Losses from the inventory occur randomly but at a mean rate which
depends on the decisions made by individuals completing terms of enlistments. These individuals may retire
(if they qualify). extend, reenlist or opt out of military service and their decisions to do so deternine the
supply of experienced personnel. It will be convenient to call the market where this supply is relevant
the continuation or retention market. The Jdemand for continuations is treated as primarily dependent on
the force level requirement and the desired experience mix of the Air Force enlisted personnel. A high force
level requirement or a demand for high levels of experience would result in high continuation demand.

The other market — the accession market - is linked to the continuation market through the demand
side. New accessions are demanded to replace losses from the personnel inventory. Since these losses are
random. the demand tor replacement will also be randonm. In clemental terms think of the system as
one-for-one random inventory model. Each time a loss occurs a demand for a new accession is created, thus
losses from the inventory are replenished ona one-for-one basis and the demand for accessions is related o
the supply of continuations. The supply of accesssions is treated in a fairly conventional manner here and
depends on relative military and civilian earnings prospects. The only departure from the standard accession
supply analysis is to let the accession rate be a random variable and to allow some proportion of willing
enlistees to be discouraged, and hence witharaw. if the wait to be inducted is too long.

The definition of an equilibriun in the model differs somewhat from the usual one which says that
the quantities demanded and supplied are cqual at the equilibriunm wage. In the present context this need
not be the case. A steady state cquilibrium eXists i’ the personnel inventory stabilizes or has an expected
value greater than zero and less than infinity. That is. the force level, while it is a random varisble, must
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have an average and can not fall to zero or become intinite through time. I the torce fevel shows no
systematic tendency to shrink or grow without limit and fluctuates around some average level, then the
system is in equilibrium. There is no need for the quantity demanded to equal the quantity supplied in the
accession or retention markets to attain equilibrium. In fact, it will be argued that their equality implies
that the Air Force, in that situation. cannot invoke any quality standards such as AFQT score minimums,
Under the appropriate definition of cquilibrium there may be an excess of applicants in one or both
markets, with quality rationing making the quantity taken in cither market equal to the quantity demanded
so long as there is an excess supply. Provided only thata steady state exists, the markets are in equilibriun.

There are a variety of equilibria which are determined by the wage structure. A high turnover-iow
mean experience regime would be achievable through a system of wages that did not provide a large
premium for experience. Alternatively, the same mean inventory could be achieved with low turnover and a
high proportion of experienced personnel by paying a greater premium in the retention warket. The
optimal experience mix would depend upon the productivity of experience and its costs.

There are two essential components of the Air Force manpower market, the rate of arrivals ot
potential enlistees and the rate of withdrawal of existing Air Force manpower. For any given Air Fuoree
manpower level the number of arrivals who enlist in the Air Force must exactly equal the number of
withdrawals from the existing force. The Air Force controls to some degree both of these groups since it
can, by altering its minimum standards for both enlistees and re-enlistees, affect the numbers ot searchers
who stay with the Air Force and the number of existing Air Force personnel who leave.

"
The Supply Process

Consider a world in which individuals interested in the possibility ot an Air Foree career search U Air
Force recruiting stations. Let the time that clupses between the arrival of successive scarchers be
exponentially distributed;i.c..

(voa e W (16)

with expected value equal to (1/a). Thus, the probability that the time between arrivals T is greater than tis

T =ty = e O (17)

which is a declining tunction ot . From the assumption that the time hetween arrivals is exponentially
distributed it follows that the number of arrivals in any time interval of length t will be distributed Poisson
so that, -

(at)"

nev e (18)

with expected value cqual to at. Essentially. it is being assumed that the arrivals come from a
time-independent stochastic process with an expected number of arrivals per period of e so that in't periods
one expects at arrivals, or in an interval ot unit length the expected number of arrivals is a. In the queucing
literature a is referred to as the arrival rate.

Let « be a function of the Air Force wage, the civilian wage, the probability of acceptance in the
civilian market and the quality requirement of the Air Force; e.g.. the munimum AFQT and schoohng
stanndards. Thus, we write a as

+ . .
a = « (WA‘ W(-_ Pe Q) (1)
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where the signs above the arguinents of (19) represent the assumed signs of the Jeavatives of (19) with
respect to that zug,\.uncnt.|4 The probability ot a searcher’s acceptance by the Aur Force depends on the
standards set by the Air Force anw the rate ot which the Air Foree inducts candidates.

On the demand side the Air Force has an allowable toree level mandated by Congress with the advice
of the Air Force. While this allowable force level s not necessarily that level most desired by the Air Force.
it is true that the Air Force does influence Congress in its choices of the foree level. Given the allowable
force level, the rate at which the Air Foree can imduct enlistees depends on the rate of quits and fires. Since
the Air Force can influence both quits and fires. it follows that the cquilibrium in the retention market and
the accession market are simultancously determined.

The rate at which Air Force personnel feave the Air Foree can be modeled by considering each
position in the torce to be akin to @ server in service process. In this manner the Air Force consists of
servers where Fis the allowable force level. Let the expected stay in the Air Force be (1/u) and assume that
cach fire or quit (where quits include all reasons for leaving the Air Force other than fires) is independent
and that the time that any individual sprods in the Air Foree (S = service time) is exponentially distributed
so that

S v oua M (20)

Now assume that the allowsble toree is of size Foand consists of I independently distributed
individuals whose service time is distributed exponentially as in (20). In this case. the number of quits and
fires (i) during any nterval of length ¢ will be Jdistributed Poisson.

SN
(Fut)"!
T e ut 3
i TR (2t)
The expected number ot departures trom the Air Force during an interval of unit length is from (21) equal
to b In the queueng literature Fuois reterred to as the service rate.

The rate at which a given position in the Air Force turns over during a unit interval is equal to g The
inverse of this rate. as pointed out ahoveo s the expected time of service belore departure from the Air
toree. Far example, it the umit interval s 4 month then g ts a number smaller than unity and accordingly
(1/0) is wreater than one. In tact evidence suppests that for 1976 g was approximately 0.209 implying that
the mean service time wis 4. 78 years.

The rate at which positions tumn over in the Air Force is a function of civilian versus military
apportunities. Accordingly. this rate will be a function of the civilian wage and the probability of finding
civilian employment on the one hand and the military wage and quality requirements on the other. In
particular. increases in the aivilian wage andfor the probability of finding civilian employment will increase
the turnover rate and increases n the military wage and/or decreases in the Air Force quality requirements
will decrease the tumover rate. Thus, ¢ean he written

+ o+ o+
H u(WA.W(-AP(-.Q) (22

where the signs above the arguments ol (22y indicate the sign of the derivative of (22) with respect to that
d'gumcnt.‘ i

141 hus, the expectad rate ot whnch potential enlistoes areve i treated as being determined by those factors which in
Section 1T were determined relevant for the enlistiment dedision.

15-rhus, the expected stay in the A boree is o tunction of those vanables which were developed in the theory of
the military/civilian choice problem discussed in Section 11 above,

O
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The Air Force Market

Given that arrivals o and departures from the Air Foro are random there will be tites that, for any
given level of manpower quality (Armed Forces Qualitication Test/AFQT score or other qualitications). the
Air Force will not be able to accept all arrivals and other times that arp-als will not be sufficient to
maintain the force level. In effect, a queae of potential inductees will develop at some times and at others a
queue of Air Foree vacant positions will occur.

The willingness of arrivals to tolerate queucs will differ but on the average there will be a positive
probability that an individual will balk, i.c., refuse to wait in a queue of a given size. This probability will
depend on the expected length of the wait in the quecue, the civilian wage, the military wage, and the
probability of obtaining civilian emmployment. The expected wait in the queue depends on the length ol the
queue and the rate at which Air Farce positions become available: i.e. the service rate. The expected wait -
(W) g,iven that there are nin *iic queue is

1 .
twiny = *L (23)

Let wo be the length of time prospective recrutts are willing to wait in the aueue, than w cn be written

+
= / LI L )

wt L‘)(\V “\.-\ ( . ] ( N Q) (-4)
so that the higher the Air Force wage the longer prospective recruits will wait and the higher the civilian
wage or the probability of obtaining civiliun employment the fess time prospective recruits are willing to
wait in the queue, An increase in the Air Foree quality requirements attects the time prospective recruits
will wait in the queue becsuse it restricts the queuy members to those with better civilian opportunitics
t

thereby increasing the alternat.ve cost of waiting.!

Given (23) and (24) the maximum queue length B can be written as
B = whu=BW, W P Q1) (25)

The derivatives of (25) depend, except tor the foree level. on the difference between the elasticity ot the

waiting time  1d service time functions. In particular

Wy Wa Caw fawy) o
JB wul
—”—\;C : ;(— Cuwe oW (27)
a8 ol
:T( ) P (Cupe. ™ Core (28)
o wul
;{_). = T (CHQ o) -
V6-Phe cost of waitime i the carnings lost because permanent cinployrent opportunitics must be foreyone. Henee.

the higher the AFQT o eament the greater the cost and accordingly the shorter the tolerable wutt.
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0B
— = wp U {30)
ob
| —
From (22) and (24) it follows that €ui and € uj are opposite insign tor All 1. Essentially the direction of the
offect of a parameter change (say an increase in the Air Furce wage) on the balking queue length depeads
on how much the increase in Air Iarce wage increases the time potential enlistec. are willing to spend in
the queue versus how much this same change reduces the speed at which the queue moves,

The solution tor the expected force level and the expected queue length can pe derived using the fact
that a Markovian birth-death process has been assumed.'” Given that « is the rate at which prospective
enlistees arrive at the Air Foree and that the mean length of stay in the Air Foree is (1/u) the probability
that the Air Foree has exactly n enlisted personnel is

}BI'HK n

l)n - n!ozK n_l)l\'

F>an=20 (3D

where K is the maximun system size: i.¢., the sum of the allowable force Foplus the maximum queue length
B. In addition, the probability that the Air Force is at maximum allowable strength and that a queuc of
potential enlistees exists: i.c.. the probability that the total system size (queuc plus Air Force personnel) is
exactly nis .
Ffu K-n
"“) W K>n=1 32)
o« PR (
Note that the probabilities in (31) and (32) all depend on the probability that the system is full. In
fact pg must be positive for a svstem steady state to cxist. That is, there must exist a positive probability
that the Air Force would be at full strength and that the queue of potential enlistecs is at the balking quecue
length. The above dependence on pg could be translated into a dependcnce on any arbitrary system size so
that pg would then represent the largest system size having a positive probability.®

Since the set { piri=0,...K } represents a probability distribution. ¥ p; = 1. Thus from (31) and

(32} it follows that the probability tha the system is full is i=0
PR T 3Y [‘"E=0 ¥ (p/a) + Hl' (Fu/a) {33)
n=t

From (33) it can be seen that pg isa function of the allowable force level. the arrival rate. the mean service
time and the balking queuc. Thus, from (19), (22) and (23) it follows that pg can be written as

PR = POW 5. W Pe. Q. F) (34)

where the expected signs of the derivatives of (34) have been written above the appropri. ament.

Fram the carlier discussion of balking it is apparent that the probability that the system is full is
exactly the probability that the next potential recruit arriving will balk. That is, py represents the

17 o . . .
A Markovian birth-death process is one i which at most one entry (birth) or departure {death) occurs at any

point in time. In addition, sttecessive births and deaths are independent.

18, . . B . . . .
1f balkine Jdoes not oceur then there s no finite maxitnam size 1o the system, In this case the normalizing
piobability i usually the probabitity of the sastem heing cmpty,
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proportion of the time that the system wilt be full so that it potential enlistees arrive at random intervals
the probability that any arrival will balk will be equal to the proportion of time that the system is tull:i.c.,
PK. An increase in the Air Force wage affects the full systeri probability in several ways. First, increased
Air Force wages increase the expected length of stay in the Air Force and thereby reduce . Second,
increased Air Force wages increase the desirability ol the Air Foree and thereby increase arrivals, «. Third,
if the Air Force is more desirable the arriving potential enlistees are willing to wait longer, but as has been
shown the effect of this increase in the maximum wait on the balking queue is indeterminant because of the
reduction in u.

If it is assumed that the effect of changes in the Air Force wage, the civilian wage, the probability of
civilian employment and quality on the balking queue are small because of their offsetting cffects on
willingness to wait (w) and speed of the queue (u). then the derivatives of (34) can be solved for
unambigously. In this case the derivatives are

t)pK Ma  (p
k- >0 (35)
W T
“pk Ko oc
= — - —)<0 (36)
(]\V(‘ M «
aPl-; i I
- e ) U (37)
()P(- H &
ap}\ Ho o«
— = O— —) <0 3R
20 ( I o ) (38)
where
2 . B. b _l (K n K -n K . K--n
@ = p_ fcTED I 0 (ufo) + Y (k -n)y(Fu/a) ]
k n=0 n=k
The brucketed term in O is exactly equal o l"K——“Sh)l where S is the expected system size which is
necessarily iess than the maximum system size K. iefore, © is less than zero. But from (19) and (22) it

follows that the difference in (35) through (38} is negative for the military wage and positive for all the
other parame s1s. Since © is negative. the signs of (3%) through (38) are as indicated.

The effi-ct - changes in the allowable force size on the probability of the system being full is the
result of two effects. First. an increase in the allowable force increases the service rate. Accordingly, the
system will be ull less often since it can work off queues more rapidly. Second, the increase in the service
rate results in an increase in the queue length that will be tolerated. Because of the nature of the function
describing pi . the actual derivative of py with respect to E.will not be evaluated. The derivative itsetf is

IR B e ® (Fufo)

= .. + In(tu/ay| py - ufay . . 30

=7 i M PK PK - (39)

{[l‘(['+ D+ Flin(p/ao)] = — (/) +I—' Y o m)iFu/a) + In(Fula) £ (Fula) }
n=g " ‘n=F n=F




where I"(F + 1 }is the derivative of the Gamma function. The sign of {39) cannot be evaluated analyticully
but it is reasonable to assume that (39) 1s negative.'”

The expected foree level cen be derived using (3D and (32)and is

_ 1B, o K n ) K
IRE | Ehad SR SR —‘(,u/u') + 15X (/o) | P (10)
n=0 " n=b
which can be written as o
. ST b i K n K-_ I _ K n
R PSS P Rt SR VI + X (Fufa) PR } (41)
n=0 n: n=l ' '

Now by adding and subtracting py.. the term inside the braces ot {413 becomes
Fos jlaf/akt pIT , (47)

,

Thus. the expected Toree. level s proportional o the allowable force level with the factor of
proportionality depending on the arrival srate of recruits, the turnover rates i.c.. the service rate, and the
probability that the systentis full: i.c.. the balking prabability.

The derivatives ol the expected toree level are

o b P‘,_\) >0 {(43)
— = (___ = ) K
Gw. e T
A
or ac Mo ,
—— = y— ) <0 (44)
()\V(- Q M
ol ap  Hp
P T AV <0 (45)
f)l Cl() ]J() -
= e - =) <0 (43)
a) « i
of a) .
B (47)
ot al
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where ¢ = (u/e) (1~ pr) - p}z (K - Sy} The bracketed term in ¢ consists of terms that are opposite in
sign; however, the values of pg and § are not independent. In fact, the larger is pg, the greater S. That is,
the greater the probability that the system is full. the less the difference between the maximum system size
and the expected system size. Assume that ¢ is positive since stability of the decision process uscd later
requires this assumption.?® With this assumption the expected force level is positively retated to the Air
Foree wage and the allowable foree level and nepatively related to the civilian wage, the probability of
obtaining civilian cmployment and the quality required by the Air Force.

19 e evaluation of (39) requires numerical anatysis. This analysis was performed for a limited range of the values

a

ot B, 1, poand o and contirnaod the neslive sign of (393 A complote evaluation. however, has not been performed.

Q 200 umerical analysis on a limited ranee of B, L. u, ond o confirms the assumption that @ 1s positive. A compleie

E [C\nulysis has not been performed.
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The expected number in the queve is from (32)

B I
L =pg T (B - nXFpla) (48)
n=0

where Lis the number in the queue. After some algebraic manipulation (48) can be written as

B+1
L= P faemin - (Rl - [ - a1 (49)
(1= (Fale]® |

so long as (Fu/a) # 1. The expected queue length is always positive since for (Fu/a) > 1, the term in
braces is a monoione increasing function of (Fufa) with a minimum of 0 at (Fu/a) =1, and for (Fufa) <1
the term in b.aces is montone decreasing with a minin~um of 0 at (Fu/a) = 1. The derivatives of L are as

follows

oL = \l’(aA Fa >0 " (50)
WAJ'T”T) ~
?—l:“' = lf('a(‘ f_‘g)<0 : (51)
OWC « - M )
oL . ("‘P “P) <0 52)°
e A f——— . — v
BI’C a M (
oL aq Ho
=W (— - —) <O (53)
aQ o U
aL P,
- K 9%} B+i L 9%
L= [(B+1). ¥ +B(1 -8)(1+6 Ind) —8(148)] +— —= <0 (54)
al (’l"’ls ).l I;' PK aF
‘ N B+1 B ' _ - -
where 6 = [Fufa] and W = —— (16 y —(B+1) (1-&)] - ———— {6L[1+(K—S)] + D(K—S)t»

The evaluation of expected length of queue derivatives requires the sign of . For 6>1, the normal
case, the first term on the right-hand side of WV is negative and small while the second term is positive.* !
Given W positive the derivative of the expected queue with respect to the Air Force wage is positive and
with respect to the civilian wage. the probability of finding ~ivilian employment and Air Force quality
requirements is negative. The derivative of the expected queud  .ith respect to the allowable force is the
sum of two effects both of which are the saime sign. Thus, an increase in allowable force level reduces the

expected queue.

.
2Vp6r 8 < 1, (1 - 8) > 0 and the fust term in ¥ beeomes positive and the second term negative. Numerical analy sis
on a hmited range of values of B, Py, and o shows @ to be positive. S )
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Equilibrium in the Air Force Mnnp'owcr Market

It follows from the foregoing analysis that of the three variables (Air Force wage, expected force level
and expected quality), the Air Force can only control two. For a given jevel of the Air Force wage, the
civilian wage and the probability of finding civilian employment the Air Force can choose either the
axpected force or the expected quality of the force. The Air Force. however, cannot select both of these
variables.

As can be scen from the expression for the expected force level (42) a choice of a given quality
standard determines both the arrival rate of potential enlistees and the mean length of stay in the Alr Force.
The mean length of stay determines the service rate which in turn determines the balking queue. Thus, the
choice of a quality standard deter ines the balking probability and therefore the expected force level. On
the other hand the Air Force can choose a desired expected foree level. This desired force level can only be
achieved by accepting the quality of personne! that is consistent with the force level chosen.

Under these circumstances it must be assumed that the trade off between quality and force level is
made in a rational manner if its impact on the Air Force manpower market is to be understood. It seems
ceasonable to assume that the Air Force seeks to maximize its cffectiveness. For this purpose assume the
Air Force maximizes the following cffcct{vincss function

++ o+
E = E[f, Q, (1/w) (55)

-~

where E is effectiveness, f, Q and g as previously defined.

Assume that the function E is increasing and strictly concave in its arguments. The avcrage length of
stay in the Air Force affects Air Force effectivencss hecause it is positively related to the experience level of
the force. Both the force level and the mean quality are also pusitively related to effectivencss. In addition,
assume that while cach argument has a positive influence on Air Porce effectiveness the magnitude of this
effect is diminishing. :

As the problem is set up, the Air Force maximizes (533 by choosing . Q and g subject to the force
leve! function (42) and the function for g {22). Substituting (2.1) and (42) into (55) yields

E = E[f(W,. We, P Q)0 HOW 4 W Pe Q) (56)
+ - .+
where f(W,. We, Pe. 0. F)is the general expression for the force fevel equation (42). The sign notation
over the arguments of the force level equation are taken from (43) through (47). The first-order condition
for a maximum of (56) is

ey = U — uQ — Ed SN
Q" T(ywed rQ
Condition (57) requires that the Air Force wrade off for ze level and quality so that the marginal gain
in effectiveness from an increase in quality (EQ) exactly equals the marginal. loss in effectiveness due to the
reduction in mean length of stay and the force.level. The problem can be illustrated via Figure 10.

The convex curves in the figure represent iso-effectiveness contours.2? Along each of the curves the
quality of personnel and the total force level are varied for fi od length of stay in the Air Force, so as to
keep effectiveness constant. The further away any contour is from the origin, the greater the effectiveness.

22-rpe concavity of the dgo-effectiveness contours folfows trom the assumption of strict concavity of the effective-
ness functions

.
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The concave curve represents the force level equation for fixed length of stay in the Air Foree. The point A
in the figure represents the greatest attainable effectiveness given the foree level equation.

f
Figurc 10, Equilibrium in the force le-velquality plane.

The shape of the force level function (Figure 10) follows from the fact that there is a quality level
such that potential enlistees will vanish and that even if the Air Force would take all comers, the force level
will be finite. In fact. in the latter case F > fand presumably once F = f further reductions in the quality do
not increase the force level. -

Increases in the allowabte force has two eftects. First, it shifts outward the line ff to f'f’. Second, it
increases the maximum force from F to F'. This change results in a move to equilibrium point A’ and
increases the optimal force level and quality to T and Q', respectively.

This same device can be utilized to understand the impact of an increase in civilian opportunitics. In
Figure 11 the basic curves in Figure 10 have been reproduced. An increase in civilian opportunities shifts
the ff curve toward the origin. That is. for any given quality of personnel the Air Force will have to settle
for a smaller force. Or, alternatively. for any given force the Air Force will have to settle for lower quality.
In fact, as shown in the figure. the new equilibrivm is at a lower level for both the force level and quality,
i and Q" respectively,

! q. :
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Figure 11, Civilian opportunities and the force level.
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Up to thus time the discussion has been at a fevel ol abstraction that has fittle value to the Air Foree.
However, il it is assumed that the A Foree weaction to the changes in civitan opportunities is to maintain
quality standards Tor re-entistments, then the result will be increased turmover 1 the Air Force also desires
to maintain the toree level, then quality levels ol incoming personnel must be reduced. This set of
circumstances would lead to increased enlistiments coinciding with increascd civilinn wages. However, fora
piven quality, enltstinents would have falten.

In Sectiom 1V, the implications of the madel for At Force procurcient e presented in considerably
more detail than the simple example given here.

IV, THE CONNECTION BETWEEN THE THEORY
AND THE AIR FORCE MANPOWER EXPERIENCE

A latge number of studies have estimated the elasticity ot supply of enlistees to the varions military
cervices. All of this work has strived to get results which indicate that the effect of increasing military wages
is 1o increase enlistments. Unfortunately, the previous studies did not deal with the joint determination of
the demand for and supply of enlistees. and as a result, failed to identity the supply equation. Essentially.
all the studies cited have purported to be estimating supply schedules although no theoretical justification
for this assumption was preseuted. In fact, onee the retention and enlistment markets are considered
simultancously it is seen that what investigators have previously estimated are reduced form solutions.
Thus, the clasticity estimates repotted are not supply clasticities at all.

To see the connection between the model presented above and the identification problem consider
the following graphical representation of the model. First, Figure 12 depicts the relation between expected
force tevel and the Air Force wage (schedule ffin the figure), given civilian wages and quality of personnel.
As can be seen from the figure the expected forve level approaches the allowable force us the Air Forcee
wage rises. This simply reflects the positive derivative of the expected foree Tevel with respect to the Air
Foree wage as reported in (43)

et ——— i M m— = 1ot et = wrm——

———

[ ]

Fignre 12, Expected force level and the Air Force wage.

For each point on 11 there is associated an arrival rate of enlistees and an expected service time for
existing personnel. Figure 13 shows these two schedules as they retate to the Air Foree wage tor fixed

~

civilian wages. quality of personnel and allowabie furce level. s
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Figure 13, Equilibrium in the accession market,

The curve Fuliu relates the replacement demand for new enlistees to the allowable toree level I and
the mean tumover rate 2. For a given ¥, maintained with certainty, Fu is the average rate at which new
enlistees would be needed to replace those enlisted personnel who leave the Air Force at the mean rate g, A
higher wage reduces turnover and reduces replacement demand. Thus, the Air Force replacement demand,
or demand for new accessions, is derived from the supply of man years from the existing stock of
personnel. Put another way, demand in the accession market is the complement of supply in the retention
market. Recalling Figure 12, ' cannot cqual F but approaches it only in the limit as wages approach
infinity. Thus. there is an cffective accession demand curve fufi, which lies below FuFu, reflecting the
property that £ < F over the relevant range of Air Force wages. Recalling equation (1)

= (a/Fu)l - pF (58)

it can be seen that

= plt -y =0 < (59)
-

where p = afFu is the rate of arrivals relative to the service rate.

Now to construct the supply curves, assume that gross arrivals, &, exceed the service capability, Fu
this is tantamount to saying that the flow of all applicants, regardless of quality, exceeds the rate at which
applicants can be accepted. In this case, p = a/Fu > 1. Let gross applicants be shown by the cax curve. As
this curve indicates, the higher the Air Force wage, the greater the rate of applicant arrivals. The net flow of
applicants to the Air Force is the gross flow less those applicants who balk because the wait to hegin service
is too long. This net tlow o' is '

o = (! Mo (60)

where pis the priobability the Air Foree has no current vacancies and the queue ol applicints awaiting
. . . . . . ] . -, I -
induction is at the halking value. The net artival cuise is drawn as o'’ in Figure 13 The o’a’ lies
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everywhere above and to the lett of the aa cive, retlectine the fact that at any yven wage net artivals aie
. Y

less than gross arrivals.®

At the equilibrinm wage w* the o' and tuf curves mtersect. T retleats the steady state praperty
that the mean throughput and arival rates must be equal. This conditson is readily derived from equation

- . N . . - ! .
(58) by cancelling F, multiplying by geand usig the fact that « af T pRto obtain
'

O bt (H1)

This equation states that the mean aceession tate cquals the mean foree fevel times the tmean serviee
sate or turnover rate per position. T the steady state itas also true that

1t (6

as can be readily deduced from (38). This result s simply Little’s law and it indicates that the mean length
of stay in the service equals the mean foree level divided by the acceession rate.

At the equilibrium wage w* the cquilibrium acoession rate o * eqquals P¥u*, hut a exceeds Fu. Figure
13 is constructed to show this particular equilibrinm which seems ty pical for the Air Force. An cquilibrium
does exist it @ is less than or equal to Freand has all the central properties of the equilibrium chosen here
for purposes of illustration. The important point exhibited by the figure is that the process is in equilibrium
when the accession market is in equilibriumeie., a' = Fu.oand at this equilibrinm gross arrivals need not
equal the gross induction capability: i.e.. o # Fuora = Fare possible. Thus, it is hot possible to conclude
that the system is in or out of equilibriuni by direct observation of applicants relative to gross induction
demand or recruiting guotas g,

Some Comparative Static Implications of the Empirical Model

At this point it will prove uscful to investigate the impact of changes in the vanous purameters which
underlic the model and gain further understanding of the behaviorsl elements in the system and their
relation to the cquilibrinm of the process. Here the discussion considers the impact of changes in the level
of the Air Force wage. the level of wages in the competing civilian market. the authorized foree Tevel  and a
measure of the employment opportunities in the civilian market.

I Fffeets of Change in the Air force Wage. Consider an increase in the Air Foree wage from w, to
w, as depicted in Panels a and b of of Figure 14. The mean foree level rises in Panel a and approaches the
authorized foree level I, In Panel b the higher wage elicits a larger supply of applicants from o to ;. It
the turnover rate u were to stay constant, then the net supply of accessions a’ would rise also along the « N

1} . .y - . .
a, curve, However. a higher military wage reduces . As a result of larger gross arrivals and smaller turnover
«

rate. the mean force fevel mncreases and p = 7. rises. thus leading the system to be tull more often which
b t

materializes as an increase in py. Thus ajuy shifts back as the gross supply o is processed into service less
rapidly because of the fall in the turnover rate. Eventually, the o ) curve shifts back to the ay az curve

which is the mew equilibrinm accession curve consistent with the smaller turnover rate induced by the

higher wage.

At the new equilbrium the following are truet f3 >0 My <y Mo < o, . oy <ay.ay e, b,
< Fuy. p2 > oyl Py, o PR, The remarkable implication of the analysis is that the new steady state
induction rate ay is less th o the old rate o Thus. an increase in the Air Foree wage. while increasing the
gross supply of applicants, actually reduces the accession rate because it increases personinel retention, thus

. - . . . 3
lowering th + at which aceessions must oceur in order to replace losses.?

23 . - . . . :
I he large distance berween the o'’ and ao curses in the figare o po way reflects an actual situation. These curves
were drawn in this manner for pedagogical purposes only
23 . . . .
Al F these condnstons are tor e steady stateo e Cwhen the Vi b orce reaches o new equdiboium, in additien,
i the An Foree chonses to chanee the quahiny of recruits thye above nnpacts may be ottsel
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Figure 14. The effect of changes in the Air Force wage.
I is instructive to consider a narrower modet of the accession/retention. manpower flow market.
Suppose that the Air Force always meets its force level constraint exactly. To do this, the Air Force must
accept applicants from the highest AFQT group compatible with a flow of accessions just adequate to

maintain the force level. Such a situation is depicted in Pancl a of Figure 15 where the supply curves of four
AFQT groups are labetled as [, IE TIL and V. Al the force level 1, the number of personnel in the Air

pigure 15, Personnel quality and Air Force wages.




Foree in each mental proupas tead ofbas 1ty Ty and 1, In panel b e Faecmve shows tarmoven when
the torce level s always at Féwith the mean time m seiviee L. Nooo et aee be the total supply ol
potential accessions of all mental groups *° Fheno the guantity of aeeessions takhen by the Air Force s b
a,’ corresponding to the wage wy . Rejections equal the ditterence oy, ay oy g,

Consider now an increase 1 the A Foree wage Tromw, towy - The foree fevelb remns at I, but the
new steady state mental score composition ol the toree, as indicated in Pancl b, shows increased
proportions in the higher AFQT score categories (1 T and T relative to V). Naturally, it will take tune
for this new steady state to emerge.

In the ageession and retention narkets the ngher wagpe clicits an increase in the gross flow of
potential applicants, but a decrease in the accession rate because of the fower personnel turnover. Clearly,
with a, exceeding gy = ay by a substantial amount, the An Foree can select apphoanits trom higher AFQT
categories and this eventually changes the mental composition ot the toree ta that shawn in Panel .
wugmenting this process is an ability to intluence the quality of c-enlisting and extending personnel by
raising cligibility standards.

20 Mfteets of Change in the Civilian Wage. The analysis of this case will be facilitated by beginning
w o the simple certainty model wherein the Air Force maintains a fixed toree level, and then extending the
discussion to the more compheated stochastic model. In Panet a of Figure 16 the supplies of the tour
mental categories are shown at civilian wage ¢ When this wage nises to 5, holding all other parameters oi
the problem fixed, these supply curves shitt back from o), Gy 0y, Ggy o 10 Q. Gz Gy, (ay
Assuming the flows in the accession/retention market are adequate to sustain P, the foree level remains
unchanged, but the mental proupings are altered with higher proportions ot IV's and smaller proportions ol
U, s, and 1NT's.

In Panel b the flow supply of appiicants shifts back from ey to oz, In addition, retention is adversely
attected and u, nises to g shitting the Fay curve out to By, Inthe situation depicted the Air Force enjoys
a high applicant rate relative to thar replacement Jdenumd and the shitts in the a and Fa curves do not put
it out of equilibrivnm. At equilibrinm, with Air Foree wage wy the new accession e is ay = Fuy which is
higher than the old rate ay = Py The new applicant rate s less than the old applicant rate and the Air
Foree must 1eject a tower proportion of applicants it it is to maintain the foree level.
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Figure 16. Personnel quality and civilian wages: Certainty case.

25 e aa curve wn have two distinct interpretations. Dast, novan be interpreted as the arriviad rate of qualitied
personnel so that as quality Jemanded declines aa would shitt rirht. Sceond t can be interpreted as the arrival rate ot il
those who desire to enlist regardless of qualitications. Iras this Latter intespretation that is used in Bigure 15
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Fivure 18, Accession rates and civilian wages:
The stochastic case.

. Suppose, for example. that the conventional view was adopted so

the strengih of the avilian labor market
Under this

that an increase m the unemployment rate signified a decrease in civilian employment prospects.
conventional view accessions are on the supply curve and an increase in accessions should occur when
uncmploynient rises. n the present model this is not the case. First an increase in the unemployment rate
Accompanying this change 1s a shift outward in
n Figure 19. The new
n rate rises and the

increases retention thus shifting the Fuy curve back to bu,.
the accession supply curve from a; to a,. This is shown for the certainty model i
equilibrium accession rate is smaller than the obd rate, not larger The Air Force rejectio

Frenre 19, Accessions and the strength
of the civilian tabor market.

mental score composition will tend to rise as standards are raised. The movement of observed accessions o
to a, actually reveals a supply elasticity tor extensions and reenlistments rather than any supply behavior in
the accession market. It seems reasonable that in light of the better retention supply the Air Force might
declare a slightly larger traction ineligible for reenlistment thereby improving the AFQT distribution on
both ends of the experience distribution. This would be revealed as an increase in g so that the final shift in
p might go from gy to uy rather than to p». OF course, any skimming of the AFQT distribution at the

retention market reduces the shimoing that may be done in the aceession market.

y
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Further analyses of the impact ot the civilian labor market simply follow the lines indicated for the
e -t of the civilian wage. To generalize this wage may be thought of as an expected wage pWe, where pis

¢ o measure of the employment probability in the civilian market.?®
3. Effects o Change in the Required Force ievel. Consider the deterministic mode! and examine
the consequences of a decrcase in the mandated foree level. Figure 20 exhibits this change with by shifting
back to F, so that F,u shifts back to F, u, assuming turnover pis unaftected by the force level change. The
O

supply of applicants also shifts back. and if the Air Force is a pertect competitor in the labor murkct,—.)—l—_ =
: .t

. - . . . N 14
so that the change in a is proportional to the change in oAt the new steady state, accesstons Ga equtal

T IR

. - . 13
i and are less than he initial accession rate oy

. - 1IN R
ar. ' Pore? U

Figure 20, Accessions and the force level: The certainty case.

n the stochastic model the story is much the same and is told by Panels a and b of Figure 21. Again
the conclusion is that the net accession rate falis when the force level is reduced. This description is a
simplification in at least one important respect. It indicates how one steady state compares with another.
but ignores the path that may be taken to reach the new steady state. One notable aspect of the adjustment
process may be the Air Force's ability to fire personnel as a means of paring down the force leves. Thus.
rather than shut down accessions to zero and let normal turnover bring the foree level down to the desired
size, the target can be achieved more rapidly by firing some of the existing stock of personnel. by cutting
reenlistment bonuses and so on. Such a policy speeds the adjustment to equilibrium and prevents shutdown
of the training schools, recruiting offices and other parts of the accession pipeline, which would be required
if accessions were to be frozen at zero until the required lower force level is achieved. Moreover, it the Air
Force selectively fires to speed the movement to the new cquilibrium, it might be expected that the AFQT
distribution of the enlisted personnel in the Air Force would improve.

28411 the long run and short run employment opportunity in the civilian marke.s are relevant tor the enlistment
and desired length of stay decisions. The short run rate results in a cyclical cffect on retentions and arival rates, The net
effect of this cyclical effect depends on whether or not the Air Foree uses a oy clieal quality standard. At constunt quality,
as pointed out above, the level of accessions will be inversely related to uneniployment.

ERIC -
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Figure 21. Accessions and the force level: The stochastic case.

V. A PRELUDE TO THE EMPIRICAL WORK

Before developing the detailed empirical model, to be estimated, it may be advisable to establish the
empirical relevance of the approach taken here by examining its implications for earlier studies of military
manpower supply. Because the model discussed here links the retention and accession markets and
incorporates quality rationing (by AFQT category), it has significant implications for these earlier studies
that did not consider these aspects of the military manpower market.

Earlier studies have focused on either the accession market or the retention market, but have not
linked them together in a simultaneous system. In the accession studies, the focus has been on estimating
the supply function for new accessions which relates the accession rate to the military wage, the civilian
wage and other determinants of labor supply such as the unemployment rate. From the preceding section it
should be clear that there are serious doubts as to whether these studies have identified a supply function at
all owing to the fact that the accession rate is related to supply and demand. There are essentially three
issues that must be addressed in an examination of this work: (a) Is the supply function identified? {b)
What analytical treatment is accorded to quality? (c) How do the models stand up to the recent experience
with Air Force enlisted personnel? In this discussion, attention is confined to two studies, one using
time-series data and the other using cross-sectional data, since there are no substantive differences in the
models specified in the other studies of military manpower supply.

The Fisher Study

In a respected study, Fisher (1969) examined the refation:

E Wc A .
T = ap ta, ln(T\’I;:)+o:2 In(i U)+oay In(l r~';)+a4SP+ aSSU +a6AL (63)

where E = total Armed Forces enlistments in mental categories [. I, and IIl, P = male civilian population
age 17 through 20, Wc¢ = civihan wage. W)y = military wage, U = unemployment rate, males age 18 through
19. A = total accessions (enlistments plus drafts). and In indicates the logarithm of the variable. Seasonal
dummy variables for spring. summer and autumn were also included and are. respectively, SP =spring, SU =

oA
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summer and AU = Autumn. Fisher found a; < 0,0 <0, a, <0.ay <0 >0, &, < 0, with all but the
coefficient of (1 — U) significant (t-ratio 2 2). The clasticity of the enlistment rate ‘'with respect to military
earnings was estimated to be 0.46.%° .

The Fis. r model was estimated with Air Force data for the period July 1969 (6907) to June 1976

{7606) to sec if this later experience acoorded well with the model. The results of the estimation are

presented in Table 17 1 is clear that the model does not organize the later data. The coefficient a,; of

C .'-_ . . . . -~ . . . .
lnr, which was negative in Fisher's estiutates, is positive for the Jater period and highly significant.

m - . .
Unemployment does not intluence enlistments judging from the extremely low t-ratio of its coefficient.
This result agrees with Fisher's estimates in that the cocfficient of (1 1) was insigaificant in his
regressions as well.

1t is unreasonable to conctude that the supply of enlistments is niegatively related to the military wage
from 1969 on but positively related in the Fisher period (third quarter 1957 to third quarter 1965). Rather
there is clearly a serious specification error in the Fisher equation that leads it to imply positive enlistment
supply clasticities for one period and negative elasticities for another.

Tuhle 1. Estimates of Fisher Model with Air Force
Enlisted Personnel Data for the Period
6907 to 7506

G ‘Inww'l: in(1—U) sP suU - AU rR2
0003 0008 0002 ¢ 76
(3.36) (15.47) {0.28)

0003 0008 .00006 00001 00002 0 77
(2.60) (14.33) (0.07) (0.27) (0.42) (0.09)

The model devetoped here indicates that observed enlistiments may be on the supply curve or the
deman' curve depending upon the wage, foree jevel requiremients, and supply of applicants. The Fisher
cquation must be considered to be a reduced form equation rather than a supply equation and therefore is
not indicative of the supply response of enlistees to altemnative wages. This comment also applies to the
other supply studies reviewed: they have failed to identifv the supply curve and have instead estimated a
reduced form equation of a simultancous equations model.

The explanation for Fisher's results with the context of the mode! developed here would be as
follows: et w, . refernng to Figure (22). be the mtio of the mditary v to the civilian wage at the carly
part of the time period. At this wage and given the foree level requiie. -ent F the replacement demand of
the Armed Forces is Fu(w, ). where the tumover rate gis a funcrion of the wage ratio with a negative first
Jderivative. The ratio w drifted downward over the period according to Fisher. So let wa represent the later
wage ratio. At w, the supply of volunteer enlistments is «, and the number draftedis d = Fou(w,) —a;. In
Fisher's equation there is a positive relation between the proportion of accessions drafted and enlistments,
which he interprets as arising from dratt pressure. In order to get this relation it is necessary 1o assume that
the force level was reduced, say. tfrom F, to ¥,. This results in the positive relation between the wage and
supply, as shown by points on the supply curve. as well as a positive relation between the draft rate and
enlistiments as indicated by a comparison of (ay . d;) with (ay dz ) If there were draft-induced enlistments,
this would be shown as a rightward shift of a to u position between oy and &, such as shown by the ad

curves.” ©

29 Although issuc s taken with Fisher concermng the nreanmyp of his estimates the overall piece ot wWork wWas
outstinding in its understanding of the dita and he militity aceession problem.
30 . . -
% he o curves meet the a sehedule at the replacement demuand since at wages above this Tevel no drafting vecurs
o that dratt induced enlisuments vanish,

o 4
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Figwre 22, Fisher's “supply” estimate.

In the absence of draft-pressured enlistments, the Fisher equation would estimate the wage supply
elasticity, at least insofar as it would not be confounded by demand effects of the pe-iod analyzed. In the
later sample period. however, this is not the case as indicat=d by the estimates presented in Table 1. These
estimates show a negative relation betwezn the military/civilian wage ratio and enlistments. This result is
easily explained by the 1:duction in the force level and rise in the wage ratio which characterizes this later
period. As Figure 23 indicates, the eniistmen? rates are not points on the supply curve but are points on
shifiing demand curves instead.

Figure 23. Wage enlistment relation
in the post AVF period.

Grissmer et al

A more recent study of Air Force enlistments by Grissmer et al. (1974) is also plagued by
identification problems. Of the five regressions reported, two had a negative coefficient for the
military/civilian wage ratio. The model used is a variant of the Fisher model.

These regressions are estimated with cross-sectional rather than time-series data, but it is clear that
problems similar to those encountered in time-series also appear and muke it unclear whether the
A1
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enlistments observed are points on the demand or supply curves. The practice of restricting the
measurement of supply to the population which is qualified and available for military service (QMA) as
determined by AFQT scores further confounds demand and supply by placing a demand-related constraint
on supply. For example, restricting some of the regressions to mental categories [ and 11, give “supply”
regression coefficients which are negative. But when the regressions apply to all mental categories, the
coefficients are positive.

V1. THE EMPIRICAL RESULTS

Before proceeding to the empirical estimation the theoretical structure of the model must be related
to the data. This requires that it be recognized that any theory is a highly stylized view of the world. The
elements of the theory represent their rcal-world counterparts only imperfectly. With this in mind this
section will bring tr 2 various aspects of the theory to bear on the empirical relations expected in the data.

The actual number of accessions in any period dependion a number of factors, only one of which is
the rate of arrival of prospective enlistees. In fact. in the short run the number of accessions must cqual the
turnover plus the «hange in the actual force level. As pointed out above, the tumover rate in the steady
state is determined by the mcan desired length of stay in the Air Force. From the theoretical discussion this
desired length of stav is a function—among others —of the Air Force wage, the civilian wage and civilian
employment opportunities. Thus, the demand for and the supply of accessions are not independent.

The arrival rate of potential enlistees depends on the number of individuals who have desired Air
Force stays large enough to make the minimum enlistment superior to a working career with no Air Force
service. As shown above, the cesired years of militury service for any given permanent consumption stream
depends on military and civilian wages. This refation can be written as

: M M+C
PV = fe FW o (0dt+ [ e TIW (M, Odt (64)
0 M

where PV is present value. ris the interest rate. M and C are respectively years in the military and years as a
civilian, W, (t) is the military wage at time tand W.(M, ) is the civilian wage at time 3!

The effect of military training on civilian wages is accounted for by writing the civilian wage at time' t
as a function of the years of military service. Military service has a positive effect if

.‘ WL_( M, t)y> WC('O, 1) Vt e (M, M+() (65)
i
That is, if training has a positive etfect, then the civilian wage after military service will be higher than it
would have been after the same number of yecars of civilian life. Note that (65) is neither necessary nor
sufficient for a non-zero desired length of military service.”?

If it is assumed that the path of wages both in the military and civilian life grow exponentially at a
constant rate, then both wages can be written as

W) = W (0)eP! (66)

m

3lThe form of (64) shows clearly the distinetion between our appruach and the career choice approach. In the
career choice approach the relevant comparison wouid be

m

1
PV = Oof ¢ T ndt

PV .
v

L
Co 1t
& v
of W ()t
so that combinations ¢f military and civilian work oftort are iyrnored.

2T hat is preferences tor the military versus civilian lite also cnter the pictare,
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WM, ) = WM, M)ePC M (67)
FroEn (67) it follows that (&5) holds if
W (M, M) > W (0xOM (68)
Now letting WC( M. M) be proportional to WC(()) yields
WM. M) = i M)WC(O)C(‘)M (69)

where (M) > 0 is the factor of proportionality . Note that it military training has no civilian value, then

w(M) = e @M ung W (M, M) = W (O). Using (69) write (07) as
WM. 1) = yMW_(0)! (70)

Using (66) and (70) rewrite the present valie of total lifetime carnings as

M M+C
pv = fel® Dtw oper 5 @ Iy vmw (0 (71)
0 M

which is a function only of beginning military and civilian wages. From (71) the slope of the iso-present
value constraint (the constant permancent consumption locus) is

WA0)
c(('-) ) MHO)
E)M wlll(()) .
— = T <0 (72)

ac b M e (& My (O—r)C
o (M)el® M gy (O-NIME(O-NC_

Which is negative and a function of the relative wage. In fact, the greater the civilian wage is relative to the
military wage. the steeper is the iso-consumption locus since

oM
n (B —DM (B—1)(M+C)
aC _ y(Mde e .
WO W.(0)
W (O W, (C)
3

is definitely negative.’

Clearly then the likelihood that any individual will have a desired military stay sufficiently large to.
induce enlistment for a given minimum enlistment period is paositively related to the military beginning
wage and negatively related to the beginning civilian wage. Alternatively, this likelihood is positively related
to the ratio of beginning military to beginning civilian wages. Given the likelihood of entistment the arrival
rate of potential enlistees depernds on the number of individuals at the appropriate point in their work
carcers. The number of individuals in the 16 through 19 age group is usuaily taken to be the relevant group
for this case.

33 aqis clear from (72) this iso-present value constraint is not lincar in M and C. In fact, it is concave. This concavity
of the constraint in no way atfects our analysis so long as the constraint is less concave than the indifference curves.

A
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In addition to the relative beginning wages the probubility of being employed has been ignored in the
at ve analysis. In the long run however, a reduction in the probability of being employed will increase the
likelihood that an individual with a positive desired military service that is less than the n.inimum required
will nonetlieless find it optimal to enlist. Thus, some measure of the probability of being employed in the
civilian sector must be used in explaining short-run changes in the arrival rate. :

in addition to the impact of relative wages on the arrival rate the theory has shown the importance of
their impact on the desired years of military service. This latter clement is important because length of
service along with the allowable force determines the tumover rate and thus, the demand for enlistees. In
the Air Force market the actual number of enlistees is determined jointly by the arrival rate (supply) and
the force level maintenance requirement (demand). This latter element is composed of the mean length of
stay in the Air Force and the allowable force level. What is observed as enlistments will, when force level
maintenance requircments exceed arrivals, be a point on the supply curve and, when arrivals exceed force
level maintenance requirements, be on the demand curve,

The following paragraphs contain a brief description of the data used for the statistical analysis. The
data description accounts for the fact that individuals enter the decision making group rather unevenly
through the year resulting in a seasonal effect on the arrival rate. In addition, during some of the period of
the data the draft was still in effect. In this case the decision making process described earlier must be
modificd since even those with zero desired military service may find it optimal to enlist. In both of these
cases dummy variables were used to account for these effects. '

Description of Data

This se -ion presents a description of the variables employed in the analysis. It is of particular
importance to note certain institutional aspects of the Air Force personnel system which have generated the
available data. Initially, several alternative measuics of first-term enlistments are discussed. This is followed
by a delineation of the nature and sources of the data which appear as explanatory variables.

Much of the empirical work which follows is intended to explain observed variations in accesu s of
Air Force enlisted personnel. There are two important dates associated with each enlistment: “Total Active
Federal Military Service Date” (TAFMSD, or service date) and “paydate.” The latter refers to the date on
which the individual executes an enlistment contract, that is, the date on which longevity begins accruing
for pay purposes. TAFMSD is the date on which the enlistee actually commences active duty.
Supply-related factors such as seasonality in enlistments and demand-related constraints such as
end-strength requirements result in the fact that, for some individuals, paydate precedes TAFMSD. For
example, a high school senior might decide to enlist in January, but not to report for active duty until after
graduation in June. Or, to prevent the size of the enlisted force from exceeding Congressionally-mandated
manpower levels near the end of a particular fisca! year, some enlistces may be “carried over” to the
following year. In any case, these individuals are assigned to the inactive Reserve for the period during
which they are waiting to begin active service.

The above considerations give rise to three possible measures of the gross monthly flow of enlistees to
the Air Force: enlistments based on paydate, enlistments based on TAFMSD, and enlistments of individuals
for whom paydate and TAFMSD coincide.

On a priori grounds. one would expect: enlistments based on paydate exhibit a relatively larger
degree of fluctuation over time than the other two measures. Seasonal trends would be expected to be more
pronounced in the paydate enlistment series cince this represents the unadjusted monthly number of
“hires” by the Air Force.

If the Air Force attempts to “smooth” the flow of enlistees to the active force, this should be
reflected in the TAFMSD data. Enlistments based on service date give a measure of the number of
individuals who report to begin employment cach month.

. o~q
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Finally, the enlistment data on individuals for whom paydate and TAFMSD coincide can be
interpreted as representing “immediate enlistments.” These are enlistees who do not wait to begin
¢ ployment and this series would, in general, seem to tollow the basic hiring pattern of the Air Foree.

Figure 24 displays the three enlistment series for the entie time period covered by the present
analysis. The data were derived from a computer Gape made avaifable by tie Air Force Human Resources
Liboratory.

Data relating to the civilian labor force were obtained trom published and unpublished sources of the
Bureau of Labor Statistics (B£.S).'? 1t was assumed that the relevant group from which potential enlistees
are obtained is the total male, noninstitutionalized population, ages t6 to 19 years, inclusive. No attempt
has been made to adjust this group to obtain an estimate of the so-called “qualified military available™
(QMA). For this age-sex classitication, monthly observitions were gathered on the following variables: total
civilian labor force participants, total not in the lubor force, and total unemployed. In accordance with BLS
definitions, the total non-institutionalized population of 16 through 19-year-old males is the sum ot those
in the labor force and those not in the labor force. The unemployment rate is. then, the total unemployed
divided by the number in the labor torce. The employment rate appearing in some of the regressions is
calculated to be unity minus the unemployment rate.

In the initial regressions, civilian wages were taken to be the average weekly earnings of production or
nonsupervisory personnel on privite nonagricultural payrolls. These data were multiplied by 4 to obtain
monthly wage equivalents. However, no adjustments were made to take account of variations in the length
of the work week. In these same regressions, military wages are the monthly basic compensation of
individuals in paygrade E-1. Although enlisted personnel receive a viiety of other allowances both directly
and in Kind. most forms of compensation are-proportional to base pay so that using only the latter as a
measure of military wages affécts absohuite, rather than relative, levels of militay pay.

Over a period covered by this study, the enlisted force declined from a strength of almost 725,000 at
the end of FY 1969 to just over 480,000 hy the close of FY 1976. To take account of this reduction, a
force level variable appears in many of the regressions: it is measured by entering the end-of-fiscal-year
manpower ceilings established in the Congressional budgeting process. Over the same period, however, the
number of individuais in pavgrade -1 rose from 18,000 at the end of FY 1969 to a peak of just over
25,000 in FY 1973, then declined to about 20,000 at the end of FY 1976, This trend is reflected in

n wig
variable 1.

Finally, tour dummy variables have been introduced. Three are seasonal dummies: the spring dummy
(SPDUM) has the value of 1 for the months of March, April, and May: the summer dummy (SUDUM)
equals 1 for June, July, and August: and the autumn dummy (AUDUM) has the value | for September,
October. and November, To take account of the possibility that the operation of the Selective Service
System had an impact on Air Foree enlistments, a draft dummy (DFTDUM) was entered. The draft dummy
has a vaiue of 1 for January 1972 or carlier, and zero otherwise.?®

Table 2 summarizes the major points discussed in this section.

s, Depariment ot Labor, Bureau ol Labor Statstices. Emplovment and Earnings. Washington, D.C2 U,

Gov rnment Printing Office, various issues,
35 orce level inventories are depicted in Appcmh\ 1,

o "8 president Richard Nixon announced the end of the draft on January 27, 1973, The Air Forecis the only oncof /(7
EKC[»: four services which has never used the draft to procure enlisted personnel, so the DIFTDUM can be interpreted as

Aruitoxt provided by Eric

Tepresenting an exogenous inducement to enlist in the Air Foree rather than thc U.S. Army




10,000
9,000
8,000 1
Y
N
\
7000 ] \
)
5.0(” E \\
‘\
TN -
5 "‘ l‘; V‘-‘/' -
000 R /
v \ \ /l vy
5 0 _/ 5
4,000 - \ - e ,
\ /
\ e
v/
3,000 ~ \
2,000 o
11,000
| * L I Y i L n Y N n 4y 4 N 3y N . N N 1 N L n 4 1 " 3 L 1 M
7 B8 01011121 23456 7891011212 246 6789101112123 456
1969 1970 | 1971 N T 972

Figure 24. Gross enlistments.
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Jable 2. Summary of Variable Definitions and Sources

Variabls Name Description Source

ENLIST Gross enlistments based on ‘ USAFHRL
1. paydate
2 TAEMSD
3. paydate = TATMSD
(see specific regression for definition used)

ERATE Entistment rate. Gross enlistments divided by total population of USAFHRL and BLS
16 - 19-year-old, non-institutionalized males.

Li Unemployment rate. Total unemployed divided by total labor icree BLS
participants in relevant population group.

MP Emplovment rate. 1-U BLS

wt Civilian wages. Average weekly carnings  of  production o BLS
nonsupervisary personnel on private nonagricultural payrolls times
4.

w Military wages. Monthly buse pay 1ot prade b1 USAFHRIL

wk Wage ratio. W /W USAFHRL and BLS

POYP Total population of 10 19-y cur-old. noninstitutionalized males. BL.S

LEFPR Labor force participation rte. Toral labor force participants BLS

temploved plus unemplos o) divided by population in relevant
age-sex gwoup.

FORL Faree level Congressionally -mandated end strength ttowl enlisted USAFHKI
toree).
L1 Inventory of total individuals g grade -1 USAFHRL

SPDUM Sprng Dummy
1= March. April, My
0 = otherwise

SUDUM Summer Dunnmy.
1 = Junce. Julv . Auvrust
0 = otherwise

AUDUM Auturin Dunfay
| = September, Octoier, November
0 = othernwise

DETDUM  Draft Dummy
| = January 1973 or carlier
0 = otherwise
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A Model for Empirical Estimation
As a means of deriving an empirical model suitable for estimation consider the basic steady state
equation derived in Section IV.

o = p(l - pFu. (74)
Let m= 1 — pg and use the fact that f = prk to write (74) in two different forms
o = fu (75)
and
o = prbu (7195)

In order to estimate these equations the levels of f, p. m and g must be related to the exogenously
determined variables W, W, and F.

Begin with (75) and assume that

f= ¢ w wOF (77)

where the f; are the elasticities of the mean force level f witt -espect to the i-th exogeneous variable. In
Section L, it was shown that , > 0, {5 < 0 and f; > 0. Now, specify the turnover function in a similar
tashion, vi-

Hy  #

pE=OW W, (78)

where the elasticities of average tumover are gy << 0 and gz > 0. Then (75) may be writtep

SRR N .
o = HW W W W (79)
or taking logs
Ina' = ]n((,ﬁ(—))+(f] +ul)anm +(f2+,uz)lnwc+u21n[“ (80)

This equation relates the mean accession rate to the starting military and civilian wages and the force level
requirement. Note that (80) is a reduced form equation and information about the structural relationships.
say the supply equation, is given only indirectly. from estimates of (80). In fact the clasticity of accessions.
«', with respect to the military wage is £, + &y. This is the sum of a positive term, f, = the clasticity of nean
force level with respect to the military wage, and a negative term, p; = the elasticity of tumover or the
inverse of time in service with respect to the military wage. In a regression of enlistments against Wy, W
and F, the coefficients of Wy, do not indicate a supply elasticity. Rather, what is obtained in st+h a
regression, is f, + g, which is the sum of two opposite forces, one a tendency for higher military w 0
increase the mean force level because of a greater forthcoming supply of volunteers, another a tendenc . or
the demand for accessions to decline because higher wages increase retention of personnel .7

37 is quite possibie that a regression estimate ol (80) would yield a zero coetficient for anm even though both f;
and y are significantly non-zero.

Q £
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This important finding has profound implications tor the feasibility of an all volunteer armed force
because it indicates that both of the fundamental supply elasticities — to the accession and retention
market--have not yélt been correctly estimated and moreover, the enlistment supply elasticity has been
greatly underestimated.

Equation (80) is to be estimated in the next section. Betore doing so the unemployment rate must be
put in the equation. This variable has attracted a good deal of attention in the literature «n military
manpower, but its trcatment has been without adequate theoretical foundation. It is clear (from the
discussion in Section II) that the unemployment rate primarily influences short-term enlistments: The
reason for this is that fluctuations in the uncmployment rate arc commorn and the rate is expected to return
to some ncrmal level. Thus, the present values of careers in the civilian or military sectors are not strongly
affected by variations in uncmployment. What may be affected, however, is the fraction of job searchers
who are willing ¢o enter the military for a short period of time — individuals whose optimal career profile
would have otherwise included no time in the military.*® Further, a temporary high level of-unemployment
would induce those presently in the service to extend rather than leave at the planned time. As a
consequence, the effect of unemployment on accessions is a netting out of two offsetting changes. High
unemployment increascs the fraction of individuals joining the military, but by more for those planning
short stays. High unemployment also induces those presently in to extend, thus reducing accession demand.
The net affect on observed rates depends on the magnitude of these offsetting cffects.

g Let supply be a function of the wexpected” civilian wage (1 --U)W., where U is the unemployment
rai®; then it is readily shown that cquation (80) may be rewntten as

ll'la' = ]n(,‘)(-) + (t-l + {J])II]"V“‘ +(f2 + u:)ln\vc +(l‘4 + UB)ln(l — U) + f3lnF. (81)

In estimable form this equation becomes v

lnoz" = Liu t ﬁl InWmt + ,(3:111\\/L_t +ﬁ31n(| ~Uy+ ﬁ4lnFt +e, (82)

-

whcr’c € is a normally distributed random error term with zero mean, and t refers to the time of the
obsetvation (monthly in the sample used). A test oi the hypothesis that unemployment ehters the
enlistment/cxtension decision as though it werc the probability of securing the wage W, is whether or not
f, = B;. 1f they are not equal. then unemployment enters the supply/retention process in some other
fashion. Generally 8, should not equal By because difterent unemployment rates apply to enlistments and
continuations and these decisions involve difterent apge —experience groups.

One other equation to be estimated is another form of (80) which uses the ratio W /W This
¢quation may be written ‘ »
W
A

Ina’ = Ing® + (f +mplin(—— - (f + ur)ln(_l —U) + f31nF (83)
W,
- . :
Here f,. pp are the elasticities of f. and p with respect to the wage ratio. This equation contains no
information which differs fron (80). It is used because of the large number of studies that have used the
wage ratio. )

Estimatgs

Fstimates of (82) and (83) are obtmined using three different measures of the accession rate as
explained in Section VI These estimates are discussed in ordey beginning with accessions whose paydate
and service dates are equal, then moving to aces ~ions by paydate and then by service date.

381 he result of a4 temporuasily high 1ovel of upemployment is Lo make the constraint convex o the origin. As a
resilt. as shown in Scction 1 the optima aevel of military service increases so that arrivals ¢ potential enlistees will

increase.

W4 |
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Acoesmons Paydute = Service Date

An accession whose pay and service dates are equal is an individual whu commenced active duty on
the date he began accruing lc ngevity. Thisindividual may be regarded as one who neither elected to nor was
required to wait to begin seivice after executing his enlistment contract. In order for such an event to
occur, there must be a vacancy . the force when the individual apphes for enlistment. It follows then that
this individual did not wait in a q ieue of applicants, but was processed right into emptoyment upon his
“arrival’” or his execution of the contract. The proportion of individuals who are able to begin mployment
immediately is r-lated to .the proportion of the time the torce is below its guthorized tevel, This in tum is
related to p’ = f/F or the ratio of ** =~ mean to the authorized force level '

Thus whatever increases n. proportion of time the service is at full strengih, as measured by o'
should reduce accessions whose pav and service dates thatch. This hypothesis is bioadly confirmed by the
data in Appendix C as well as Figure 24. ' '

In Table 3 through 8, equations (82} and (M) arc estimated froin the sample already described
The sample of monthly observations spans the period from July 1969 to June 1976 (6907 to 7606). The
estimates are made over the entire sample with a dummy variable included for the period 6907 to 7301 to
represent the period of the draft (Tables 3 and 4). The estimates were also made separately on the 6907 to
7301 subsample (Tables S and 6) and on the all volunteer peried 7302 to 7606 (Tables 7 and 8). The
sample periods and form of the dependent variable are identified in each table. The SP, SU and AU dumimy
variables, as identified in Section VL. represent seasonal periods spring, summer and autumn. Two forms of

the dependent variable were used in the logarithmic cequations estimated. The log of the enlistment rate
R

LNERTE was used as the dependent variable in (82) and (83). The other form che on was the log ot R

where R is the enlistment rate. The latter form is referred to as the LOGIT model (suc Cooper. 1977 Theil,
1971).

The results for the entirc sample are mixed as might be cxpccicd for such a het.rogencous period.
The equations have rather high R? values. but the Durbin-Watson statistic (12--W)indicates the presence of
a good deal of serial correlation.

The DFT dummy is not significant and does not permit the periods to be differentiated by the
intercepts ot the reduced form equation. There is no persistent pattern to the seasonal dummies.

The coefficient of the wage ratio (WRY is negntive at high levels of significance with both forms of

‘Y
dcpendcnt variables. This coetficient is LW tom where cw > 0.and 7 <0. Thus the negative coefficient

suggests that a higher military/c vilian wabe ratio induces unprovcd retention. thus lowering the obacrved
accession rate. When each wagze enters the regression separately the respective coefficients are negative and
signiticant.?®

This pattern does not hold up over all subsamples, however. and it s difficult ta attach any
significance to this fi.ding. The pattern for the employment and foree level variables is also unstable |
this sampie.

The somewhat more homogeneous sample for the period 6907 10 7301, during which the dratt was in
effect yields more irteresting results. The D- W ostatistic indicates that, while some serial correlation
remains; it is less of a prollem. For this sample, the wage ratio coetficient 1s negative at very high ievels aof
significance. A clearer pxtem emerges for the wages entered separately: the nlitary wage h4s a negative

“The lL(.ml regressions contain two variables not discussed i the tiicoretical discussion above, These are the
number of personnet authorized in payerade B odenoted as FUin the repressions) and the labor forcee participation rare
(denoted as LEFPR). The first of these is used as o proxy tor the desired matunity of the torow The second is an afternative
to the employment rate. -

40-That is. both increases in civilian and increases in mditany wages reduce net enlistments, In g propeny spreitied
model if the wage ratio veere the reievant variable the coettivients of Vi and W should bave been cqual but opposis in
sign. However for reasons which will be clucidared below somne of the models estimat 4 are not properly specitied

Q
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Table 3. OLSQ Regression Estimate of Reduced Form Model: Accessions by Paydate = TAFMSD

"

£oetf|clants of Logs of Independent Varlables Dummy Variables

Py

Dwp. R m ¢ 2
Perlod it W W W EMP FORL £l LFPR SP SV AU DFT RW DW
Wgo,t" ‘
'-7606 INERTE -1 00y 01248 26207 005385 012781 004794 0.18076 0,786 0.704
(4 A90) 0.068) (208 (0411)  (0.856) (0333) (1.550)
LI 02307 153604 -0.44200 (008 011597 104530 007122 0797 0.170
4498 G0 2000 (<2050 M0 0190 (0310)  (0.38)
107964 1I0TY 043260 ~066548  (.04909 (33854 008013 003473 07198 0,750
(-4.637) (08 (=200 (-0436)  (0.387) (0671)  (0.583) (0.179)
A8 1 4l 009531 .13256  (.08742 0.01810 0812 0.732
i TR L1 1) I 0715 (1.0%0) (0615 (0.40D)
L0086 <tepdsh Ay 99 011071 -0.24054 011668 -~0.05808 0.85 0937
i (5308 - Shefr oAb 181 (1003) (=1.755) (-0960) (-0.363)
‘ BT LR TR IR R 104 00535 023987 ~041323 -008663 0857 0349
(-5.239- [T R LI B K 0961 (-1.684) (-0924) (-0.4%)
SRS -OB44SE 0100187 0.38730 01031 000042 0.813 0.720
R N B L0 (OM5) (0811 (0803) (-0.00)
149447 1076 G000 015262 010452 0.16128 -03%69 005613 020135 0.842 0870
406 Al SV LIS (004D (1.396) GO0 (0464 (-1.09)
-




Table 4. 0LSQ Regession Estimates of Reduced Form Model: Accessons by Paydate = TAFMSD

Cosfficlents of Logs of Independent Varlabies Dummy Varlables
Dep. R m ¢ ' 2
Period Var, W W W EMP FORL 3] LFPR oP SV AU DFT R DW
LOGIT -1.03561 01680 26017 005300 012787 0.04797  0.28090 0.786 0,704
(-4.491) (0068)  (LI28) (0412 (0.856)  (0.333) (1.552)
-].1 2882 023763 1SIBIL (144205 003090 0.11602 0,453 007129 0.797 077
(-4.899) (0,300 Q.00 (2051 (0400 (0.792)  (0.32))  (0.348)
-] 4484 D008 009069 0.08007 0.00305 061912 0756 0678
(-6834) -0075)  (0.664) (0.150) (002D (4387)
-1,08030 YIS A 066594 004912 0.33871 008015 0.03481 0798 0.75C
(-4.608) GAN (2000 (-043) (038D 061y (0383)  (017)
LO0BKS - 14.64060 499846 - 13.92560 011078 024005 -0.11671 005808 0857 0933
(5300 (-Se66)  (2886) (482D (1023) (-1.755) (-0.960) (-0.365)
L0950 490218 1354750 00T 010542 -0,.23305 -0.11326 -0.08663 0.837 0.94¢
(S0 (08 (LT (- 4dM) (--01,398) (0961) (-1.684) (-0.92) (-0.494):
09305 107110 BOIOS 015264 01944 16136 -005%69 (05675 -120138 0841 08T
(A0 (41D (32560 (-0756) (0.4 (1.39%) (-0.130) (0.464) (~1.091)
I8 1L4087) 00097 016837 002075 028517 0360 09
(-1.109) (141 0015 (2590 (1869  (3413)
-0,19751 063705 0371304 S0846 006215 012298 0.10421 0.450 1216
(~1.81) (1611 (-3.516) (0305 (2619 (03 (L19)

yp—




Table 5. OLSQ Regression Estimates of Reduced Fom Model: Accessions by Paydate = TAFMSD

ERIC

Full Tt Provided by ERIC.

Coutficlants of Logs of Indepandent Varlables Dummy Varlables
Dep. R m ¢ 2 .
fod Vi, W W W EMP  FORL El LFPR 5P sU AU R DW
907-
7301  LNERTE -1.54926 462270 004147 0.06838 016464 0715 1.364
(-9439) (-2550) (0.255)  (0.440)  (1.080)
-1.96770 -1.54801 00364 -0.17498 -0,03392 0730 1357
(-8.407) (-2995) (-0.289) (-1132) (-0.235)
~1.88549 S12508 - 6310 000674 -0.08005  0.04247 0738 1448
(~7.649) (-1049) (- L788) (0.04) (-0.510)  (0.260)
-1.99569 419391 0.14456 005050 ~0.17599 -0.03428 0737 1357
(-8.460) (-3193)  (0.980) (-0329) (-1.138) (-0.135)
-1.91966 .‘2‘1)0347 2070 ).2942 000833 -0.10065  0.03261 0743 1433
(~7.646) L0902 (-295%)  (0829) (-0572)  {0.199)
146133 -9.87041 268999 L1284740 046507 0.01427 -0,25415 -0.02916 0775 1179
(-4613) (- 1830 (0.895) (<1170 (L338) (0.093) (-1402) (-0.184)
~1.48860  -5.35690 -7 19935 0745 1273
(-S.282)  (~1476) (-3.00))
~150854  -5.59782 -R41587  0.38763 0,754 1.261
(-5.368)  (-154]) LN (L)
i3



Tuble 6, OLSQ Regsession Estimtes of Reduced Form Model: Accessons by Paydate = TAFMSD

T CosMiclants of Logs of Indepandent Varlables Dummy Varlables ﬁ
Dep. R m ; 2
Period var, W W W EMP FORL E1 LFPR P sU AV DFT R DW
nw LOGIT ~1.96871 355060 -0.3960 -0.17501 -0.03394 0.731 1356
6907'7~%/ (-8.409) (-2,996) (-0.259) (-1.13) (-0232)
' -199672 -4,19689  0.344M -0.05046 -0.17603 -0.03431
(-8.462) (-3.094)  (0.980) (~0329) (-1.138) (-0.2%)
-1.92062 201037 -3.29933  (1.2944) ~0,00826 -0.10062  0.03265 0.744 1433
(-1.647) (-0903) (-1.958) (0.829) (-0.051) (-0.571)  (0.199)
-1.54997 462631 004157 0.06852 0.16477 0715 1364
(~9.440) (-2.55) (0.56)  (0.441)  (1.081)
-|.88643 ~229734 263278 0.00682 -0,08901 0.04252 0739 1448
(-1.650) (~1.049)  (~1.789) (0.043) (-0.509)  (0261)
S1AN79 L6u9dd 403725 0.01647 000235 0.10388, 0724 1453
(-591)  (1816) (-213) (0.100) (0.014)  (0.638)
-181990 485576 192927 -0,04670  0.53599 0.05069 0697 1136
(-5.5%4) (.370) (-0.953) (-0.276)  (0.764) (0.290) ‘
S146212 -9.87370 268978 ~12.85300  0.46330 0.01435 -0.25418 -0.02914 0775 1179
(-4614) (-1830) (0.894) (-2173)  {1.338) (0.094) (-1402) (-0.184)
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Table 7. OLSQ Regression Estimates of Reduced Form Model: Accessions by Paydate = TAFMSD

) Coufficlents of Logs of Indepandent Varlables - Dummy Varlables
D,
mot o W' W W Ew FORL B LR S s A DR Y
13027606 LNERTE -2.73747 6.26489  0.01710 009330  0.19766 -0.0474] 0677 1.640
(-0.957T) (6.683)  (0.077) 012 (1200 (-0.339) ,
-011184 6.26015 0.09201  0.19912 -0.04595 0677 1638
(~0.968) (1.184) (0.18) (1.241) (-0.3%)
~0.38779 0.56293  5.91500 008412 0.18695 -0.06369 0477 1,661
(-0.780) (0.28) (392 (0.650)  (L.111) (-0419)
-2.37688 059327 590390 ~0.00344 008373 0.18703 -0.06371 0677 1660
(~0.743) (02687 (.448) (-0.014) (0.64)  (1.094) (-0.413)
~1.86515  4.30428 867139 007788  0.26896 -0.03023 0679 1,702
(-0.561)  (0.99) (1.24) (0.602) (1.242) (-0213) .
186683 4.35999 -0.03678 8.74658 0.07806 0.27]28( -0,02876 0479 1701
(-0.553)  (0.736) (-0.014) (LI81) (0.592)  (0.986) (-0.162)
~182994 44347 -0.01090  8.73649 ~0,01030 007682 021220 -0,02853 0679 1.708
(-0518) (07200 (-0.004) (1.161) (-0.043) (0.560)  (0.972) (-0.158)
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Tuble 8. OLSQ Regresion Esitesof Reduced Form Model Accesions by Paydae = TAFMSD

[ & i

B Coofficlonts of Logs of Indepandent Variabies Dummy Varables
O a  .m ¢ 2
Perlod var. W W W EMP FORL E LFPR sP sU AU OFT R D4
13007606  LOGIT -273197 6.28590  0.01707 0,09330 019769 -0.04743 0.677 1.6
(-0.957) (6.683)  (0.01) 032 (1.206) (-0.339)
-2.38824 056307 59159 008413 0.18698 -0.06371 0677 18
(-0.780) (0282 (3.922) (0,650)  (L111) (-0419)
SXAVEL 6.26119 0.09202 019915 -0.04596 0677 16:
(-0.968) (1.185) (0.738)  (1.241) (-0.336)
S186719 436082 -0.03675  8.74808 007807 02132 ~0.028M 0679 IM
(-0553)  (0.16) (-0014)  (1a81) (0597 (0.986) (-0.162)
-4,19844 358631 5,37835 -0,00887 0646 13
(-1L128)  (0.906) (1573) (~0.041)
~4.80442  3.60889 5.40922 0.646 1.3
(-21600  (0.923) (1.612)
SRIIR 059350 590477 -0.00347 008373 0.18706 -0.06373 0677 16
(-0.143) (0268)  (3.448) (-0.015) (0.624) (1.094) (~0.413)
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and highly significant relation to accessions, and the civilian wage tades to low significance. This suggests
that, evenn during the period of the draft when the supply to the Air Force was encouraged, the primary
effect of the Air Force wage was to reduce accessions because of a strong retention effect. The pattem of
regression coefticient sizes for the employment variable shows great sensitivity to the variables included
with it in the regression. Moreover, this period is characterized by observations on the demand side of the
market, so what is revealed in the employment coetficient is the relation of Air Force demand to other
variables that are correlated with (1 -~ U). This abservation is further supported by the negative coefficient
on' the force level variable. In a non-draft period this coefficicnt would be positivé for a system in steady
state. The negative coefficient appears to be due to the large torce level changes that occurred over the
period and the presence in the force of large numbers of individuals with common enlistment periods. When
force level requirements were reduced late in the period, a large proportion of the force also ended its tour
thus requiring high levels of accession flows.

The most stable and interesting results are those covering the volunteer period 7302 to 7606. The
D—W statistic indicates a reasonable lack of serial correlation in the sample observations. The wage ratio
coefficient is negative, but statisticaily insignificant in the LNERTE regressions {Table 7). The force icvel
variable dominates all other variables in terms of significance. which is to be expected since the reductions
in force level that took piace over this period were by far thee major changes in the underlying exogenous
variables.*?

In Table 8 the cocfticient et the wage ratio is negative but not significantly so. When the wages are
entered separately, the coefficient of the military wage becomes significantly negative, while the civilian
wage coefficient is positive but not significant.*? Both these coefficient signs suggest that the equilibrium
accession rate is demand-determined. A rise in the military wage reduces turnover and accession demand,
thus lowering observed accessions. A higher civilian wage increases turnover and thus accession demand and
so leads to an increase in obscrved accessions. The positive but insignificant coefficient of employmicent
opportunities is also consistent with this view. Enhanced civilian ecmployment opportunities reduce
retention, thereby increasing accession demand leading to a highet observed accession rate.

Accessions: Paydate

An enlistec’s paydate marks the time he has executed an cnlistment contract and begins accruing
longevity but has not begun active duty. Since paydate records the time an individual enlists, the number of
accessions by paydate is the closest counterpart to supply available in the sample. Some enlistees will begin
service on their paydate and others will begin later, however, this timing would seem to depend more on the
personnel management practices of the Air Force, and particularly on the need to smooth out the random
fluctuations in enlistments to meet force level requirements and manage training school loads.

Estimates of the reduced form equation {83) are presented in Tables 9 through 14, The estimates for
the entire sample do accord somewhat more importance to the draft dummy than those obtained for
paydate = service date accessions. The pattern of seasonal dummy variables also suggests that the supply of
enlistments is heaviest in the spring, whereas accessions by service date were heaviest in the summer,
reflecting the car-y-over of the heavy pring enlistment surge. However, for the all volunteer period 7302 —
7606 the enlistment surge occurs in the winter quarter (sce Tables 13 and 14). This is consistent with the
view that during the volunteer period fewer enlistces are drawn from ccliege, quite possible because, in the
absence of the draft, the inducement to attend college is lessened.

Throughout the estimated equations the coefficient of the wage ratio is positive but insignificant. For
the equations cstimated by paydate = service date (Table 3 through 8) and by service date (Tables 15
through 20) this coefficient is consistently negative. This does support the view that enlistments by paydate

41 These results point up the imporlance ot the relention markel in the determinations of accesei

421, this case the signs of the two wages are as predicted opposite and moreover in two of the ssions they are
not significantly different in absolute value indicating that for this sample period and definition of accessions the relative
wage variable is relevant.
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arc more indicative of supply activity. It must be kept in mind, however, that the equation estimated is not
a supply equation but is a reduced form equation showing the net effect of demand and supply variables on
enlistinents.

When the military and civilian wages are scparately entered int the regression equation for the all
volunteer period, the military wage has an insignificant negative sign. This reflects the opposing forces so
often referred to in this report. A higher military wage increases retention thus reducing accession dcmand
but - also increases accession supply. As a result, the actual accession rate moves slightly downward. The
coefficient underestimates the clasticity of retention with respect to the nulitary wage. On the other hand
the coefficient of the civilian wage is significantly negative for the volunteer period, but this coefficient is
insignificant in the paydate = service date and the .~rvice date regressions. This is further evidence that
paydate accessions reflect supply activity hetter than the other variables which are subject to Air Force
personnel management policies to a greater extent. Alsc poth the civilian wage and the employment
variable have negative signs in contradistrinction to the other regressions which further supports this view.
However, the coefficient of W, cannot be taken to be a supply elasticity with respect to the civilian wage
for several reasons. First, the force level coetficient is negative indicating that the estimates of the reduced
form equation are probably misspecified. Moreover, the dawa are plagued by a strong negative correlation
(r = —.98) between the civilian wage and .ac force level. Largely, this is due to the fact that the wage rates
are not defleated by a price index. While tiwese problemns do not affect interpretation of the wage ratio, they
do vitiate the results tor those equations in which both wages enter scparately.

Accessions: Service Date (TAFMSD)

New accessions begin service on thuir TAEMSD. This date may match the paydate for many
individuals but it is later than the paydate for the largest proportion of inductecess There arc two reasons
why service date is later than paydate. The volunteer may wish to sign up now in order to pick the date of
entry into the service. Or the Air Force may wish to carry over personnel from a given month to a future
month as a means of smoothing the flow of accessions. In either case it is evident that observed accessions
by service date reflect Air Force willingness to allow early sign-ups or to smooth accession flows and thus
one would expect accessions by service date to more strongly reflect Air Force demand policies than
accessions with paydate equal to service date.

This conjecture is supported by comparing the cocfficients of the wage ratio in service date
regressions (Tables 15 thru 20) with those in the paydate regressions (Tables 9 through 14). For the
volunteer period the wage coefficients for service date accessions are negative (though not significant) while
they are positive (but insignificant) for paydate accessions. Note that the equation estimated is still a
reduced form, not a supply or demand equation: a rcasonable conjecture is simply that variations in
accessions by service date are more reflective of variations in demand than supply. This conjecture is further
borne out in the regressions for the entire sample. In the paydate regressions the coefficient of the civilian
wage is negative but larger in absolute value and statisticallv more significant than the scivice date
regressions. This finding accords with the notion that the civilian wage, while a factor in Air Force accession
demand because of its effect on the retention market, more strongly affects the direct supply of voluntcers.

AFQT Distributions

. It has been argued throughout this report that if the Air Foree wage, and the civilian alternatives of .
volunteers and the rate at which prospective volunteers search the Air Force are all fixed, then the force
level, the quality of personnel. or both will doa random walk. Evidence has been presented (sce Appendix
D) to support the tact that the personnel inventory does fluctuate, and does not always equal the mandated
force level. Some inventory adjusiment is made at year-end to mext the yearend force level constraints.
Nonetheless. the force level is not permitted to deviate far from the mandated lcvel; monthly personnei
inventories match interpolated vear-end constraints fairly closely. This raises the issue of what is happening
to the AFOQT distribution. Does it fluctuate as this theory suggests, and it so does it follow the pattern
suggested by the theory?
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The theory odicates that in the accession market i the Air Force is to meet its torce level
constrainte, it must be o quality taker. That is, it must take 1ts quantities of monthly accessions from the
highest mental category cunsistent with acquiring the accessions required for that month. 1 this is so, then
whenever supply is plentiful relative to demand. say because the military wage is tavorable relative to
civilian wage or the civilian market exhibits high unemployment, the AFQT distributions of entering
recruits should shift toward higher mental groups. Moreover, the same effect is operable in the retention
market and serves to shift the AFQT distdbution of those retained whenever the downward fluctuation in
the civihan economy is sutficiently great.

in Appendix F. histograms of the AFQT distributions for less than 1 year of service and 4 years of
service are given bi-annually for December 1970 through 1976. The behavior of the left- and right-hand tails
of the distributions evidences Air Force skimmings (shrinkage of the right-hand tail) during high
unemployment years 1974 and 1976, On the other hand there is some contraction of supply, as shown by
the shrnkage of the left-hand tail, dunng better employment years. This is caused by the higher mental
groups opting tor civinan employrment and the Ais Force meeting its quota by taking in individuals w:th

lower scores
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the sense that they measure
the i + st year of service. The available
Cj represents the continuation rate, a typical entry in Table
example, their first or second year of service remain in t

APPENDIX A- CONTINUATION RATES. MEAN TIME IN THE AIR FORCL:
AND PROMOTION PROBABILITHES

Table A1l displays continuation rates for the total enlisted foree.
the odds that an individual in his ith year of service
data were generally for 2-year length of service categories. Thus, if
Al gives the probability that enlistees in. for
~ Air Force through their third or fourth year of

service. (The j subscript refers to the termina year of service.)

These are conditional probabilities in
will survive (continue) to

Table A2 shows the calculated stopping rates, 8j, for the total enlisted torce. Sj =1 - (‘J-.
Tuble Al. Total Enlisted Force: Continuation Rates

Years of Service 1969 1970 1971 1972 1973 1974
From To June Dec June Dec June Dec June Dec June Dec June Dec
| 1 2 OO 1000 1000 1000 fosn oo Loot 1odn .00 1.000  1.000 10046
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e V7 18 19 0993  (URY LA 0,994 0,999 0996 0991 0989 0980 0964 N.y67  0.994
I8 19 20 M 0319 D41k 412 o376 0LB0 0 0,347 0364 0.384 0400 0.377 0383 0438
20 0 R N 319 0507 0508 0519 05821 w504 0.479 0265 0.493 464 (.43t (1.534
2) 21 24 28 0.8 632 0,618 622 0575 0e07 0576 1,553 0.575 0.554 (1.588 0.648
24 28 W 37 (LSeA 0 0SYS el 060l 6532 0.500 0447 0.384 0370 0.325  0.346 0433
26 27 SEL39 enY a3 HHeDR 0SEE 0518 048] 0.357 0268 0269 0.229 0.227 0.329
RE JRAT 0 31 G187 0080 N1K0 0191 0145 0123 0.0BS 0041 0.022 0006 0008 0.014

O

Note. — Source  Alr

Division, 25 fuly 1977,

Force Systems ommand,

fuble A2,

Total Enlisted Force: Stopping Rates

Air Foree Human Resources Laboratory, Computational Scicnces
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Dhiviston 25 Jul, 1977
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>

»

-

Years of Service 1969 1970 1971 1972 1973 1974 1975
From To June Dec June Dec June - Dec June Dec June ch June Dec June Dec
G| 1 2 ) 4] { 0 Q0 8] 0 () 0 0 0 0 0 0

1 2 34 826 06 L3YR 457 AN7 462 486 449 469 478 E1.1.1 41d
3 3 7960 83 798 703 653 674 651 654 646 6 30 S37 S6d S60 0 510
3 5 160 (153 149 096 036 0S50 074 060 079 074 073 094 08 088
RIS 4 S 66 709 623 478 .30S 836 S78 S6l A9 420 374 397
4 5 6 7 A5 144 42 I A B 151 164 154 80 218 L 197
67 89 L2R6 L2485 K2 176 17 A6S 225 324 2240 225 224 223
8.9 0 11 0758 Hs o adld 036 024 039 0587 4156 066 083 072 069
1o 11 12 13 L0KS 068 037 03 037 043 049 0S| S8 n7e 046 049
12 13 14 15 027 021 nod o 0f2 nos 011 021 023 025 043 017 #HS
1: 1§ 6. 17 010 o180 0% a1l l1 uls 014 a2 037 004 0037
14 17 IR O19 007 0 06 apg o 0oy onY o 0 020 036 033 006
13 19 20 21 881 S84 IRL 624 R 6513 66 6106 600 £23 617 562
2o oM 2223 S6l BRI 492 431 3479 AY6 52 538 S07 536 Sy 466
222 24 25 d0s L3R8 3KS 37R 425 U R 424 447 425 446 412 3582
24 25 3 27 435 IS RN 3w deN¥ S0 553 6160 6 R U S 654 567
2627 R-29 Rt 367 1492 A16 RES 47 643 732 731 71 73 671
38 26 RITERY K3 R0 S Roa o 8SS K77 15 959 978 994 992 986
Note. — Sorce A Force S remist oannand . A Foroe oo Resouroe: Lab orat orv, ('umpnmtinn;ll Scicnoes



O

Using the information n Tables Al and A2 the probabilitics of years of service, P,. can be obtained
and are shown in Table A3. The P; represent the conditional probabilities that an individual leaves the Air
Force in his ith year of service gven that he has remained up to that point, that is

16
P. =S 1 S.

l lJ :.:1 J
These caleulations used the midpoints of the years of service intervals. Mean time in the Air Force (M) s,
then,
16
- Vv UY
M bE -l\ T
i=1

where Y, is the midpoint given in Column | of Table A3.

The promotion probabilities in Table A< were developed from cross-sectional data.
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Tuble A3, Probabilities of Years of Service, Mean Years of Service

B

1969 1970 1971 1972 1973 1974

CLTL
Jorvice .
Fquals June Dec June Dec June Dec June Dec June Dec June Dec
1.5 ! l l l | ! l l l l l l
35 249 4 RE TR A1 S 24 250 M7 249 , 250 250 24
4.5 101 123 J41 135 13 1M ]2 136 133 N 1 140
6.5 019 02 0% e 0N ! 030 0 040 N8) N 1156
8.5 025 0 029 08 0l 3 2 036 09 041 M43 49
10.5 006 011 Mo 007 D06 06 g 008 011 e i A4
125 006 006 005 007 0N n 06 007 009 i N8 010
14.5 002002 ood o002 ool 12 103 003 (04 006 n 3
16,5 001 A0l 0 a0 el i [N 002 103 208 i il
18.5 0005 .00 | ] ). i 10 0 03 10§ 108 0]
20.5 ml 021 136 042 N IS 028 03! 034 033 138 W7
2.5 007 000 01s 7 K al 1R M3 014 3 S nl
U5 0030 mT o008 ol {1t s 106 mro - 006 m N
26.5 002 006 O 008 i i i IR 104 103 L 007
285 001 003 003 003 m i i el 101 01 o} om
30.5 0004 .00 0] il 0y ind e N0 00003 0001 40001000}

Mean 402 d6d6  S00F ST Sl S0l 4TI 4964 5.0 5.4 5463 6.067

-

-

Nots, = Source: Air Force Systems Command. Air Frce Hutan Resources Laboratory, Computational Seiences Divigion, 25 July 1977,




Tuble -4, Total Enlisted Force:
Promotion Probabilities

Probability that an Individual in Pavgrades

E1-- 13 Will Progreas to

UAR

Date E4 ES E6—E9
June 69 0919 0.787 0.782
Dec 69 0.890 0 759 0.785
June 70 0.9K7 0818 0.8606
Dec 70 0.940 0.862 0.890
June 71 0u19 0.877 0.869
Dec 71 0.871 0.823 0.842
June 72 0.9K3 N 0.854 0.886
Dec 72 0426 0.846 0.885
June 73 0.8o4d 0.765 0.801
Dece 73 0.854 0.740 0.804
June 74 0.833 0.746 0.796
Dec 74 0.789 0.709 0.749
June 75 0.767 0.653 . 0.706
Dee 75 0.743 0.621 0.677
Sune 706 0.802 0641 0.725
Dec 76 u. 704 0.607 0.669

Note. — Source: Air Force Systems Command, Air Force Human Resources
Laburatory, Computitional Sciencees Dyivision, 25 July 1977.




AP NDIN B TRANSACTIONS

N 1 1 1 3 .. IR w7
bignre Bl displays the total numbei of transactions taking place in fiscal yearn, 1971 through 19706

[hese daia are adjusted tor the size ot the cnlisted force i Fipure B2
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Thus appe.dix contams iioures which deplay aifommation regandises tiequene o enlistoes that s,

those individuals who have enbted but are wartie.coeport for actae duty .

month, the nomber condwrduads who e warine | Between Toamd o

Figure C1 shows, tor o
e ngenthe

months, wclusive. In Frpue O the quene lenpth s adjasted tar tores levels, M omowaitn

is given in Fipure C3
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Figure (2. Length of queue relative to force levels.
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Gl v e INVENTOREES

trgures D throuen DS compare ctual anventerios ot peronact el ed paveiaes with

Congressionadly-anthoused - end strenpthe s e Tlopesy e m - Fymne Boeter to the number o

pidividuats v pay grades Id o h 19 divided by the nurd Cravpr s b1 throuyh Bod
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Fivre 1. Total entisted force: Foree levais and authorized end-strength. FY60 - FY76.
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Licure D3, Top-Sin ratios™ actual and authorized Y69 FY76.
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